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| . ABSIRACT -
"»'l‘he map area lies dpproxlmately.ZOQ rnl_bles.wcstiof Ottawa, The.Glamor- ‘
| g'tn Hybrid Gneiss 'Complex of-nilgmntltic rocks occupies approximately the'
' northwestern hal[ of thc area. Itis limited to the southeast-by a metasedimen- -
_tary belt comprxsing paragnclss marble and quartz1te of the Grenville Group A

‘narrow northe'lsterly trendmg zone of syenite and ncphclmc gne:sses runs alo‘ng

| the central part ‘of the belt

C - The rnigmntite con;plex is divi-ded into tv.lo lithologi'c zones: a zone'M'2 to‘
y _". K .' the northwest and a zone M1 to the southeast ‘I‘he dlstinctlon between the two | ‘\‘.'\'
| 8 zones is baged on the followmg pet.rographic criteria: 1) three types of g'ranitoid '
3 and pegmatoid leucosomes are recogmzed in migmatltes M2 Migmatites M1
"'comprise only two types of leucosomes 2) the gneissic melanosomes and
' paleosorn'es-of- the two migmatltescan be s_eparated ona mineraloglcal basisc- '
by comparison wi"th'the melanosome of unit 'Ml', quartz is more abundant in.the

-

mel,altosome of thites Mz. the percentage of mlcrocllne is fairly constant in

o0 the melanosome of migmatites M2, but varies' much in that of migmatltes Ml,

calcite is often present in low amounts in the melanosome of migmatltes Ml.

-but is rarely ‘found. in the melanosome of mlgmatltes Mz, 3) inclusions of meta-

- sedimen :ry rocks are scarce and hardly recog'nizable as such in unit M2 but

and readily recognized in unit M 1

N .l . . -
Incluslons of quartzéte and paragneiss in migmatites My trend northeast

n the southeastern regions and become progressively northwest in the western

~

X ._and northem areas. '

Five generations of ptnk granitic rocks have been recognized,\rmost of

them in concordant and slightly trans_grcssive veins or as larger ‘sill- like bodies’



I‘rom cross -cutting and textural relationships, granitic rocks become younger-

to the east and southeast

-

| . ' I‘l, 1”2 and I‘3 folds are recog'nized ona small scale. Dy structures are
largely obscured by later deformations. Of the two major phases of deformation,

: the older Do created isoclinal folds with southensterly dipping axial surfaces. In
‘the migmatitc complex and in the western part of the metasedimentary belt, the
younger phasc Dj deiormed I‘z folds abouth southeast plung'ing axes. Interference -

of D, and Dg structures is common,. To the southeast. beyond the belt of syeni-

tes and ncphciine gneisses, cross -folding is not observed and deformation may

merely be expressed as a crenulation or mineral lineation Lj.

The Mg-Mj bounda.ry is 'ﬁntatively interpreted as ‘a bssenient-cover o
contact transgressed by a migmatite front during the Grenvillian thermo -tectonic
eant Thus the M2 migmatitic gneisses are considered to stratigraphically’

" underly the M migmatites containing inclusions of recognizable metasedimenta.ry
rocks The latter migmatites may represent the basal portion oi the supracrustal

rocks oi the Gren\nlle Group -' e, .' . L

From the consideration of the relative mobility of migmntite components
it is cone luded that both magmatism wnd anatexis have contributed towards the ‘,

."formationofmigmatites o ST
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INTRODUCTION BN

, | | ‘-'-'Location L g

Thc study area is located approximately 200 m.iies west of Ottawa apd
3o miles west of Bancrort The area includes 160 squarc miles in the Iialiburton'
Highlands of the¢ Grenville. Provincc of Ontarid* and covers parts of Glamorgan

and- Monmouth Townships ( Fig. 1and 2).

Topographic coverage at a scale 1 : 50, 600‘ is provided'by sheets 31 E/2
B west, 31 E/1 east, and 31 D/lG Aerial photographic coverage is available = 4
~from the Natjonal Air Photog'raphic Library in Ottawa and from the Ontario

Depar_tmcnt of Lands and Forests.’

Physiog_raphy. Access and-Outcrop Exposures

o The topography is that of a gently rolling relief rarely exceeding 300

3 .feet Percentage of outcrop exposures, ranging from 1 to 5 percent, increases DR
' slightly toward the: northwest across the map -area as the cover of overburden

| becomes thinner. Roadcuts make up for the lack of ‘good exposures. The shores

-' of many lakes of the region are occupied by cottages- So»that numerous secondary :

. gravel roa.dsﬂare maintened. However, several logging roads used in the early . *

' 1900 and. providing access to some parts of the two towhships have become undri-_ |

veable and are onutted from the map The population is concentrated in the

' .\tillages of Gooderham, Tory Hill ‘and Wilberforce.

. Previous wor_k '

Adams and Barlow ( 1910 ), in their classical memoir on the geology of
the Haliburton and Bancroft area, recognized an-" Older Granite Series " com-
' prising large gneissic bodies .occupy'ing many square miles such as the Glamor-

gan Gramte and the Cheddar Granite. They considered small discrete intrusions
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¢ ’ N ’
usually without much metascdimcntar.y material and clearly discordant bodies '

withf sharp contacts with the. gurrounding rocks to be the " Youngcr Granite Series ",
. Thcir map was reviscd by Satterly { 1943 ) in his review of mincral ‘.' .

- occurrcnces of the Haliburton Co.mty. Ina similar report Sutteriy { 1956 )

. 'compiled radioactivc mineral occurrences in the Bancroft region.

Armstrong, in his regional mapping of Glamorgan and MOnmouth. Townships
during the summers oi 1955 and 1956, adOpted the broad division of granitic rocks
| | proposed by Adams and. Barlow ( 1910 ). The report was written jointly with - - 3
Gittins ( 1968 ) who directed hlS efforts into a study of the northeast trending
_ belt of alkahne rocks,, in central Monmouth Township, for which the area is- well o
known. The repcl:t is accompanied by two geologic maps ( maps nb 2173 and 2174, .

_ scale 1inch = 0 5 mile ).

Chesworth { 1966, 1970a ) subdivided the Glamorgan Gneiss Ccmplex on the
‘basis of petrographic observations and geoc,hemical studies. He recogmzed an area
~of trondjhemitic gramtes associated to the Bark Lal:e Diorite m Glamorgan Town-
"'Bh.lp,‘ and'sur-r‘ounded by a zone of nugmat'itic gneisses with local occurrences of
'semi -coni'ormable maSSes of. youn‘ger. pink granites, | He suggested that the'. trond-; '
-‘Jhemites were the product of partial melting of paragneiss possibly under the in- :
fluence of heat reieased by the Bark Lake Diorite. He proposed that the pink gra-

_ nite gnFiss was derived from the same anatectic melt by dlfferentiation The area

: .studied by Chesworth overlaps with the western pa.rt of the present study area

A number of petrographic and petrological studies of the Glamorgan

- Gabbro Complex were carried out as Master's theses. Wenban-Smith ( 1967 ),

- Grieve ( 1967-), Downing (1973 ). Recently, Richard, ‘Grieve and Gittins ( 1875 )
published a paper dealing with the composition and formation of coronas in the _

_ Hadiington Gabbro, which is pa.rt of this- Gabbroic Complex. o

1



The major geological features of Monmouth and Glumorgan '1‘ovmships

\ e ﬂ‘

/
...are well visible on map nb 1957b g Ont ~Div, Mines ) compiled by Hewitt ( 1957 ).

Present Investigation -

| | ‘ I‘iold work was performed in the autumn  of 1972 and during the spring
' / and summer of the same year. . S C ) o
e o ' ' ‘

Maps nb : 2173 and 2174 of - the Ont Div. of Mines were extremeiy useful
‘ prereqmsites to the present study Its purpose was to investigate the nature and
pos51ble origin of g’ramtes and gneisses of a part of the. Haliburton H

v

to collect structural measurements wluch ‘could serve as premises to th ‘ geologi- ‘

'ds and, -

- cal mterpretation of an area of sucha. oomplexity

" The main‘contribution o‘f this 's'tudy to t_h'e geology. of Glamor‘_ of and
- Monmouth -Townshibs was to delineate" zon:es' of different tectonio comple:city
* and to emphasize the lithological correlatlon or dissimilarities recognized | -
between the different zones. A study of minor mesoscopic folds was indispensable~ ‘ :
for the understand.ing of* regional structures Many generations of granitic rocks .
were recogmzed thelr internal ifabrics textures and deformation features are

- used to determjne the relative periods that sepa.rated the metamorphxc and -

deformational episodes,

Finally, conclusions reached in this study are correlated with results

: ‘-obteined from selected studjes- in ad}lacent parts of the'Grenvﬂle ﬁrovince'.

. ‘.

In conclusion, a sequence for the evolution of the rocks i parts of the

Hahburton Highlands Ontario, is proposed



PART A: ROGKUNITS. . . - . .~ lt©

; Intrfoduction

R . '
wo.t

g The nmp area is divided into two main lithologic domains. A belt of = SR
metaSedimentary rocks 4 miles wide. Ccrosseés Monmouth Township diagonally,

from southweet to northeast and covers approximately the southeastern half of
~

: the map area. These rocks are correlated with rocks of the Grenviile Group
. \'." . B

e

- and are glven the map eymbol % ( Fig. 3-). A narrow zone of leucosyenitee and
.nepheline gneisses is con.fined to the central -part of the belt. To the northwest of

_ this first reglon, a complex of hybnd gneieses ( CheBworth .1970a ) intimately

rnixed w1th material of pegmatitic, granitic and aplitic appearance is deacribed _
" in this ‘report, as a migmatite compiex ( map symbol M, Fig 3 ) The migmatxte | :
complex is subdivided into 3 units ( Mla: Mlb- Mj ) on t.he basis of the types of '
| leucosomes and melanosomes of the migmatitee, and according to the types of *

metaeedimentary'.remnant blocke and their spatial- dietribution withm the 3 units.-

I.ntrueive igﬁebus rocks are common in Giamorgan and Monmouth Townships

o A northeﬁst trendmg zone of pegmatltic gran.ite with abundant intercalations | ' |
) of quartz.’ite and marble, ia about half a mile wide and defines the eastern ma.rgm ‘ .

" of the migmatite unit ( Figure 4). A lens-eha'pe.l.d granitic, mass, free of inclu-

. sione, and conformable with the regional foliation cros ses the boundary bet- “
: ween unit M, and subunit My, of the migmatite complex._ Par_t of a circular-
'shaped gneissi.c lgranite. the " Cheddar Granite " lies in the so’uthea‘stern c'orner.‘

. of the E?p area. I is p‘art‘ of a eeriea of 4 separate granitic bodies constituting

. the Harvey-Cardiff Arch trending ina northeaeterly direction along the easte.rn "

.}_-"

-

; margin of the Haliburton Highlands { Fig. 2 ) Late aplitic veins and granitic

. stocks, diecordant with the surrcunding rocke have been obeerved 1oca11y .

eA
Y- -
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Mafic intrusives are common in the region. Dioritc occurs m ‘the north-
west corner of the map'area as an ovoid mass glongated in a southeasterly direc-"
tion and conformable with the regioml foliatiorl Sheet - like bodics of metagabbro .

roceur just south of thc' map area within the ’hclt of mctasedimcntary rocks, Small

metadiabase dikcs and sills occur throughout the arca. They have been’ metamor-

phosed to amphibolites but, chilled bordcrs are recogmzed in some places.,

|

I- Metasedimentary rocks of thé Grenville 'Gr_oup (‘unit GG on map fig.' 3)

S

Metasedimentary rocks of the Grenville".‘Qroup vary greatly in composi- '
‘tion irom 'pure'quartzite through quartz -plagioclase rocks;c‘ontaining biotite,
pyroxene, and hornblende to ca.lcareous amphibohtes marbles and calc -suhcate

‘ . l .
Metasedlmentary rocks of Glamorgan and Monmouth Townships were

Tocks. All gradations are possible between these rock types

'mapped in detail b_v Armstrong and Gittins ( 1968 ) from- whose work’ part oi
'the following is summarized Petrographic observations relevant to the structu- ‘

ral mterpretatmn of the area are-emphasized. _1

Quartaite( Map-unit Q. ﬁ:ap inJ_Locket ).

Quartzlte is a common rock type in’ Gllamorgan and Monmouth Townships R
but uncommon h\ the surrounding townships,. In Glamorgan Township it forms a
belt, a quarter ofa mileto half a mile w1de, surroundmg a granite mass *
'inimediately east of"Salerno Lake. In Monmouth.Totvnship. it is part of the -
' broad wedge of me‘taaed.imentary gneisses that can be followed diagonally toward
! ; the northeast corner. Thick quartmte sequences also outcrop on the shores of ..

: _Glamor Lake and on the island in. the northern part of the lake. Other minor

_'-'occurrences can be observed adjacent to’ the diorite mass and north of Little "
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Glamor Lake. The belts of quart.zlte in Glamorgan and Monmouth Townships 4%

PToa ‘,;’

are not continuous with one another. ’ _ L
| R ‘ : Y
Quartzite' generally forms beds 2'to 12 inches thick. Stratification is

~

emphasized by variations in the grain slze and variatlons in compositlon of

+

alternatmg layers. Coarser grained: layers are often characterized by exsolution’
cavmes due to the dissolution of calcite. -The rock generallycontains-vamous
prdportions of diopside, -actinolite, and biotite. Diopside is the most abundant.

- of these and may‘locally constitute up to 10 percent of the rock. | Impure

quartzite layers contauung substanual amounts of feldspar are’ often associated
L3

‘Wlth thin horizons of a rock composed almost entirely of feldSpar plus a small

x amount of biotite. This rock is. brown in color, granular and weathers much
.more readily than the quartzite Iayers The' rema.rkably regular thickness and -
the contimnty of these thin horizons, over the leng-th of outcrop exposures sug- .

C gest that they may represent arkosic beds ( Plate 1).

Flattening of the quartz g'rains along a plane par lel to the stratiflcation

' is ubaqumous in quartzites of Monmouth and Glamorgan Townsmps Narrow

zones of fmely lamﬁted quartzites with blastomynolitlc textures suggestwe |

of shearmg, have been recognizedj-at four'localities within the quartzite bett,

_in Monmou ‘Township ( Fig. 5 ), ( Plate 2 ) The rock is finety 'larninaited'due |

to alternatmg layers of streaky quartz. A blue amptubole { glauoophane and for. l
: 'rlebeclute ) constitute 2 to 5 percent of the rock and where present is always o
associated with these shear zones. Jomtmg is com.mon in the quartzrtes Three

sets of vertical joints typically intersect the subhOrizontal bedding surfaces ( Pla- -

o~

te 3). t..\ -
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Marble - and.cdle ?-silicatc rocks ( Map unit 3)

All gradations can be found between whitc massive crystalline marble

. "\-‘.
‘most common type isa medium to coarsc-grained white marble with accessory

'g'raphite ary phlogopitq or both Diopside-phlog'opitc marblc and diopside marble
: arc also cominon. The more silicated varieties contain a wide variety of .
l ferromagnesian silioates together with apatitc, quartz feldspar and sphene
‘ Chondrothte marble and coarse- grained tremolite marble are locally present.
‘. v = Scapolite w,z%a observcd at one locality Armsh:ong and Gittins ( 1968 ) also

mention the occurrencc of serpentine marble and forsterite muscovrte marble.
9.

[N

titic bodies“'arnd seen to be t‘he product of intensive metasomatism and marble

' recry’stalhzation Coaf@e calcite salmon pink in coiour is common i‘n pegma -, N

 titic granites and olten fills fractures Interbedding of marble and quartzite
" oceurs on many scales Aiternating iayers of quartzite and marble -egch layer

" at least 50 feet thick, has been observed aiong the Sunset Cottage Road 3/4

of a mile east of the junction wrth Highway 121 and approx:imately 1.5 rmles west

of Esson Lake { locality 1 on fig. 4.) On the same road, further east and: just

l
west of the southern end of Esson Lake ( locality 2 on ﬁg 4 ), in a.zone of '

. transition between quartzite and marble, the rock is a thinly banded quartz

diop31de gneiss. ‘

. . . . i
L e . . . . '

“garagneiss-amph.ibolite groui“)'(;., Map unit 2 )

- . Armstrong and Gitijns { 1968 ) have r%gnized is group of parag'neiss—

a-mph.ibolite. For convenience, the same classification is used here
A . D

e T

Comnositions range from siliceous paragheisses c'ontaining quartz,

e /137

and caic-silicate rocks‘ Thescfrocks rangc from massivc to weil foliated \&hc ‘

IO Calc-silicate rocks a'ré'often asSociated with some of the Joungest pegma=

9

Clongf
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A

“.Slagioclase, dlopeide, blotite or hornblende to calcareoue g'neltiaee richer ln
hornblendc. These rock types grade into one another and are often,\nterbedded
suggesting that, despite their intense deformation, these rocks represent an

‘ original eequenco of sandstonc, sillstone, shale and limeetones ( Armstrong and
Gittins, 1968 ). Thoy form approximately o0 percent of the rock types in the

' metasedlmentary belt, in Monmouth Tow_nship and are also dlstributcd throughout

|  the castern part of the ‘migmatite.complex'where they make up 30 to 40 percent |
of the llthology. ‘Modal analyels of 2 samples(llOB ‘a plagloclase-quartz- ‘

. ,l biotite-'hornblende gneiss, and 1101-d, a ecapolite amphibolite) are giVen in

table 5, p. 89 : I."t . .

' g'— Complex of -migi_natltes (lm

N Quartzo-feldSpathic gneisses constitute the majority of rock types in‘ the .
northwestern half o.f the map ared. That area was first referred to as the

" Glamorgan Granite " by Armstrong and Gittins ( 1968 ) and later as the

| n Glamorgan Hybrid Gneiss " by Chesworth ( 1966 )*.. Thxe complex also includes
| 'lthe whole of Glamorgan Townshlp and parts of Snowdon Township ( i.e. approm-
" mately 250 square. miles ). These rocks vary somewhat in composltion and tex--

‘ ture and thesevarlations are gratlational .Granitic and- pe;gmatitic material in
veins generally concordz‘mt with the schistosity of the country rock contrlbuted
approximately 20 percent to the rocks in that area Pegmat1te bodies range ,lfrom‘z )

"to 10 feet in thicknese but.may reach 200 feet Thls area is thus described as a
complex of migmatites. The term m:lgmatlte is ueed in a purely descnptive sense
( Menhert 1968, p. 365 ( see glossary ) )+ -For example, a migmatitie rock may

- ‘have the followlng composution. 1) leucosome: ( 25-75%) pegmatatic granite 2) |

]

. me}anosome: (25.-75%) granodiorlte gneiss, (5 - 25%) ma.fic schlierens.
* Armstrong mapped the area during the summers 1953 to 1955. . Theé report writ-
tén jointly with Gittins who later studied the belt of alkaline rocks of Monmouth
- Township, was not made available before 1968." L

.
:
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" -Migmatites ( Map-units Mq (a, b)) ..

Leucosomes

. /15

Isolated blocks of mappablc eize which have escaped elgnificant migmatizatlon '
are described as mclusions and may be called " resisters ", Megascopic struc-

turcs of migmatites arc described and classxfled according to theine competent

and incompctent beh'lvmr following Sander ( 1948 ) and Mehnert ( 1968 ). - This

' terminology is uscd.lrrespective-_of the number of rock forxmng-stages.,_ By means

of the above nomenclature, the 'rnlgmatite rock series may be described withou_t

genetic connotations : .

Litholbgically,' the area consiets of psammitic gneisses- and 'rninor aniphi- '

bohtes Imxed w1th material of’ pegmatitic granitic and aplitic appearance Rein-

-»

' nant blocks or 1nclus1ons oi marble and quartzite are widespread throughout the

complex. -

' Two distinct tyl')es ( 11 and 15 ) of granitoid veins and dikes are represe,'ntedv

in various proportions in portion Ml of the rmgmati.te complex. The classmcation

-,of Gramtic rocks is based on that g'iven by the IUGS Subcomnnssmn on the Sys-

‘tematics ofIgneous Rocks(1972)(Fig.6) S T

Type l!: the most abundant type is a reddish-pinlc gr'anitic. pegmatite oc_currinf; ‘

as veins or lenses conformable or oblique to the schistosity of gneisses. Edges

-~ of the veins are usually sharp." Larger .sill-like bodie‘e reaching 200 feet in width
. "have been observed loca.l’ly'.' The mineralogy of the rock is simple: plagioclase

- (36%), potaSﬁiuml‘eldspar-(‘ 32:38%), and quartz (25-32%). .Hornblende and" °

biotite may. be present in jrobortions- of 0.5 to 2. 0 per'eent.; Percentagee were

obtained from modal analyses of two tlun sectlons Augen- textu'res are common

“in theae rocks where peripheral g'ranulation of the feltiepars has locally been

D}
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CLASSIFICATION AND NOMENCLATURE
.. OF -
o . IGNEOUS ROCKS S

Recommended by the.
' IUGS Subcomm:sslon
on the Sysremarlcs
of Igneous ‘Rocks.
(1972)

/7/ -rli—_——\ . \‘;

1a Quartzolite (silexite}
MINERALS AND' MIN‘:RAL GROUPS L ' 5

1b  Quartz-rich ‘granitoids

Q quartz o2 Alkall-feldspar gramte -
A alkali feldspars (orthoclase L -3 Granite '
' mu:ro::lme perth:te anorthoc!ase' - I 4 - Granodiorite, -
albite Anggles R -5 . Tonalite .
"P plagioclase Anos_‘uo“scapo]ite_' - 6% Alkali~feldspar quartz syemte
o . ? c 7* Quartz syenite . .
"Q+A+P =100 - o 8" Quartz monzonite
R L L .9" Quartz monzodlorite / .
Classification and nomenclature = - '~ .. Quartz monzogabbro
according to modal mineral content 10° ‘Quartz diorite /Quartz gabbro/ °
(measured.in.volume percent) . . - Qua"?- aF‘O”hOS'te _
. ' | 6 Alkall-feldspar syenlta
~ The section of the diagram* -~ . - 7 Syenite.
including the feldspathoids .. 8 _Monzonite . : :
" has been 'omitred"‘: ; S Monzodiorite f Monzogabbro.

¢ - . 10 Diorite/Gabbro/ Ahorthosite

Al .

L. . ’ . . A . . T v . oo
_ ] . S [ Fig. & .
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observed ( Plate ¢ ). The flattening and elong‘ation‘of quartz grains 'lmpart
‘ both a [oliation and a lineation to the rock In some cases extremc deformatxon
> .
£
and/or reerystallmation of the rock resulted in- lammatlons of quartz and IeldSpar

_' grams. Under: the mlcroscope cataclas1s is thc most striking feature of these

. granitoid pegmatites Strmgs of fragmcnted grams of plagioclase, microchne '

‘and quartz are distributed around the ‘edge of larger, strongly fractured grams of .

: feldspar porphyroblas;s with corroded edges ( Plates 4,5). M1croclmc porphy-
roblasts 'éxibit various kinds of perthites. In some cases, oriented lines of N
-‘flame p'-'rthites hdve followcd one of the earlier rmcroclme twin planes. In :
Ifher grains the perth1zat10n is developed along cracks and has been structurally ’
| controlled Graphlc quartz in mlcroclme is rare and appears to be. later than the

fr.agmentatmn of the rock. B L

Type 1ot 'a second type of ',lenc_osome ‘is a pink to reddish fine to rnediam- grai- ‘

ned gamwid rock, Tt is compoSed crf plagioelase ( 38%), quart'z {36%), mlcro.- -

cline (25%), and blotnte (0.5 - 2. 0%) Sphene and magnetlte may be present in

/1T

trace amounts, The preferred or1entation of biotite flakes defmes a weak [ohatmn N

in the rock Quartz g'rains are often observed to be elongated ( rod-shaped or m

' needles ) but generally not flattened ( Plates 6 and 7 ) ll\lear the eastern margin :
of umt M1 these veins rare’ly exceed one foot in width and. are conformable with-

| the schist051ty in the gneisses or shghtly obhque to it. To the northwest ‘th;s

| gfohated leucogranite is more abundant and it forms la‘rger sill- l1ke bodies. This
gramte is partlcularly w1despread in the area of transition between unit Mi and

unit Mg 4 of the migmatite complex where the edge of the veins is sometimes '

' ‘ ‘rimmed with narrow layers en.nched in biotite and hornblende. Type 15 is

readily dlstingulshed from l1 by its much finer g'ra.in size and by its internal-‘- .

o fabrics ( rod-shaped quartz 1nstead of leaf -shaped quartz grains ) Coarsem .
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[

. phases of this granite are present in larger sill-like occurrcnces These
peg'matitic pho.ses ho wever, unlike type 13 g;ranitic pegmatite, are mtimatcly
mixed w1th the mcdium grained phases of type 1y g'ran.ite I‘urthermore mine -~

ral constituents of type 12. granites were not affected by cataclastic dcformation

' Mclanosome - . . ) -
_ : _ : S
The psarmmtic to calcareous gneiss is a fine to medi um -gramed brownish

‘rock with the followmg mmeral assemhlage- plag'ioclase ( 28 50% ), quart‘z (13-

34%), microclme (.8 ~14%. ), biotite (12%), and/for hornblende ( 10-15% ).
" Sphene, magnetite and apatite are common accessory minerals. - Garnet occurs '
h locally. Biotite imparts a good flssihty to the rock which' is eaSily broken in
| slabs, Under the nuoroscope, the rock is granoblastic. With mcreasmg horn- i
"‘_blende content the rock grades into a calcareo.is amphibohte contammg caleijc o

' pyroxene and mmor calcite w1th scapolite, Plagloclase is sometimes completely '
| - replaced by scapohte These rocks find then' petrolo-rical eqmvalents in rock -

types ( 2P ) and (2 A ) of the metasedimentary belt to the east and constitute the

melanosome of migmatites M;.
Inclusions, o o N L ' -

: Remnant blocks of quartzite and marble are mdespread w1thm unit Ml
of the migmatite complex, These isolated blocks have escaped intense rmgmati- o

: z.ation and may be considered as remsters
‘ -

- The distribution of these remnant blocks i zones trending no*theast end
i:urnmg progresslvely to the northwest in the western and northern dreas of - |
‘- the_migmatite complex is well visibie on 1nap in pocket . A lithological boundary- .

- further. subdivides unit M; into 2 roughly northeast trending zones: t.h_e boundary
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| separates a zone. Mlb to the west, and a zone Mla to the east and is based on

thc spatial distribution and the types of inclusions found within unit M1 Remnant . -
blocks of marble and of quartzo -feldspathic -biotite -hornblende g'neisses are evenly |
disti'"i'buted throughout the complex - However, quartzite is rare east of a line _passing.

along the east shore of Glamor. Lake while very abundant to the west of this 1ine

4

-Quartzxte blocks reaching_cne mile in length are common within the Glamor Lake .

"

Migmatites ( Map unit Mg ) -

-

" . Tregion,

~ The transition from niigmatites to migm'atit,es M, to the northwest
is g‘r;idational. "The distinction between the two units is 'established'by the fol-‘

-lowing petrographic criteria: 1) three types of granitic and pegmatitic ieucosomes ‘_ ‘

! 1, 1yt and. 13" ) are recognized in unit M2 whereas the migmatites to the east .
j comprise only two types of leucosomes { 11. 12); 2) the gneissic melanosomes
of the two units can be separated ona mineralogxcal basis; 3) inclusions of - I
" metasedimentary rocks are scarce and hard[y rlecogmzable as such in. unit My

- . but abundant and easily recognized in unit Ml of the migmatite ccmplex.
Leucosomes” , '_ I - o T

" Type lﬂ and Type ly' :a pegmstitic and a finﬂr grained g-ranitoid component

sixmlar in all aspects to leucosomes lland ly described. for unit M1 are reco-

gnized in unit Mz. The difference lies in the more intimate mixture of thesrz

ke . migmatite mobilizates w-ith the gneissic rnelanosome of unit My in contrast with

. A
' the more commonly discordant nature of the leucosomes in unit ,Ml. .

- ‘Im- lq! : in unit M2 a third type of pegmatitic leucosome is recog'n.ized and
: "_distmguished from the two t;rpes previously described by the following features . |
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L Thie granitoid 'pegmatite is pink on fresh surfac’es‘ and white to oink on 1‘.'veatherec‘i |

outcrops. It forms veins rarely exceeding one foot in width, concordant ‘with ~ . |

‘the schlstosity of the | "QIBBGS or slightly obhque to it The veins are c_onimonly|
observed to be isoclingjly folded with the gneiescs “The ecigc 'of the veins is sharp
: _but irregular and usua‘lly runmed with a thin film of biotite (- Plate. 8 ), Boadinage

- is a common feature/ ueually not observed in the other mlgmatite mobllizates.

: ThlS deformatlon feawre produces a ch.a.ra.cterlstlc pattern in the migmatites '

' called pmch and swell structure by Ramberg { 19.).), 1956, p. l93-194 ) and _
also descrlbed ley Menhert ( 1968, p. 22). Plate 9 illustrates a pinch and swell . .
structure in the- gneie'ees of Glamoi‘gan Township. Under a microscope, the
rock ie similar to type 1y granitic pegmatite. Cntaclastic deformation of the |
mineral constituents and recrystallization of quartz grains into leaf -like grains
are charamli-feldspar blastesis is also charactermtic “of- these two types

of granitic pegmatites. Peripheral granulation of the feldepar mdmatee that

' 'cataclams postdates the ‘growth of the Blastic feldspars.

‘ Melahosome_ ‘

In portlon M_ of the migmatite complex, the melanosome isa. mechum -grai-

2
ned quartzo -feldspathic gneiss. The grey to pale pink colour of the rock 1s dis-

tlnctlve These gneisses are more homogeneous in compomtion and texture

than the neighboring gnelsses of unit Ml- in this respecg\gneisses of- unit M2

‘bear. similarities with rocks of plutonic habit The miperalogy of the rocks-m as

- .follows plagioclase ( 51% ), quartz ( 31% ), microclme ( 6%, biotite ( 9%), and

: "hornbiende [{ 2%) Sphene , magnetlte and apahte are common accessory minerals. |
-‘ The rockis thus gra.nodioritlc in compoeitxon (rFig. 7 ) The plagioclase is.a
| sodie plagioclase with the average compositlon An25 ( Chesworth 1970a ).

By comparison with melanosome of unit Ml' quartz is more abundant in the .

B
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melanosome of migmatites Mz, the percentage of microcline is lairly constant |

|
in the melanosome of migmatites M2, but varies much in the melanosomc of mig- :
matites Mjy; calcite is often present ln very low amounts in the melanosome of’

' migmatites M, but rarely found in the melanosome of migmatites M Chesworth. "

2
(. 1966 ) in hlS study of the Glamorgan Gneiss pointed out the latter mmeralogical
difference Using this information and taking the Bark Lake Diorite and asso- ,L "
.ciated trondh;emitic gneisses as a focal point, he drew a lithological boundary |
.in the eastern part of hlS map area separating the migmatite area into an outer .
3 zone ‘of migmatites where the non -g-ranitic layers contain calcite, and mto a .
| central zone of migmatite, the non-granitic layers of which contain no calcite |
| ThlB htholog'loal boundary has been confirmed by the present study and is used to
| -separate migr_natites M; and M2 in the southwest corner of the map area.' VTo the . ,
' northeast,- it joins the My - M‘zl boundary as defined during the present 'stu‘dy, o
Inclusio:n's
Mafic restites, composed primarily of hornblende and biotite, ogcur - -

sporadically in the gneisses of unit Mz “Where observed the rock appears as

, light and dark streaks or more or less elongated shapes with tapering ends.

o Plate 10 ) !':mch heterogeneities in the migmatites have been described by .
B Mehnert ( 1968 p 39) and ca.lled schlieren structures. Apa.rt from these darke.
| bands inclusions are scarce in unit M2 of the migrlnatite complex. Quartzite
"relics, a few inches to one or two feet in length and extremely deformed were - ‘

" observed at three localities ohly along‘the Buck_horn Road, north of Stormy Lake,

Figure 8isa schematic representation of the distribution‘of lithologi_es* K

from northwest to southeast across the map-area.

14



R - I 2

. - \
‘ . Sy
Gradational contact ‘\\ -
. \

./~ Pink granitic material| -
- =" in veins and dikes.

& @ Remnant blocks of - \
- marble and quartzite. !

Fig. 8' . Diatribution of lithologies across the map area.
! . ’ . ‘ B



.. /24

Areal variation in character of migmatites

Introduction

In the foregoing section, migmatite components have been lnv’estigated -

with respect to their mineralogical compo'sition and texture. A comprehensive

unalysis of megascopic features of such complex’ migmatites often shows evidence

of scyeral rock forming stages

Complex 1nterpenctrat1on structures are observed in Inigmatites of
Glamorgan and Monmouth TOWDShlpS that can not be explained as a, first approxl-’
mation by a smgle act of formation. Megascopic structures of migmatites are
'described and classiﬁed according o their compebent and incompetent behaviour |
following Sander ( 1948 ) and Mehnert ( 1968). |

Me ascopic strucmre of 'mi'gmatites' ‘
BLS L = _ .

A gradational change in lithology is observed from the belt of metasedimen-':
3 tary rmkq. to the southeast to unit M1 of the migmatite complex L1tholog1es
of the non -migmatized supracrustal tectonites can be followed without dlfﬁculty

mto the migmatized area. In this zone of transitlon, pegmatitic arterites surround -

.- angula.r blocks. of quartzite and plagioclase -quartz -biotite gneisses The struc-

ture of the migmatites is thus described as agmatitic. Even though the fragm‘ents of -
country rock are. characterized by sharp and angular edges they have hardly -
~ been displaced The cOntmuity of pa.rallel alignment of planes ‘of schistosity

o in the surrounding rocks is Aa notlceable feature suggesting emplacement of the _

pegmatitxc mobilizates wﬁ:hout deformation ( Plate 22] ) .
Proceedlng towa.rd the northwes‘t from the ‘eastern margin of unit M1'

migmatites become layered or banded ( Plate 23 ) The melanosome is a pla-,'-

gloclase—quartz —biotite -hornblende gneiss Ca.lca.reous hornblemie -diopsidd-
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. _ . l )
plagioclase and/or scapolite rich rocks become increasingly abundant but marblcs

become scarce. Remnant blocks of quartzite are abundant in the Glamor Lake

reg'ion where type 11 and type 12 pegmatitic leucosomes have been recog'nized

-—

;'I‘hese migmatites have been termed stromatic migmatites as some layers may

adopt pef;m'atoid'or grahitoid'character. According to Mehnert ( 1968, p. .18 ) the

term ™ stroinatie "was first applied by Foye ( 1916, p. 791 ) in the for'm " gtro-

. matollthic " to banded rocks of the Haliburton District S0 that thlS area is the

type area for such migmatites The two migmatite mobilizates are usually con-

cordant w1th schistosity of the' gneisses., - L - _ b

| Still i'arther to the northwest, in the zone of transition betWeeé 'unit i\il
and unit M,, of the irﬂgmatite co'inplex,. hetérogeneities ‘in the layered migmatites
are even more etrongly developed Here migmatites consmt of alterhatmg
layers ofa grey granodioritic g'neiss ( type M, melanosome ) with laxers of
pmk foliated medium-grained granite (- type 12' leucosome ), and withl' pegmatitic
leucosomes of type 13 and type 13", Here leucosomes are commonly rimmed along
edges with thin zones enriched in hornblende and biotlte. These c_omponents _'

‘ generally parallel gneissosity in m.igmatites Tb.m aplitic veins cut tlie gneissic
layering of migmatites at right angle It plate 24 ) Particularly good exposures
of these: polymigmatltes can be observed on the northeast shore of Stormy Lake .
Pinch and swell structures are characteristic of I3 pegmatitic leucosomes
( Plate 9).. It can thus be inferred that these mobilizates behaved competently .'
during defo_rmation subsequent to their emplncement. Partial_ remobiliz.ation o
of these mobilizates-is also suggested. bowever- detached and rotated boudins of type
L g mobilizates now appear to cut younger basic veins. 6 inches to. 1 foot in width

fragmented into ladder structures in pink foliated g;ranite { Fig 9 )

. 'ﬂ'-'” LI
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In wnit M2 of the migmatitc domplcx, along the Buckhorn' Road, the
melanosomc of migmatites is a medium - graincd grey to pink granodioritc
_gneiSs more hoinogeneous as a whoie than gneisses of neighboring migmatites
to thc southeast Locally, however, the highly contorted nature-of these migma- -
tites is'shown by plasticallyﬂ'd,eforir}ed clongated mafic inclusions with tapering |
'l_‘ends that d'efinc schlieron s'tructur_'cs, in the migmatites. It is gonerally; con_side-. . '
'rcd' that the mobility of migmatites with schlieren structurces was highér than that |

»

of rocksewith simple penctration si:ructures such as agmatites { Mohnert 1968

mp 39). P ‘5 I -‘j;;f

-

The high hi.obility of migmatites Mz, is also suggested by the following
.‘.’p:étrographrc observation. plate 19 illustrates a granitic pegmatite { type 13 mobi -
hzate ), tightly foldeg with the grey gneisses._ The pegmatitic vein is transverse,
at low angle. to the gneissdsity of the surrounding rock Thus it is obvious.
' that it intruded the: country rock after the development of the rock gneissosity
L but before the d of deformation. The style of deiormation of the pegmatitic Z
| vein, i.e., the fold shape, is exactly sinular to that of the enclosmg gneiss, - ‘
Thus the two rock components behave similarly during dcformation i e. their - .
state of mobility was i’dentical The structure described above outlines an F2 '
fold. As demonstrated on page , metamorphism reached its peak during
- ‘})2. This type of granitic pegmatite is commgnly seen to be deformed into
: boudins. Thig deiormation most likely occurred during a later deformation.

Type L' and type 12' leucosomes are relatively abundant in area M2 of the

W

migmatite complex. . N

\...
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M- Intrusive igneous rocks -

Intrusive igneous rocks are common in Glamorgan and Monmouth Townships

and comprise granitic, syenitic and maﬁc rocks mainly gabbro and dioritc

Granitic 'rocks ( Map unit 8 )

The term granite is used here in accordance with the igneous rock nomen-‘
clature as establlshed in Aug'ust 1972 by IUGS Subcommission on the Systema- '
tics of Igneous Rocks, The main classification is shown in Fig. 6. The diﬂ'erent
types of pmk gramtes dlBCuSSOd below are plotted on Fig 7 accordmg to their

) 'modal mmeral content ( measured i voluthe percent )

Very little attention has been given to these roeks in the previous geological
survcys of the area. Adams and’ Barlow (1910 ) recognized granitic rocks of two -
distinct ages. They recogmzed and " Older Granite Series comprxsmg large
gnexssic bodies. occupying many square miles such as the Glamorgan Granite, :
the Anstruther Gramte and the Cheddar Granite They considered. small discrete
intrusions usually mthout much metasedimentary materml and clearly discordant

'bOdleS w1th sharp contacts against the surrounding rocks to be the " Younger

!

- Gramte Series " Armstrong and Gittins { 1968) adopted this broad dnnsion

of gran1t1c rocks in their mapping of Glamorgan and' Monmouth Townships

| Chesworth ( 1968 } in ms remapping of Glamorgan Township subdivided the -
Glamorgan Gra.nite Complex on the basis of f1e1d observations and geochemical
studi_es. He recognized a series of trondjhemitic granites ( grey gramte gneiss ) N
and suggested that the granite was the product of partial melti g of paragneisses
possibly under the influence of heat released by the Bark Lake diorite intfusion
He proposed that the pink granite gneiss was‘derived from the same anatéetic

melt by differentiation. o ' v



The. colour and textures of g'ranites their cross -cutting relationships, ,
and the fact that not all granites were subjected to deformntion make a better

classification of the granites possible in- Glamorgnn and Monmouth Townships.

[

Petrography of granitic rocks

Introduction

'Five g'roups of granitic rocks an be distinguished ona textural basis
( table- 2. 'I‘hese granites occur in vgin rarely cxceeding 10 feét in w1dth ,'
‘._concordant thh schistomty of surrounEling rocks or slightly oblique to it or as o

larger sill-like bodies ( e. g the Stormy Lake Gramte) Lo B |

Type A peg'matitic gramte veins

Type B gramtic pegmatites and type C gr: tes are by far the most abundant
- granites { table 2 ) and where they occur in’ vein or dikes, they constitute 'the
| leucosomal portions of migmatitic rocks, Type D a.nd type E gramtes arc

scarCe and mostly occur within rocks oi the metasedimentary belt (. umt GG
onf1g._3). ' ' ‘ _ ‘

Iype A: previously described as leucosomes 13' on p.
. Type B: an area of pegmatitic granite, half a mile wide and elongated. northeast
_ defines the eastern margm of the Glzi'morgan Migmatitic Complex This body N
s described in this report as a phacolith mtroduced into the surroundmg rocks o
along the planes of bedding-schistosity Intercalations of quartzite and maii-ble '
are abundant tbroughout the mass. ThlB zone of gamitic pegmatite terminates
at its northeast and south\yest‘extremities wyhere nOrtheast trendii[ig i‘oliations
become progressiyely oriented in a no'rthwesterly direction At the ndrthea.stern
end, and extension of the granitic pegmatite nearly detached from the main '
. body is parallel to the northwest trending schistosities of surrounding' rocks "

~ (Fig. 4). Mineralogically and textura.lly, the rock is similar to type 1 and
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11" pegmatitic veins found in abundance throughout the mlgmatite complex
“Augen textures, flattemng and elongation of quartz grains and cataclastic '

deformatlon of mineral constituents are characteristlc featurcs,

Typ C a lens- shaped fine to medium grained [oliated granite conlormable with

- the reglonal folmtmn t'ransects the l1thological boundary between umt My and

umt M, of the migmatite complex ( Fig. 8) This granite is free of fore1gn ' - ‘r
dnclusxons Contacts wlth the surrounding rocks are commonly gradatlonal
but sharp contacts’ have been obsérved locally ( Plate- 11 ) Modal analyses of this
| granite are given by Chesworth ( 1966 ). The rock is composed of plagloclase _
( 30%, . Anyg ), quartz ( 36% M mlcroclme (21%), pert}ute (0-11%J, and |
b1ot1te ( 0.5-2. 0%) The preferred orlentation of biotite flhkes defmes a weak N
schjstosity in the rock Qlartz grains are generally elongated { rod-shaped ) |
- but not flattened Th.lB gra.n,}te 1s thuslslmilar in texture and compositxon to the
| numerous gramtic veins of type 12 and 10" which played an 1mportant role in : - ! '
the nngmatlzatmn of surrounding rocks. . | _ |
| Type D this rock is a reddish leucocratic granitlc pegmatite Massive‘ to
| weakly fohated it is composed of microclme ( 39% ), quartz ( 31% ) and plaglo-
clase ( 27% ). This partlcu_lar granitic, pegmatite occurs as 1_rregular pocket ‘
. in metasedxmentary rocks of'. Monmouth Township (. Plate 12 ). Itis commbnly
‘associated with skarn -zones in the marbles. . The adjacent rocks generally
' -contain a variety of silicate minerals often with crysta.l forms hornblende,
' diopside, actinolite apatite sphene and scapolite Interlocklng gram boundaries '
~and hypidiomorphic textures are common ( Plate 13 }s but .partial- fragmentation |
" of the mineral constituents and the deveIOpment ol leaf -shaped quartz grains |
| has also been observed. Graphio textures are developed locally in some of these I
’ pegmatites and suggest that the rock crysta.llized from a eute ctlc melt Where '



graphic textures are present, plagloclase is less abundant and appears ag fraé-
mented g'rains included in larger perthitic microclines with graphic quartz, the
latter mineral having crystaliized in definite optical orrontation ( Plate 14)..

' These observations suggest that portions of these rocks were-in a liquid statc |

‘to the exception of plagiocla‘sei the only mineral to have crystallized while
different parts of these granitic bOd.leB were being deformed mccharrically
Type E: emplacement of the granites of this category occurred late durmg| r

' metamorphism and deformation of rocks of Monmouth and Glamorgan Townships
They occur in two' main forms: 1) as thin l.lndeformed aplite vems cuttmg the gneis-
'ses and the previously described g'anites The rock is a fine -gramed pmk gra’-
nular and leucocratic apiite closé to a cotectic granite in composition i.e.
plagioclase ( 37% Anys), quartz ( 32% ), mieroclme ( 23%) perthite ( 5%)
( Chesworth, 1966 Y. These veins are nqt common but have been observed
along the- Buckhorn Road ( Piate 15 ) 2) Small rare granitic stocks { Hadley-
type, highway 500, half-way, between 'ljory _Hill. and'f(iooderhz[xm )3 cleariy dis-

. cordant with the -surrounding roc_ks hdve been observed locally. The rock is fine
to .ntediuni-grained and composed of plagioclase ( 50%), 'quartz.( 27% ) microcli- | |
‘ne ( 20% ) and biotite (1% ) Because of the fine -gramed nature of the rock and |
due to the lack of plag-ioclase grains with good albite 'twmmng, the An content .

| of the gramte could not be determined However by comparison with other types

- of pink granitic gneisses the percentage of anorthite should be< 107 This granite

) plotted as pomt (@) in figure 7, lies in the granodiorite range of the diagram |

~ However, the presence of albite in the rock would shift the point toward the left,
in the diagrani, 'within the. granite range‘. : Magnetite and .apatite. are common |

‘ ..' o accessory minerals The orientation of the biotite flskes defines a wea.k schis- '

B tosxty in the rock but hypidiomorphic -equ.ig:ranular textures predominate ( Plate

16), ' |



Relatiye ‘ages ol gi*anitic rocks, -

’

Relative ages betwecn the 5 groups of granitic rocks are determined on '
the hasis of textures, cross-cutting relationships, and dcformation features 'of

the granites.

With the exception of late aplitic dikes and of a few small gramtic etocks, -

‘( type E granites } the gramtes and gr:mitic pegmatites are characterized by

' mternal fabrics indicative of syn or pre -kinematic emplacement Type A and .

o type B granitic pegmatites have been subjected to cataclaetic deformation ‘and

partml recryetalhzation They are therefore considered to be prekinematic

o types Type C gramte, a fine to medium-grained lineated leucogranite but

°_' w1thout evidence of cataclasis, would have been emplaced during the last phase

of deformation in Glamorgan and Monmouth To .mships. Type D gramtic pegma-

tites are massive to weakly foliated euggesting emplacement late during the

'fmal stages of deformation in the area. Table 3 summarizes‘these conclu sions,

S

' TABLE 3.: RELATIVE AGES OF PINK GRANITIC ROCKS,

_ Relative ages e granites ‘ r;elatively’to the

o | o _ ~ . last deformatiOn
. ;‘. _7 2 ._ﬁyoqu‘ [ S l'Ty'pe E late to post- kme-
. ‘ | _ S ‘ ‘ . matic .
| Type D - 'late-kinematm
. Tyi)e C. : syn-kinematic :
cold . - . _Type.B+A e prefldnematic

The age reIationships above are eonfirmed by Cross -cutting relationships
TypeE cutstypeC BandA-typeCcutetypesBandA typeBcutstypeA. ’Iype

D granitic pegmatites are restricted in extent to zones of skarn in the marbles

s
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Cross-cutting of the other types of granltes by type D has not been observed
. Some of these cross-cutth;g relationshlps are. illustrlrted on plates 17, 18 19

and 20, o 5

l’.

| ' Throe distlnctive phases of deformatmn are recogmzed in the region. They

_are discussed in chapter II of Part B. I‘l, 9 and Y folds are recognized ona -
lmnor scale throughout the map area, The style of deformatxon of the vanous
gramtes or the absence of deformatlon features allows determmatlon of the

time of emplacement of the gram'tic rocks.relative to the threephases of folding.

| Type A granitic pegmatites cut S1 schistosities bnt are t‘oldcd by I‘z ( plate- 19 }.-
: ..Assurfning that Sl schistosities ‘were developed durt_ng a first phase of folding .
then type A granitio'pegmatites were emplaced between the two p’eriods of fol-
ding.’ Type B gramtrc pegmatites are folded by F3 folds but post date the develop-
- ment of Fo folds in the majority. of cases. Consequently, their emplacement may
overlap with deformatlon Do but preceeded deformation D3 Type C granites are

1ocally folded with F 4 folds, locally aJclal planar to these folds ( Plates 20, and 21 ) : ’

Type C g:ramtes are therefore considered to be contemporaneous thh the third and

. . last phase of deformat1dn in Glamorg'an and Monmouth Townships Type D gra- |
‘nitic pegmautes are not seen to be folded w1th the country rock but, as already
mentioned,’ mternal fabncs are inchcatlve of late -ldnematlc emplacement Type

E ‘granites are undeformed Fig 10 ’shows’ the distribution of the five generations of
pink gramtic rocks found t.h.roughout the map area and thelr relation to the t.hree

phases of deformation. Considering that type E gramtes are relatively rare,

BN it becomes evident that gramtes become younger toward the east and southeast

' 'Type B and type C granitic pegmatite and granite are by far the most abundant
: generations of gra.ninc material in the region. These grani tes constxtute the
| 'leucosomal portions of migmatites and from this it can be deduced that the main

' act of migmatization in pFrt preceeded and i part was contemporaneous with
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Fig 10 Distribution ‘and relative abundance of various types (. A -E, table 2 p 30 ) ‘
' of pink granites across the map area.. '
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deformation Dé but was post Dy, '

| Mafic tntrusives ( map uhit 5)

'5’

Diorite ( 5 Di): two diorite bodies are found within the Glamorgan mig-'
rnatitic comple}g, One of these diorites is l.ocated at the western xtremity of
- Bark Lake in Glumorgan To.vnshlp ( Bark Lake is located outside the map uren
(Fig. 2) ); the other -covers, the Minicock Lake region in the northwest corner
- of the map area. The two bodies constitute ovoid massed orlented NW’SE. They
both reach two mlles in leng‘th and one mile i.n w1dth 'I‘he minicock Lake
Diorite is coarse -gramed massive, and contains plagioclase and about 10%
hornblende as the prmcipal nuneral constituents. However edges of the di orite'
.mass are charactenzed by a poorly developed gneis’sosity and there biotite is the |
' predominant mnﬁc mineral Chem.lcal analyses of the Bark Lake Diorite are "
.g'iven b_y Chesworth ( 1966 ) who reports a little normative quartz. -_He also mentxo'ns

amphibole grains with distinct cores of clinopyroxene. i |

| Gabbro (. metagubbro ) { SMG )- a:large é'abbroic' cdmpie:r occurs in Mon-
_ mouth and Glamorgan Townships, within the belt of metasedimentary rocks just
' south of the map area { Fig. 4). First described asa continuous mass extending
lfrom Green's Mountain to Hadlington Lake in M_onmouth Township by Armstrong L
) _ and Gittins ( 1968 ), the gabbro coxnplex was nlapped as three.'sepa.rate bodies. .- 7
( the Gl:anlorgan,r'Monlnouth, a.nd Ha.dlingtonl Gabbros)'. by We'nbsn-Sm.ith ( 1967 IR

The Hadlmgton Gabbro, a basic to ulh:abasic eomplex occurs as four :
| ~ sill-like bodies dipping to, the northwest that have undergone m.inor differentiation
from peridotite to troctolite ( Grieve, 1967 ).

. The Gls.morga.n Gahbro comprises seven rock unit.s rang-ing from gnbbroic
_to a.northosit:c in oomposition { some of the ga.bbroic varieties contain nephehne )e

' It was emplaced Is.fs a sheet, prior to or contemporsnemsiy v.fithzreglona.l metsmor- :
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phism ( Dow;ii-rig, 19'i3 ). ,Wenban-Smith ( 1967 ) de'monetrated' that, within the
- Glamor gan Gabbro, a poorly deveIOped gneissosity trending northwest is super-

posed on i'1u1dal textares oriented northeast. He describes the plenar structure.
as an arrested stage of development of gneissosity. From a quantitative struc-
, 'tural study of the area, summarized on page 69 of part B of this report, the |

Glamor gen' Gabbro can be interpreted to have been emplaced during deformat io_n -

- Dg‘ From this and from the lack of Dy structures, it can be deduced that it

behaved as a rigid unit during D3.

Metadiabase (.5Db): a number of small amphibolite bodiee conlcordant'

withor cuttit‘igthe etretiiic'ation and/or schistosity of surrounding rocks'occur "
) 'throughou't Glam.organ'and 'Mohmouth‘ -Townshios Chilled borders have been |
| recogmzed iocaily These metam°rphosed intrusive bodiee are useful time

f .
indicators since.they can be observed to cut older structures R

Summarv and conciueious

Lithologies of the metasedimentary belt can be traced northwesterly into

portion Ml of the migmatite complex. The melanosome of these migmatites is
sxmilar in all aspects to the parag'neiss -amphibolite group of the belt of meta-
.sedimentary rocks Remmmt blocks of quartzite and marble are wideepread

' within unit Ml These migmatites comprise two leucosomai phases ( Type B '
and Type C granitic pegmatites and granites respectively; Table 2 ) which

are also found in a.bundance in migmatitee M,. However migmatites to the north-
west ( unit M ) are characterized by a third 1eucoeome ( Type Ain table 2 ) |
older and distinctive i'rom the previous types by the common deformation of |
these veins mto very tight folds and boudins. The veinIS are also usually rimmed
with a thin i‘iln} of biotite, and are typicaiiy white on weathered eurfaces. The

‘melanoaome of mig;na_tites M, is typice.lly grey in colour, ‘grenodioriti_c in

. '
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'co‘mpoaition and contains charactcri stic mafic echlierens. Theé melanosome

“of m‘igmatites Mg is more. ho'mogeneous' as a whole than the melanosome oi |
migmatltes M, and in this respect bears gome similarity to rocka of plutonic

> shabit, t\fletasedimentary rocks are scarce in migmatites M, and where observed

occur as extremely deformed relics, mainly quartzitic in composition. SRR

The form of interpenetration of -migmatite'compOnents shows that the -
- complexity of migmatite structures increases from southeast to northwest across -
the map-area, - . ‘

Fwe generatlons of pink gramtic rocks have been’ recogmzed 'I‘hese
gramtes occur, in veins rareiy exceeding 10 feet in width concordant or slightly
oblique to schistosity of surroundmg rocks or as larger sill-like bodies. The o -

composmon of the various types of gra.nites is sinnlar and approaches that

¢, .

of cotectic gramtes.
A .'

Type B and C granites are by far the most’ abundant granites and where

" in vem or dikes con.stitute the leucosomesl of nugmatitie rocks. From the deter-. -
mination of the time of emplacement of these: granites relative to the three
known phases of deformation, it was concluded that the ‘main act of m.igmatiza- -
tion was in part earher and in part eontemporaneous with the third and last

. .phase‘ of deformati_on, hut that it postdates deformation Dz;. ) |
; . .

| Armatrong and Gittins ( 1968 ) ‘have put forward the idea that the presence
of quartzite in a narrow belt extending northeasterly t.h.rough Monmouth 'I‘wonship
.impl.ies the erosion of a granite terrain during aedi menmtion of the Grenvﬂle

‘Group. Metasedimentary rocks are widespread in portion M1 f the migmatite

.
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. .

complex and. constitute the melanosome of these migmatites These rocks “
are therefore considered to be migmatized eq uivalents of rocks of the Grcnvillc

Group and Inay represent the basal section of the supracrustal metasodimentary :

o rocks to the southeast. It therefore implies that the source of supply for thesge

' rocks lie farther to the northwest Migmatites Mo, to the northwest are charac
terized by pegmatitic veins { Type A, not found in migmatites M1
' “rimatitlc veins were emplaced into already highly deformed roeks prior to the

These ;feg-
major metamorph1c and deformational event of the area. The northeast trending
boundary between region M; and region M2 of the ndgmatite complex may thus -
be more than a simple lithological boundary, it may represent the boundary

‘betweeﬁfa former basement and its cover.
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..~ . PART B: STRUCTURES
» .'Introduc'tio'n S i R | N

A deta.iled study of the regional deformation structures in Glamorgan :

‘and’ Monmouth Townships is undertaken in the following pages. The recognition

)'.of multiple phases of deformation allows a better understanding of the petrogra- C : .
. phic evolution of the rocks of the area. - S | ' ‘

-

. Itis difficult to disting‘uish sl, 32 and s3 surfaces. Mimetic crystalliza-: :
: tion the scarcity of mdex minerals that could show the preservbtion of older |
' fabrics ( e.g. garnets ), and the qommon absence of axial planar i'abrics i

‘minor folds, are m\.ijor obstacles to the determination of successive phnses
| of deformation Consequently, cross -foldmg gramtic veins and dikes of diffc'-
rent ages relative to deformation ( S) and the geometry and orientation of
minor folds are 1mportant diagnostic criteria for the recogmtion of multiple N
'phases of deformation !

Two major deformations Dz and D3, are recognized in Glamorgan and

Monmouth Townships An earher primary phase may be- present but is largely |
' observed by later deformatlons Table 4 summarlzes the structures produced durmg
‘the three successive tectonic pulses for each of the two ﬁtrucmral domains of .

figure 20, o \ ' RS

.

Structural elements that were measured mclude stratxfication fohations'

. ) & . N
Jomts and lineationa .

I- Field criteria used in the recognition of structural elements

a) Planar fabrics:

1- Stratification.

Sh'atification is particularly well preserved in quartzite sequ‘en- |

.:n’,:



'CHARACTER OF Dy, Dy AND Dy STRUCTURES I¥ GLAMONGAN AND MONMOUTIL TOWNSIUPS, '+

-
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ces where it Is emphasizcd by sucoosslve layers 2 to 12 inchcs thick showing
variations In grain size and difference in composition from one layer to the other
L’iycrs of pure quartritc are commonly followcd by laycrs rich in lepsidc and

-

layers rich in feldspar N : |
" 2- Foliations. L
In this report, schistosity is uscd specli‘lcally for rocks in
‘ which tabular and flaky minerals, prefcrcntially oriented, define a planar fabric
in the rocks. . Flattening of feldspar 'md/or quartz grains is responsible for

flaser structures commouly developed in granitic pegmatites and quartzites of

Glamorgan,and Monmouth Townships R " L -

M

3- Joints.

Jointing is common in Glamorgan and Monmouth Townships. Co ‘

- However, in this report joints have not been the object of systematic studics

‘ 'md their relationships to the deformationsl history of the area are not well ' . -
" understood. o

b) Linear fabrics.

1- Mineral lineatidus L - ' o ' l
" In this report, thrm hneation refers aln’lost wholly to the

dimensional elongatlon of minerals and mineral aggregates The different types

of rnmer_al Lineations are summarized as follows:

; : A '
- the elongation of the flatteded quartz grains along their "c " axes in quartzites

*.and some granitic pegmatites ' _ _ | _
- quartz, lenses in the medium-grained pink granite ( type c ). o
"= the parallehsm of eyed -shaped feldspars in g:ran.ltic pegmatites characterized

' by the development of aqgen strucl:ures- '

‘= the parallelism of hornblende grains in amphibolite and in hornblende ~rich
‘ ‘ : : o
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g'noissos ' o : : ST o
-lelongnte aggregatcs of diopside in some pegmatites and gneisses,

- elongate aggregates of g;ruphite in fine grained gr'aphitic marbles with fluidal
" textures. ' .

2~ Crenulation lineations e !

Wrirddes,with a wavelength of a few millimeters on the schisto-
sny planes of plag'loclase -quartz —biotite -hornblende gneisses define Iinear fa-
“brics pa.rallel with mineral lincations Urlder the microscope, they appear as an

undulation of the s;?lstbsity produced by the preferentia.l alignment of biotite .

. ﬂakes These crehulation fabrics are harct'.td disttnguish in the field, from

lineations due to the intersection of two tectonic surfaces at low angles. The -
i latter phenomenon was observed locally in gneisses characterized by a segregation
| of felsic minerals ( quartz and feldspar ) and mafic minerals ( mamly hornblende )

| wherelater biotites ha,vc crystallized at low angle ( usuaily less tha.n 20 degress .)

to the rock gneissosity, . = .

3- Fold'axes.
Axes of m.inor folds only were measured since folding ona regio-
nal scale'is not readily recogmzed in the field because oi' lack of marker hOrizons
It was possible to obtam systematic measurements throughout the map area; howeve'r'., "
' dur to the scar ' 1ty of outcrop exposures, the majority of minor folds observed -
occur along 1 ad cut_s and on lakes shores. Minor folds can be the size of a lar- |

I :
ge outcrop, 200 or 300 feet in length, or may be a few inches or less in size.

- - Types of foliations | ‘ , | N
| Three types of foliations ‘were. recognized in Glamorgan and Monmouth - -
Townships Na composite 51-82 sch.tstosity parallel to bedding in metasedimentary

rocks 2) 82 schistosities at a slight angle to earlier 81 ( ? ) fabrics preserved

" ag relics in highly deformed quartzitic inclusions in M2 migmatites 3) rare
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structural surface Ina garnetlferous gnelss, .Id]acent to the eastern margin of
the Cheddar Grarute in Cardl.ff Townshlp, the schlstosuy gnmssosny is deflectecl

: around garnet porphyroblasts contalmng fine -gramed mc'luswns of biotite arranged

.. /44 -

'y

' Sll surfaces axial planar to Fy folds or S5 schistositics developed at a slight

angle to a composite S1-Sg schistosity. No strong penetrative ‘S3_foliatio'n' is .

L

recognized in the region.

Composite S 1-89 foliation.

The carliest folds recognized within thc cohlplex of metasedimentary rocks

‘are minor 1sochnal folds bending both a lithological layerlng and a metamorpmc

layering Not even weak penetratlve axial surfaces were recog'nized in these

early structures. Because of the absencc of mtersectmg ngn planes, as in the

hinge zone ol minor folds, it was possxblc, in most cases, using the above

relatlonshlps to determme whether the fohatlon is a’ prlma.ry or a secondary

" in trails subparallel to fohanon developed in the rock out51de the garnet Howe\Iei‘

, because the fabric w1thm the garnet porphyroblast is sllghtly bent, the enclosed fabrlc

.., is believed to be a relic sclustosity In some casesi- parts of the same garnets dc-

’ garnetxferous gneiss from Cardiff Townsh1p. The garnet

.- flecting the gneissosity of the rock cut th1s metamorphlc fohatlon 5uggest1ng that

- S——

their gt'owth contmued after crystallization of. the rock gneis sosxty Fxgure 11 illus-.

 trates the relationsh.lp between a garnet porphyroblast and the rock fohatlon in a

f

ce of prekmematlc-, of synkinen;atxc and of postkmematrc growth. RY indicates that

porphyrohlast show ewden- '

the'growth of the garnets started before dev‘elopment of the schistosity-gneis sosity

of the enclosing r‘ock and outlasted it, Syntectonic ( syn D2 ) high grade metamorph.ism '

of the Grenville Group metasedlments is recorded by Divi ( 19‘72 p- 100 ) in his .

structural analysis of Grenville rocks near. Be.ncroft and by Carnnchael ( 1968,

p. 9 ) ln the Whetstone Lake Area. According to Divi ( 1972, p. 100 ) the

rocks were in the amph_lbolite facies durmg pre - D2- and p_ost - Do tlmes, as
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| ,PRE'KIN_E_MATIC GAR'NE_T."' -

SYN- :
KINEMATIC ‘GARNET - .

S POSTKINEMATI'C' GARNET —(~
o

Fig.ll-A garmt crystal ina psammitu: gneiss of Cardiff‘ _

tawhshlp showmg ‘evidence of pre, syn and post-
kincmatlc crystalhzatlon :
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| shown in part becauso of the occurrence of pre- D2 and post- D2 garnet porphy-
roblasts Consequently, correlations with studies of the two authors mentionned -
above would indicate that the foliatlon dcvelopcd in metasedimentary rocks of

|

Monmouth, Township isa secondary tectonic surface S, and the relic fabric dis- '

“cussed above is a surface Sq-

| The gradational nature of the contact between the belt of metasedimentary |
: rocks, to the southeast and unit M1 of the migmatite complex has been dlSCllBBBd
-~ on page . 24 There is no truncation of trends and/or lithologies from one elrea
to the other However, with migmatization increasing toward the ndrthwest .
o and due to the predominance of piagioclase -quartz -biotite -hornblende gneisses o ‘
| “over quartzite and marble in migmatites Ml, primary layering 1s gradually erased
~ toward the northwest: primary layermg is readily recognized in quartzite and
marble, but. obscured by gneissosity in the psammitic paragneiss. Therefore

- inunit M;, the foliation is also considered to be a tectonic surface 82

In unit M of the migmatite complex older fabrics are only recognized

© " 'within scarce remnants (?)of metasedimentary rocks. Felsic layers in the |

'”_jiorm of lenses, composed predominantly of quartz with minor feldspar, diopside ,
' biotite and sometimes garnet are occasionnally observed in the granbdiorite gneiss. )
- Coarse crystalfization within the p(lds has partly obliterated origmal fabric, |
orientations, but in the finer grained varieties the preservation of an mternal

' fol.iation commonly obi.ique to the gneis sosity -schistosity of the surrounding

| '. rock has been observed locally (plate 25 ). In places garnet aggregates partly

: enveIOpe this fabric. The enclosed foliation is believed to represent a bent

relic fabric._ 'I‘here is no truncation of trends between portion M4 and portion

-'Mz of the migmatite complex and the foliation in Mg migmatites can be con-

'sidered as an Sp tectonic surfaces by correlation with the foliation in rocks to

- the southeast andby reference to Divi's work in the Bancroft region The relic

e B . ) . . ) . .
. . . . .
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fabric enclosed within the Ielsih lenses of M migrnatites,can_simil.arly be con-
© sidered as S1 surfaces Howevcr if it is assumcd that S1 and 82 are parallel
. in Mz nugmatites snmlarly to Sl and 82 in un.it Ml and GG of I‘ig 3 then the

‘ rellc fabrics discussed abovc may be pre Sl surl'aces : ', e

This correlation with studles of Carr.mchaei ( 1968 ) and Divi ( 1972 ) is 3
valid only if it is assumed that rocks of Monmouth and Glamorgan Townships
- have been subjected to progressive metamorphism from initial stages of deforma; |
' ) tion, during Dl’ to stages of more intense metamorphism during D deforma-
- tion. However, in.the arca under study, the conditions of temperature and pres- .'\
' sure that produced xmneral assemblages characteristlc of the almandmc ~amphiboli -
'te facies appear to have prevailed long'enough to erase traces of progresslve
metamorphism. Consequently, original fabrics were largely obscured by a. pc- '.
riod of regional metamorphism correlated with deformation Dz in the Bancroft

T .repon,tothe.east_. . o ST . §
Sgﬁoliations."_ PR Co - I

' No strong penetrative 83 foliations was recognized in Monmouth and Glamor-—

| -gan Townships However, gneisses contaimng layers of quartz and feldspars
alternating with laj;ers crontaining more mafic minerals ( usually hornblende )
in whlch later biotites haVe crystallized obliquely to the original gneissomty
| have been observed locaLly This new fabric is thought to be an 83 foliation
.,Interestmgly enough, in gneisses containing little or no hornblende, the Sl-S2 |
' schistosity defmed by the preferentml alinement of biotite ﬂakes is commonly |
crenulated parallel to 83. At a few localities within the migmatite complex, micas -
of the melanosome defining an 81-52 sciustosxty have mamtained their original S
planes whereas the mineral constituents of 1the leucosome show partial recrystal-

lization. Fig 12 illustrates a vein of gra.nitic pegmatite folded into an F3 fold.
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I :Fig 12 Profile of a folded granitic pegmatite vein ( 8P(B)) in quartz- o
. . plag'loclaae biotite gneiss ( 2Pb), cut by a later dike of granites Co _
oo (8 1(e)). Locality- road cut on gravel road sbuth of Glamor Lake. B J_r
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The vein 1s characterized by the development of an axial 83 surface not observed

w1th1n the surroundmg plagioclase -quartz -biotlte g'neiss

" QOrientation of foliation planes. 1

In Monmouth and Glamorgan Townships composite Sl-S2 foliations show

regional variations in attitucle correspondmg to northeast and northwest trends

O Fig. 18 and Fig. 14).

. In the metased1mentary belt ( Monmouth TOWI‘IShIp ) fohation planes trend
northeast and dip to the southeast at angles varying from 30 to 55 del;rees Moving |
| northwesterly from the metasedimentary bclt into- the migmatite complex, north- :
east trends predommate as far as Glamor Lake West of a line passing through ’

Blllmgs Lake and Glamor Lake, foliations curve prog'r‘essively to the northwest ¢ —

 and dip steeply to the southwest or to the northeast Areas_between Dudmon and

'

‘ Esson Lake in the northern segment of the map -area, are characterized by north- :

' west trends,

The 'distribution of remnant-blocks' of metasedimentary rocks, within |
mxgmatite area Ml' in zones following the foliation pattern is a striking feature '

_ However along the eastern marg'ln of the nugmatite complex, fohations are

f

transverse to hthological boundaries in areas where northeast trends curve towards

el

. a northwesterly d1rect10n. This i.nterference pattern is co‘i:nmonly observed on

the nose of plunging folds Thick accumulat ions of marble, in those areas, also

N suggest folding. : Du.rmg metamorph.ism and deformation, marble horizons wiu

redct plastically and thicken- in the hinges of folds.

+ The M, M lithologlcal boundary strikes north-northeasterly However, . '

: 1
transposition of the foliation pattern on the Iithologxcal boundary - has produced

curvilinear trends such that on a local scale. the - MZ'Ml boundary is irregular _

P
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and sexm -conIormablc to the reg’lonal northwest trending foliation ( Fig. 4).

ThlB boundary is transgresscd by a migmatitc front which further oblitcr'ltes 1t

PREI

- C'oncldsion

In wmary, the peak of metamorphism 1n the reg'lon is correlated wlth

the development of an 82 fohatmn in rocks of the Grenville Group near Bancroft
| ' N M ' 4
Rcactivation of primary tcctonic‘ surfaces or tr'ansposition of prunary ba.yering

along the fohatxon plane durmg D2 deformatlon has resulted in the formatidh of
strat1form gnexsses Consequently, in the majomty of cases Sy and 52 surfaces L. e
~ can not be distmgmshed and for convemcnce. the reglonal foliation is descrlbed

asa composite S j-Sz foliation. - * - o ‘

\‘ .. §

The regional foliatmn varies in attltude from northeaster}.y trends in -
" the southeast part of the map area, to northwesterly trends in the northwestern :
: part. thhologmal boundarles are conformable to the regmnal fohetion except in

" areas where northeasterly trends dre transposed ina northwesterly chrect.ion

s

.. IH- Minor folds.. -~ ' | g | | o . ‘

The following is a discussion of mesoscopic minor folds observed in various .

. localities of the_study area. -

Two maJor phases of deformatlon are recogmzed m Glamorgan and Mon-
‘mouth Towns_hips 'An earlier prlmary phase may be present but has not been .

' recognized with certainty.

' a) Mmor folds in the met.asedimentarj belt of Monmouth Townslnp ( unit GG, Fig -3 )

F folds- no Fy folds have been recognized in metae‘ed.imentary rocks of
) Monmouth Townshlp. It may be that D1 struct:{res are largely obscured by
. .

Iater deformations

F2 folds: the earh]est folds.recognized in the area a.re northeast trending



"subhorizontal and isoellnal. A:;ial .plancs strike 'northeast, dipping 10 to 20 :
T degrees toward the southeast. - Fold limbs do not ‘thlcken at the hinges. The
folded subfaee is assumed to be a surface Sl‘* This metamorphic ' layering is’
parallel to beddmg both in the hinge zones and on the limbs of these minor folds.

- Thus these structures are described as I‘2 folds ( Plate 29 ) Axial planar fabrxcs ~—

' have not been observed.

"', into northeast trending subhorlzontal 1socunal Iolds coax.lal with F2 folds ( Plate '

\

‘ 1‘3- 'folds- the next phase of deforplation that'developed in'thesg rocks
refolded Fo folds into 1) tight asymmetrrc smular folds around southeast shallcw

' plungmg ( 20 30 deg'rees } axes ( Plate 30 and 31 );.and 2) in some rare mstanees, _

32). These two different fold patterns produced durmg D3 occur or the same
.outcrop, in a acries of impure quartzite layers, along hlghway 500, approxxma-
tcly 7 miles northeast of Wilberforce. The axis of F5 folds is rotated in space from
‘a southeast toa northeast dlrectlon causmg a change in the fold shape from north- |
west tight to moderately open asymmetrxc folds to northeast trendmg 1soclmal

. folds overturned toward the northwcst and coaxial’ wath F2 isochnal folds

arg

i This' fold pattern is .illustrated on f}g., 15 snd on plates 31 and 32,

East of the belt of syenites and nephelme g'nexsses mterfcrence of. D2
and D4 structures has not been observed in rocks of. the Grenwlle Group and
' deformatmn Dg may merely be expressed asa crcnulatmn or mmeral lmeatmn o

c, ] ‘ L3. ) . A B .
b) Minor ﬁgmatite unit M,

Because of the scarcxty of outcrop exposures, and due to the lacﬁ of good
P % )

access in this part of the rpap area, very few minor folds were obs Erved iﬁ‘

' migmatite unit M1
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, .' - F,folds: ~\'Few. 'é.mnli scale reclined ixiteriolini iolds can be obs_cr\_red
. along the western margin of unit My, on the castern shore of Gooderham Lake.
)9 Foided‘ surfaces are thin leucocratic quartz‘_-feldsp'ar layers in a quartz-feldspar -

biotite gneiss. The schistosity of the melanosome'is axial to the folds. Recrys-

tallization of biotite gr'iins is suggested by thcir polygonal arrangement’ in thc

hingc areas of the folds. The' s?wsity may t.hus be considcred as a sccondary

tectohic i'abrlc and the minor scale folds as Dy st‘ructures. ~The interscction of
f.’ fold hinges on the foliation plancs defines L2 lincations plunging 20- 2.; degrees

toward the southe'lst Axi'il planes str:ke northeast and dip. to thc southenst -

. o .' Fq folds’ open to tight asymmetric northwegst trendmg folds with south-

, east plungmg ( 25.degrées } axes arc dcscrib(_.d as ‘3 folds beeause.thelr orienta~

~

tions and their geometry are similar to those of D4 structures in the metasedimen -

- tary belt in Monmniouth Township. R

v

o
<

e P The foilowmg is a dcscriptnon of specific exnmples of Fg folds in relation

Y e
mt’o the two most common types of granitw veins and arterites in Monmouth and. 4

-l-- . h

Glamorgan Townshlps. South of Glamor I_.ake, a concordant vein of gramtic .
- pegmatite ( type B.)'.is-tightly i'oldcd' na bmtite-quartzo ~feldspathic gneiss | A

A Plate 20), ( Fig. 12 )‘?,The vein is characteriied ?y zoning with a core of quartz -

and edges'bein icher in feldspar. This zoning is thought to be a prima‘r{\feam-

re developed du1 'g emplacement -of the vem A Becondary pianar fabrie,'-define'd

by platy qum'tz an dSpar grains, is deveIOped across the zoning This fabric

is axlal planar to the folded leucocrat1c vein. The granitic pcgmatite is considered
N

to have been cmpiaced along a composite S ~Sq schis\tosxty in the surrounding gneiss
e iate during d:I‘orlzation Dz‘oﬁsome time before deformation D5. On the same '
, outcrop, it is seen to be cut by a synkinematlc D3 granitxc arterite ( type C)
s | discordant with thc gneiss and roughly para.liel to the zuciai planar fabric deveioped in

the folded granitic pegmatite. From these relationships and by comparison with

1
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cast shore of Stormy Lkae wlnch repre.sents,the transntxonal zone betwe

" two subareas of thé migmatite complex. -
the area. However., the presence of pzit;ticular deformation features may be

" detached folda hmges ( quartz -rich pods ) occurzhl few l'ocalit.i s, alongthe

~ latter folds represent F1 folds and pré-Dj structures. A possible arg

..‘../5

.
St

minor folds from other locilitics, the st.fu_cturc is dc_éicribef_] as a Fq fold with

the uccompanying development of an axial Sq surface. Miﬁas of the palcosome,
o :

. outsidd the pegmatitic vein, have n'nainta'ined their origiml S-plancs whereas

Lhc mineral constituents of the leucocratic vein show _partial rcc;ystalhmtmn

- 'In this C.ISO dcformdtmn in the gneiss was contrbllcd by the granitic pc;,matltc -

which bchavcd as a competent umtJlatlvc to the gm,iss, since the [oldmg pattorn
f .

. vanishes ‘within a few feet {rom the pegmatitic véin. Els:-whcm.,gramtic veins
( type C ) are commonly scpr to be folded '1round southeast sh.ltlow -plunging -
| axes ,‘and _tq dcfirhe Fq folds { Plate 21°). Thesc gmnites are charactu‘lzcd by
- the d'gvclopx;ledt of mineral axial lihed.tIOIlS‘, i.e. ‘Imcatlons parallel to axes of

Fg3 folds, suggesting synkinematic ( syn-Ds)-emplacement. .~ ° .

LI
.

; Axial planes 'o[.F3 folds vary in attitude within My inigmatitcs,froﬁ north-

erly to southerly dlrections To the southwest axial planes dip toward the south-

- southwest. * Here, the Glamorgan Gabbro has been the controllmg factor. The

gabbr_‘o possnbly acted—:sts‘a rlgld_body.ﬂurmg Dg.

| c) nor folds in nuf t1te Mo

\J
, . N
Thcsc mlgmatites are exposed along the Buckhorn Road and on the north-

n the'

P33} and Fo folds: F, folds have not been rccognized with certainty
intefpretéd as relics of a prima.'ry phase of folding. Recumbent ln@rfolial

Buckhorn Road in the Stormy Lake reg'ion ( Plates 34 and 35). Similar fe

tures in other localities may be detached hinges of Fo folds since they also
!

bend a metamorphic layering ( Plates 36 and 37 ). It'xs also possnbl' that the

6
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for this inter.pr'e.tntion. i-sthat.gncisses of unit M2 may be o‘.d'er than mctnmorphlc
tectonites of the Grcnvillc"leoup ( Areas Mi and GG, Fig. 3) and the bcntmcta-
morplnc laycring in thc dctached fold hinges of unit M2 possibly existed befq;'e |

Gl emnllmn deformntion occurred This interpretation is supported by the fact

.that thesc structures arc cut posl Dl, pre-D2 granitic pegmatites { Type A )

e

Along the Buckho/rn Road, within an ar‘ea of foliated pmk gramtc { the
northwestern extensxon of the Stormy Lake Gramte ) maIic segregation tightly
folded w1thin ‘the gr'mite, appear as elongated lenses parallel to the foliation and
closed at both ends by sharp(bending of the mafic layers. This feature could be ‘
' explained by two successwe phases of 1socl1nal folding around shallow plungmg
"southcast trending uxes Further tightening of the structure would have occur(red- l'
durmg a third phase of more open foldmg, contempo%neous- with the emplacement
of the gra'nite The structure is observed on the limb of an.Fg fold. Little is

known about the original oricnt.ation of Fy and 1‘2 folds Possible S,tep.by step

' formation of the structure is 1llustrnted in fig 16

r .
in some rare instances, : recrystallizationhas preferentially obliterated

origmal S-planes in-.iolded quartzitic layers with develoi)ment of a new axial
o planar fabric SZ' the schistosity in the surrounding gneiss being folded-a'round'
the hinge of these isoclmal folds ( Plate 28). The elongation / flattening ratio
of quartz 'grams in some of the coarser quartzite lenses is approximately 10:1
! .defimng a strong axial lineation Lo plunging 20 to 25 degrees to the southeast. |
' Crenulation of foliation in hinge zone of Fo folds also defines L2 lineations
"(Plate‘_B). o |

| F3 folds: ‘ a third phase of folding is recorded in these rocks It formed
open to tight, similar ‘upright to ‘inclingd asymmetric fold!"around northwest

trending axes plunging at low anale to southeast These folds are best




M'jfic segregations |

north of St.ormy Lake.

CROSS SECTION
VIEWED FROM THE NW

?‘ N

-2 fc'et :
n .

ro- -

" isoclinal, folding

coaxial folding
- dur'ing_ 0,

further. tightening

SE plunging axes

Fref2

' Fig 16: The onentahon of Fy- and. F3 folds in the
_norrhwestem part of the map -area suggests that the
structure {lustrated above was formed. through 3
successive phases of coax:al foldmg ar‘nd shallow

>‘plungmg SE ax However tittle is knowg_‘gbout
the original onenr('Zo

n of F, and Fy - fold axes.
‘Locality: road cut on the Buckhorn Road 2.3 miles

A

Fold shape' In pink granite gn'cfr"ss. l

during D3 around B

S

F.A. trending SE (2)

-
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obscrvod within plnk foliated granite alon;, the Buckhorn Road near Stormy Lake

o Plate 38). Uprlght folds arc restricted to arcas between the Mlnlcock Lake

. q'.-

jorite and thc Stormy Lake Gramtc

B L
. Fig. 11 summarized the. structures produced during the three successive ‘7
phases of deformation across the’map area. o

P eyt

V- Lincations ( Lg and Ly).

Miner'xl lineatlons and crenulation 1ineations ( Lo and Lg ) are extensiVely
dcveloped in rocks of Glamorg'-m and Monmouth Townshlps When plotted on the :
-I lower hemlsphere ofa stereog'ram they defme a max.imum, in the southeast
. quadranglc, trendmg 133 dogrees and plungmg 15 to 35 degrees to the southeast
. ( I‘1g 18 )s - . The lineatlon plunges umformely southeast regardless o[ the direction’ '

of follatlon ( Fig. 15 and 18).

Lo lineations. + . -

- Lo lirieatlohs ai'e defined by:‘ the idtersectio'h of the hinge line of F, folds with
82 foliation plane; S | | a

- quartz -rich lenses in the hmge zone of F2 folds ('the ratio of the longest to the '

: shortest axis of quartz grains within the pods is ?pproxlmately 10:1 )5

P - the crenulation of foliation in the hmge area of I‘2 folds.

! Lr; "lineations

- L3 lineatlons are defined by: rod-shalped quartz gro.tns in the medlum-gr'iihed
lleucogranite ( type C) emplaced durlng D3, | -
“'the crenulation of composite 515, foliatlon in areas, where mterfcrence ot' D2
* and Dy stmctures is common (1.e. in the southeastern half of the map area,

west of the belt of nepheline gnelsses and syenites ) Here mineral lineations

and crenulation lineations lie on the a.xial plane of isoclinal Fg folds and are

0 ~
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subpmfnllcl to axes of eouthoast plunging Fq folds. These lincations are thus

L]

"~ considered to be L3 lineations developed at.the ,intcrsoc'tion-of axial surfaoos of r

F2 and I‘ folds.-

- the mtel soctmn at low anglc o[ a BChlBtOBlty S ( recognizod locally, only in

the gneisses of unit M, ) with the composite 81-82 Schistosaty

In many place‘s, it is not possibie to determine whether a lineation is Lo

V- Reg_ionel structures.,

'.On the basis of homogeneitp of 'orientatiori of compoeite Sl-.Sz. foliation
planes the map area is dlvided mto two structural domams ( Fig. 19 ). The

| domam boundaries transect lithological boundaries, suggestmg that deformatlon

- was moderately controlled by variatlons and differences in competency of litho- .
-loglcalumts This corclusion’is also supported by- Iocal field observatlons For |
.cxample the styleco\faeformatmn -in minor folds correspondu*ur to each of the
two major phases of deformatlon in Glamorgan and Monmouth Townsh:ps is simi-,‘ .

_. lar throughout the _map urea. : Also it .can be shown that two roek componeuts of '

" different competency behaved‘ with the same mobilfty during 'defornzutioh D, |

(p. 27'\‘ }. .Theee feauires'suggest that defbrﬁaﬁon \uas plastio in Glamorgan

and Moﬁxxbuth Townshipﬂ*:s.-

\ . ’ .
_ Area of northeast trends.

In areas of nort.heast trends [ structural doma.in I, Fig. 19 ) the presence '

I

of maJor isoclinal folds w1th northeast trendin 1 surfaces dipping southeast N

is suggeshed by-

© ~1) lithological units distributed in zones foflowing the foliation pattern;



e -
j_-2) the repetition ‘ac‘:ross strike oflbio_tite - ‘gaeisses, amrble and quarteite
_units, wi_th dips systetnatically to the SOuthcast, could suggests tight folding;
this tight folding may result from two phases of coaxial foldiag. I'Iowever,.f"‘ i
since min'or folds Fy have not'been recog'ntzed and because"-metamorphisnt, ‘
( from correlatlons with studms of Divi ( 1972, p 100 )}, may have reaohed
1t$ peak during def01 mation D2 to produce the dommant fohation Sz, deformation
D2 is consxdered to be 1argely responSIble for the outcrop pattern in Monrnouth

. Township

Rare cases.of minor F, northeast trending subhorizontal folds have been

o observod in rocks of that area and in adjacent areas; however they are not consi-

- dered to be geometrncally mgniﬁcant ’I,‘he posmble orlentatlon of ma]m Fo folds -

.

is d1scussed in the nextchapter.

Large scale refoldingof the previous structures around northwesterly

aves is suggested by the following features: in areas of transmon from northeast
to northwest trends, fohatxons are transverse to hthologlcal boundaries. This ' .
arrangement is commonly observed on the nose of plungmg folds Thick aeeumu -.'
lations of marble in areas where the regmnal northeast foliation is bent m a o
| ' northwesterly direction is also suggestive of folding. During metamorph1sm |

and deformation, marble horlzons will react plasttcally and thicken in the hinges ‘
of folds These reglonal folds plunge at low angle toward the southeast and are

' geometncally corrolated with. minor F3 southeast plungmg, asymmetrical folds

Cross-folding tvas not observed in 3 narrow zonc of metasednnentary '
rocks. east of a line defined by the nephelme gnelsses and syemtes. A possible
‘explanation for t.h.lB is that northwest trend.mg Fq folds are not geveloped in |
this particular zone.’ However Fgf folds could be isoclinal folds coplanar. with _

" Fy folds. This latter possibility suggested by the local occurrence of northeas_t_
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trending O isoclinal fo_lds coaxialnvith_ Fo folds, on a smlalll scale, ‘alongl a line
sdjacent to the narrow zone' rhentionned ubove,but wltere»tnterferenee of Do and- _
Dg struetures arc stitl .vtsible. - Fig. '13 illnstrst‘es this type of dc[prrhation.
In the zone.\\{here'interferenee ot D, and 153 structures has not been observed,
_ Minerallli_neations plunge.30 to 500 toward the southeast.
Poles to fohatwn planes, in structural domain I, were plotied on the ' _

" lower hemisphere of a stereogram and contoured by the Kamb method ( Fig. 19 l)
The. densuty maximum eentered at N280°, 75°NWw, is thought to represent the '

: pole to the modal axial plane of 1sochna1 folds 1 e. axial surfaees dipping o
.' . southeast at a low angle. Spreading of the poles into a northeasterly trendmg

.-'gn‘dle (. Flg 19 ), is attrlbuable to refoldmg of the prevmus structures around
o shallow plungmg southeast axes of F folds. .However, in a narrow zone of

paragneisses adjacent tothe Cheddar Granite; the northeasterly tren_ding foliation” . -

typically dips 30 to 50 degre'es to the 'southeast down the dip of feltation.

' _ Area of northeast to northwest trends.

" To the -northwest in strnctilral dbmain ]1 fotiat{on p‘lanes vary in strikc
from northeast to northwest and vary in dip from sleep northeast or southwest = -~ v
to low angles southeastward When poles to fohation are plotted on-a stereonet
and contoured by the Kam method { Flg 20 ),- they define a northeast g-irdle I |
the orlentatxon of which is identical to that of the prewous figure ( Fig. 20).
' 'However, extremities of the girdle are more strongly devlloped and the maximum
: considerable weakened ThlS reflects the strong imprint of northwest trending
| Fa t'olds on rocks of the _area.
As shown in flgure 1$ the pole to the girdle common to domain11 and
domam oI coincides with the average directton of the L2 and L3 lineatiOIn and

F andFafoldaxes o R S
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. VI- _Interpretation

Introdu'ction |
As shown throughout the map arca, L2 and I..3 lineations and most mea- o
sured I‘ ﬁnd F fold axes lenge uniformly southcast rcgardless of the trend

v
of foliation plancs‘. '

. Qr_igin of southcast plung‘ing'll‘neatione and fold axes.

"

', From his etruct:ural- studies of the Adirondacks Buddington ( 1956 )' o

‘ noted that lmeatmns subperpendicular to major fold axes are commonly corre-

~

' latcd thh strongly overturned 1soclinal folds especially in zones adjacent to

: .rlgtd border units. This rclatlonships 1s 1n.ferrcd to- be a consequence of strong

forward motion in thc prmmpal direction of movement If this mterprctation
is applicable to the area ad]acent to the Cheddar Gramte, where the folmtlon

strikes northeast-at rlght angle to the fohatlons axes of major Fo folds should . .

' be subhorizontal and should trend northeast. However, there is little evidence .

for such an axial direction. . _ S ’ : . l

chittl ( 1957 ) noted that the Highland Gneiss Complcx is separated from

'me,;asedimentary rocks of the Hastings Lowlands by a series of normal faults

- that trend parallel to the follation and dip to the south or southcast Thcy are

underlmed by zones of ,strong mylomtlzation.‘ Hewitt ( 1962 ) contrasted the ‘

dominant northeas't trending axial lineation of metaeedimentary rocks of the'

E Hastings Lowlands with the southeast plunging lineations of the Highland Compiex'

E ‘and thought that the latter developed asan™ A" lineation parallel to an upward

movement of the Highland Block from the southeast.

Best ( 1966 ) argued that the inylonites probably originated late during

-the metamorphic history of the region and do not form a etructural‘boundary ;

.




between the two arcas. Rather, the distinction between the two areas would b
-basically a. litholog_lcal one With prog'rcssiyci changes in structural 'charaeter
b_etwcen Tocks of the two areas. He proposed that near rigid border units folds

'would 'progresswoly tighten, and that fold axes and axial 1ineations would rotate .

- into the downdip direction of maximum extensxon More recently, Divi and

Fyson { 1973 ) were able to demonstrate, on a statistlcal basis “that a prog-res-
"-give tightening of I‘F fold axes toward the Highland Gneiss Complex in the Ban-'
croft reglon, is accompanied by a rotation of Lo llneations and F fold axes
R from low-plungmg northeast -southwest axes with low rake angles to steeply

'southeast plungmg axes with high rake angles

"These southeast plul'l‘ging lmeations extend to within the studied area of the -
: nghland Complex Therefore 1t may be concluded that axes of major Fg folds

also plunge southeast w1thin the Highland Complex. _However, the fact that

_ "w1th1n the Highland Complex lmeations plunge umformly southeast over'a, w1de

¥ area can not be explamed only on the basis of the meohamsm proposed by Best
(_1966-) and latter demonstrated by Divi and Fyson ( 1973‘). As-mentloned, |

' earlier in this rep'ort‘,'a study of ‘minor structures in the llighland-Gneiss 'Com‘- '

) plex,. \ucst of the northeast trendlng.Haruey‘-Cardiff Arch, shows that a th_ird |

phase of‘ deforma‘tion ahsent in ‘metasedinlentary roclcs of the Lowlands, 'east

' of the arch developed open to tight Fg3 fo‘ds around southeast plungmg axes.

| A new L3 lmeation parallel with L2 developed at the 1ntersection of axial surfaces

of F2 and F3 folds as suggested on Fig- 19, A metamorphic episode contempora-.

neous w1th *thjs th.ird phase of deformation is ewdenced by post Do -pre Dy .

dikes and sills of deformed metadiabases 'I‘he Harvey -Cardiff Arch, consi- .

R | dered to be the southeastern boundary of the Highland Complex, may have behaved _

L as a rig‘id unit during deformation D3 thus p"otecting the Lowland areas from effects



of the third hase of deformation. Emplacemcnt of the a.rch probably took place
contempora oously wﬂ.h de[ormation Da since Lg lineatlons oxtend across the

- b?)u/ndary b tween the llighland and the Lowlands. -

Om;in of stratiform foliation' . . | S I -

It \LIS mentloned earlier ( page 39 ) that the g'ranodlomtic gnelsses of M2
Imgmatlto ‘may be part of a former basement strahgraphically undcrlymg meta-
l morphic tectonites of unit M1 of the m1gmat1tc complex and metased1mentary rLcks
of unit GG/ ( Fig. 3), to the southeast If mlgmatltes Ml represent the basal
scction of rocks of the Grenville Group as suggested-on page . , it is possi‘blc
" that thé ; so -called supracrusta.l metamorphlc j:ctonitcs of umt M1 and of unit GG

unlike metasechmentary rocks of the Hastmgs Lowlands to tho east, may have

been p“Lrt of the mfrastructure of the crust during the Grenwlha.n thermo -tectonlc - ‘
,‘ovont(s). Wynne -Edwards { 1965) emphasized the fundamental structura.l defe- ‘ "' ‘
r;l-'cgbrmvecn-cntazonal ( l.e. mfras.truotural ) stratiform gne1sses which have o S
beddmg plane fohahon that accentuates then' primary stratﬂication, and t}lese ‘
'rocks of Tower metamorphxc g‘ade, wmeh exh1b1t axml plane or tranSposxtlon -

‘ foliatxon that obhterates their beddmg Wxthm the Hastmgs Lowlands progres-.

sive reglonal eta.morph.lsm can commonly be traced as far as the appearance

of s1llimmute { ynne -Edwards 1965, Divi and Fyson, 1973 ) ‘However, although

the mineralogy d the grade of metamorphxsm may be sun.ilar in the two areas,
charactem stic sillimanite -bearmg schists and gnexsses present in the Lowlands

have not been found an"xong the stratﬁ'_orm quartzo —feldspatluo gneisses of the |
Highlands; A prOgi'eSBI\'re transition from the mesozone to gneisses of the

oatazone ( in the sense of anne Edwe.rdlsr',_ 1965 ) is thus not de‘x_nbnstrated.for R
._the Hignle.nd's.' In terrains of low to medinnl ‘I.netaxnoxlfphic grade, howeve_r‘, '.mi‘nle-

tic crystzillizatio%i, along ﬁre-t»dsfing structural planes, usually accompanies



-

. dcfdrm,ation is further supplied by umylonitization of th-i'ﬁ horizons _{)arallel to

-y . ' ".‘ Ty P a . .
. .. .

v (- .

the initial stages o[ mdtaniorplusm. During progrcssﬁc metamorphism, trans-

poa;ition ‘of foliation transvcrsc to bcddmg is’ common and may obliteratc prlmary

'l.lyerl‘ng. If this proccsb 18 pushed to complction as su;,gcstcd by Wynne -Edwards '
N for rocks of the 1liglﬂ.mdb,k'.lnsposltion of. prinmr/y layering along follation planes
) -

" will result n the formation of stratiform gneisses. The psgmmitic gneisses of_ -

the study area may have formed by thid proccas “This ig su;,gcstcd'by the Work |

of Best ( {1966 ) and Divi, oM Fyson (s1973 ) ’f’hey observed a prog-rcssive tigh-

l-;l

r
"tqnmg of |, folds tow*trds t.hc Iilghlands and th(. dcvelopment of & pcnctrativc
' 2

v

© foliation So, - expt'essed in part by Lrnnsposcd litho?o;;'ic Iaycring and sheared out

'folds. Competent units., such as quartmte tend to resist deformntion d no

_ f o . A
minor folds wcre obscrvcd in these rocks.  However, the quartzites are charac-

" terized by quartz gram.s flattened parallpl fd'bec‘lding and evidence of intense

bedding. © vy
. J ’ - ! .
Sﬁ'r_nmary - _ L |
C . 0 . [
Two ma}or phases M\

~

Townshlps

.

I‘l, Foand Fy folds ae recognized on a sma‘ll scale. Dy stiructures

are iargely-obhcured by later deformations Isoclinally folded rcchmbent and -

detached hlnges of quartzntlc layers with an axial foliatlon are recognized at

"~ a few localmes Of the two major phascs of deform:mon, the older 02 created '

’
isoclinal folds wihh southeast.eriy dxpping axial surfaccs In the mlgmatite com’-

-plex and th the ‘western part of mdxm‘eptary belt, the younger phase Dy -

. dcfor/'med F folds around southcast plung;lng a.xcs. Interference of Dy and D3

.t i

struct_ure common. To thc aouthcast beyond the belt of syénites and
3 ’?’b\\l . ) »
S ’ : l

N - . _ . .l

b . . ’ '
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rmation dre recognized in Glamorgnn'ahd Monmouth °




Y,
ncphcline gncisscs, dc[ormatlon D3 mny merely be cxpressed a8 a crc;mlation

. or mineral llnoation Lg. 'Ihc Glumorgan Gabbro and syenites ina ccntrnl
zone within thc bclt of mctascdimcntary rocks and the Cheddm Granitc along the
(.dstcm cdl.,e of th'lt zone acted as rigid units during deformation Dy.” For this
reason, d(.[01 mation D2 is largely responsible for the outerop pattern in the
souf.hcas_tcrn_l‘mlf of the map area. In areas to the notth cbt? farther away

_ from the possible rigid Jorder units, a strong imprint of northwest trending F3

‘olds on 02 structures is characteristic. -

To conclud(. Lhc area has been subjcctcd to two mzuor phascs ol' dcfor-

mation. The lqst tlcformnlion refolded the previous struct}lrcs around southeast

plynging -

LS., ’”"'E these northwesterly trcnds arc not l!udsonhn trcnds, but

‘whre developed duri rpg\latc st,agcs of the last dcformation

‘sition from basement to covcr'ﬁ)cks . However, pre -Grenvillian dcformntxon
) has not becn recogmzcd with ccrtamty in rocks to the northwest, (’)I.dcr struc-

. 'tures may be 6bscured by latcr deformaggn and. by mx'réc migmahzation

The boundary between Mz and My migmatites may wcll rcprcscnt a tran-




| | PART C: METAMORPHISM

The grade of nictamoi'phiam,is remarkably uniform throughout Glaino_r'- |

gan.and Monmouth Townshfpa ancl.mi:ft:ral ‘ass'cmbl'a'gc's arc characteristic of the
,.-Almandinc amphibolltc,ff{loie's ( Armsfrong and Clttins, 19687 ). Irlowcver,, ‘'since
motamorphio assemblages in rocks fnom Glamorgan Township bear aimilariﬁioa

with those of amphlbolit.c facxcs rocks in both the Sootish Highlands and the .

| Abukuma Platcau, motamorphism in Monmouth and Glamorgan T ownshi;§ is '_ o -.
~ considered to be of Miyashiro 8 low pressurc intermcdiatc Lype ( Chesworth - -
" 1971 ) Chcsworth { 1971 ) also mentlons the occurrence of staurolit(. and cordlo-
rite in the scarce pelitic rocks of Glamorgan Township and of sillimanite in
adjacent parts of the Grenville Provmcc From thcse~observations ahd by
reference to Richardson 5 ( 1968 ) cxporimental work, he sugg,ests that meta-

morphic conditions w@ld have ranged from 3.5 to 7_ k:lobara total prcssare and

.

from 580 to 700 dég’r'eos centigrade. | : ' - a S . .‘ ‘F
._ . Polymetamorphism in the regionr is suggcslcd by the occurrence of de- ' ‘
formed and mctamorphosed post D2 dlabase dlkeb and sills. For instance, in
the belt of -mctasodlmentary rocks ( Monmoutli Township ) & metadlabasc sill,
2-3 f‘eet‘th'ickbcuts the noée ofd rnino'r F ‘fold. 1t is bent in turn by a larger
f Fq fold Figure 20 illustrates a metadiabase disco‘rdant int.o a grcyish -grecn
.g'lrnetifcrous quartzo-feldspathic gncis‘s along the Buckhorn Road riorth of”
S!:ormy Lalce. The contacts of the dikc are wrogular showing minor diSplacements
parailel to the foliation in t.he surroundmg rock. Emplacement of the dike is
L "therefore cbnslid'er'ed t,o predate tno lasl tectonic event in Glamofgan Townghip_}
'Rccrystallization within the mafi'c'dlko was probably contcmporaneous with thia '
lasl deformation. Thc parallellsm of the rcsultint planar Iabrxc with that outside

‘ the dike suggests t.lmt the diab was recryst_alhzcd during a pcriod when orig‘lnal‘

]



 ’

, north of Stormy Lake, Dysart townehlp S : 2

L.‘.’/;lz_-
CROSS SECTION ‘
VIEWED FROM THE SE

of 'the dike .a)'e irregular shoiw'ng' minor q'f;plécements
parallel to the foliation in the s'urrounding‘_?,.-’rock.‘[‘ R

Emplaéement' of thé dyke'is therefore considered bo -f)rcdate the last

* tectonic event Locality: Road cut along thq Buckhorn Road, 3. lmile e
: . : R



-‘ .
structural Burfaccs were reuctlvuled 4 1

Thrbu[,h the mz{p -ares, metadiabase. dikés are (commonly seen to be
folded .1round southeast plunginf, axes, The dlkcs cut late or posl D2, prc Dé

gr:m;lic pegmatite ( type B) ( Plate 39), Thercforc thls mctamorphism shou d '

e synchronous' with defor'mation D, or at least post D2. Emplacement of the

. dlabasc probably took placc during a period of relative structural qulc.scencc, '
during which metamorphism decreased. Mctamorphlc pyroxenites associated
to latc kinematic - Dy granitic pegmatilc { typc C) m\;ones of skarns m the |
marbles suggest that mctamorphmm outlasted deformation Dq at least locally_.

The posslbility that the granodiormc gneisses of unit M2 may be the producl of

-

a metamorphmm older than the G;‘envillian mctamorphlc cvcnlb has lo be con - -

31dered since these hlghly deformed rocks are characlcri;(.d by mallc schlierens ‘
2 .
cut by the oldest generations of g'ramtic rocks ]( Type A ), thcmselves tlghtly _

l

folded w1th the country rock. These deformatlon features werc not oghserved

" in adjacent units to the squtheast.



. . 4 - .
PART D: ROCK FORMING PROCESSES ,

. This chapter summarizes the diffYnt'rock-forrnihg procesecs dise'ueeed

in this. report It also attcmpts to use the .itferentiul mobility of ml;,matite
components_as a tool to decide which of metasomatiam anatcxis or magmatism

.' contributed mostto mlgmatitc formation I‘innlly, in order to establish the
ge010g1ca1 fr'unework of Clamorgun and Monmouth T ownships conclusxons

reached in this study ire correlated with results obtamed from selected studics

,dealing with other parts of the Grcnvxlle Province, of Ontario.

T

As ehown in part A ( pp 24 ), the complexlty o[ migmatite structures :

increases as onc proceede northwesterly from the southeastern corner of the
. A
- 'map area. The non- mig'matitcd metamorphxc tectomtes of unit GG { Fi ig. 3 )

gradc mto migmatites with simple agmatitie etruetures m\subunit Ml-.l of the
i | -

'migmntite complex. Thcse, in-turn, g'radc into stroxrmtic or bundcd polymlg-

matites in subunit Mlb Mo migmatites are characterized by the presence oI .

' plastically dcformed mafic inclusions or schliercis which are.absent to the ' ‘
o southeast This lB interpretcd to mean that, at the present lcvcl of erosion, S

mobllity of migmatites increases townrd the northweet

' I\rtiémtizzition Ialso increese-s towlard the northwest in Giarnorgnn and
Monmouth Townships a greater number of leucosomal phases are recognized . ‘_ o
in area l\'i2 of the migmatite ‘complex and in f,eneral mlgmatite mobilizates . | ?
: become mcrcasingly abundnnt toward the northwest, Howpver, the gramtoxd
components common to the three migmatite arcas are markedly more abundant 2

in the zone of transition between unit Mg and umit M, . Rocks of unit M1 are

. migmatizod equivalente of rocks of the Grenville Group. They .nay represent

e

1

thepbasal section of metamorphic tectoni_tes of unit GG (-Fig.. 3) to the so_utheaat, k



because lithologics of the ‘non -mlgmdtizcd supracrustal mctdmorphic tcctonites '
’can be followed without difficulty into thc migmatized area. From this and be-
! causc the incroase in mobility of migmatitcs toward the northwest is acepmp.i-.
tficd b'y an increase in migmatization it is sugges'teci that a-nor thwesterly trending |

section through Monmouth and Glamorgan Townahips rebresente a passage into:
progressiveiy hotter and there[orc orcaumahly deeper 1evels of the earth's crust.
Migniatites of unit My are ch'nracterized by the preécncc of tjpe A pegma-
titic icucosomce older than the more common type B and type’C leucosomes found
| throug,hout the map. qrea. These pegmntitic mobilizates diagnostic of Migmatitcs
‘ Mz, cut the schlieren structures typicai of this migmatite area I‘rom this it is.

conciuded that rocks in unit My were. migmatized and deformed prior to the™ . o

. formation of the M7 migmatites Consequently, .the boundary between unit MZ

and unit My could represent a major dlscon[ormity between a. basemcnt and its

cover. This lithologlcal boundary is di[fuse dnd partly obhterated by a mig-

: 1

mﬂtlte Iront and by at lcast two suCCessive phases of deformation Its approxi- e 1 i
\

|

‘mate delmeation is shown on the aceompanymg geologlcal map, _in pocket.

J

' The:fdrmation of mig-mntite .rocks “in general, ( the term migmatite is
defined on p. 96 ) can be explained in a number of ways | '
-1 by introduction of gramtic materiai mto the' country rock. from decper levels R
of the crust ( magmatism ); -_ | ' | |

[ 2) from partial melting of country rock givmg rise to 2 Ieleic melt ( anatexis )
g 1 the melt migrated for relatively short distances and then mtruded the country\
rock this type of anate:tis is roferred to as’ ectexxs If the melt was formed in
- sity, thetermentexisisused - ; - ‘ y |
- 3) by addition‘ of K-feldspar through metasomatic processes, accompanicd by .
.2 segregation of mafic and felsic portions within the rock |

e ..



- 4) by metamorphic differentiation

In cases of mag'matism and anatexis by ectexis granitic oomponents will common -

-ly-bo found to cut the rock foliatién. Synkinematic g)'ramtes may intrude the country '
X Tock parallel to fo.l.‘l'ation; these granil_:ie‘ veing, however® arc usually u.rithout dark
‘. rims by contrast with congordant granitic leucosomes formed by metamorphic

- “differentiation and/or methomatism.

The pegmatitic and grani&_ ¢ mobilizates, type B and type C respectively

{ Page 30‘ ; iigure 9 ) constitute neo\g_;r{es formed during the latest and most

widespread migmatitic event in the region. The locally intrusive nature of

-

" these granititic components is established from the followmg observations;
. - 1) type B and type C mobilizates are commonly oblique to .foliation of the-
.' sur'rounding gne'lssesand ar'e usually without dark ri‘ms;
2 2) a c}ose similarity exists between these mobilizates and larger mtruslve
'granitic bodies in Glamorgan and Monmouth 'I‘ownships For example, typ(. C
mobilizates are mineralogically and texturally identical to the Stor my Lake Gra-

- nite. This lens-shaped g'ranite .’ conformable with the .reg'ional foliation, tran-

sects the boundary between umt M and unit Mg at high angles. Furthermore, ,

_ the center of the granitic mass is frec of foreign inclusions From the above _

' observations and. correlations granitlc rocks in Glamorgan and Monmouth

R
e f\-:

Townships appear °to have been injected into the country rock. As a result,

metamorphic diiferentiation and metasomatism are probably ruled out as major '

| migmatite forming processes. The banded polymigmatites along the’ Western margm '
‘of unit My differ 1n that g'ranitie components, paral.lel to the. rock g'neissosity. | '
. aré rimmed wit.h biotite and/or hornblcnde rich layers Here. origins by meta-
7morphic differentiation or metasomatism are probable. This could readily be

. explained if t.he Mg-Ml bound'a‘ry represents a transition from a former basement

»




to 1ts cover as previously suggested, This boundary would possibly act as a
‘plane of weakness during deformation Movements confincd to this planc would *
have incrc'lsed the mobility of adjacent rock units. It would also kave eased thc |
circulation oi fluids such '15 water and/or possible K feldspar metasomatiz,ing .

Nuids.

Did the granite crystallize . irom partial melting of paragnusy&cr '
- mig'ration of the melt on a relatively short distance. or were the g,ramtes intro- .
" duced into the country rock from deeper levels of thc earth‘s crust ? Froma
L;,cochemical study of the Glamongan gneiss Chesworth ( 1966 ) concluded that

" partial me,ltmg of paragneiss produced migmatites and, locally, trond]hemitcs,

- possnbly usmg up heat released by the Bark Lake Diorite Inh‘usion I‘urther

diiicrentiation oi the felsic melt would have given rise to the pink gramtes. He -

based his conclusions on the facts that 1) relatlonships between these rock types ‘

are gradational in the field, and 2) the bulk composition of migmatites is 1dentical -

to that of the paragneiss. With some restrictions, this mterprctation would be
ompatible w1th the idea of remebll:zatron of an older basemcnt because Ches-

worth's concluanons can only be applied to M2 migmatites. Texturally and che-

' mically, M uugmautes are paragneisses with injected pink g'ramtic material, . |

My, xmgmatites are only paragneissic with respect to their mineral assemblage . '

o and with’ respect to their total composition, i.c. to the composition of the leu-

cosome and the melanosome together. It migmatites of umt Mo are derived from
an older basement through remobilization, such differences between the two mig-
matites a could easily be accounted for. Furt.hermore, it can be flhown that
E the sequence oi events proposcd‘ by. Cheswgrth was episodic through time: for | -
. ‘-: instance, the grey sodic gneisses of unit M,,. because of their high sodium content,

' are pcssibly metamorphesed Equivalents of rocks of dacitic composition ( Ches:-

| worth, 1970b ) It 'is not- elear whethen this metamorphic event tpok place o AN



. : : .--. . ‘ ' ' : . l
‘ eontempomneoue with or, was earlier than, deformation D1 in the reg’ion.. IIowever,

B since Mo migmatites arc eharaeterized by deformation features not secn in mig-
‘matites to-the southeast, it is thought to l_Je an older cvent that may preda,te_ -

‘deposition of the Grenville G‘roup' Subseqﬁent to this, both presumed' basement

© - and cover rocks would have becn subjected to several pulees of deforrnation and

‘ t\‘,.'.

mi;,matmation during the Ctrenvillian ‘thermo-tectonic event. Metamorphle Iabric
- of gabbroxe rocks in Glamorgan and Monmouth Iownships indicate that the gabbros

were emplaeed during deformation D2 ( see pagess R Assuming that thé Bark

\
N\

: Lake Diorlte and Minicock Lakn Diorite were also emplaced at apprommhtely
/ | . “that time,\the trondjhemites should have the same age, accordmg to Chesworth
- :.""- ~ stillater, ‘the potassic granites may ‘have been denved from further dt[ferentmtwn
l . | .. of the tron m:tes as already suggelsted by Chesworth {. '1966 ) Therefore the

f souree of potas\su, amtes would lie in unit M, to the northwest pOSblbly in a.

~ former bascment.\ Co .equently, the granodlorlte gneisses of unit Mo would b(,

- ' the parent rock of thn felshs melt whleh gave rise to t.he _potassic gramtes ’lhe;e-
' fore tho anatectxe model wou apply to M2 mxgmatites Ae'eordtng to Chesworth
CE | 1970a ), the trendjhexmtxc melt' ould have formed. in situ. Thus the 1n1t1a1 sta-
o ~ ges of anatexis in. Glamorgan Towns ip should be referred to,- more eorreetly,
.as entexis which nnphes little or no m} rration of the felsie melt 'I‘he potassxc S .
: granites Were posmbly derwed fnom furt er differentmuon of the trondjhemitic
'melt These granites ( Types B C D, an E ) intruded the granodlorxte gneissesl
~of unit Mz Sinee the grey gneisses are considered to be the parent rock of the _
"potassic granitee and because potassw melt mi ated this more advanced stage of

anatexis is referred to as ectexis. The molten po aesie matemal migrated farther

still and intruded rocks of the cover to the east a




.19
- s " )
by the fact that g-runltic rocka becomc younger toward tho oast and southeast

-

as illustrated in I‘ig 10 page .

Although mctasomatlam ié not considered hcr(, to hav.c bt,cn a deOI‘ fac; -
tor in. the cvolution of rocks in Glamorgan and: Monmouth To.vnships, its cffects
' sho,ul.d not be undercstxmted. Some petrographic fedturcs Buggest that meta - :
spmat_i'c‘addition of K-feldspai' has.'taken place locally: for insL;lncc .'felds.pathi-' .I
zation in thg form of K4£eldspar blas{tl:sis is coxﬁmon' 'in the melanosomc and

« the leucosomc of ’mighmtites The presencc of dcformed elongated K-fcldspar '

porphyroblasts oftcn w:th peripheral granu]..ltion is characteristic of type A

and type B granites but is net obacrvod in youn[,cr synkmemanc typc C gramtes
The oceurrence of interstlcml mxcroclme in thc grey g'neisses of uni.t M2 and in
R par'lgnrusscs and quartzites of unit M, and unit G(g Fig B ) to the southeast
may have resulted from mtercryatallme hydrothermal Bolutxons or may be a
primary componcnt of: thc_a rock.| Sodum metasomatism also dccurred toa 7

' ".!_minor extent: plagidclés,e grainé intersticial to microcline Pgorphyfoblasts. 2
and sending perthitic bodieé_; into _fhe microclines along the twin p'latﬁ'es has t')een'l

observed. In some instances these metasomatic Yuids have migratpd along .

cracks in fractured mic rocline porphy'rdblasts iﬁdichting a .t‘epbonic inf‘luepce}

Fié‘ur_c 21 illustrates.thé major events. in the history of the rocks o_f'(

: G'lam(').r‘ga'n: and Monmouth TOWPships.

AQThe'petrography and su'ucturﬁl evolution' ocks of _Glamqrgan'aﬁd'
th that of Tocks. of the western

.n

boundary of- Renﬁ'ew County ki eastern Ontario ). Thelae supracrustal metamorphic

Monmout.h Townships bears striking sinularities.

tectonites of the Grenville Group are known as the Wclﬁfe Hybrid Goelsa: . -
’ As . - : A (3 is shown that the latter ‘complex ( Radcliffe. | o

, Co : Hybrid Gneiss:).can be subdivided by qualitative © .

PO : " structural analysis into two units of differing '

L .. tectonic aamplexity A polymigmat:it E\nit
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* displaying the effccts of at least five .

phases deformation and containing
at leéast the:same number of leucosomal

_phases lics to the northwest of a less

complex migmatitic unit displaying threc
phases of deformation and only two leu- B

~ cosomal phases, ~The former is identificd

as pre-Grenyillian basement and the latter
as the basal portion of the Grenville Super-

~group cover sequence which was transgressed

. 'by a rising migmatite front during Grenville .
Orogeny *' ( Appleyard, 1974, p. 2). :

' The two arens can thus be considcred to exposc the same eroslonal level of a

" northeasterly trending contmuous rock series. \ .
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Sy _-EQUALABEA_PROJECTION‘ S Coa

The plotting of the structurnl readings were cnrried out by compute
’( 1“1g 19 20, 24 ) The program used, made avnilnblo by Dr. l\.J Iiosen-'
s

g’ren of the Dcpartmcnt of Geophysics imd Gcochemistrv. .-\ustraltan tlonal‘

T 'University, was slightly modificd by Carrara ( 1972 ).

. 'Thi‘cc ‘di[fere-n?types of dieg'r.'a‘n;s are obtnincd for each gtoUp of dats: - .V C
1) Scatter diqgmm R . | . |
~_ 2) Contour diagram by Schmidt method
‘3) Contour dmgram by Kamb n_xethod ' - " N '
2 e e SRR
The diagram contoured by the Kamb method only were used. _ For dmgram _
. _.virith a large number of data ( over 200) the Kamb and Schmldt methods do not '
dlffer appreciably. However, the Knmb method is particularly usefu{l for dia-

A ,_g'rams with a small number-of points ‘
~ S t

This method measures the statistical sigmiicance of brientation densities;
' i‘ e , it measures the probabihty that the observed orlentation density coul.d
. have resulted t'rom random sampling ofa population that lacks pr eferred orien-
| tation This probability is determined by the followin; mSSx od as described by -
.Kamb ( 1959 p 1908 ): ' the area A of the’ counter ( 0. 01 in Schmidt method ) is
variable and chosen in such ﬂay that, if the population { cf th¢ readings ) lacks
.preferred orientation, -the number of points E expected to falirwi \ in a given :
" area A, i8 three times the standard deviation (o) . of the numb@ of pomts that
' :will actualiy fall. within the area (c ) under random sampling of the population '
‘ .‘ This. ensures that the observed orientation densities o obtained by rhndom . |

- sampling ofa non-preferentialif/ oriented popuiation wili not fluctuate wxdely .«



'll . R - . '| . l L] /‘87

~'from the expectcd dcnsity E/A Observed dcnsit.les that diffcr from E/A by

- .more than two or tflrec times the Btﬂndard deviation a ( for random orientation )
are’ then likcly to be slg-niﬂoant coe ._"' . Consequ@ntly. the contour llnea are

: drawn at 1ntervnls of2(0, 2, 4 ) where the expected density E is 3 for no pre-

ferred oxjientation.

0 Stereonets ( Fig. 19, 20, 24) are lower hemiSphere Shaded arcas indi -
: cate areas where contour lntervals in atandard devintion are > 8 ( lineation °
, aterconets -); and contour intervals thpn.ﬁ ( foliation stere:}new oo o
oo, . .. L .
- A : g R
L 3 L3
e Y ! i
RS -8 R . / .
S ’ T
.t ) s' . )
f * v e " .‘
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" planes. .

: oi‘ an easteriy foliation within the gran

. | . ‘ N V . l -.‘ '. ‘ 0 . .
PO o AP.PENDD{I{II,_' e e
A .‘—. ) i . . . . - .. ] ‘ o, . B ‘
T THE cn‘}rimn GRANITE = . . - -

. A rapid survey of the Cheddar Granlte shows thnt the circular gr'mitic
body is not a dome, but. that on the average, foliutions within the gneiesic grunite
dip ina southerly direetion { Fig. 21 ) suggesting tight folding and outlining a .

major Fz fold with axiai surfnces striking enst

_ Figure 22 s T
g Map view oi"the Cheddar Granite. showing the trace of i’oliation :

.

~ To. speculate further on, the origin of thisUnitic mass, the dominance ‘

l

ite could indicate that the foliation rotated
.irom a northeaeterly * to an easterly direction during D, therefore impying that - '

~ the granite was not completly rigid at that tim_e.

e . -

. # Axial Surfaces of 1‘-‘2 Folds within metasedimentary rocks of Glamorgan and:

Monmouth Townships stitike northeas terly and dip towards the em:theast ( page .
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GLOSSARY
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~* Grenville Group&"" A supracrustal group condisting of marble, quartzite

Grenvtllian Orogeny * 'I'he last perxod of fo[ding and metamorphlsm L
. affecting the Grenville Province; it is tought by many to

'V GLossARY .
~ The following list of deflnitions is based on that given by R. V

Dietrlch and K. R. Mehnert at the 21st Internationnl Geologic‘al Congress “in

. :"-
Copenhagen,' 1960 { Part XX VI, Supp.l. Vol., Section 1—21, ;Sp. 59-68 Y. o
*. = Term derived from other sources. i ' .

© Agmatiter _ Migmatite with breccia-like structure. .
" Anatexis: | - - Melting of rock { modified by aupplementary terms such '
o S ©as: mfferential stlective, partial or oomplete mefting)

Arterite: - o 7 .Migmatlte formed by the injection of magmr,g

) }‘\ugen gneiss:* A granulated gneiss’ containing " porphyroblnsts "or o \ '

ungranulated remnants chiefly [eldSpar, cf. mortar
structure { Moorhouse, 1959, p. 414 ). '

Blastesis: - The preferential growth of a partlculur mineral.
‘ Blastomylonite: * A rock composed of granulated material recrysta}lized o
s - so that the. cataclastic texture is vague ( Moorhcﬂse, 1959,°
p' 414 ) '
Cataclastic: Pertaining to a texture found in metamorphxc rocks in

‘which brittle thinerals have been broken and flattened in
o - a direction at right angle to tJhe pressure stress.
. . . e (Y
Ectexis: " ° T Formation ofa migmntlte by in situ formatlon of a melt
cf. entexis o

' ;

Flaser structure:* The texbure stown by a rock contaming lenticles of
e - " uncrushed rock in a granulated, streaky matrix of the

_same matemal ( Moorhouse, 1959, p.- 414) t

! Entexis: | Formation of a mlgmtit@usxon ofa melt ef. . E
: Cie 'ectexis : g | R

.
[T

. .

. L]

_ " aluminous gneiss and minor volcanics, widely distributed
' in southeastern Ontario and softhwestern Quebec” ( Baer,
Frarey and Ayres, 1972, p. 18 ).

.~ havé givén rise to the prevalent K-Ar ages of-about 950m.y. -
\ Stockwell, 1970; Wynne Edwards, 1967 ) According to(



“a
.

others, this "uge" howevef may represent iy thermal _
" event ( uplift ?) independant of folding.and metamorphism -
evidence' of an orogeny affecting-the wholé province at s
. * this Yime has yet to be demonstrated ( Harper,; 1967; - S
"\.'  Baer, 1971),( Baer, Frarey, Ayres, 1972, p. 18).-

Gra.nitoid: : R Comprehensivo fiel.d term for a rock group of granite-- S
‘ S  like composition and texture, , \/

" Hydrothermal: - o 1) any natural; hot water -rich golution. 2) hot. wnter- '
' . L. rich solution derived from a. magma,

,

Hypidiomorphic: * ' Synonym for subhedral

Leucosome: .. | Leueocratic part ofa migmatite, generally rich in quartz
' * . - and feldspar; cf, melanosome ' .
Leucocratic: . A term applied, here, to hght-colored rocks, especially
: ' igneous rocks, containing less thnn 5% of dark minerals

. Melanosome: “ - Melanocratic part of a migmatite, rich in mafic minctals;
o ¥ ‘cf leucosome. . .

1 7", Metablastesis: .- Preferred crysta!lization of & minernl (e.g. feldspar )
q L S or a group of minerals, both by isochemical recrystalliza=-
o tion or by metasomatism ( with no evidence for the ex.is- '
LN - +tence of & separate mobile phase )

1

" Migmatite:’ ' Megascopically composite rock consisting of two or more
L : - -, petrographically different parts, one is the country rock |

" in a more or less metamorphic stage, the other is of - :
pegmatitic aplitic, granitic, or generally plutonitnc : ‘
appearance. ,

[

. e ":Migmatization.’ | g ) Formation of migmatite

- 'Mimetic crysta.llization *; Process by which- recrystaﬁzation is"assumed" to
Y _ ' take place with the new grains growing around "seeds™
. o o . or small miclei which acquiréd their orientation by these
- ' 7 processes before enlargement ( e.g. recrystallization
' " . parallel to bedding surfaces in sedimentary rogks ) °
(Moorhouse, 1959 P. 419)

’ ‘Mobi_li.zate:' o - Geochem.tcally mobile phase i'ormed by mobilization.

Morta.r structure:* - " The texture shown by augen gneisses -lenticular grains,
' ' .. enclosed in granulated ‘material. ( Moorhouse, 1959, p..

-

414 ); of augen gneiss., =

‘ Neosome: e ( CL Newly formedpartof a migmatite cf. paleosome
' . Pal8osome: ‘ Parent rock of a migmatite cf. neosome. L . |
.'-'_ " -,' .. . ‘ . ' . J . . . . ' . k .
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The torm stresses the fact that one rock may offer

. greater resistante to granitization than another by

. virtue of its chemical composition or its* impenetra-‘

.ble " mineral fubric o - 5 .

Reé}ster:

" ﬁestite:_ L, Geochqmicully immobile part of a rock during partial
- o : mobilization of rock componcnts o

“Schlieref; I. o Irregulnr streaks or masses with blendcd outlincs in PR
] o migmatites S -

'Stromatites: o, ‘Mi.gma_tite-with ‘layer_ed structure.. ® . . S

Y

"l.. .
. £ , e
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Stratification ¥1 qunrtm% phasized the presence of thin arkosic ‘
_horizons which weather more readily than the quartzite. (Q). Locahty
‘1 mile north of Tory Hill, Monmouth 'I‘ownship

il . :
L)
\

4

_Plate 2 . _
o | 'Finely laminated quartzite with blastomylonitic textures ( Q ). Laminations
are due to alternating Iayers of straky quartz Crossed nicols. - R

-
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. AThro.e sets of vertica.l joints typically lntersect the subhorizontdl beddmg _
surfaces of quartzite units (Q ) Locality 1 milc north ol Tory Hill Monmouth '

- Township
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Plate 4

.,Mortar st.ructure in g'ranitlc pegmatite ( type B in table 2, p. 30 , ‘or leu-
- cOsome LE }. Part of an elongated microcline porphyroblast exhibiting

nicols.

L

periphieral granulation. The microcline is set in a matrix of fractured quartz -
_and. feldspar g'ra.ins and of gtreaky quartz with oscillatory e;ctinction Crossed

© Plate 5 ..
Flaser structure in grapitic pegmatite type B ( sée table 2 on page 30 ) characte-
rized by cataclastic-deformation of the mineral constituents; A matrix of fragmen-

ted grains of plagioclase, microcline and quartz is distributed around larger
feldspar porphyroblasts with corroded edges and around elongated quartz grains,

Crossed nicols.
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Plates 8 and 7

R NN
'Plates 6 and 7 reprcsent 2 sections of a fine to medmm-gra.ined leucogranite o
( referred to as type ""C" granite on page 30 . ) cut 90 degrees to each other.

In plate 6, quartz grains are elongated and preferentially oriented defining

a strong mineral lineation. In plate 7, -quartz and feldspar grains are equi-
' dxmentiorml Quartz grains are thus rod ~shaped or in needles. Crossed nicols. -
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Plate 8-

Type A graiiitic pegmatite ( 8P ) { table 2 ) in grey granodiorite gneiss ( 4gr ).
Edgos of the granitic pegmatite are sharp but irregular and rimmed with a
thin film of biotite. This granitic pegmatite is diagnostic of migmatite unit M

( Fig. 3). Locality: Road cut along the North Buckhorn Road, 0.5 mile north2
of Stormy Lake, Glamorgan Township ‘ S

Plate 9_
‘ Pinch and sueLl structure resulting from the boudmage of:a type A granitxc- -
* pegmatitic layer ( 8P ) in the banded polymigmatites along the boundary between

unit M, and unit M; ( Fig. 3 Y. Northwest trendmg, southeast plunging iso-

- ¢linal a}fold with crenulation of composite ‘S gneissosity.in the hinge .

e Told ( section viewed from the souf].heas% ). Locality: north shore
of. Stormy Lake, Glamorgan Township '
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Sd lieren struciure in migmatxtes. ma[lc schliercns in granodiorite gneisses (4g~r)
y a slightly transgressive type A granitic pegmatite {( 8P) . Locality: Road” =~

i cut along Northerh Buckhorn Road 0. 75 m1le south of Stormy Lako. Glamor- -
E gan 'lownship .
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Sharp contact of the Stormy Lake Granite ( 81) with grey granodionte g‘neiss (4gr)
Locality eastern extrimlty of Stormy Lake ( lake shore ), Glamorgan Township
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Plate 12 :

. Type Déranitic pegmatite ( 8P ) in contact with a biotite-'rich paragneiss ( 2Pb ) of
unit GG ( Fig. 1). This type of granite usually occurs as irregular patchas or
- pockets in the. belt of metascdi:nentary rocks of Monmouth Township. Locali-
ty: roadcut-along highway 121, 3.5 miles east of the -eastern limit of the map-
area, Cardiff Townshhp. . .
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. . Plate13 -

. " Massive texture of type D granitic pegmatite ( 8P ). Interlocking grain boundarics -
-and hypidiomorphic textures are characteristic of this granite; however, S
. numerous cracks on the surfaces of individual grains indicate that the rock S
. was subjected to mechanical deformation. Crossed nicols,

P o

Plate 14 o

L

" Graphic texture in type D pegmatitic granite (.8P ). The microphotograph represents
part of a large microcline-perthite grain containing inclusions of fragmented .
plagioclase grains in different optical orientations. Graphic quartz, at extinction,
_cuts across the microcline-perthite and the plagioclase graips and is surrounded
by.a halo of plagioclase alteration. ‘The thin section was cut at right angle to the
"C".axis of quartz grains. Crossed nicols. o .
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PLATE 13 -
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Plate-15 -

o ) thin, undeformed dike o[ leucocratic, aplite (- type E graniteJ cutting the

granodiorite g'neiss (4gr ) of unit M2 ( Fig. 3). Locahty North Buckhorn :

Road Glamorgan 'Powns]up

P1ate 16

o Hypidiomorphic -granular texture of the I{adley Granite ( type E granite )
© Crossed nicols.
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. “Plate 17 /

- A dike of type B granitic pegmatite (8P) cutting deross a conformable type A
' granitic pegmatite ( 8P ) vein. .These granites are themselves cut by a discor -
“darit vein of a type C medium-grained leucogranite (81 ) ( sec diagram below )

" Locality: roadcut along the North Buckhorn Road, 1 miile north of the junct:on

with highway 503, Glamorgan Township

| Platé‘la - [

-Type A gran.itlc pe matite (. 8 P ) cut by type C medium grained g'ramte (81) vein
. in granodiorite gneiss. Note the metablastic feldspars within the pegmatitic layer.’

Locality: Roadcut along the Northern Buckhorn Rosrl 2 miles north of the ]unctlon

-with hlghway 503.
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Plate 19
. ; . - E ‘ N “ ‘ ) s . . ) ' .
A slightly transgressive type A granit{c pegmatite ( 8P ) tightly folded in'a grano-
. diorite gueiss«( 4gv ). Note that the stylejof deformation of the pegmatitic vein,
-+ . " i.e.thefold shape, is exactely similar to that of the surrounding gneiss despite -
: _the differénce ircompetency of the two rock components. Locality: North.
. Buckhorn Road, .Glamorgan Township. ° ' ' '

.

.‘ ?
! -
. Plate'20

—————_.__"..A concordant vein of type B granitic pegmatite ( 8P ) folded in a quartz -plagio-
I clase-biotite gneiss and cut by a type C medium-~grained.lineated leucograpite -
- - - -(81). Locality: Roadcut-on gravel road, south of'Glamor Lake, Glamorgan
. - ... Township (c.f, fig, 16}. : L. | R
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4 .. - .. Pate2

. A sill of type C medium-grained biotite granite ( 8 b ) in contact with a biotite-
hornblende-palgioclase rocks ( 2Pb, 2Ph ). The contact between the two units
outlines a northwest trending-southeast plunging F fold. Section viewed from -
the southwest, Locality: Roadcut along the North Buckhorn Road, 1.25 nnles o
south.of Glamor Lakc, Glamorgan ’lownship g

- Plate‘22 .

it ucture in Imgmatites of unit M4 ( fig. 3 ): type B pegmatitic dikes (BP)
surround angular blocks of quartzite (Q) ané of .plagloclase -quartz-biotite gneiss”
( 2Pb ) , Locality: 1 mile to the north-northwest o Torry H1ll Monmouth
: ]Townsh.lp‘ : , , |
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Plate 23

~ Stromatic structure in banded migmatitic rocks: these migmatites have been'

termed stromatic migmatites ds some layers may adopt pegmatoid or grani--

loid character following Mehncrt { 1968) Locahty highway 503, approumatcly
.2 miles qut of Goodcrh'lm ‘

’ Pla’té 24

."'

Banded polymlgmatxtlc rocks cut at-high anglc by post kmematlc aphte vems
Locahty north shore of Stormy Lake Glamorgan Townshlp
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PLATE 23
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Plate2s . .. ]

. A quartz rich lens with preservation of an mternal { Syor Pre-Grenvillian Tec-
tonic Surface (?) ) foliation oblique to the { $1-S ) schistosity -gneissosity of the
surrounding granodiorite gneiss( 4 gr ) . Localify: Roadcut along the North
Buckhorn Road, Stormy Lake area, Glamorgan Township :
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‘Plates 26 and 27

, ‘Quartz-rich lenses, alligned parallel to the schistosity ~gneissosity of the .
. surroundipg granodiorite gneiss ( 4gr.). The lenses enclose a relic (?) foliation -
( 81 or pre-Grenvillian tectonic surface (. ? ) ) oblique to the surrounding
S1- Sg foliation, but parailel to a line. joining the separate lénses suggesting
that they originally form_ed a continuous layer. Locality: Roadcut along the
North Buckhorn Road, -Glamorgan Township. ( See Fig. 11 ). LT
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A | . o .__Pla.t.é 28.

Recrystallized quartz lens in the nose of an isoclinal F fold, defining, an

" axdal 8, surface. The bent schistosity in the surrounding granodiomtlc gneiss.
{ 4gr )%ms maintained original " § ' planes. Locality: Roadcut along the North
Buckhorn Road, 0 5 mile north of Stormy Lake,. Glamorgan Township, -

- ’ , ' .
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a
: 'Pla't.e 29

Impure quartzlte layer { Q) folded into a subhorizontal isoclmal northeast trendmg

. Fp fold in marble ( 3 ). Locality roadcut along highway 121, 0.75 mile east of
' Tory L. . _ o '
N _ o
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Plate 30
. . o
Northwest trending-southeast
quartz-biotite gneiss (
tation of the fold axis,
cut along HWY 121, 0.7

plunging asymmetric F3 fold in plagioclase- = -
2Pb). The position of the hammer indicates the orien-.
Section viewed from the northwest, Locality: Road-
5 mile to the southeast of Dudmon Lake.
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A Plate 31

Nortﬁwest trending-southeast plung-i'ng‘asymmetric similar F, fold in a series
. of impure quartzite layer. Scction viewed from the southeast. Locality: =
Roadcut along highway 500, 7 miles northeast of Wilberforce, Cardiff Townslup. ,

[

4 .

Lo .1“-—".-“:"

. Plate 32

Northwest trending subhorizontal coaxial F, and F3 folds, Note the bent axis
of F, folds in the center of the photograph. Section viewed from the northeast.
Locx?hty roadcut along HWY 500; 7 mxles northeast of Wilberforce, Cardiff .
twp. (c.f. Fig. 15). N .

N.B, Plates 31 and 32 are from the same outcrop and represent 2 sections
. at right angles to each other, The position and orientntlon of the hammer :
on the outcrop is the same for the two plates. : -
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~ Plate 33

- Northwést trending-southéast_ plunging F - fél_d in granodiofite gneiss ( 4gr ).
-The structureis cut by a dike of type B g?ran.itic- pegmatite { 8 P ). Section
viewed from the northwest. The arrow points toward a hidden face of the

- outerop where the structure illustrated on plate.34 was observed. Locality; .

~“road-cut along the North Buckhorn Road; Glamorgan Township,

(‘ . - Plate 34 -*
A inass'iwr'e c’;uarli':z -rich pod 6utlining thé detached hinge of a recumbent inter - | .
folial. F;-fold in granodiorite gneiss ( 4gr ).. Locality: North Buckhorn Road,

‘Glamorgan Township. .-
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. Piiite 35

f.

Detached hinge of a récumbent, 1soclmal F .fold outlined by a. massive quartz- "
. rich pod in granodiorite gneiss ( 4g'r ). Locality: roadcut along the North Buck- -
- horn Road Glamorgan Township ' .
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L _ o : Plates 36 and 37 .

Detached fold hinges in-granodiorite gneiss ( 4gr ). The metamorphic layering

bothwithin and outside the quartz-rich pods is bent around t}]e fold hinges. |
These structures are cut by a dike of type A granitic pegmatite ( 8P ). Loca-
lity: North Buckhorn Road, Glamorgan Township. S
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, Northwes’t-trending upri Z , in biotite granite
* ¢meiss, Locality: North Buckhorn Road, 1.8 mile north of Stormy Lake, '

. Glamorgan Townshipx

.

" Plate 39 |
Metadiabase ( 5Db ) dike cutting a conformable type B granitic pegmatite ( 8P ).
A n9rthwgst trending-southeast plunging F3 fold in biotite quartzo ~feldspathic
gneiss ( 2Pb ) abuis againsts the mafic dike and deforms the contacts. of both.

-the granitic pegmatite and mafic dike.. Locality: North Buckhorn Road, 1 mile
north of the junction with HWY 503, Glamorgan Township. : "
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