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Explanatory Notes

1. Subsequent to the completion of this study, the terminology that pertainsto the regional division of the Grenville
Province has been revised. The reader isreferred to the excellent and comprehensive publication by Easton (1992)
for details on this division. The change in terminology that affects the Wicklow areais given below:

Terminology in this Report Revised Terminology (Easton 1992)

Ontario Gneiss Segment Central Gneiss Belt

Algonquin Domain Algonquin Terrane

Central Metasedimentary Belt, Segment 1Va Central Metasedimentary Belt Boundary Zone
(CMBBZ2)

Grenville Supergroup, Segment 1Vb Bancroft Terrane

2. All rare earth element patternsin this study have been derived by normalization with a composite of 12 chondritic
meteorites (H. Wakita and D. Zellmar, unpublished data, quoted in Wakita, Rey and Schmitt (1971)).

3. The section on the structural geology has been written by the junior author and isbased, in part, on hisMSc thesis
studies. The chapter isintended to be understandable in itself and therefore some minor repetitions of descriptions
and observations made in the text preceding it were unavoidable.

4. A brief description of significant work donein the Wicklow area and its environs subsequent to the compl etion of
this study (in 1985):

A current synopsisof the Grenville Provincein Ontario, which updates* Regional Tectonic Setting”, canbefoundin
Carr et a. (2000). In addition, White et al. (2000) providesasummary of the results of aLithoprobe seismic reflec-
tion survey, which ran across the Central Metasedimentary Belt Boundary Zone, south through the Wicklow area
along Papineau Lake.

U/Pb geochronology in the Barry’s Bay area establishes the following constraints on the timing of eventsin the
Wicklow area:

e Orthogneisses near Bark Lake, roughly equivalent to map units 1 and 2 in the Wicklow area, were likely
emplaced between 1420 and 1470 Ma (McMullen 1999).

e Regiona metamorphism and active regional deformation occurred between 1055 and 1030 Ma (McEachern
and van Breemen 1993; McMullen 1999).

e Anage of approximately 990 Maon aposttectonic pegmatite (McMullen 1999) effectively constrainsthe end
of Grenvillian deformation in the region.

McMullen (1999) has al so examined the structural and metamorphic history of the rocks both north of the Wicklow
areaand along Papineau Lake. Theorigin of the cordierite-gedrite gneisses at Hoare L ake has remained controver-
sial. Peck and Valley (2000), using oxygen isotopic data, suggested that the protolith wasa hydrothermally altered
mafic volcanic rock that was subsequently subjected to upper amphibolite facies metamorphism. Thisinterpreta-
tion differs considerably from that contained in this report.

5.  Several fieldtrip guidebookscover the areaimmediately east, or north, of the Wicklow areaand provide an opportu-
nity to view rocks similar to those found in the Wicklow area. These include guidebooks by Appleyard and Stott
(1975), Bartlett et al. (1983), Easton and Davidson (1994), and Carr and McMullen (2000).
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Abstract

Detailed 1:20 000 scal e geol ogi cal mapping coverageispresented for a280 km? previously
poorly known area situated approximately 20 km north of Bancroft.

The bedrock is of Proterozoic age. Most of the area is contained within the 1430+20
million-year-old MadawaskaHighlandsgnei ssic complex. Thisextremely complex gneiss-
ic mélange structurally underlies Grenville Supergroup supracrustal rocks which possibly
date from 1286+15 Ma and are mainly composed of migmatized clastic metasedimentary
rocksandfelsictointermediate gneiss. These 2 lithol ogic assemblages possibly containthe
oldest rocks.

Mafictointermediate gneiss, predominantly composed of layered amphibolite, iscon-
siderably less abundant and is enigmatic in origin. Rare, deformed, narrow, amphibolitic
mafic dikes intrude metasedimentary migmatite and tonalite of the Indian Lake plutonic
complex, however, it cannot be establi shed whether such dikesare consanguineouswiththe
amphibolitic gneiss.

Discrete plutonic masses, mainly composed of diorite-quartz diorite and ancillary to-
nalite-trondhjemite, are common. The largest single massisthe Little Papineau L ake plu-
tonic complex, an irregular crescent-shaped mass, at least 19 km? in area, which is over-
printed by the southeast-plunging Carlow synform.

Metamorphosed felsic to intermediate potassic rocks are widespread in the form of
sheets and plutonic masses, and are compositionally distinct from partial melts derived
from within the extensive metasedimentary migmatite. The largest masses are represented
by the Wicklow granite and Cardwell Lake granite, which exhibit distinctively different
structural trends. Sodic-suite rocks of this group are much less abundant and are mainly
confined to the Indian L ake plutonic complex (tonalite-quartz diorite). Thisparticular mass
may constitutealessdeformed equivalent of fel sic tointermediate gnei sseswith whichthey
are spatially associated.

Grenville Supergroup rocksarerestricted to the core zone of the Carlow synform. They
consist mainly of a 400 to 1200 m wide assemblage of marble, marble tectonic breccia,
calc-silicate skarn, and rarer metapelite, psammitic metasedimentary rocks, quartzite, and
possi bl e para-amphibolite which envel opsthe New Carlow syenite complex. Thisplutonic
mass comprises an interlayered assemblage of syenite, monzonite, plagiosyenite, monzo-
diorite, diorite, quartz syenite and granite.

Structural evolution of the map areainvolved a complex, protracted tectonic history
encompassing 4 recognizable regional folding events. The second or “typical Grenville”
deformation event (D), at about 1050 to 1100 Ma, imposed avery penetrative L-Sfabric,
strongly modifying earlier, rare, isoclinal, refolded Doa structures. D3 structuresaremainly
evident asmacroscopic southeast-plunging antiformsand synformssuch asthe Carlow syn-



form. D4 structures arelocally mesoscopic, east-trending, subhorizontal warping of gneis-
sosity about shallow-plunging axes.

The metamorphic grade of the areavariesfrom high gradeto granulite grade. Rocksof
the Madawaska Highlands gneissic complex contain sporadic “nodes’ of intermediate-
pressure orthopyroxene-bearing assemblages. Thus, it representsaterrane undergoing tran-
sition from high-grade to incipient granulite conditions. Maximum metamorphic condi-
tions are deduced to be temperature = 770°C and load pressure = 8.5 kilobars. Grenville
Supergroup metasedimentary rocks do not contain evidence of granulite conditions nor
migmatization in compositionally favourable rock types and are deduced to have under-
gone regional metamorphism at somewhat lower P—T conditions.

Mineral exploration within the study area hasbeen mainly desultory and directed only
toward exploitation of the Hoover Mountain corundum deposit in 1916 and expl oration of
uranium-bearing granite pegmatites during the mid 1950s.

Surficial Pleistocene glacial deposits cover significant portions of the map area and
mainly consist of fluviatile outwash sands and gravels and ground moraine boulder till.

Breaks, FW. and Thivierge R.H. 2001. Precambrian geology, Wicklow area; Ontario
Geologica Survey, Report 288, 109p.

Xi






Introduction

The Wicklow area is bounded by latitudes 45°15'N and
45°22'30”N and longitudes 77°45'W and 78°00'W in
Hastings County of southern Ontario (Figure 1). It encom-
passes an area of 280 km? and includes most of Wicklow
Township, a significant part of southwestern Bangor
Township, and considerably smaller portions of Carlow,
Monteagle, Sabine, and Lyell townships. Maple L eaf, situ-
ated on Highway 62, represents the sole centre of popula-
tion (approximately 100 persons). The villages of May-
nooth, Purdy, Combermere and L ake St. Peter are situated
proximal to the boundaries of the map area.

Mineral exploration has been desultory within the
map areaand wasprobably instigated with the discovery of
corundum at the Burgess Mine, situated a short distance
from the southeastern corner of the areain Carlow Town-
ship. In 1916, asmall corundum deposit at Hoover Moun-
tain was developed and represents the sole production of
any mineral commodity withinthe map areato date. Inthe
mid 1950s, considerable interest in uraniferous granitic
pegmatitesin the Bancroft region led to the discovery of 3
such pegmatites in the map area and some claim staking.
To thewriters' knowledge, no further exploration activity
has resulted.

ACCESS

Accessto the areais via Highway 62 and 127, which, re-
spectively, traverse the southwest and southeast corners of
the map area. The Madawaska Highway, Little Papineau
Lake Road and ancillary logging roads provide good ac-
cesstoaconsiderable portion of the western map area. The
north-central and northeastern sections of the area are
quite accessible by the West Papineau L ake—Centreview
Road system which also includesan unnamed north-trend-
ing paved road yielding accessto Mill Road and Bell Rap-
ids. The New Carlow Road provides ingress into the ex-
treme southern corner of the map area.

PREVIOUS GEOLOGICAL WORK

Most of the area hasremained unmapped subsequent to the
reconnaissance investigations of Adams and Barlow
(1910). Detailed coverage of Monteagle and Carl ow town-
shipsby Hewitt (1954) at ascaleof 1:31 680 partially over-
laps the southeast corner of the map area. More recent
1:63 360 scal e reconnai ssance work by Lumbers and Ver-
tolli (1980) extends mapping coverage to just within the
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eastern, northeastern and north-central limits of the map
area.

Recent reconnaissance investigation of radioactive
mineral occurrencesin the Bancroft region has been pub-
lished by Masson and Gordon (1981) and included the
Dubblestein and Thomas uranium occurrences situated in
the northeastern part of the area.

PRESENT GEOLOGICAL WORK

Thisgeological survey was undertaken during the summer
of 1982, and resulted in publication of a1:15 840 scale un-
coloured preliminary map P2614 (Breaks and Thivierge
1983) and a coloured 1:20 000 scal e final map (Map 2550,
back pocket).

The 1:15 840 scale field base maps were provided by
the Cartography Section, Ministry of Natural Resources,
Toronto, from Forest Resources Inventory sheets. Field
datawere plotted upon acetate overlayson vertical airpho-
tos of the same scale. Geological data were obtained pri-
marily via pace and compasstraverses. Owing to therela-
tively poor rock exposure within most of the area, many
traverseswereroutedin order to encounter all possibleout-
crops obvious on airphotos, rather than traverses strictly
oriented normal to strike.

Geological research in the map area was undertaken
by R.H. Thivierge (University of Ottawa) in the form of a
MSc dissertation, and by W. Miller (Queen’s University),
who examined the unique gedrite-cordierite hypersthene
gneisses near Hoare Lake as a subject of BSc thesis.

FIELD AND RESEARCH METHODS

Thevast majority of hand specimenscollected during field
mapping were slabbed by diamond saw and subsequently
stained for potassium feldspar and plagioclase, according
to well-known methods described by Bailey and Stevens
(1960). This provided invaluable input regarding textural
and compositional features of many rock unitsin the map

area. In addition, numerous modal analyses were con-
ducted on stained rock dabswith aid of Mylar gridsand a
binocular microscope. TheMylar gridsemployed achoice
of point spacings of 25 mm, 5 mm, 6 mm and 1.2 cm, and
were interchanged according to the grain size of the rock
dab in question. In the case of quickly discerning fine- to
medium-grained hornblende from bictite during modal
analyses, it was found that prolonged immersion (1 to 2
minutes) of HF-etched rock surfacesin a saturated sodium
cobaltinitrite solution preferentially caused biotite to ac-
quire amoderate yellow-green stain while hornblende re-
mained unaffected. Geological units possessing very
coarse grain size, such as coarse corundum-bearing sye-
nitesat Hoover Mountain (Photo 1), or avery coarseinclu-
sion population, such as the granite tectonic breccia ex-
posed on the Madawaska Highway (Photo 2), were modal -
ly analyzed utilizing a grid established by tape measure
and employing a spacing established by dimension of the
coarsest mineral size or inclusion.

In some cases, textural and compositional studies
were enhanced by removal of obscuring rust coatings as
effected by a dilute solution of oxalic acid. Treatment of
moderately rusty covered exposures of the Hoare Lake
cordierite-hypersthene-gedrite-garnet gneisses, for exam-
ple, was particularly effective and yielded much informa-
tion.

Unless otherwise stated, al assays and chemica
analyses in this study were performed by the Geoscience
Laboratory of the Ontario Geological Survey.

Locations of al modally and chemically analyzed
samples are provided on Figure 2.

PHYSIOGRAPHY

Themap areaissituated within the Madawaska Highlands
of southern Ontario, and is characterized by relatively sig-
nificant relief.

The highest elevations (about 530 m) occur in the
west-central part of the map area at the site of an aban-

Photo 1. Coarse-grained to pegmatitic muscovite-biotite-magnetite-
corundum plagiosyenite situated about 65 m south of the Hoover
Mountain corundum deposit. This exposure contains the highest
modal abundance (19%) and coarsest corundum observed in the map
area. Coin diameter is2.3 cm.

Photo 2. Tectonic brecciaof Wicklow granite, asexposed on Madawaska
Highway in Concession XI, Lot 24, Wicklow Township. Note sharp
truncation of gneissiclayering inlargest clast by foliatedto gneissicfabric
of granite matrix. Length of hammer approximately 0.3 m.
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doned Ministry of Natural Resources fire lookout tower,
and near the Little Papineau L ake Road on Concession VI,
Lot 21, bothinWicklow Township. Thelowest elevationis
slightly lessthan 305 m at Papineau Creek whereit crosses
the southern map boundary. Thus, the overall relief is
approximately 225 m. Local relief can approach 155 m, as
betweenthe summit of FurzMountain (local name) andthe
surface of Papineau Lake. Therelief of thisspecific areais
particularly influenced by aprominent, vertically dipping
north-northeast-trending fracture system which has con-
tributed to the devel opment of impressivecliffs(upto 64 m
overall height) along the shoreline of Papineau Lake.

Most of the areaisdrained by the Papineau Creek sys-
tem, which, inturn, emptiesintothe York River beyondthe
limit of the map area. The local topography exhibits con-
trol both by bedrock structureand by varioustypesof Pleis-
toceneglacial deposits. Bedrock control isparticularly ob-
vious in several localities associated with macroscopic
fold structures.

An arcuate drainage pattern involving Kitts Creek,
Kitts Lake and part of Little Papineau Creek (downstream
from its confluence with Kitts Creek) is demonstrative of
bedrock control by the Carlow synform (see “ Structural
Geology”). This pattern is once again manifested 2.8 km
northeast, as the southern shoreline of Papineau Lake and
the incoming northeast- to east-trending drainage course
of Little Papineau Creek describe abroad arc approximate-
ly bisected by the axial trace of the Carlow synform. Else-
where in the Wicklow—Ribgrass-Thominson lakes area,
theintersection of 2 major fracture sets hasinfluenced the
drainage effected by Back Creek. Dominant bedrock con-
trol here is the Wicklow antiform, a gently southeast-
plunging macroscopic structure. A northwest- to north-
trending, relatively linear fracture set approximately par-
alels the axial trace of this fold and is transected by a
slightly curvilinear to pronouncedly arcuate fracture set
oriented at high anglesto thisaxial trace. Much of the up-
per portion of Little Papineau Creek anditstributaries, and
much of the shoreline of Papineau L ake, exhibit stronglin-
earity suggestive of fracture control.

In rare instances, plutonic bodies influence topogra-
phy as exemplified by the late-tectonic Yuill Lake granite
dike of the Hyblaswarm. This4.6 km long erosionally re-
sistant dike has been partly responsible for forming the
northeast-trending Hemlock Ridge. Several hills within
the Little Papineau L ake plutonic complex relate to resist-
ant knolls of diorite.

Pleistocene glacial deposits influence topography,
drainage and outcrop distribution in several parts of the
map area. The area in proximity to Blairs, Watson, Card-
well and Haley lakes, for example, features an extensive
fluviatile sand and gravel blanket, in many places inter-
rupted by kettle and esker ridge deposits. In some cases,
drainage is controlled by esker ridges, as exemplified by
the stream between Blairs and Cardwell |akes.

Extensive Pleistocene surficial depositscover most of
the bedrock and approximately 30% of the map area con-
tains virtually no outcrop. A large north-trending area of
negligible rock exposure completely traverses the map
areafrom beyond the headwaters of Little Papineau Creek
southward toward Maple Leaf and Greenview.
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General Geology

TERMINOLOGY

In the following section, the geoscience terminology used
in this study is defined.

Rock Classification

Most metamorphosed and late-tectonic plutonic rocks
were classified according to the system proposed by theln-
ternational Union of Geological Sciences (IUGS) Sub-
commission on the Systematics of Igneous Rocks (Streck-
€isen1976). Minor departureswere undertakenin thenam-
ing of relatively rare anorthosite suite rocks and some
syenitic rocks. According to the lUGS classification, pla-
gioclase-rich rocks, many of which are corundum bearing
and genetically associated with the New Carlow syenite
complex, would rigidly be termed anorthosites or gab-
broids. The writers prefer to prefix these specia syenitic
rockswith “plagio” asin, for example, magnetite-musco-
vite-biotite-corundum plagiosyenite found at the Hoover
Mountain corundum deposit, in order to emphasi ze genetic
connotation and consistency in map unit coding (see Map
2550, back pocket). Trondhjemite is used in this study in
referenceto aleucocratic to hololeucocratic tonalitewitha
colour index (Cl) of 10 or less as defined by Streckeisen
(1976). Anorthosite suite rocks were classified according
to Buddington (1939), who defined anorthosite as a rock
containing greater than 90% cal cic plagioclase, and subdi-
vided affiliated rocks according to colour index: gabbroic
anorthosite (10 to 22.5), anorthositic gabbro (22.5 to 35)
and gabbro (greater than 35).

High-grade metasedimentary rocks in the map area
are separable with some difficulties into metawacke and
metapelitic categories. In most cases, diagnostic minerals,
such ascordieriteand sillimanite, arelacking. Inthisstudy,
an arbitrary division between these 2 categories was cho-
sen at acolour index of 35, with metapelites exceeding this
value.

Characteristic Accessory Minerals

Characteristic accessory mineral soccurring in abundances
exceeding 1% are added to rock namesin order of increas-
ing relative abundance: for example, a hornblende-biotite
tonalite contains biotite exceeding hornblende.

Colour Index

Colour index (Cl) refersto the sum of mineralscontaining
significant levels of iron and/or magnesium and includes
any of the following: biotite, hornblende, orthopyroxene,
clinopyroxene, iron oxide, pyrite, cordierite, orthoamphi-
bole, garnet and allanite. Classification of rocksaccording
to colour index in this study followsthe lUGS recommen-
dations (Streckeisen 1976, p.24):

Hololeucocratic Oto5

L eucocratic 5t035
Mesocratic 35to 65
Melanocratic 35t095
Ultramafic 95 to 100

Cataclastic Rocks

In this study, the terms mylonite, protomylonite and cata-
clasite are used according to the classification of Higgins
(1971, p.3).

Metamorphic Grade

Division of metamorphic grade follows that proposed by
Winkler (1979). Thus, the Wicklow areareflectsmetamor-
phic pressure-temperature conditions operative in the
high-grade and regional hypersthene zones (granulite
grade) as defined by Winkler (1979). Wherever possible,
metamorphic assemblagesarelistedin order of relativein-
creasing order of abundance.

Migmatite Terminology

Metasedimentary migmatites are classified according to
the scheme utilized by Breaks, Bond and Stone (1978),
and Breaks and Bond (1993) to describe similar migma-
tites within the high-grade to granulite-grade terrane of
the Archean English River Subprovince of northwestern
Ontario. The classification and petrologic attributes of
the main migmatite evolutionary stages are presented in
Table 1.

GEOLOGICAL SUMMARY

Themap areaissituated predominantly within the* Ontar-
io Gneiss Segment” (Figure 3) of the Grenville Province
(Wynne-Edwards 1972). A small portion of the transition
zone between the Central Metasedimentary Belt and the
Ontario Gneiss Segment isexposed in the core of the Car-
low synform and isrestricted to the southeast corner of the
map area (Segment 1Va of Wynne-Edwards 1972). The
trangition zone, according to Wynne-Edwards (1972),
comprises supracrustal rocks of the Central Metasedimen-
tary Belt locally admixed with migmatitic, gneissic rocks
similar to those typifying the Ontario Gneiss Segment. In
thisstudy, the migmatitic gneissic rocksaregrouped inthe
Madawaska Highlandsgneissic complex that isequival ent
to the Radcliffe hybrid gneiss as defined in Radcliffe
Townshipandthewestern part of Brudenell Township (He-
witt 1954). A generalized succession of the rock typesin
themap areaisgiveninTable2and s, in part, speculative
owing to apaucity of geochronol ogical work intheregion.

The Madawaska Highlands gneissic complex, which
structurally underlies supracrustal rocks of the Grenville
Supergroup, probably contains the oldest crustal material
inthe area. Thisinterpretation is based upon an age deter-



OGS Report 288

mination of 1430+20 Ma (Rb/Sr whole-rock isochron) by

- ° Bell and Blenkinsop (1980) near Barry’s Bay, north of the
E é T @ % ‘g g map area. Thisdate not only providesthe age of granulite
LR %E:% s . 8% 3 metamorphism, but a minimum age for the clastic meta-
823538 EEs F§ ¢ g & sedimentary rocks and derived migmatites.
Sco2F 255 Fg B The clastic metasedimentary rock ise mainl
@Q.g;é §§u§ TS - e clastic m limentary rocks comprise mainly
sg5g£dg 24 % 2 = >§_§ = metawacke and metapelite, and rare iron-rich pelites, the
8 ?é SN % gﬁ g £g $TF5 latter of which are characterized by high garnet and/or
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= g.g g 5§ S §E 2 85 2978 g pervasive stromatic structure characterized by distinctly
T = ?{ 3 %g §§,5 'g § g §£“§ = trondhjemite to tonalite leucosome compositions. These
5 z525E 8325 8T S$83% E migmatites are variably overprinted by porphyroblastic
o BO4E® ggs2 S5 3§ % B E development of plagioclase, potassium feldspar and/or
G} Negeegs oEwld ©OF 5.8 & & . N . .
T 5} 8 ° 53 ﬁg 5 §g <88 5 hornblende; recrystallization; and 4 periods of folding.
§% égg %§§ =5 %_§ §%§§ Age relations with other important lithol ogic assem-
0e88E8 sesc8 @25 S5E88 blages, such asfelsic to intermediate gneiss, less abundant
g mafic to intermediate gneiss, and sheets of metamor-
£ o phosed granite, are enigmatic since all these major units
§ 5 e demonstrate pervasive tectonic interleaving. At Furz
3 % © S Mountain, 200 m of metawacke and metapelite, the latter
g T % 8 g locally containing potassium feldspar-garnet-sillimanite-
x § f @ 8 E N biotite-quartz-plagioclase associated with local silli-
B g %8 “g %o B8 manite-bearing anatectic melt, are structurally underlain
L,gj a g Qg, B é g g 3 by at least 250 m of trondhjemitic to tonalitic orthogneiss
£ % v S > £ 85 and overlain by an erosionally truncated, mafic to inter-
£l 8 gL *g % g = £ mediate gneiss of tonalite to quartz diorite composition.
% % B :% é T _3 g = Discrete masses of mafic to intermedi ate metapl uton-
B 55 2 £33 3 ic rocks of diorite-quartz diorite-tonalite-trondhjemite as-
g g 22 g < % 58 sociation are distributed widely, and probably intrude the
Q =3 = < > e migmatized clastic metasedimentary rocks, felsic tointer-
3 mediate gneiss, and mafictointermediategneiss. Thelarg-
§ fg” est metaplutonic massin the map areaisrepresented by the
2 Bs g _ Little Papineau Lake plutonic complex. Dioritic plutons
£ 2T £ 2 & such as this usually document a mafic to felsic lithologic
E |2 = % o 2= Boz fractionation pattern, which marks a general increase in
g% .| Es = g2 Eb gf quartz + plagioclase and a decrease in colour index as a
g 25 83 = gﬁ T5S function of decreasing relative age of rock type.
Eloz| g 2 5 55 .8 E Anorthosite suite rocks are extremely rare within the
glg%| §¢ 2 5% B82o area and occur as enclaves only. Primary layering is pre-
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= B 5 FEER R ite.
§ S5 @ 55% 235 Metamorphosed potassic granitoid suite rocks are
il ubiquitousand areally concentrated within 2 massesof sig-
8 5 nificantly contrasting structural trends, which are reflec-
% 8 tive of the harbouring tectonic domains (see “Structura
b Ee Geology”). The“Wicklow granite” ismainly composed of
% g ° - granite tectonic breccia that occupies the core zone of the
o 8 . ° ° southeast-plunging Wicklow antiform. The Cardwell Lake
5|3 o - © 2 granite trends southwesterly and virtually normal to the
5| - v ° ° " Wicklow granite. Rocks of this group are entirely granite
B in composition and may be products of extensive partial
’g g g 9 melting of atonalitic protolith. There is no demonstrable
T|e ) @ g g similarity between |eucosome composition from metased-
o ‘é =2 g % gg %:“E’ imentary migmatite beltsand these granites, although the 2
5|26 g g sg E8 groups are commonly spatially associated in a fortuitous
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Metamorphosed sodic granitoid rocks, mainly of to-
naliteto quartz diorite and minor diorite compositions, are
less common, being mainly confined within the Indian
L akeplutonic complex. Theserocksare probably alessde-
formed equivalent of felsic to intermediate gneisses with
which there is a strong spatial relationship.

Unmetamorphosed felsic to intermediate plutonic
rocksare areally miniscule and restricted to generally nar-
row, northeasterly trending granite pegmatite dikes of the
Hybla pegmatite province. The 4.5 km by 240 m Yuill
Lakedikeisby far the largest dike. Modal variation onthe
quartz—pl agi oclase—potassium fel dspar (QPK) ternary dia-
gram (see Figure 30 in “Potassic Granitoid Suite” in“Un-
metamorphosed Felsic to Intermediate Plutonic Rocks”) is
virtually identical to that of metamorphosed granite.

Wicklow Area

Olivine diabaseisextremely rare, found only as 2 nar-
row (1 to 3 m wide) dikes trending 105 to 205°.

Tectonic breccia, which is developed in several parts
of the map area, appears as these main types: granite tec-
tonic breccia (Wicklow granite), tonalite tectonic breccia,
and metasedimentary migmatite tectonic breccia. Signifi-
cantly, these rock types document that gneissosity and/or
lineations, and metamorphic assemblages relating to a
high-grade to granulite-grade tectonometamorphic event,
clearly predate theevent responsiblefor tectonic mobiliza-
tion.

Grenville Supergroup rocks are confined to the south-
eastern corner of the map area. These rocks are probably
somewhat younger than gneissic units of the Madawaska
Highlands gneissic complex. The age of the contained su-
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Figure 3. Lithotectonic domainsin the Bancroft-Barry’s Bay—Haliburton area. Segment |\Vaand IVb of Wynne-Edwards' (1972) Central Metasedi-
mentary Belt belong to highlands and lowlandsterrains, respectively. The highlands- owlands boundary (solid line south of Bancroft) liesclosetothe
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complexeswithin Segment |VVa are outlined and named. Within the poorly mapped Eagle Lake—Elephant Lake area, the known northern margins of
cal careous metasedimentary belts are shown as dash-dot lines. The boundary of Segment IVVawith the upper highlands Algonguin domain (Ontario
Gneiss Segment) is considered as the southern margin of the high strain, relatively straight-trending migmatite zone (stippled) of the Papineau Lake
subdomain around Maynooth. Note the |large meta-anorthositic massaround Haliburton Lake (“ A” letter pattern) liesalong strike with aductile, high-
strain zoneto the west, which underlies Segment 1 Va, and may bethe source of meta-anorthosite slivers common to these high-strain zones (Davidson
and Morgan 1980; A. Davidson, personal communication, 1982). Notealso the apparent continuity eastward to the Papineau L ake subdomain, and the
appparent merging of such zonesfurther east around Combermere. The Wicklow map area(small box: Map 2550, back pocket) and theareaof Figure
34 (larger box: Chart A, back pocket) are outlined.
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Table 2. Table of lithologic units for the Wicklow area. Units are shown in order of tectonic affinity rather than strict chronological order;
consequently, the unit order may vary slightly from that shown on Map 2550 (back pocket).

CENOZOIC
QUATERNARY
RECENT
Organic swamp and alluvial deposits
PLEISTOCENE

Boulder till ground moraine, fluviatile sand and gravel

UNCONFORMITY

PRECAMBRIAN
MESOPROTEROZOIC
Posttectonic Unmetamorphosed Plutonic Rocks
Mafic Intrusive Rocks
Diabase dikes
INTRUSIVE CONTACT
Felsic to Intermediate Plutonic Rocks
Coarse-grained to pegmatitic biotite, magnetite-biotite, magnetite-allanite-biotite granite;
muscovite-biotite granite pegmatite; aplite; granite pegmatite with quartz-rich core zones
UNKNOWN CONTACT
Metamorphosed Felsic to Intermediate Plutonic Rocks (emplaced in Grenville Supergroup metasedimentary rocks)
Syenitic Suite Plutonic Rocks
Diorite; monzodiorite; plagiosyenite; syenite; monzonite; quartz syenite; quartz monzonite; granite; corundum-bearing
plagiosyenite

INTRUSIVE CONTACT
Calcareous Metasedimentary, Associated Clastic and Derived Calc-Silicate Rocks (Grenville Supergroup)
Marble; marble tectonic breccia; calc-silicate skarn; metapelite; psammitic metasedimentary rocks; quartzite;
para-amphibolite
TECTONIC CONTACT
MADAWASKA HIGHLANDS GNEISSIC COMPLEX
Metamorphosed Felsic to Intermediate Plutonic Rocks
Sodic Granitoid Suite

Biotite and magnetite-biotite trondhjemite, hornblende-biotite and biotite-hornblende tonalite to quartz diorite; tonalite tectonic
breccia

INTRUSIVE CONTACT
Potassic Granitoid Suite
Biotite, magnetite-biotite, hornblende-biotite granite; muscovite-biotite granite; allanite-biotite, magnetite-allanite-biotite
granite; hybrid hornblende-biotite granite and quartz syenite associated with variably assimilated mafic inclusions; granite
tectonic breccia
UNKNOWN CONTACT
Anorthosite Suite Plutonic Rocks
Anorthositic gabbro; gabbro; anorthosite
Metamorphosed Mafic to Ultramafic and Related Tonalitic Plutonic Rocks
Biotite-hornblende, hornblende-biotite diorite to quartz diorite; hornblende-biotite tonalite; magnetite-biotite to biotite
trondhjemite; leucocratic hornblende-biotite diorite to quartz-diorite; diorite to quartz diorite gneiss; hornblende granite

mobilizate hosted by diorite to quartz diorite; amphibolite layers and tectonized equivalents; hornblendite; ultramafic rocks
and tectonized equivalents; porphyroblastic gabbro; coronitic gabbro; amphibolite dikes
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Table 2. Continued

UNKNOWN CONTACT

Clastic Metasedimentary Rocks and Derived Migmatite

+ Garnet-hornblende-biotite metawacke; + garnet-potassium feldspar-hornblende-biotite metapelite; garnet-sillimanite-bio-
tite metapelite; biotite-garnet-orthoamphibole-cordierite-orthopyroxene, and magnetite-biotite-garnet-orthopyroxene-plagio-
clase iron-rich metasedimentary rocks; protometatexite; metatexite; inhomogeneous diatexite; homogeneous diatexite;
polyblastic

(potassium feldspar, plagioclase, hornblende) metasedimentary migmatite; nebulitic to homophanous metasedimentary
migmatite; metasedimentary migmatite tectonic breccia

+ Garnet-hornblende-biotite metawacke; + garnet-potassium feldspar-hornblende-biotite metapelite; garnet-sillimanite-bio-
tite metapelite; biotite-garnet-orthoamphibole-cordierite-orthopyroxene, and magnetite-biotite-garnet-orthopyroxene-plagio-

clase iron-rich metasedimentary rocks; protometatexite; metatexite; inhomogeneous diatexite; homogeneous diatexite;

polyblastic

(potassium feldspar, plagioclase, hornblende) metasedimentary migmatite; nebulitic to homophanous metasedimentary

migmatite; metasedimentary migmatite tectonic breccia

Felsic to Mafic Gneiss

Leucocratic biotite-quartz plagioclase gneiss; mesocratic hornblende-quartz-biotite plagioclase gneiss; mesocratic to mela-

nocratic quartz-hornblende-plagioclase-biotite gneiss

Felsic to Intermediate Orthogneiss

Biotite trondhjemite to granodiorite gneiss with stromatic granite leucosome occasionally augmented by ancillary diorite,
quartz diorite, or hornblende-biotite tonalite; foliated to gneissic biotite trondhjemite to granodiorite; biotite-hornblende and

hornblende-biotite tonalite gneiss

Intermediate to Mafic Orthogneiss

Amphibolite gneiss; hornblende-biotite and biotite-hornblende quartz diorite to tonalite gneiss; diorite to quartz diorite gneiss

pracrustal rocks may approach the 1286+15 Ma age deter-
mination of Tudor Formation metavol canic rocks situated
near Bancroft (Silver and L umbers 1966, age wasoriginal-
ly reported as 1310+15 Ma, however, 1286+15 Ma isthe
corrected age when recalculated using current decay
constants). However, no equival entsof thesemetavol canic
rocks were encountered within the study area.

The Grenville Supergroup rocks occur mainly within
the core zone of the Carlow synform and consist of athin
assemblage of diverse metasedimentary rocks, which con-
tinuously mantle the New Carlow syenite complex. The
rocks mainly consist of carbonate metasedimentary rocks
in the form of marble, marble tectonic breccia, calc-sili-
cate skarn, and subordinate cl astic metasedimentary rocks
such as metapelite, impure carbonate-bearing psammitic
metasedimentary rocks, and rare quartzite with inter-
bedded para-amphibolite.

Syenitic rocks, which postdate the Grenville Super-
group, form a complex assortment of quartz-bearing to
quartz-undersaturated compositions which comprise at
least 9 recognizabl e units, encompassing a wide composi-
tional rangein termsof quartz: plagiocl ase:potassium feld-
spar ratios. Rock compositions encountered are syenite,
monzonite, plagiosyenite, quartz syenite, monzodiorite
and granite. The New Carlow syenite complex is most re-
nowned for spectacular corundum-bearing plagiosyenites.
Relative age relations of most units of this plutonic mass
aredifficult tounravel duetotectonicinterlayering, virtua
obliteration of primary igneous textures, and relatively
poor exposure.

M etamorphic assembl age data suggest the presence of
2 distinct P-T domains within the map area. Mineral as-
semblagesof rare metapelitic rocksinthe Grenville Super-
group indicate P—T progression into the second sillimanite
zone in absentia of partial melting. Thus, metamorphic
conditionswere approximately T=625t0 725°Cand P =1
to 3kilobars. Metamorphism in the MadawaskaHighlands
gneissic complex isconsiderably moresevere, asindicated
by widespread migmatization of clastic metasedimentary
rocks and sporadic appearance of orthopyroxene. A criti-
cal textural observation at the unique Hoare L ake cordier-
ite-gedrite hypersthene gneisses suggests metamorphic
conditionsof T =730to 790°C and P lessthan 6 kilobars.
This assemblage, in association with metastable enclaves
of sillimanite + spinel + corundum mantled by cordierite
and kyanite enclosed by sapphirine, impliesthat the peak
of metamorphism probably occurred in the intermediate
pressure granulite field with T = 770°C and P = 8.5 kilo-
bars.

All rock types, with exception of posttectonic granite
pegmatite dikes of the Hybla swarm and rare olivine dia-
basedikes, have endured tectonometamorphictransforma-
tions relating to a protracted tectonic history featuring at
least 4 regional folding events (Table 3). D1 is character-
ized by high-grade metamorphic layering in rocks of the
Madawaska Highlands gneissic complex. Early folding
(D2a), evidenced as rare isoclinal refolded structures, is
strongly modified by Do, astrongly penetrative, second or
“typical Grenville” deformation event at about 1100 to
1050 Ma. This episode, mesoscopically evident in asym-
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Table 3. Summary of tectonic features in the Wicklow and surrounding area.

Madawaska Highlands Gneissic Complex

Grenville Supergroup

Diabase dike intrusion

Faulting

Jointing

Retrogression, stabilization

Pegmatite dike intrusion, mainly along NE trends

Dg: E-W and (?) NE-SW low-amplitude, noncylindrical
macroscopic folding (F4) with shallow-plunging hinges

Main Da3:
“Grenvillian” or
“Ottawan” orogeny

Megascopic to macroscopic, disharmonic, open to
tight, upright to steeply inclined southeast-plunging
folding (F3) coaxial with L, mineral lineation

Dj: Penetrative, high-grade L-S metamorphic fabric (S)
with NE trend and shallow SE dip, containing an
essentially down-dip mineral lineation (L2)
Disharmonic, asymmetric, tight to highly isoclinal
mesoscopic folding (F»2). Transposition, detachment
or truncation structures. Basement reactivation,
northwest-directed transport of upper surfaces.

Granite (sensu stricto) migmatization

Alkalic magmatism

Basaltic dike intrusion

Intrusion of gabbroic and
trondhjemitic plutons
Development of stratiform foliation
(S16) within Grenville Supergroup
rocks

Dig:

— PRESUMABLE UNCONFORMITY —

Retrogression, stabilization

Doa:

D1a:

Folding (F2a) of metamorphic layering (S1a)

Development of high-grade metamorphic layering (S14)

within rocks of different origin in the Madawaska

Highlands gneissic complex

metric, tight isoclinal foldswith strong northeast vergence,
imposed a strong L-S fabric on a broadly northeast-strik-
ing, macroscopic, first-order, structural trend. All de-
formed rocks bear the legacy of thismajor deformationin
the form of apenetrative, shallow to moderate, down-dip,
southeasterly plunging lineation, theregional significance
of which was first documented by Hewitt (1962). A third
major folding event (D3) isrepresented by upright, south-
easterly plunging, macroscopic folds exemplified by the
Carlow synform and Wicklow antiform, and exhibit coax-
iality with apenetrativemineral lineation. Thefourthfold-
ing event (D4) involves upright to reclined, mesoscopic,
east-striking, subhorizontal warping about shallowly
plunging axes.
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MESOPROTEROZOIC

Madawaska Highlands
Gneissic Complex

Map units mentioned in this section refer to Map 2550
(back pocket).

A complex gneissic mélange composed mainly of a
tectonic admixture of supracrustal rocks (predominantly
represented by migmatized metasedimentary rocks, map
unit 4), reworked plutonic rocks (felsic to intermediate
orthogneiss, map unit 2), a less deformed diorite-quartz
diorite-tonalite suite (map unit 6), in addition to felsic to



intermediate plutonic rocks consisting of sodic granitoid
rocks (trondhjemite-tonalite-quartz diorite, map unit 10)
and potassic granitoid rocks (solely composed of various
typesof metamorphosed granites, map unit 9). Mafictoin-
termediate gneiss (layered amphibolite, map units 1a, 1d),
mesocratic to melanocratic biotite and hornblende-biotite
quartzofeldspathic gneiss (map unit 3) and massive am-
phibolite enclaves (map units 6g, 1d) also occur, but only
rarely achieve dominance at a given exposure. Amphibo-
lite enclaves of unknown origin are ubiquitous within the
Madawaska Highlands gneissic complex. A strong linea-
tion and/or gneissosity pervades most of geologic units
congtituting this gneissic mélange, with exception of the
Little Papineau L ake plutonic complex, whichisrelatively
massive to poorly lineated. The Madawaska Highlands
gneissic complex hasan overall intermediate composition.
Diorite, quartz diorite, tonalite, and derived orthognei sses,
and metasedimentary migmatite of mainly intermediate
composition predominate over felsic, and hololeucocratic
to leucocratic, plutonic rocks, such as granite and trond-
hjemite.

In many instances, the degree of deformation and
metamorphism relating to the Grenville orogenic event
(1000 to 1050 Ma, Moore and Thompson 1980; Moore
1982) is so severe that the protolith of many gneisses can-
not be recognized. Deformation and metamorphism oblit-
erated all primary textures and structures, and tectonically
reduced grain sizes, such that a wide range of rock types
possess an approximately similar grain size. Pervasivere-
crystallization resultedininterl obate and polygonal grano-
blastic textures. Widespread anatexis affected composi-
tionally favourable rock types.

MAFIC TO INTERMEDIATE GNEISS
(Map Unit 1)

This lithologic group (map units 1a, 1b, 1d, 1€) occupies
only a small portion of the map area, and occurs as map-
pable unitsat 7 scattered localities, aslisted below in order
of relative decreasing areal extent:

1. immediately west of Vanderbeck Lake
2. northwest of Yuill Lake

3. northeast of Kitts Lake
4

immediately east of the southeast end
of Cardwell Lake

between Balsam Lake and Mill Pond
6. on Madawaska Highway, 1 km west of Hawk Lake
7. 400 m south of Franz Pond

o

Amphibolite Gneiss

In most cases, these map units(1a, 1d) aredominated by an
amphibolite component interlayered on a centimetre to
metre scale with ancillary volumes of white-weathering,
medium- to coarse-grained biotite, hornblende-bictite,
and bi otite-hornblende trondhjemite to tonalite leucosome

Wicklow Area

(“amphibolitegneiss’). Thismobilizateisanintegral com-
ponent of amphibolite gneissthroughout the map areaand
usually occursinterlayered in volumesof 20% or less. Am-
phibolite gneiss enclaves represent a very widespread mi-
nor rock type, occurring in minor proportionsin virtually
all other major rock types of the Madawaska Highlands
gneissic complex.

This amphibolite paleosome is usually massive to
weakly lineated. A weak to moderate foliation may be
present if appreciable amounts of biotite are present.

Three main petrographic variants of these rockswere
recognized in the field:

1. common amphibolite

(hornblende + plagioclase assemblages)
2. biotite amphibolite
3 diopside amphibolite
Common amphibolites, which constitute most modal
analyses listed in Appendix 1a, are very widespread and
consist aimost exclusively of hornblende and plagioclase.
Biotite amphibolites are defined by an appreciable modal
amount of bictite (8 to 22%, see specimens 2A-2-7A,
3-11-26 and 4A-4-25in Appendix 1a). Diopside amphibo-
litesarerelatively rare and are characterized by adistinct
greenish cast on fresh surfaces. In the only sample ana-
lyzed modally, diopside makesup 13% of therock (see Ap-
pendix 1a).

Biotite occurs asthin subhedral lathsinthe sizerange
0.4 by 0.04 mm to 2.5 by 0.5 mm defining the foliation or
as coarser grained porphyroblasts with diameters between
2 and 6 mm. Some biotite amphibolites may represent
products of potassium metasomatism as suggested by the
presence of randomly oriented, relatively late, porphyro-
blasts of bictite. This metasomatism may have resulted
from potassum-bearing fluids, likely ingressed from
metamorphosed potassic granitoid suite rocks (map unit
9), which commonly exhibit a close spatial relationship
with the amphibolite enclaves. An example of porphyro-
blastic biotite amphibolite is situated in a Highway 127
roadcut 1 km northwest of the intersection with the Mada-
waska Highway (see specimen 7-2-5B in Appendix 1a).
Metasomatism is also suggested by the presence of 5 to
10% potassium feldspar, amineral usually absent, or pres-
ent only in trace levels, in most amphibolites.

Clinopyroxene, sporadically accompanied by ortho-
pyroxene in localized splotches and discontinuous layers
within amphibolites, gives the rocks a variegated appear-
ance. The pyroxene-rich domainsare light green and con-
trast markedly against the dark greento black colour of the
amphibolite host. Hornblende content decreasesdrastical-
ly from approximately 50% within the amphibolite host to
10% or lesswithin the pyroxene-rich domains, suggesting
that pyroxene in the light green domains developed via
hornblende decomposition.

Accessory minerals in the amphibolites of the Wick-
low area include opague iron oxide, titanite, apatite, pyr-
rhotite, pyrite, and rare scapolite and epidote.

11
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Colour index valuesof theamphibolite paleosomeare
generally quite high and modes plotted on Figure4 definea
field which isdistinct from other mafic rocks, such asdio-
ritic rocks (map unit 6), or paleosome from mafic to inter-
mediate gneisses, that is, tonalite-diorite-quartz diorite
gneissic suite (map unit 1b, see ensuing text; and see Fig-
ure17in“Petrology” of “Mafic to Ultramafic and Related
Tonalitic Plutonic Rocks’).

Leucosomes developed within the amphibolites are
generally hololeucocratic and trondhjemitic in composi-
tion (Appendix 1b) producing awell-defined field on Fig-
ure 4. Quartz contents are variable, but commonly ap-
proach and exceed 30%, a feature somewhat anomal ous
considering the relative paucity of quartz in the enclosing
amphibolite paleosome.

Amphiboliteisal so animportant component in sever-
al exposures of tectonic breccia. Near Johnston Lake, ro-
tated blocks of fine- to medium-grained, stictolithic diop-
side-garnet-biotite amphibolite (15 to 20%) are enclosed
within poorly foliated, coarse-grained, biotite granite; the
entire zoneisat least 5 m in thickness. Protomylonite and
mylonite textures are well developed in the granite host
within 5 cm of theamphiboliteinclusions. Quartz-rich bio-
tite trondhjemite leucosome layers with 8 to 10 mm wide
biotite-rich melanosomes are locally apparent within the
amphibolite and are oblique to the foliation and gneissos-
ity trendsof theenclosing granite. Thiswould seemtoindi-
cate that anatexis and high-grade metamorphism of the
amphibolite blocks producing the leucosome-restite com-
ponent predatesthe tectonic brecciaevent. Thisdeduction
has been supported in other tectonic breccia exposures
within the area (see “ Tectonic Breccia”).

Leucosome from
amphibolite gneiss

. - Paleosome
* from diorite-
quartz diorite

F . gneiss Amphibolite
% A paleosome
N+
~+/ “ON
To-@-B o

Mafics

Feldspar (total)

Figure 4. Quartz-total feldspar—mafics (QFM) modal variation of
leucosome and paleosome from amphibolite gneiss and paleosome
of diorite-quartz diorite gneiss.
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Interesting stictolithic textures are well developed
within the amphibolite blocks of this breccia exposure.
These textures are characterized by 5 to 10 volume % of
circular to elongate spotsthat are between 0.3 and 1.3 cm
in diameter and contrast markedly against the dark biotite
amphibolite host. The stictoliths, or flecks, were origi-
nated by porphyroblastic differentiation and are usually
composed of agarnet (or rarediopside) core surrounded by
a irregular shell of fine-grained, polygonal granoblastic
plagioclase ranging from 0.5to 1 mm in size. The garnets
are usually ragged, xenomorphic, slightly poikilitic crys-
tals with minor rounded inclusions of plagioclase, quartz
and opaqueironoxide. They rangein dimensionsfrom 2 by
1.5mmto 2 by 2.5 mm. Finer grained plagioclase (Angp)
varies between 0.15 by 0.17 mm to 0.6 by 1 mm grain di-
mensions. No quartz was observed within the outer plagio-
clase-rich shells of the stictoliths. Varied amounts of fine-
grained, thin, subhedral biotite (1 to 5%), hornblende (1 to
5%), and opaque iron oxide (5 to 10%) occur within the
outer shell. Hornblende exhibits adrastic decrease in both
modal abundance and grain size compared with theamphi-
bolite host (60% hornblende), suggesting that the devel op-
ment of the stictolithswas caused by metamorphic decom-
position of hornblende.

The origin of the amphibolitesis enigmatic. It issus-
pected that most are of mafic intrusiveorigin; however, se-
veretectonism has obliterated primary textures, structures
and any critical crosscutting relationsinvolving the major
amphibolite units and various rock types enclosing them.
In rare cases, interlayering with supracrustal rocks is ap-
parent as at a Concession X11, Lot 23, Wicklow Township
exposure on the Madawaska Highway. Here, a3.5t0 6 m

FeO
(total)

Na,0O + K,O

MgO

Figure 5. Total iron—-magnesium-alkalis (FMA) plot (Irvine and
Baragar 1971) of Wicklow areaamphibolites. Analyses denoted by
capital letter refer to Grenville Province amphibolites compiled in
Appendix 3a



wide metatexitic metasedimentary migmatite layer (20%
of outcrop) is concordantly interlayered with fine-grained
amphibolite containing 5 to 10% tonalitic leucosome.
These relations, however, may be tectonic and do not nec-
essarily imply asupracrustal origin for the amphibolite. A
mafic metavol canic origin can probably beruled out since
the nearest recognizable metavolcanic rocks are situated
18 km southeast of Maple Leaf in the Mallard Lake area
(Hewitt 1955) and are probably of a younger geological
age (Tudor Formation) than the amphibolite material of
the Madawaska Highlands gneissic complex.

PETROCHEMISTRY OF THE
AMPHIBOLITE GNEISS

Four chemical analyses of amphibolite rocks from Wick-
low area are presented in Appendix 2a and are compared,
in Appendix 3a, withthemean valuesof amphibolitesfrom
the Grenville Province. Another 2 amphibolite specimens
(HL-10, HL-11), contained within the unique Hoare Lake
gneisses, were also analyzed (see Appendix 2e discussed
in “Petrochemistry of the Hoare Lake Gneisses’). All
analyses, except specimen 6-11-5D, plot within the tho-

20
a)

15

FeO (total) (wt %)

0 1 2 3
FeO (total)/MgO

Wicklow Area

leiitefield of thetotal iron—-magnesium—alkalis(FMA) ter-
nary diagram of Irvineand Baragar (1971) onFigure5, and
of the FeOypta/MgO versus FeOygtg plot of Miyashiro
(1974) on Figure 6a. Thisclassificationisalso validinthe
FeOyota/MgO versus SO, diagram of Miyashiro (1974)
shown on Figure 6b. The only aberrant samplein thelatter
is specimen HL-10, which contains significantly higher
SOy than the 5 other samples. Specimen 6-11-5D (see Ap-
pendix 2a) represents a diopside amphibolite dike which
crosscuts syenitic dikes, both of which intrude carbonate-
bearing psammitic metasedimentary rocks of the Gren-
ville Supergroup. This amphibolite differs notably from
the older amphibolites in the Madawaska Highlands
gneissic complex. It contains lesstotal Fe and more MgO
(see Appendix 2aand Figure 5) with SO, and alkali levels
being approximately similar. All amphibolite analysesdif-
fer from the average para-amphibolite of van de Kamp
(1968). With the exception of the 2 amphibolites from the
HoareL akegneissic suite, the analysesexpressan akaline
character onFigure7, the S O, versusNayO+K O diagram
of Irvine and Baragar (1971), as do all average Grenville
amphibolite analyses listed in Appendix 3a.

55

501

SI0, (Wt %)

45—

1 2 3
FeQ (total)/MgO

Figure 6. a) FeO(total)/MgO versus FeO(total) plot, and b) FeO(total)/MgO versus SIO, plot for Wicklow area amphibolites. Analyses denoted by
capital letters refer to Grenville Province amphibolites compiled in Appendix 3a. Both plots after Miyashiro (1974).
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Most Wicklow area amphibolites, however, notably
deviatefrom thevariousmean Grenvill e Provinceamphib-
olites (see Appendixes 2a and 3a, respectively) as indi-
cated onthe FMA, FeOyta/MgO versus FeOyog and SIO»
versus Nap,O+K0O plots (see Figures 5, 6a and 7, respec-
tively). Thisis possibly due to processes such as metaso-
matism and metamorphic differentiation.

Amphibolites of the study area, with the possible ex-
ception of biotite-rich amphibolites, for which no chemi-
cal analyses are presented here, chemically most closely
resemble amphibolites derived from an igneous source.
They are, therefore, interpreted as highly tectonized mafic
dikes, and probably do not represent supracrustal rocks,
since mafic metavol canic rocksdo not appear to be present
in the Madawaska Highlands gneissic complex. Contrast-
ingly, rare amphibolite dikes have been recognized in the
areaas, for exampl e, within metasedimentary migmatiteat
Furz Mountain. Thisobservation substantiatestheauthors
interpretation.

Amphibolitesfrom the Madawaska Highlandsgneiss-
ic complex all exhibit relatively flat, chondrite-normal-
ized rare earth element (REE) patterns characterized by
dight enrichment in light rare earth elements (L REE) over
heavy rare earth elements (HREE) (Figure 8) asindicated
by thelow valuesandrestricted rangeof La/Y by (2.2t06.1
in Appendixes2aand 2e (see" Petrochemistry of theHoare
Lake Gneisses’)). These rocks are enriched in total REE

Na,O+K,0 (Wt %)

40 50 60
SI0, (Wt %)

Figure 7. Silica versus total alkalis plot (Irvine and Baragar 1971) for
amphibolitesfromtheWicklow area. Analysesdenoted by capital letters
refer to Grenville Province amphibolites compiled in Appendix 3a
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(66 to 154 ppm) relative to chondrites, with enrichment
factors of 26 to 82 timesfor Laand 8 to 25 for Yb.

The dike cutting Grenville Supergroup metasedi-
mentary rocksat locality 6-11-5D (see Figure 2) represents
the most REE fractionated amphibolite, asindicated by the
higher La/Y by ratio of 7.2.

AmphibolitesfromtheHoare L akegneissic suitehave
lower total REE contentsthan the others, varying between
66 and 95 ppm. There may be dightly positive or negative
europium anomalies (Eu/Eu* 0.87 to 1.2). Small negative
anomaliescharacterizeall other amphibolite analyseswith
EwEu* between 0.84 and 0.92.

Tonalite-Quartz Diorite and
Diorite-Quartz Diorite Gneisses

Tonalite-quartz diorite-diorite gneissic (map units 1b, 1e)
assemblages containing little amphibolite represent the
other general type of mafic to intermediate gneiss unit
within the map area and comprise 2 major variants:

1. hornblende-biotite and biotite-hornblende tonalite
gneiss (CI 15 to 30) interlayered with subordinate
biotite-hornblende diorite and white leucocratic to
hololeucocratic granitoid leucosome and foliated
hornblende-biotite trondhjemite (map units 1b).

2. diorite-quartz diorite gneiss (map unit 1€). Fine-
to medium-grained biotite-hornblende and horn-
blende-biotite diorite and quartz diorite, inter-

100 T

Amphibolite dike intrusive into
Grenville Supergroup

La Ce Nd

Whole Rock/ Chondrite Average

Amphibolite from Madawaska Highlands
gneissic complex

La Ce Nd Sm Eu Gd Dy Yb

Figure 8. Chondrite-normalized REE plots for amphibolites from
the Wicklow area.



banded biotite trondhjemite, and medium- to
coarse-grained deformed biotite granite.

These units are generally | ess abundant than the amphibo-
lite-dominated mafic to intermediate gneiss. Rocks of map
unit 1e, which are the most common of the 2 groupslisted
above, arewell exemplified by an exposure on the extreme
western point of the largest island in Balsam Lake. Quartz
diorite gneiss here consists of 3 major components, inti-
mately and regularly banded on a centimetre scale:

1. bictite-hornblende quartz diorite, fine grained

2. biotite trondhjemite, light grey (weathered surface),
fine grained

3. hololeucocratic granite, medium- to coarse-grained,
deformed, pervasively porphyroblastic with coarse
augen-shaped potassium feldspar

This assemblage also contains small, dark green to black
hornblendite distributed in atrain of highly flattened en-
claves, fine-grained massive amphiboliteand late-tectonic
discordant hololeucocratic granite. It should be mentioned
that one third of this outcrop on the south shoreline of the
idandinBalsam Lakeiscomposed of homophanousmeta-
sedimentary migmatite (see “ Metasedimentary Rocks”).

Rocksof thisgroup are especially commonin thearea
northto northwest of Yuill Lake. Modal analysesof several
dioriteand quartz diorite pal eosomes, presented in Appen-
dix 1c, are mainly from this unit (specimens 1-6-4, 1-7-2,
1-8-2 and 1-8-3) and exhibit a distinctively lower colour
index than paleosome from amphibolitic gneiss (see Fig-
ure 4).

Map unit 1bislessabundant than map unit 1le. Several
exposures in the vicinity of the Madawaska Highway in
Concession XII, Lot 22, Wicklow Township, can be re-
garded as typical. On the Madawaska Highway, approxi-
mately 3.5 km south from the north map boundary, agood
outcrop of thisgneissisreadily accessible. Thislithologic
assemblage consists of ainterbanded, medium- to coarse-
grained hornblende-bictite tonalite to quartz diorite, sub-
ordinate medium-grained biotite-hornblende diorite
(30%) and coarse-grained leucocratic trondhjemite leuco-
some. Plagioclase and hornblende blastesis commonly &f -
fects these rocks.

White ovoid plagiocl ase and el ongate subidiomorphic
hornblende crystal's achieve maximum dimensions of 10
by 13cmand 3.8 by 7.7 cm, respectively. Plagioclase-rich,
coarse-grained leucosome varies in quartz and colour in-
dex and is quartz diorite tonalite to trondhjemite in com-
position. It may be developed asirregular layers or as di-
minutive to extensive patches, the latter often enclosing
rounded to agmatitic amphibolite and/or medium-grained
diorite enclaves aswithin the af orementioned Madawaska
Highway exposures. Scant enclaves of medium- to coarse-
grained hornblendite ultramafic rock are notable at thisex-
posure.

Wicklow Area

FELSIC TO INTERMEDIATE GNEISS

(Map Unit 2)

This map unit occupies approximately 15 to 20% of the
Madawaska Highlandsgneissic complex, and occurswith-
in several irregular belts of variable structural trend. It is
interpreted in this study to predominantly represent mig-
matized metaplutonic rocks.

The most extensive belt containing these rockstrends
south-southeast, 8 km from Wicklow Lake to Watson
Lake. It structurally delineates a significant portion of the
Wicklow antiform, being distributed along much of the
easternflank, the nose zone and part of western flanksnear
Back Lake.

Thismajor belt of unit 2 rocks, between 1.3and 2.8km
in width, may actually extend further south toward Card-
well-Haley Lakes area as suggested by small intermittent
outcrops within this region of profuse glacial overburden.
Its distribution is subsequently apparently severed by the
southwest-trending straight gneiss tectonic domain (see
“Structural Geology”). The belt may also coalesce with a
narrow (280to 800 m by 5 km) northeast-trending unit situ-
ated along a similarly trending portion of Little Papineau
Creek, although interpretation is hampered once more by
the Pleistocene glacial cover.

Other areas combining significant unitsof felsictoin-
termediate gnei sses occur between Yuill Lake and Phillips
Lake, in the Franz Lake-Brouse Pond area near Maple
Leaf, in the Poplar Pond—Papineau Lake area, and in the
vicinity of Furz Mountain.

In general, 2 lithologic groups can be recognized:

1. Trondhjemite to granodiorite gneiss: leucocratic +
hornblende + diopside biotite trondhjemite and
granodiorite paleosome (Cl <10) with interlayered,
relatively thin hololeucocratic to leucocratic biotite,
biotite-hornblende, and hornblende-biotite granite
leucosome (map unit 2a). Variants include: this
gneissic type with ancillary diorite to quartz diorite
(map unit 2b), or hornblende-bictite tonalite to
trondhjemite (map unit 2c), and arelatively less
gneissic variant of map unit 2ain which minor gran-
ite leucosome is apparent, causing a foliated to
gneissic aspect to typical exposures. Amphibolite
layers and enclaves may be present as a minor com-
ponent within any of the above rock types.

2. Tonalite gneiss (map unit 2e): leucocratic biotite-
hornblende and hornblende-biotite tonalite (Cl 10 to
30) isinterlayered with fine- to medium-grained
biotite trondhjemite and fine-grained amphibolite.
Lensoidal to stromatic leucocratic biotite and/or
hornblende-bearing granite leucosome is responsible
in part for the banding of these rocks. Massive, fine-
grained amphibolite enclaves and layers are ubiqui-
tous in both subgroups; however, these amphibolitic
rocks rarely exceed more than 5%.

Many roadcuts exposing excellent outcropsof both gener-
al subgroups are situated along the Madawaska Highway,
which trends approximately parallel to the Wicklow—\Wat-
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son lakes belt. Elsewhere, good exposures exist in the
proximity of Franz Lake. The best exposures for further
detailed section study are situated along the northwestern
and western faces of Furz Mountain.

Stromatic migmatite structures prevail within both
groups, marked by pervasive interlayering of paleosome
and leucosome components (millimetre to centimetre
spacing). Grey weathered surfaces of the trondhjemite to
tonalite paleosome contrasts with the moderate to deep
pink colouration of granite leucosomes. The leucosome
component commonly constitutes 20 to 30% of a given
gneissic exposure, and, inmany cases, the diagnostic stro-
matic aspect isrendered cryptic or even obliterated by se-
vere extension, isoclinal folds (with highly appressed
limbs, and axial planesparallel tolayering), later granitoid
injection, and overprinting by porphyroblastesis (potas-
sium feldspar, plagioclase and hornblende). In rare cases,
thin (<5 mm) biotite-rich, fine- to medium-grained me-
lanosome selvages are preserved along the paleosome—
leucosome interface, for instance, in a hornblende-biotite
tonalite gneiss exposed along the power line about 240 m
southeast of the Highway 127-Madawaska Highway junc-
tion. However, in most instances, this component hasbeen
obliterated.

A characteristic exposure showing the diversity of the
trondhjemite-tonalite gneisses is located at Yuill Lake
(map unit 2e). Aspartly portrayed in Photo 3, acomplexly
interbanded suite of the following rock typeswas noted in
this exposure:

1. hornblende-bictite tonalite, foliated, medium
grained

2. biotite trondhjemite, relatively massive, fine
grained, medium-grey on weathered surface

3. magnetite-biotite trondhjemite, fine to medium
grained, with local coarse potassium feldspar
porphyrablast and leucosome patches

4. amphibolite gneiss (<5%), fine- to coarse-grained
amphibolite with rare 1 by 1 cm diopside porphyro-

Photo 3. Typical exposure of felsic to intermediate gneiss at Yuill Lake.
Length of hammer about 0.3 m.
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blasts interlayered with thin hololeucocratic white
trondhjemite leucosomes

5. hornblende-garnet-biotite metasedimentary rock,
fine to coarse grained, porphyroblastic (garnet,
plagioclase)

This exposure clearly demonstrates the complexity and
probable protracted evolutionary history implicit in many
of thegneissic assembl ages of themap area. Early isoclina
folding of trondhjemite leucosomelayering withintheam-
phibolite host isevident immediately right of the hammer-
head in Photo 3. A later event of broad, open, S-type fold-
ing with west-plunging fold axesis superimposed over the
early layer-normal compression event. These structura
events are postdated by a coarse-grained, magnetite-bio-
tite granite dike, obviousin the upper right-hand corner of
Photo 3. Besides late to posttectonic granite dikes (map
unit 11), scarcefine-grained biotite granite dikes (map unit
9d) were the only rockstypesyounger thanthefelsictoin-
termediate gneisses. A roadcut on the Madawaska High-
way in Concession X, Lot 26, Wicklow Township, exposes
a0.6to 1.2 m wide dike of bictite granite in sharp contact
with deformed hornblende-biotite granite leucosome
which may contain allanite within ahornblende-biotite to-
nalite gneiss. The granite dikeitself exhibitsavery subtle
biotite lineation coaxial with regional lineation patterns
and minor fold axes, suggesting an emplacement prior to
cessation of the 1000 to 1050 million-year-old Grenville
tectonometamorphic event.

Age relations with units other than the aforemen-
tioned granitedikesare dubioussinceall attendant geolog-
ic unitsdisplay tectonic concordancy with thefelsictoin-
termediategneisses. Thisrelationship canbeseenonaMa-
dawaska Highway roadcut in Concession IX, Lot 26,
Wicklow Township, in which grey biotite trondhjemite
gneiss paleosome (Cl 5 to 10) containing 20 to 30% con-
torted layers of hornblende-biotite graniteisbroadly inter-
layered with fine- to medium-grained, weakly foliated
hololeucocratic granite. The latter rock contains trace
quantities of muscovite, biotiteand allanitea ong withrel-
atively large amphibolite enclaves.

In rare cases, calc-silicate skarn assemblages are lo-
cally contained withinfelsictointermediate gneiss, for ex-
ample, approximately 840 m southwest of Moore’s Pond.
Here, a grey biotite trondhjemite gneiss with 20% me-
dium- to coarse-grained, pink, hololeucocratic granite
leucosome layers contains very local domains with the
skarn assemblage diopside + hornblende + phlogopite +
calcite + tremolite and possibly scapolite. Diopside nod-
ulesupto5cmacrossand containing at least 90% diopside
with minor hornblende and phlogopite are also notablein
the gneissesat thisoutcrop and appear to berelated to ade-
formed granitic pegmatitic mass nearby.

Ultramafic enclavesare present in rareinstances, such
ason asmall idand immediately west of Davis Idand in
which 5 by 10 cm dark green enclaves contain the assem-
blage plagioclase + garnet + phlogopite + diopside.



Modal Variation

In Appendix 1d, modal analyses of stromatic |leucosomes
and adjoining paleosome host components from typical
felsic to intermediate gneissic rocks are presented. These
data show agenerally significant increasein quartz, potas-
sium feldspar content and lower colour index of theleuco-
some relative to the paleosome, as also shown on the
quartz—plagioclase—potassium  feldspar (QPK) and
quartz—total feldspar—mafics (QFM) ternary diagrams in
Figure 9. The leucosome component is almost invariably
hololeucocratic and granitic in composition. Although
data are limited, the granitic compositions of these thin
stromatic leucosomes are very similar to that of the more
extensive sheets of metamorphosed potassic granitoid
suite (map unit 9), possibly suggesting a common origin.
Note also the general compositional disparity between
leucosomes developed in felsic to intermediate gneisses
compared with those derived in migmatized metasedimen-
tary rocks (cf. Figure 9 with Figure 28 in “Petrology” of
“Potassic Granitoid Suite”).

Modal variations of paleosome components from
felsic to intermediate gneisses are presented in Appendix
1e. Paleosome compositionsexhibit arelatively even split
between granodiorite and trondhjemite fields when the
additional datafrom Appendix 1c are plotted on the QPK
plot (see Figure 9). An exception is specimen 5-8-1A (see
Appendix 1d), which plotsin the quartz diorite field. The
colour index range of the paleosome is relatively small.
Most specimens have colour indicesbetween 10 and 23 as
indicated on the QFM plot (see Figure 9).

/]
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Quartz

Wicklow Area

LEUCOCRATIC TO MESOCRATIC =+
HORNBLENDE-BIOTITE-QUARTZ-
PLAGIOCLASE GNEISS (Map Unit 3)

Gneiss of this category (map units 3b, 3c) is restricted
mainly to exposures along Highway 127. An excellent
roadcut is situated immediately north of Maynooth at a
point where the Canadian National Railway tracks cross
Highway 127. Layers of biotite-rich mesocratic (Cl 40to
60) migmatitic gneiss (map unit 3b) are usually less than
1 m thick and contain layered to podiform pink syeniteto
quartz syenite leucosome. The paleosome is fine to me-
dium grained, and exhibitsawell-devel oped lepidoblastic
texture. Theserock unitspossibly represent highly strained
metamorphic derivatives of pelitic clastic metasedimenta-
ry rocks. A sedimentary origin is difficult to prove here
sincethese unitsare complexly interleaved with awideva-
riety of contrasting rock types, a situation which differs
from metapelites occurring in belt-like associations as
with map unit 3.

In Appendix 2b, 3 chemical analyses of biotite-rich
paleosome from thisgneissgroup are presented. Compari-
son with metasedimentary analyses in Appendixes 1f and
2c demonstrates a closer affiliation to metapelites than
metawackes. However, some marked differences can be
noted. The Na,O/K20 and Al203/NapO ratios are very
similar to various metapelites in Appendix 2c, although
absolute Al,O3 contents are generally lower.

Concentrationsof certaintrace elementsaregreater in
biotite gneiss (see Appendix 2b) compared with metasedi-
mentary rocks in Appendixes 2c and 2d; for instance, Ba

Paleosome
Leucosome
Coexisting paleosome-
leucosome pair

Modal analysis of
paleosome only

Potassium Feldspar Plagioclase

Feldspar (total) Mafics

Figure9. Quartz—plagioclase—potassium feldspar (QPK) and quartz—total feldspar—mafics (QFM) modal variation of stromatic leucosomeand

coexisting paleosome from felsic to intermediate gneisses.
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(3550 to 4310 ppm) and Sr (910 to 1390 ppm) and less
commonly Cr (91to 361 ppm) and Ni (96 to 220 ppm). The
CalSrratios, inparticular, are markedly lower in thegneiss
than in the metasedimentary rocks. They are, on average,
approximately onethird that of metawackesor metapelites
from the Wicklow area, and serve as the most useful dis-
criminatory inter-element ratio (Figure 10). Calcium con-
tents of the gneisses are markedly higher than in either
metawacke or metapelite and serve as a distinguishing
geochemical criterion.
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Figure 10. Caversus Ca/Sr variation in high-grade clastic metasedimen-
tary rocks and biotite gneiss paleosome from the Madawaska Highlands
gneissic complex.
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CLASTIC METASEDIMENTARY ROCKS
OF THE MADAWASKA HIGHLANDS
GNEISSIC COMPLEX (Map Unit 4)

Distribution

The high- to granulite-grade, migmatized metasedimenta-
ry rocks of map unit 3 underlie much of the map areain
proximity to Papineau L ake, and compriseamajor portion
of the Madawaska Highlands gneissic complex. These
rocks are distributed mainly within a 10 km wide, com-
plexly shaped belt which generally strikes west to south-
west, and are interlayered with various other units of the
gneissic complex. Regionaly, these metasedimentary
rocks extend beyond the eastern map limitstoward Kama-
niskeg Lake and Combermere (R.H. Thivierge, unpub-
lished data, 1983; G.M. Stott, OGS, personal communica-
tion, 1983).

A major bifurcation probably occurs just beyond the
eastern map limits, manifesting ina1to 1.3 km wide sec-
ondary belt trending west to southwest toward Cragg Pond,
past Maple Leaf, before extending beyond the southern
map limits near the Goodkey Creek—Papineau Creek con-
fluence. Deflection in the trend of this belt is related to
folding from the Carlow synform. Several secondary in-
dentations are due to the intrusion of potassic granitoid
rocks (map unit 9) like thoseimmediately north-northwest
of Davis Falls (Papineau Creek). A second, major, 1.3 to
2.7 km wide arm of the metasedimentary belt commences
in the Phillips—Balsam lakes area and extends westward,
possibly across the entire map area, through the northern
part of Papineau L ake and thence between Yuill and Little
Papineau |akes toward Little Papineau Creek. This meta-
sedimentary belt may ultimately connect with similar mig-
matitic metasedimentary rocks in the Wicklow Lake—
Moore Creek—McKenzie Lake area.

L ess extensive occurrences of migmatitic metasedi-
mentary rocks are exposed in the Indian-Back |akes area,
proximal and immediately north of Mitchell Lake, north of
Yuill Lake, within Little Papineau L ake plutonic complex
near Moore's Pond (local name), on Concession VI, Lots
18 to 20 in Wicklow Township near Little Papineau Lake
Road, and as innumerable, local, centimetre- to metre-
thick layerswithin felsic to intermediate gneissic suitesas
best seen in the Franz Pond area.

The thickness of the metasedimentary belts can only
be estimated in one locality, that is, along the northwest
face of Furz Mountain (local name) where approximately
50 m of sillimanite-garnet-biotite-potassium feldspar, and
garnet-biotite, and hornblende-biotite metapelites are in-
tercalated within trondhjemitic-tonalitic and mafic to in-
termediate gneisses (Figure 11).

Migmatization

The metasedimentary rocks of the Madawaska Highlands
gneissic complex differ from their Grenville Supergroup
counterparts by displaying widespread evidence of
migmatization. Metasedimentary migmatites in the map



area were classified according to the scheme utilized by
Breaks, Bond and Stone (1978) to describe similar migma-
titeswithin the high-gradeto granulite-gradeterrane of the
English River Subprovince of northwestern Ontario (see
Table 3). As defined in the terminology section of this
study, protometatexite and metatexite migmatite stages
were most widely devel oped, whereas diatexite (map unit
4g) isonly scantily apparent and is not an important map
unit.

Metasedimentary Metatexite

Intheir most pristine condition, metatexitesaretypified by 10
to 20% podiform and/or stromatically disposed, generadly
medium- to coarse-grained sodic granitoid leucosome hosted
within fine- to medium-grai ned garnet-quartz-bicotite-plagio-
clase and hornblende-quartz-biotite-plagioclase metapelitic
paleosome. The best examples are situated in the McKenzie
Lakearea(Photos4 and 5) and near Indian Lake (Concession
VIII, Lot 31, Wicklow Township).

The protometatexite shown in Photo 4 occurswithina
small domain showing transition from high to granulite
metamorphic grade characterized by abreakdown of horn-
blende in the presence of quartz. Small, medium- to
coarse-grained pods of trondhjemite leucosome contain
stable orthopyroxene and magnetite (see specimen 2-1-9
in Appendix 1g), whereas, 120 m to the northwest, similar
trondhjemite pods contain only hornblende and minor bio-
tite as the stable mafic minerals.

Several minor plutonic rocks intrude the metasedi-
mentary sequence withinthe area; they are amphibolitized

Wicklow Area

layersand tectonized equival ents of possible former mafic
dikes(map unit 6g), foliated biotite and hornblende-biotite
granite (map units9a, 9e), late-tectonic granite dikes (map
unit 11), rarediabase dikes(map unit 12), and quartz veins.

Enclaves containing skarn assemblages occurring
within the metasedimentary migmatite sequence are rare
and of very localized extent. Diopside-scapolite marbles
were encountered in roadcuts very near Balsam Lake.
Diopside-rich stictolithic skarns are devel oped on the sec-
ond largest isand in Balsam L ake. Enigmatic mafic gneiss
(map units1a, 1d) also occurslocally within the metasedi-
mentary rocks. The mafic gneiss tends to be more exten-
sivethan the mafic dikesas observedin the areasouthwest
of Balsam Lake, and immediately east of KittsLake—Kitts
Creek where a narrow, 3 km long unit occurs.

Smaller amphibolitic enclaves are relatively wide-
spread in metasedimentary migmatite. Volumetrically,
however, they comprise only a few percent of a given ex-
posure. Quite possibly, these rocks represent severely tec-
tonized, transposed mafic dikes because they are petro-
graphically quite similar to deformed but continuous am-
phibolite dikes exposed near the summit of Furz Mountain
and in the Centreview area.

Primary sedimentary structures and textures have
been pervasively obliterated owing to the severity of tec-
tonic deformation, high- to granulite-grade regional meta-
morphism and attendant blastesis, |eucosome generation,
and recrystallization processes. Possible bedding was en-
countered at one exposure Situated on Highway 62, 1.8km
southwest of Maple Leaf. An enclave of metasedimentary

4A-6-34
4A-6-33A
4A-6-338

x
X x x X
x x

Papineau Lake surface
=316m

Summit of Furz Mountain
72m

1.5 m wide tectonic zone;
folded granite dikes in highly
lineated metapelite truncated by

deformation zone \ s

m Trondhjemite to tonalite gneiss, minor diorite

=1

Mafic to intermediate gneiss, quartz diorite to tonalite
paleosome

Hornblende-biotite metawacke, fine to medium grained,
weakly foliated

Metatexite metasedimentary migmatite, fine- to coarse-grained
porphyroblastic garnet-biotite-quartz-plagioclase paleosome

Protometatexite metasedimentary migmatite, fine- to coarse-
grained potassium feldspar-garnet-sillimanite-biotite-quartz
plagioclase metapelitic paleosome with podiform

tourmaline-sillimanite-muscovite leucosome

Location of chemically analyzed metasedimentary rocks

Figure 11. Geological cross-section at Furz Mountain, looking east, with locations of chemically analyzed metasedimentary rocks (see Appendixes

1f, 2c and 2d).
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rock iscontained within coronitic metagabbro and exhibits
intercalated 5 to 10 cm wide fine-grained biotitic meta-
wacke and thinner 2.5 cm wide medium-grained biotite-
rich metapelitic layers which plausibly could be mimetic
after origina sedimentary bedding.

Paleosome

Metasedimentary paleosomes are generally fine- to me-
dium-grained, leucocratic to mesocratic rocks which typi-
cally weather light buff to locally rusty brown. More than
one half of the modally analyzed specimens presented in
Appendix 1f are mesocratic, athough the colour index
range is quite wide (15.8 to 59.4).

These rocks are usualy lepidoblastic. Quartz len-
ticles, which typically are 5to 15cminlengthand 3to 5
mm in width, may give the rock a banded appearance.

Advanced blastesis can destroy the usual fine- to me-
dium-grained, biotite-dominant paleosome texture and
render recognition of the rocks as clastic metasedimentary
rocks difficult. The blastesis progressively converts the
original metasedimentary rocks into an inequigranular,
fine- to coarse-grained rock containing up to 40% pheno-
blaststhat consist of plagioclase, and lesscommonly of po-
tassium feldspar and hornblende (Photo 6). Allanite also
occurs as phenoblasts (up to 8 by 10 mm), but only rarely.

The metatexites are commonly diablastic containing
idiomorphic to subidiomorphic plagioclase and potassium
feldspar. These mineralsarecommonly inthe1to3cmdi-
ameter range and may be equant, el ongate, ovoid, augen or
sigmoidal in shape. Colouration of plagioclase can be
semivitreous to opague white, light orange, or faintly
mauve. Potassium feldspar isusually light pink. The pro-
nounced variability in appearance of metasedimentary
metatexite as caused by advanced blastesis and deforma-
tion, can be comprehended by comparing medium-grained

paleosome of Photos4 and 5 with the blastesi s-dominated
examplesin Photo 6.

The development of porphyroblasts in metasedimen-
tary migmatitesiswidespread, although it should be noted
that greatest intensity of porphyroblastesis occurs proxi-
mal to tectonic zones of high strain as observed near the
east shoreline of Papineau Lakein Concession X, Lot 3,in
Bangor Township. Crystallization of porphyroblastic min-
erals may have, in part, been instigated by high strain de-
vel oped within tectonic zones and thusappearance of such
mineralson agreat scale may potentially serve asan addi-
tional criterion to delineate such zones. It isinteresting to
notethat other workers, such asA. Davidsonand N.G. Cul-
shaw, have observed asimilar rel ationship betweenintense
porphyroblastic crystallization and proximity of tectonic
zonesin several other areas of the Grenville Province (A.
Davidson, N.G. Culshaw, Geological Survey of Canada,
personal communication, 1983).

Quartz and plagioclase of the paleosome are grano-
blastic and typically in the 1 to 3 mm diameter range. They
arerarely poikilitic, and usually relatively strain free. Ina
few places, undul ose extinction and bent twin lamellaein
plagioclase are notable. Biotite formsthin, subhedral, ori-
ented laths typically measuring 0.8 to 1 mm by 0.1 t0 0.2
mm and is mainly responsible for the pronounced lepido-
blastic texture of the paleosome. Some samplesthat havea
relatively high colour index and significant quantities of
hornblende or sillimanite (see specimens 2A-2-4 and
4A-6-33A, respectively, in Appendix 1f) are somewhat
nematobl astic.

Garnet is not very common in the paleosome of the
rocks described here. In certain areas, however, for
instance on Furz Mountain, garnetiferous rocks occur.
Also, the unique gedrite-cordierite-hypersthene-garnet
gneisses of possible metasedimentary affiliation near
Hoare Lake, and some metasedimentary migmatitesinthe

Photo 4. Metasedimentary protometatexite of granulite grade at Conces-
sion |, Lot 28, Lyell Township near McKenzie Lake. Close-up of trond-
hjemite podiform leucosome indicates presence of coarse-grained dark
orthopyroxene (in left centre of the photo). Coin hasadiameter of 1.7cm
and marks the position of orthopyroxene-potassium feldspar-horn-
blende-quartz-biotite-plagioclase metapelitic paleosome.
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Photo 5. Metasedimentary metatexitic on Concession |, Lot 27, Lyell
Township near McKenzie Lake. Notethe two distinct generations of
leucosomeasdesignated by L 1 (early leucosome, arrows) and L, (lat-
er leucosome generation). Toward the lower left-hand corner, isocli-
nal folding of L1 can be seen.



Centreviewv—Balsam Lake area, contain sgnificant
amounts of garnet (maximum of approximately 17%, see
specimen 4A-6-21 in Appendix 1f, from Furz Mountain).
Garnet istypically red-brown, ovoid to rounded in shape,
and commonly inthe3to 7 mm diameter range. Extremely
large poikiloblastic subidiomorphic garnets with diame-
tersinthe 3to 5 cm range occur in unique iron-rich mag-
netite-biotite-garnet-orthopyroxene-plagioclase + quartz
metapelites located on Concession VI, Lot 4, in Bangor
Township south of McCastle Pond (see specimen 4A-6-21
in Appendix 1f). Garnet locally deflectsthe foliation sur-
faces that are primarily defined by biotite, and less com-
monly by accompanying hornblende and sillimanite. No
pretectonic mineral fabric was observed within any of the
garnet porphyroblasts examined in thin section. The main
poikiloblasticinclusionswithin garnet aredrop-like quartz
(0.1to 0.25 mm diameter) and plagioclase (0.2 to 0.4 mm
diameter). Biotite and sillimanite may also occur, but are
not common.

In several places, garnet probably grew at the expense
of biotite as garnet poikiloblasts were noted to be sur-
rounded by athin 1to 2 mmwide shell of polygonal grano-
blastic plagioclase and very minor biotite and iron oxide.
An obviousdepletion of biotite hasdevel oped within these
leucocratic coronasasmorebiotiteispresent inimmediate
unaffected pal eosome.

Hornblende is a common accessory mineral in the
metasedi mentary pal eosome, and usually ispresent assub-
idiomorphic to xenomorphic grainsin the 1 to 3 mm size
range. Phenoblasts are less common and have been ob-
served in sizesup to 0.7 by 1.5 cm.

Potassium feldspar is a widespread mineral in high-
grade metasedimentary rocks although modal amountsare
usualy relatively low, very oftenlessthan 10%. Thismin-
eral issimilar in size and shape to quartz and plagioclase.
The general absence of aluminosilicates contacting potas-
sium feldspar grains substantiates that most of the potas-
sium feldspar originated by metamorphic reactions other

Photo 6. Diablastic metapelite from metasedimentary migmatite near
eastern shore of Papineau Lake on Concession X, Lot 3, Bangor Town-
ship. Porphyroblasts consist of xenomorphic to subidiomorphic plagio-
clase and ancillary potassium feldspar. Diameter of coinis2 cm.

Wicklow Area

than muscovite + quartz = Al,SiOs + potassium feldspar +
vapour or melt. Much of the potassium feldspar could very
well have beeninherited asan original detrital phase, how-
ever, the absence of conglomeratic unitsrendersit impos-
sible to demonstrate whether detritus of potassic granitoid
suite rocks was involved in the formation of the rocks.

Sillimaniteisrelatively rare, occurringinonly 3loca-
lities: on Furz Mountain (see specimen 4A-6-33A in Ap-
pendix 1f), proximal to the Hoare L ake gneisses at Centre-
view, and at an aforementioned roadcut on Highway 62,
1.8 km southwest of Maple Leaf. It occursas robust, idio-
morphic, vitreous white needles commonly in train-like
aggregates, and comprises up to 15% asin the potassium
feldspar-garnet-sillimanite-biotite-quartz-plagioclase  meta-
pelites on Furz Mountain. Maximum dimensions for sec-
tions normal to the c axis are 2.6 by 2.9 mm. Dimensions
parallel tothe mineral lineation rarely exceed 0.5by 1 cm.
The fine-grained, fibrolite form of sillimanite was not en-
countered withinthe study area. Sillimanitemay belocally
poikiloblastic, containing sparse quantities of rounded in-
clusions of quartz and zircon.

Additional accessory mineralsareiron oxide, apatite,
allanite, pyrite, zircon and tourmaline. Anhedral to subhe-
dral iron oxideisby far the most common accessory miner-
al making up from <1 to 5% of the rocks. Apatite and zir-
con are relatively widespread as well, although generally
very scarce within a given thin section. Apatite is com-
monly rounded to rarely euhedral hexagonal and isin the
0.4 to 0.6 mm diameter range.

Diminutive zirconsare nearly auniversal trace acces-
sory in metasedimentary paleosome in the map area. This
mineral, typically inthesizerange 0.04 to 0.18 mm, usual -
ly occursaswell rounded circular to elongate crystalsand
isthe only mineral phase showing evidence of detrital ori-

gin.

Leucosome

Theleucosome component typically isamedium-grained,
white-weathering, sodium-rich granitoid rock which falls
into trondhjemite-tonalite or plagioclase-rich portion of
the granodiorite fields (see Figure 28ain “Petrology” of
“Potassic Granitoid Rocks"). Ubiquity of these rock com-
positions has also been verified by extensive hand speci-
men and some outcrop feldspar staining studies. At many
outcrops, as near Davis Falls (local name) on Papineau
Creek and in the Centreview area, a distinctive lustrous
green colourationisevident on fresh surfaces, possibly due
to extensive saussuritization of plagioclase. Texturesvary
from allotriomorphic-granular to interl obate-granobl astic.
Accessory minerals include biotite, hornblende, magnet-
ite, diopside and orthopyroxene, but most commonly con-
sist solely of biatite.

In relatively weakly deformed rocks, for instance,
near McKenzie Lake in the northwestern corner of the
study area, evidence for 2 leucosome-forming events was
observed (see Photo 5). Both leucosomesare of trondhjem-
itic composition. Thefirst leucosome-forming event (L-1)
ischaracterized by relatively thin, fine-grained, granoblas-
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tic layers, which locally exhibit intense isoclinal folding.
Thisearly leucosome markedly contrasts against the more
voluminous stromatic to podiform, medium- to coarse-
grained trondhjemiteleucosome (L-2) formed during alat-
er metamorphic episode. L-1 leucosomes are locally de-
flected around L -2 leucosome pods, as can be seen imme-
diately right of the coin in Photo 5.

Modal Characteristics of
Metasedimentary Paleosome

In Appendix 1f, 26 modal analyses of paleosome variants
encountered withinthe study areaarelisted. Thesedataare
plotted on aQFM diagram (Figure 12), which documentsa
rapid decrease in quartz content with increasing colour in-
dex for the metasedimentary paleosome. Some composi-
tional similarity is shared with Archean clastic metasedi-
mentary rocks from the high-grade to granulite-grade
northern supracrustal domain of the English River Sub-
province as studied by Breaks and Bond (1993). Approxi-
mately 70% of the Grenville Province metasedimentary
paleosome samplesfall within the Archean metasedimen-
tary field. It should be noted that the Archeanfieldissome-
what more extensive than the field occupied by the Wick-
low area metasedimentary rocks within the QFM ternary
plot. A major difference not shown on thisdiagram isthe
common presence of hornblende in these Grenville Prov-
ince metasedimentary rocks, a mineral virtually absent
from metawackes and metapelites of the Archean rocks,
which probably can be attributed to arelatively higher cal-
cium content of the Wicklow area metasedimentary units.
Metasedimentary rocks from the study area contain more
guartz and lesstotal feldspar for agiven colour index value

Leucosome
field
Field of Archean
metasedimentary paleosome
from English River Subprovince
(Breaks and Bond 1993)

Field of diorite, quartz
diorite from Little
Papineau Lake

plutonic complex

&2
Z Little Papineau Lake plutonic

. . complex subordinate field
Fields of metasedimentary
paleosome from Wicklow area

Feldspar Mafics

(total)

Figure 12. Quartz—total feldspar—mafics (QFM) modal variation of
paleosome and leucosome from Wicklow area metasedimentary mig-
matites, and comparison to Archean metasedimentary migmatite paleo-
some from the English River Subprovince.
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than the diorite, quartz diorite, tonalite, and trondhjemite
of the Madawaska Highlandsgneissic complex (seeFigure
12).

Homophanous and Nebulitic
Metasedimentary Migmatite

Theserocksareessentially confined to anarrow 240 to 500
m wide unit trending from the eastern map limits at Purdy,
west toward Theresa’s Pond (local name) and Davis Pond.
Through advanced paleosome blastesis, an increase in
leucosome volume and tectonic reduction inthe grain size
of stromatic leucosome, metasedimentary metatexite can
be converted into nebulitic and homophanous migmatite
asdescribed by Mehnert (1971, p. 40-42). During the pro-
cess, the petrographic characteristics of paleosome and
leucosome components become progressively “blurred”.
Homophanous migmatites (map unit 4m) represent the
most difficult evolutionary stage to recognize, since, in
these rocks, the blastesis has created a homogeneous to
vaguely banded “ plutonic” appearing rock (Photo 7). Neb-
ulitic migmatitesal so contain asignificant amount of gran-
itoid material, but, more commonly, exhibit biotite mafic
schlieren, and relatively resistant biotitic paleosome lay-
ers.

In some homophanous migmatites, as exposed near
Purdy on Highway 62, a vague banding is evidence of the
original stromatic layering. The leucosome component of
thehomophanousmigmatitesdiffersdrastically in termsof
modal QPK contents from the metamorphosed potassic
granitoid suiterocks(map unit 9) even thought these 2lith-
ol ogic groups commonly show aclose spatial relationship,
as seen in the Theresa's Pond area (see Appendix 1g; see
also Figure 28 and Appendixes 1n, 10 and 1p in “Petrolo-
gy” of “Potassic Granitoid Suite” ). The mineralogy, that
is, thetrondhjemite character of the homophanous migma-
tites, isidentical with the stromatic leucosome of metased-
imentary metatexites.

Photo 7. Homophanous metasedimentary migmatite of trondhjemite
composition near South Papineau Lake Road, Concession X, Lot 3, Ban-
gor Township. Vague clots of metasedimentary paleosome can be seen,
however, blastesis has increased the grain size of these scarce nebulitic
paleosome remnantsto closely match that of the leucocratic parts of this
rock. Diameter of coinis2.3 cm.



Petrochemistry of
Metasedimentary Rocks from the
Madawaska Highlands

Gneissic Complex

Eleven clastic metasedimentary rock samples from the
Madawaska Highlands gneissic complex have been ana-
lyzed for major and selected trace elements. The chemical
analyses are listed in Appendixes 2¢ and 2d. Chemical
classification of these rocks has been attempted in Figures
13 and 14, utilizing the K20 versus NapO and SiO»/Al>03
versus NapO/K 0 plots, respectively, of Pettijohn (1963),
bearing in mind that Na and K, in particular, may be sus-
ceptible to mohilization under conditions of diagenesis,
metamorphic differentiation (development of plagioclase,
potassium feldspar and hornblende porphyroblasts) and
anatexis. Theauthorstried to minimizetheinfluence of the
latter 2 effects as much as possible by selecting relatively
homogenous fine-grained samples, which are relatively
devoid of anatectic products, as represented by the trond-
hjemite leucosome. The SIO,/Al>03 versus NapxO/K 20
diagram is useful in testing chemical maturity of sand-
stones, according to Pettijohn, Potter and Siever (1972).
High-grade clastic metasedimentary rocksfrom the Wick-
low area(see Appendixes 1f and 1g) plot almost entirely in
thegreywackefield (see Figure 14). Although thisdiagram
suggeststhat clastic metasedimentary rocks are of theim-

Wicklow Area

mature greywacke type association, no chemical discrimi-
nation between greywacke and pelitic compositionsispos-
sible for the Wicklow rocks.

According to Pettijohn (1963), excess of Na over K
represents one of the prime geochemical characteristics of
metawackes. Contrastingly, NaK ratios of metapelites
(mudstones, dates, argillites) usually fall below one. Most
samples can be classified as either metawacke or meta-
pelite (see Figure 13). Obvious sillimanite-garnet-biotite
metapelites (see specimens4A-6-33A, 4A-6-34 in Appen-
dix 2c) plot outside Pettijohn’s metapelite field and fall
within and near the boundary of the low Na/K end of his
greywacke field. Other disparitiesrelate to rocks contain-
ing very high KoO contents. Thiscan be seen, in Appendix
2b, inanalysesof biotite gneisses, which contain K,O con-
tentsbetween 5.5 and 7.3%. Theserocksall have probably
endured chemical changes during deformation and meta-
morphism.

Exotic analytical results (specimens 7-9-1C and
7-9-2) were omitted in the computation of average meta-
wacke and metapelite compositionsin Appendix 3b. Petti-
john (1957, p. 509) suggested the Al>,03/NaxO ratio as a
useful index of metasandstone maturity. Possible meta-
wackes from the map arealisted in Appendix 2d exhibit a
restricted rangein Al,Os/NaxOratioswiththe averageval-
ue of 5.2 very close to Pettijohn’s greywacke average of
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Figure 13. K,0 versusNayO classification of high-grade clastic metasedimentary rocks and biotite gneissfrom the Wicklow area. Greywacke
and argillite-slate fields are drawn on the basis of data plotted in Figures 2 and 3 of Pettijohn (1963, p.58).
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4.8. Contrastingly, the probable metapelites (see Appendix
1g) display a considerably wider range (8.4 to 20.5) with a
significantly higher average (10.4).

On the FMA diagram (Figure 15), the Wicklow-area
clastic metasedimentary rocks overlap with Archean coun-
terparts from the English River Subprovince, although a
tendency toward higher total iron contents can be noticed
in rocks of the map area. Also notable is the slight to mod-
erate Mg enrichment in the biotite gneisses of map unit 3.
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Greywacke
+05 T
D
§
3 ¢
X 00T %
S Sublithic
= arenite
o) Quartz
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Figure 14. SiO,/Al,03 versus NayO/K,0 diagram for high-grade
clastic metasedimentary rocks from the Wicklow area (after Pettijohn,
Potter and Siever 1972, p.62).
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In Appendix 3b, mean bulk compositions of average
Wicklow-area metawackes and metapelites are compared
with those of similar rocks from the literature. The average
metawackes from the Wicklow area are notably lower in
SiO, and enriched in Al»03, CaO, Feya and TiO;
compared to Archean counterparts and the average grey-
wacke of Pettijohn (1963). Levels of NayO and K,O are
approximately similar. The average Wicklow metapelite
exhibits higher SiOp, TiO, and CaO and lower Al>O3,
Na»0, and KO contents than rocks of either mean Arch-
ean or Proterozoic metapelitic compositions. The apparent
depletion of CaO in both metasedimentary groups from the
study area is modally reflected by widespread hornblende,
a mineral that is commonly absent from Archean metase-
dimentary rocks such as those from the English River Sub-
province (Breaks and Bond 1993). On the Ca versus Ca/Sr
plot (see Figure 10), one can discriminate between meta-
wacke, metapelite and the enigmatic biotite-rich gneisses
(map unit 3), although additional data are needed to more
confidently define the 3 fields.

Hoare Lake Gneisses

These gneisses are part of the Madawaska Highlands
gneissic complex, are enclosed by high-grade migmatized
pelitic metasedimentary rocks of the Centreview area, and
underlie only a very small portion of the map area. They
are of considerable interest to metamorphic petrologists,
however, owing to the unique coexistence of gedrite, hy-
persthene and cordierite. These intermediate-pressure
granulite-grade rocks also contain metastable traces of ky-
anite, sillimanite and sapphirine. The gneisses are exposed
in 9 small outcrops traceable over a strike length of about

Fe
(total)

Main field of cordierite-
orthoamphibole rocks
derived from secondary
bulk compositions
(Appendixes 3c, 3d and 3e)

Main field of Wicklow area
clastic metasedimentary
rocks

Average metapelite from

Average pelite 3

\_ Metasediment field
English River Subprovince

Na + K + Ca Fe + Mg

Na + K Mg

Figure 15. Al-(Fe+Mg)—-(Na+K+Ca) and Fe (total)-Mg—(Na+K) (FMA) ternary diagrams showing petrochemical variation (weight percent) of
Wicklow area metasedimentary rocks and Hoare Lake cordierite-gedrite-hypersthene gneisses as compared to similar rocks from the literature. Sym-
bols: ¢, Wicklow area clastic metasedimentary rocks including Hoare Lake gneisses, the latter denoted by HL-1, HL-2A, HL-2B, HL-5; O, cordierite-
orthoamphibole rocks derived from “primary” bulk compositions; ¢, cordierite-orthoamphibole rocks associated with volcanogenic massive sul-
phide deposits; A, cordierite-orthoamphibole rocks derived from secondary bulk compositions, but not apparently associated with massive sulphide
deposits; A , restite (garnet-plagioclase-sillimanite-cordierite-quartz) from metasedimentary migmatite of the English River Subprovince.
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240 m and width of 200 m. Extension of these gneisses be-
yond the eastern map area limits is quite possible. Inter-
calation of several rock typesisnotable and isshown on a
detailed map of one of the outcrops (Figure 16). These
units (see Figure 16) are discussed in this section of the
study. The area underlain by these gneisses has been
mapped in detail by Miller (1983) who delineated 6 dis-
tinct interlayered rock units (Table 4). With the exception
of the amphibolite layers, these rock unitsare variably af-
fected by weathering. Garnet-rich restite unitsare most no-
tably weathered and it is virtually impossible to collect
fresh material.

Unit 4d, Map 2550, which correspondsto gneissunit 5
(see Table 4) represents the main occurrence of hyper-
sthene, cordierite and gedrite. This unit is restricted to 4
outcrops, which mostly exhibit a relatively fresh mauve-
brown to brown-black colouration depending upon local
proportions of cordierite, hypersthene and gedrite. As

L
~
TN
\
~
/4

NN
>
l,//\—\/\_ iz
- \—//\;/\—i
N AN -
Shirn s alia
TNTASYY
PSS RN

gradational
contacts

-

(R
<
<\

VA
N2
1Ty
AN
7/

/
NN

metres
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(Unit 1)

+Plagioclase-quartz-garnet-biotite restite
(Unit 3)
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shown on Figure 16, these rocks exhibit an irregular, 4 to
6 cm wide, mineralogical layering defined by a diffuse
physical separation of the major megascopic mineral as-
semblages:

1. Dbiotite + plagioclase + quartz + garnet

2. biotite = garnet + plagioclase + cordierite + gedrite
+ hypersthene

Thisbanding isclearly truncated by 0.5to 1 mwide, irreg-
ular masses of medium- to coarse-grained, quartz-rich mo-
bilizate composed of the assemblage: gedrite + biotite +
plagioclase + cordierite + garnet + quartz. This particular
mobilizate is readily discernable by its coarse grain size,
euhedral plagioclase megacrysts and clear, indigo-blue,
coarse anhedral cordierite whichlocaly is10 by 15cmin
size. Tonalitic mobilizate compositions also exist (gneiss
unit 4A in Figure 16 and Table 4); however, these appear to
bemainly restricted to interlayering with amphibolite, pla-
gioclase-quartz-garnet-biotite restite (gneiss unit 3in Fig-
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Figure 16. Detailed geology of part of the Hoare Lake gneisses.
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Table 4. Main rock types of the Hoare Lake gneisses.

Unit Lithology Specimen Number Comments

Number in Appendixes 1h and 2e

Unit1 Amphibolite layers, fine to medium grained, HL-10, HL-11 Local replacement by garnet-plagioclase-biotite-quartz
locally porphyroblastic (garnet), 0.5 to 2 m width, orthopyroxene
vaguely folded

Unit 2 + Biotite-garnet-quartz-orthopyroxene-plagioclase HL-5
quartz diorite, maple-brown weathered surface,
>1 mwidth

Unit 3 + Plagioclase-quartz-garnet-biotite restite, medium HL-8A
to coarse grained

Unit4A =+ Garnet-biotite-quartz-plagioclase tonalite HL-8B Diffusely interspersed throughout Unit 3 aslenses and
leucosome, white weathering, leucocratic, pods. May also contain quartz-rich layers.
allotriomorphic to hypidiomorphic granular,
medium to coarse grained

Unit4B  Mobilizate assemblages orthoamphibolite- HL-2B
orthopyroxene-cordierite-garnet-quartz-
plagioclase occur in 1 to 2 cm wide layersin Unit 5,
medium to coarse grained; white weathering

Unit5 + Biotite plagioclase orthoamphibole-cordierite- HL-1, HL-2A Main unit containing cordierite and orthoamphibole.
orthopyroxene gneiss, medium to coarse grained,
melanocratic, granoblastic to nematoblastic

Unit 6 Garnet-biotite-quartz-plagioclase schist, rusty

weathering, well foliated

ure 16 and Table 4), and rusty almandine-biotite schist
(gneiss unit 6 in Figure 16 and Table 4).

Gedriteismainly confined within large, dark, brown-
black, irregular clot-like aggregates up to 3.5 by 11 cm
that contrast with the mauve-brown colouration of the en-
compassing finer grained cordierite-hypersthene-rich do-
mains. These clots consist essentially of coarse, fibrous,
subhedral, dark, black-brown gedritewith individual crys-
tals measuring up to 0.7 by 3 cm.

Cordieriteisgenerally anhedral, light mauve on clean
weathered surfaces, and falls mainly into al by 1 mm to
6 by 8 mm sizerange. Texturally, it occursin 2 situations.
First, it occurs as medium-grained crystals disseminated
uniformly with orthopyroxene of approximately similar
size.

The second textural variant of cordierite formslensoi-
dal polycrystalline aggregatesmeasuring upto 1 by 4.2 cm
contained within domains defined by high abundance of
coarse, fibrous gedrite. The lensoidal cordierites actually
form a complex symplectite with sillimanite, spinel and
rare corundum. The latter 3 minerals always occupy the
central confines of lensoidal cordierite aggregates and
probably represent metastable relicts with respect to ged-
rite, hypersthene, biotite and garnet, which occur adjacent-
ly. Thesillimanite-spinel-corundum cores (upto 1.2 cm by
0.4 cm) are conspicuous on clean weathered surfaces.
They exhibit a faint green colour, which can be related to
the scant quantities of green to dark green, fine-grained,
glossy, anhedral spinel. Spinel islargely enclosed within
the coarsely crystallized sillimanite; however, it may be
distributed al ong the contacts between cordierite and silli-
manite.
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Garnet isusually medium- to coarse-grained, nonpoi-
kilitic, subhedral to anhedral, equant to ovoid, deep red-
brown, and generally rangesin size from 2 to 6 mm, and
locally upto 0.7 by 1.6 cm. In gneiss unit 3 (see Figure 16
and Table 4), thismineral isanhedral and occursin masses
of fine- to medium-grained biotite or in quartz masses, ac-
counting for about 30% of the mode (Appendix 1h). Scant,
fine-grained intergrowths of sapphirine completely man-
tling kyanite have been recognized microscopicaly by
Miller (1983) and apparently are only contained within
garnet.

Amphibolite layers locally exhibit a partial genetic
connection in derivation of hypersthene-bearing assem-
blages as documented on Figure 16. This is revealed by
embayments into amphibolite layers that contain the re-
placement assemblages garnet + plagioclase + biotite +
quartz + orthopyroxene and plagioclase + biotite + quartz
+ orthopyroxene. A transgressing vein (see Figure 16) that
bifurcates seemsto imply a metamorphic reaction involv-
ing hornblende decomposition, such as, hornblende + gar-
net = orthopyroxene+ plagioclase + H>O (de Waard 1965).
These veins contain fine-grained iron oxide + orthopyrox-
ene + plagioclase (Anys) in which an apparent disappear-
anceof hornblendeinthe host isevident over a4.5to5mm
interval. The presence of an amphibolite protolith, howev-
er, does not explain the presence of the additional phases
cordieriteand gedrite, nor the significant masses of garnet-
and quartz-rich mobilizate developed in gneiss units 4B
and 5 (see Figure 16 and Table 4).

PETROCHEMISTRY OF THE
HOARE LAKE GNEISSES

Analysesof 4 of the main unitscomprising the Hoare L ake
gneissic assemblage are presented in Appendix 2e. Ged-



Wicklow Area

Table 5. Genetic classification of cordierite-orthoamphibole-bearing rocks and selected examples.

1) Primary bulk composition (no chemical modification required). A unigue clastic metasedimentary rock relatively low in alkalis and enriched
in MgO: Yellowknife area, Slave Province (Kamineni 1973); Pistil Ogo, Lizard, Cornwall, England (Tilley 1937); Kragere district, Norway

(Brogger 1934).

I1)  Secondary bulk compositions (modification developed at chemical syn- to postlithification, but prior to medium- to high-grade

metamorphism)

A. Metasomatic alteration of mafic to intermediate metavolcanic rocks.

1.  Association with volcanogenic massive sulphide ore deposits of various ages: Coronation Mine, Ontario (James, Grieve and
Pauk 1978); Amulet Mine, Noranda, Quebec (Wilson 1941; de Rosen-Spence 1969); Gullbridge copper deposit, Newfoundland

(Upadhyay and Smitheringale 1972).

2. No apparent association with volcanogenic massive sulphide ore deposits: Aulanko area of Finland (Simonen 1948); Yalwal,
New South Wales, Australia (Vallance 1967); Kenidjack, Cornwall, England (Tilley 1935).

B. Derivation of restite bulk compositions via anatexis. Alkali depletion related to physical removal of leucosome systems from zone of
anatexis: general theory (Grant 1968); Fishtail Lake area, Ontario (Lal and Moorhouse 1969); Hoare Lake gneisses, Bangor Township,

Ontario (this study).

C. Metamorphism of aluminous, (Fe+Mg)-enriched, alkali-depleted paleosols (theoretical possibility, but no known examplesin literature).

rite-hypersthene-cordierite-mafic mineral-rich rocks are
interpreted as restite. Analyses of specimens HL-1 and
HL-2A exhibit the same strong depletion of Na;O, K20
and CaO reported in the literature from various other oc-
currences of cordierite-orthoamphibole-bearing rocks
(Appendixes 3c and 3d). Pronounced enrichment in total
Feand Mgissuch that the restite component plotsnear the
Feota—Mg sideline (see Figure 15), and exhibits the high-
est Mg/(Fet+Mg) ratio when compared to any similar rock
from the literature, including those from nearby Fishtail
Lake (Lal and Moorhouse 1969, p.157). Brown-weather-
ing biotite-garnet-orthopyroxene quartz diorite (specimen
HL-5) contains significantly higher CaO, similar total Fe,
and significantly lower MgO than the restite.

On the Al{FetMg)—«(Na+K+Ca) ternary diagram
(see Figure 15), restite compositions (specimens HL-1,
HL-2A) from Hoare L ake gneisses express a closer simi-
larity to various dealkalized cordierite-orthoamphibole
rocks from the literature, particularly those values shown
in Appendix 3c.

Analysesof specimensHL-1 and HL-2A indicate that
these rocks may represent an anatectic, metasedimentary
restite. The composition of thisrestite, however, isconsid-
erably different from similar restites derived in low-pres-
sure, high- to granulite-grade metasedimentary migmatite
belts such as the northern supracrustal domain of the En-
glish River Subprovince (Breaks and Bond 1993). Three
analyses from the latter, shown in Appendix 3e, plot con-
siderably removed from Hoare L ake restite compositions
(seeFigure15). Such compositional disparity may relateto
the higher pressure conditions of granulite-grade meta-
morphism and higher calcium contents in the metasedi-
mentary progenitor of the Hoare Lake restite.

Rare metasedimentary rocks exhibiting dight to mod-
erate enrichment in MgO, and generally relatively low
K20, may crystallize cordierite + orthoamphibole meta-
morphic assemblages without apparently requiring modi-
fication of the original bulk composition through dealkali-
zation processes. These rocks, for example, occur in the
Slave Province (Kamineni 1973), the Lizard area of Corn-
wall, England (Tilley 1937), the southern coast of Norway

(Bragger 1934, 1935), and at Tarklahti, inthe Orijarvi area
of Finland (Eskola 1914; Appendix 3f).

ORIGIN OF THE HOARE LAKE GNEISSES

Cordierite + orthoamphibole-bearing rocks appear to rep-
resent a polygenetic group as inferred by such studies as
Eskola(1914, 1933), Tilley (1935, 1937), Vallance (1967),
Lal and Moorhouse (1969), Grant (1968), Upadhyay and
Smitheringale (1972) and de Rosen-Spence (1969). This
apparently restricted metamorphic associationisgoverned
by apeculiar mafic bulk composition having very low con-
tents of Na, K and Ca, and relatively high Al, Fe and Mg.
Thisisindicated mineralogically at Hoare L akeby apauci-
ty of plagioclase and bictite, and an absence of potassium
feldspar inthemain unit containing coexisting cordierite +
gedrite + hypersthene. Based on available literature, the
authors attempted a genetic classification of cordierite-or-
thoamphibolerocks(Table5). Theseuniquemineralogical
assembl ages characterize either peculiar and rare magne-
sium-rich, alkali-deficient metasedimentary rocks, or ava-
riety of protolithsthat endured through secondary dealka-
lization.

In view of the strong metasedimentary context of the
Hoare Lake occurrence, that is, the presence within the
central confines of an extensive metasedimentary migma-
tite belt, in addition to granulite metamorphic conditions,
it seems plausible that mechanism similar to the anatectic
model proposed by Grant (1968) may have been operative.
Thisisparticularly convincingintermsof lensoidal to pod-
iform leucosome, which coexistswith 2 types of restiteas-
semblages(gneissunits3and5). Inboth cases, characteris-
tic metamorphic minerals, such as garnet, cordierite, hy-
persthene and gedrite, which developed in the leucosome
component, are also stable within the enclosing and more
voluminous restite. An origin as metasomatically altered
metavol canicrocksoverprinted by later low- tohigh-grade
regional metamorphism has been proposed or inferred in
the Coronation Mine area of Manitoba (Froese 1969), in
the Noranda area (de Rosen-Spence 1969) and at the Gull-
bridge copper deposit in Newfoundland (Upadhyay and
Smitheringale 1972). This phenomenon is effectively
ruled out for the Hoare L ake gnei sses since mafic metavol-
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canic rocks are entirely absent from the local geologic re-
cord.

Certain cordierite-orthoamphibol e rocks discussed in
the literature appear to represent distinct, peculiar meta-
sedimentary compositions as was remarked on by Tilley
(1937) in hisinvestigations in the Cornwall region of En-
gland: “The fine banding of the anthophyllite-cordierite
rocks with layers of contrasted composition, their field
relations, and their general petrography make it evident
that they represent genuine sedimentary types.” Rocks of
this type (see Appendix 3f) plot in a relatively restricted
field on both the AFM and Al—<(Fe+tMg)—(Na+K+Ca) dia-
grams (see Figure 15), partially overlapping with analyses
of metasedimentary rocksfrom the study area. However, a
purely sedimentary origin of various units of Hoare Lake
gneisses must be ruled out except possibly for the rusty-
weathering biotite-rich schist (gneiss unit 6 in Figure 16).
Great compositional differences exist between cordierite-
anthophyllite rocks deduced to represent unadulterated
metasedimentary rocks from gneisses of a highly mafic
character, such asspecimensHL -1 and HL-2A from gneiss
unit 5 of the Hoare Lake gneissic suite. In addition, struc-
tures such as the fine sedimentary banding of the type
noted by Tilley (1937) are not observable in unit 5 of the
Hoare Lake gneisses.

Two REE analysesof theinterpreted mafic-richrestite
(gneissunit 5) are givenin Appendix 2e (specimensHL-1
and HL-5). These rocks exhibit the most depleted REE
compositionsinthe Wicklow area, withtotal REE contents
lessthan 16 ppm and probable very flat chondrite patterns
(La/Yby = 0.7 to 2.2). Lanthanum is only enriched by 6
timesrelative to chondrite, and ytterbium between 2.7 and
8 times chondrite. However, due to the fact that analytical
sengitivity limitswere recorded for Ce, Nd and Sm, it was
not possible to construct meaningful chondrite plots for
gneiss unit 5.

The degree of REE depletion, evidenced in the ged-
rite-cordierite-hypersthene mafic-rich unit, lends further
credencetotheauthors' interpretation that these rocksrep-
resent anatectic residua.

The rare earth element characteristics of Hoare Lake
amphibolites(gneissunit 1) aresimilar to that of amphibo-
lite el sewhere in the Madawaska Highlands gneissic com-
plex and are thus all compared earlier in “Petrochemistry
of the Hoare Lake Gneisses’.

Tosummarize, theauthorsbelievethat the HoareL ake
gneissesoriginated from apelitic protolith. Extensive par-
tial melting followed by removal of most of the granitic
melt by a tectonic filtering process could account for the
peculiar mineralogy of the rocks. The filtering process
would tend to concentrate the heavier mafic residue en-
riched in iron, magnesium and aluminum, and depl ete so-
dium, potassium and cal cium, which isparamount in order
tocrystallize cordierite- and gedrite-bearing assemblages.
Minor amphibolitic layers also reacted to granulite-grade
regional metamorphic conditionsmanifested asalocal de-
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composition reaction of hornblende (reaction possibly ac-
companied by garnet) that produced orthopyroxene-bear-
ing assemblages lacking cordierite.

Metasedimentary Rocks
(Map Unit 5)

GRENVILLE SUPERGROUP

Grenville Supergroup rocks are confined to the core zone
of the Carlow synform. A 280 m long exposure on High-
way 62 near Davis Falls (Papineau Creek) reveal stectonic
interleaving of Grenville Supergroup metasedimentary
rocks and structurally underlying migmatized metasedi-
mentary rocks of the Madawaska Highlands gneissic com-
plex. This constitutes the sole exposure in the study area
where such relations are revealed.

This metasedimentary association is almost entirely
restricted to the outer periphery of the New Carlow syenite
complex, defining an arc varying between 400 and 1200 m
in breadth. Rock types encountered consist of arelatively
diverse and commonly interbedded assemblage of carbon-
ate metasedimentary rocks (marble (map units 5b, 5c),
marble tectonic breccia (map unit 53) and calc-slicate skarn
(map units 5h to 5v)), and clagtic metasedimentary rocks
(psammitic metasedimentary rocks (map unit 5e), pelitic
metasedimentary rocks (map unit 5f), and rare interbedded
quartzite-para-amphibolite (map units 5d and 5g)).

CARBONATE METASEDIMENTARY
ROCKS

Marbles, derived tectonic breccia, and various calc-sili-
cate skarns represent the most prevalent rock typeswithin
this supracrustal sequence. Most exposures are friable
weathering and rusty coloured, in part due to the common
presence of accessory pyrite and/or pyrrhotite. Clean
white-grey weathered surfacesreveal amassivetolocally
laminated to very thinly bedded (0.5 to 2.0 cm thickness),
medium- to coarse-grained, granoblastic rock, consisting
of quartz + scapolite + diopside + carbonate or quartz +
phlogopite + graphite + diopside + carbonate assembl ages.

I'n most instances, carbonate constitutes approxi mate-
ly 80 to 90% of the visually estimated mode.

Marble tectonic breccia was mapped in localities
within arestricted area: along a prominent scarp trending
015° and parallel to Little Papineau Creek immediately
upstream from the bridge crossing of the New Carlow
Road; along anearby paved road that isacutoff section of
Highway 62; and one occurrence 300 m east of KittsLake.
These rocks consist of rounded to angular fragments and
disrupted layers of brown-weathering biotite quartzofel d-
spathic paragneiss and local quartz-rich fragments. The
quartz-rich clasts significantly protrude on weathered sur-
faces, areusually subrounded, andrangeinsizefrom2 by 3
cm to 24 by 43 cm. The matrix of these contains mineral
assemblages identical to that of nonbrecciated marbles.



Calc-silicate skarn assemblages derived from these
marble units are widespread. Mineralogically, they are
quitediverse. Inthisstudy, an attempt wasmadeto charac-
terize the various skarns (map units 5h to 5v) asapossible
aid in deciphering regional metamorphic patterns. These
rocks probably bear a genetic rel ationship to the New Car-
low syenite complex, asmost i ntense devel opment of cal c-
silicate skarnappearsto occur within approximately 100m
of the outer contact and within numerous enclaves scat-
tered in relatively small quantitiesthroughout the syenite.
Thefollowing mineral assemblageshavebeen observed by
the authors in skarns of the present area.

Tremolite-Bearing Skarns:

tremolite + calcite + phlogopite + hornblende + diopside
(map unit 5h)

talc + quartz + tremolite + calcite + diopside
(map unit 5j)

Diopside- and/or Actinolite-Bearing Skarns:

quartz + plagioclase + diopside + actinolite = pyrite
+ phlogopite = titanite (map unit 5q)

quartz + calcite + diopside + scapolite (map unit 5p)

actinolite + diopside = titanite (map unit 5s)

plagioclase + diopside (map unit 5v)

Hornblende-Bearing Skarns:

hornblende + diopside + epidote + quartz + plagioclase
(map unit 5n)

quartz + plagioclase + hornblende (map unit 5m)

garnet + hornblende + plagioclase (map unit 5u)

Augite-Bearing Sarns:
augite + garnet + scapolite + plagioclase (map unit 5t)

Assemblages containing tremolite and talc are relatively
rare. A good exposure, containing these minerals coexis-
ting with diopside, albite, phlogopite, carbonate, quartz
and minor pyrrhotite, is located on Highway 62, 1.1 km
northeast of the Little Papineau Creek bridge.

Boudins of this coarse-grained assemblage are con-
tained within rusty-weathering, fine- to medium-grained
graphite-diopside laminated marble, siliceous fine- to
coarse-grained porphyroblastic (potassum feldspar) +
plagioclase-quartz-potassium feldspar psammitic meta-
sedimentary rocks, fine- to medium-grained porphyro-
blastic (garnet) and lepidoblastic graphite-garnet-quartz-
potassium fel dspar-biotite-pl agi oclase metapelite. Tremo-
lite was al so found within calc-silicate enclaves hosted in
felsic to intermediate gneiss near Moore's Pond. Garnet-
bearing skarns are also rare, with the most impressive ex-
ample exposed along the previously mentioned portion of
Highway 62 and near Grover Mountain (local name).
Large masses consisting of xenomorphic, coarse-grained
garnet are associated with scapolite, plagioclase and local
augite. A veined appearance at the exposure is due to the
presence of fibrous scapolite within a pseudo-breccia net-
work.

Wicklow Area

Actinolite-rich skarnsoccur at several localitiesinthe
New Carlow syenite complex. On the northwest face of
Hoover Mountain (Concession XV1, Lot 4, Bangor Town-
ship), a20 by 30 m wide zone of quartz-phlogopite-actino-
lite skarn is composed mostly of medium- to coarse-
grained actinolite (90%). A zone of comparable size and
mineralogy with additional subordinate phases of scapo-
liteand diopside occursnear the extreme southeastern map
corner in Lot 4, Concession XIV, of Bangor Township.

CLASTIC METASEDIMENTARY ROCKS

Clastic metasedimentary rocks of the Grenville Super-
group (map units5d, 5e, 5f, 5g) are considerably lessabun-
dant than the carbonate metasedimentary rocks. They are
composed of sillimanite= garnet-graphite-potassium feld-
spar-biotite-plagioclase metapelite (map unit 5f), carbon-
ate- and/or scapolite-bearing psammitic metasedimentary
rocks (map unit 5e), quartzite (map unit 5d) and para-am-
phibolite (map unit 5g). No preservation of sedimentary
textures was observed in the field or microscopically.

Metapelites are fine- to medium-grained, equigranu-
lar to porphyroblastic, light brown-weathering, nonmig-
matitic rocks. They may be compositionally banded in a
cryptic manner. This banding can only be discerned by
feldspar staining. Bands 3 to 5 cm in thickness, showing
enrichment in potassium feldspar (see specimen 6-13-16A
in Appendix 1i) alternate with plagioclase-dominated
bands containing very sparse potassium fel dspar (see spec-
imen 6-13-16B in Appendix 1i). The plagioclase-rich lay-
erscontain significantly larger amounts of quartz and pla-
gioclase, and smaller amounts of biotite and graphite (see
Appendix 1i). An average modal composition of these pe-
litic metasedimentary rocks is probably approached by
specimen 6-11-26 (see Appendix 1i).

Ovoid- to augen-shaped, red-brown, garnet poikilo-
blastsup to 3 by 5.5 mm, occur in afew places, wherethey
constitute approximately 5% of the pelitic metasedimenta-
ry rocks, for example, on Highway 62, 1.3 km northeast
fromtheL.ittle Papineau Creek bridge. A portion of thispe-
litic rock (25 to 30%) is composed of thin subhedral laths
of biotite (0.6 by 0.1 mm) and minor graphite (0.06 by 0.02
mmto 6.5 by 0.2 mm sizerange), whichform awell-devel-
oped lepidoblastic fabric. Several coexisting metamorphic
assemblages were documented in these pelitic rocks:

1. graphite + sillimanite (robust prisms) + garnet

+ quartz + potassium feldspar + biotite

+ plagioclase (Ansg)

2. graphite + potassium feldspar + quartz + biotite

+ plagioclase (Angs)

3. biotite + graphite + titanite + hornblende + quartz

+ plagioclase (Ans7)

Psammitic metasedimentary rocks are of relatively wide-
spread distribution. These consist of biotite+ plagioclase +
quartz + potassium fel dspar assembl ages, which arefineto
coarse grained, porphyroblastic, well foliated to mylonit-
ic, hololeucocratic and white weathering.

The considerable degree of strain imposed upon the
Grenville Supergroup metasedimentary rocks is most ap-
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parent within these more competent siliceous metasedi-
mentary layers. In particular, sigmoidal potassum feld-
spar porphyroblastsup to 2 by 3 cm exhibit the same sense
of apparent rotation as in the various underlying gneisses
of the Madawaska Highlands gneissic complex. Mylonitic
textures are particularly well developed in these hololeu-
cocratic rocks.

Carbonate-scapolite-bearing psammitic  metasedi-
mentary rocks are well exposed in 2 localities: in roadcuts
on Highway 62 adjacent to Davis Falls, and near Grover
Mountain on Concession 11, Lot 4, Wicklow Township.
The psammitic metasedimentary rocks are laminated to
very thinly bedded (0.5 to 2 cm) and record at least 2 fold-
ing events, 3 periods of dike emplacement, and overprint-
ing by porphyroblasts and skarn assemblages. In thin sec-
tion, they are very finely laminated, with compositional
banding defined by 0.5 to 1 mm wide biotite-, scapolite-
and carbonate-rich layers. The rocks are polygonal grano-
blastic with most grains in the 0.5 to 1 mm diameter size
range.

Interlayered with these metasedimentary rocks are
fine- to coarse-grained, hornblende-rich, garnet-plagio-
clase metasandstones.

Interbanded quartzite and thin (3to5 cm) para-amphi-
bolite were encountered in one exposure within the Gren-
ville Supergroup on Concession |1, Lot 4, Bangor Town-
ship. The para-amphibolite layers are fine to medium
grained, and moderately foliated due to preferred orienta-
tion of thin subhedral biotitelaths, whichaccount for about
18% of the mode (see Appendix 1i). Quartzite layers, up
to 1 m in thickness, contain approximately 85% coarse-
grained quartz and ancillary levels of medium- to coarse-
grained plagioclase, potassium feldspar, biotite and tita-
nite (see Appendix 1i). Except for the different geol ogical
setting, the para-amphibolite compares relatively well
with several biotite amphibolites from the Madawaska
Highlands gneissic complex (see Appendixes 1aand 1i).

Mafic to Ultramafic and
Related Tonalitic Plutonic Rocks
(Map Unit 6)

Rock typesof thisgroup (map units6b to 6m) occur widely
within the Madawaska Highlands gneissic complex. Dio-
rite and quartz diorite are particularly common, occurring
not only within relatively large metaplutonic complexes
suchasintheL ittle Papineau L ake-Moore'sPond area, but
also asan ancillary component in the af orementioned maf -
ic to intermediate and felsic to intermediate gneisses.

Discrete masses of diorite and consanguineous tona-
litic rocks were delineated within 4 parts of the map area:

1. Little Papineau Lake-Moore's Pond—south Papineau
Lake area (Little Papineau Lake plutonic complex)

2. Ribgrass-McKenzie |akes area

30

3. southwestern corner of the map sheet,
approximately paralleling Highway 127 and
mostly in McClure Township

4. south of Indian Lake (Indian Lake plutonic complex)

The Little Papineau Lake plutonic complex is by far the
largest diorite intrusion within the map area, although it
should be mentioned that the full extent of similar rocksin
the Ribgrass Lake area is not presently known and could
very well continue significantly beyond the northwestern
boundary of the map area. The Little Papineau Lake plu-
tonic complex appears to describe an irregular crescent
shapewith amaximum breadth of 6.6 km. From amidpoint
at Moore's Pond, the compl ex tapers4.2 and 5.8 km south-
west and east, respectively. The complex covers a total
area of approximately 21 km2.

The moderate concavity of the south to southwestern
contact of thiscomplex and, to alesser extent, of the north-
ern contact, isrelated to the macroscopic folding influence
of the Carlow synform. A significant northwest-trending
lobe may extend to Hawk Lake, where similar dioritic
rocksare exposed; thisinterpretation ishighly tenuousdue
to a large intervening tract of Pleistocene glacial cover.
Such an extension would, however, be structurally com-
patible and conformabl e with adjacent southeast-plunging
major units, such as granite tectonic breccia (map unit 9g)
which cores the Wicklow antiform.

The third significant mass is situated mainly within
McClure Township and, albeit moreirregular than the oth-
er major dioritic units, also conformsto the southeast trend
of the surrounding structural domain. It may be possible
that this mass constitutesthe mafic core zone of atonalite-
quartz diorite-diorite plutonic complex (Indian Lake plu-
tonic complex). Diorite isa common, but minor, intrusive
unit within encircling foliated and/or lineated felsic to in-
termediate plutonic rocks of this complex (map units 10a,
10c), although it cannot be proven that these 2 assembl ages
are consanguineous.

Several smaller diorite-quartz diorite masses are con-
tained within the map area: 600 m east of McCastle Pond,
560 m north of Wicklow L ake, inthe Poplar Pond area, 420
m southeast of Franz Pond, immediately north of the Hawk
Lake, and on Davisldand (Papineau Lake). Several of the
largest masses display gradation into diorite-quartz diorite
gneiss, particularly within zones of apparent constriction.
Examples are observed near the eastern end of the Little
Papineau Lake plutonic complex proximal to Theresa's
Pond, and at the pronounced narrowing of the McClure
Township mass, as exposed along Highway 127 immedi-
ately south of the Papineau Creek bridge. Because of their
spatial relationship with the lesser deformed rock types,
these gneissic zones were grouped within map unit 6,
“metamorphosed mafic to ultramafic and related tonalitic
plutonic rocks’.

Excellent exposures of such diorite to quartz-diorite
gneiss can be examined along Highway 127 and between
Papineau Lake and Theresa's Pond.



Large enclaves of other rock types occur on a local
scaleand consist of felsic tointermediate gneiss, metasedi-
mentary migmatite, and potassic granitoid suite rocks, as
in the Moore’ s Pond area. Two separate units of metasedi-
mentary metatexite with dimensions 1.6 km by 600 m and
400 by 320 m weredelineated in thisareaand could repre-
sent roof pendants. Mappable sheets of metamorphosed
potassic granitoid rocks (map units 9d, 9¢) are also con-
tained within the central confines of the Little Papineau
Lake plutonic complex, as can be seen at the outlet of
Moore's Pond.

STRUCTURE

These plutonic rocks are relatively massive to moderately
foliated. Hornblende lineations are well developed in the
gneissic equivalents, and poorly or not developed in the
more massive rocks. Foliate structures are most apparent
within biotite-bearing phases (map units 6c, 6d, 6€).
Gneissosity islocally defined by planar, discontinuouslay-
ers and irregular pods of light to medium pink, coarse-
grained, hololeucocratic granite which locally constitutes
5 to 10% of the diorite. Medium- to coarse-grained sub-
idiomorphic hornblende porphyroblastsare commonly as-
sociated with these anatectic mobilizates and amost in-
variably congregate along the diffuse boundary between
thedioriteto quartz diorite pal eosome with the leucosome.

PETROLOGY

Most of the dioritic plutonic complexes in the study area
are petrologically similar, and the following section is
largely based on observationfromtheLittle Papineau L ake
plutonic complex which contains the best exposures of
such plutonic rocks. This mass consists of an apparently
comagmatic gabbro-diorite-quartz diorite-tonalite-trond-

Quartz

% Amphibolite from Madawaska
Highlands gneissic complex

Fractionation path of
Little Papineau Lake
plutonic complex

Wicklow Area

hjemite suite, whichillustratesatrend of decreasing colour
index (Cl) with decreasing relative age (Figure 17).

Biotite-hornblende diorite and rarer hornblende-bio-
tite diorite are the dominant rock types (Cl 18 to 56, Ap-
pendix 1j). Quartz dioritesare considerably less abundant,
probably composing 5 to 10% of the plutonic complex.
Hornblende:biotiteratiosarelistedin Appendix 1j. A more
restrictiverangein Cl for quartz diorite relativeto the dio-
rites is exhibited (usually 11 to 27, with one specimen
reaching an extreme of 48). Plagioclase contentsincrease
with decreasing Cl as shown on the QFM diagram in Fig-
ure 17, and maximum levels of 73 to 76% occur within
the quartz diorite field (see specimens 4-7-9B, 4-7-11 and
4A- 4-1B in Appendix 1j).

Trondhjemite and tonalite contain 20 to 28% quartz
and represent maximum contents of quartz attained in the
fractionation trend shown on Figure 17.

Diorite and quartz diorites (map units 6¢, 6d and 6m)
usually exhibit interlobate granoblastic textures. Horn-
blende or biotite rock varieties are somewhat nematoblas-
tic or lepidoblastic. Very commonly, avariegated “ salt and
pepper” textureisapparent on clean weathered surfaces of
massive exposures. Plagioclase of oligoclasecomposition,
(maximum size 1.5 by 3 mm), quartz (maximum size 1.2
by 2.6 mm), and hornblende (maximum size 1.5 by 3.7
mm) are all xenomorphic and nonpoikilitic. Biotite isthe
only subidiomorphic mineral and occursin all rock types
as fine- to medium-grained subhedral laths (0.15 by 0.7
mmto 0.2 by 1.2 mminsize). Minor potassium feldspar is
commonly present and iscommonly located along plagio-
clase grain contacts. Accessory minerals include apatite,
opaqueiron oxide, apatite, titanite, epidote, and zircon, as
listed in approximate order of decreasing abundance.
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Figure17. Modal variation of Little Papineau Lake plutonic complex plotted on quartz—total feldspar—mafics (QFM) and quartz—plagioclase—
potassium feldspar (QPK) ternary diagrams, also showing on the QFM diagram, for comparison, amphibolite from the Madawaska Highlands

gneissic complex.
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L eucocratic biotite-hornblende quartz diorite and to-
nalite (map units 6m and 6k) occur as local intrusive
masses and dikes and postdate the diorite rocks. Many
good exposures occur along and near the eastern shoreline
of Little Papineau L ake, inthe Moore’sPond area, and near
Hawk Creek in vicinity of its confluence with Little Papi-
neau Creek. Therocksare poorly foliated to massive, me-
dium grained and commonly possess a porcelaneous,
white, weathered surface. The rock texture is interlobate
granoblastic, and all major minerals (quartz, plagioclase,
hornblende) are xenomorphic. Only biotite isidiomorphic
and ranges between 0.25 by 0.04 mm and 2 by 0.2 mm in
size. Interlobate granaoblastic texture is a subdivision of
granoblastic texture (Spry 1969) and contrastswith the po-
lygonal granoblastic variant.

Photo 8. Metamorphic segregations containing orthopyroxene devel-
oped in metadiorite on Davis Island. Diameter of coin is 1.85 cm.

Na + K

Mg

Figure 18. Total iron—magnesium—alkalis (FMA) variation of dioritic
rocks from the Little Papineau Lake plutonic complex.
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Orthopyroxene-Bearing
Metamorphic Segregations in
Biotite-Hornblende Diorite

On Davisldandin Papineau L ake, metamorphic, anatectic
segregations in biotite-hornblende diorite contain dark,
elongate (2.6 by 15cm) to ovoid (14 by 21 cm) massesthat
usually consist of an orthopyroxene and/or diopside core
discontinuously mantled by hornblende (Photo 8). Bound-
arieswith the diorite host are usually diffuse. Orthopyrox-
eneisalso contained within larger irregular aggregates up
to 7.8 by 10 cm near the cottage at the southeastern tip of
DavisIdand.

The diorite host is medium grained, dightly lineated
and ispostdated by dikes, listed below in order of decreas-
ing relative age:

1. hololeucocratic trondhjemite, fine grained,
deformed

2. leucocratic magnetite-biotite and allanite-magnetite
biotite granite, medium to coarse grained, deformed

3. hololeucocratic granite, coarse grained to
pegmatitic, posttectonic

PETROCHEMISTRY OF
MAFIC TO ULTRAMAFIC AND RELATED
TONALITIC PLUTONIC ROCKS

Appendix 2f presents 5 analysesof typical rock typesfrom
the Little Papineau Lake plutonic complex. These analy-
ses, plotted on FMA and Ca—Na—K (CNK) variation dia-
grams (Figures 18 and 19, respectively), indicate a frac-
tionation trend marked by a continuousincrease of Naand
decrease in total Fe, Mg and Ca. K>O values (1.43 to
2.28%) define aflat trend versusincreasing SiO,. Thereis
no pronounced KO depl etion in specimen 4A-5-3, possi-

Ca

K Na

Figure 19. Calcium-sodium—potassium (CNK) variation of dioritic
rocksfromthe Little Papineau L akeplutonic complex. Solid linerepre-
sents the calc-alkaline granite trend of Nockolds and Allen (1953).



bly the least fractionated rock. Specimen 4A-4-20A, a
hornblende-biotite quartz diorite, representsthe most frac-
tionated rock as indicated by the relatively high SiOo,
NaxO, Rb; low Feyptg, Mg, Ca, Sr, Bavalues; and theK/Rb
and Ca/Sr ratios. Some of the rocks contain 18 to 20%
Al>03 and probably are plagioclase-rich cumulates. This
isalso suggested by several modal analysesin Appendix 1j
in which plagioclase accounts for approximately 70 to
75% of the mode.

Theregular decrease of TiO», FeOygta, MgO and Ca0,
and theincrease of NapOversusSiO; (notillustrated inthis
study), in addition to the smooth trends on the QFM dia-
gram in Figure 17, suggest that the rocks were formed by
fractional crystallization of a gabbroic melt (Barker and
Arth 1976). The smooth SO, trend noted above would be
yet more convincing if chemical analyses of rare quartz-
rich trondhjemites, as exemplified by specimens 4-7-6B
and 4-7-8B (see Appendix 1j), were available.

Rare Earth Element Geochemistry

Chondrite-normalized REE patterns for 3 typical rock
types from the Little Papineau Lake plutonic complex are
shown on Figure 20. These exhibit moderate fractionation
patterns featuring enrichment of LREE over HREE, with
total REE contentsvarying between 200 and 249 ppm (see
Appendix 2f). Gabbro and diorite show aflatter trendrela-
tive to quartz diorite with La/Y by ranging from 5.3t09.3
and accompani ed by small negative Eu anomalies(Eu/Eu*
= 0.77 to 0.92). Fractionation in the quartz diorite (see
specimen 4A-4-20A in Appendix 2f) is much more pro-
nounced, evidenced by the considerably greater La/Y by
ratio of 43.3, absence of an Eu anomaly, and lower total
REE.
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Figure20. Chondrite-normalized REE plotsfor metagabbro, metadiorite
and metaquartz diorite from the Little Papineau Lake plutonic complex.

Wicklow Area

METAGABBRO

Metagabbro is relatively rare within the study area (map
units 6b, 6¢). The most noteworthy exposure occurs along
Highway 62, 1.8 km southwest of Maple L eaf. Otherwise,
these rocks occur mainly as enclavesin some deformation
zones described in “ Tectonic Breccid'. The Highway 62
exposure consists of coronitic metagabbro, interlayered
wacke-pelitic metasedimentary rocks, sillimanite- and
garnet-bearing metapelites, biotite-magnetite-plagio-
clase-hornblende-quartz-garnet iron-rich siliceous meta-
sedimentary rocks, and several generations of granitic
dikes. The metagabbro ismedium to coarse grained, mela-
nocratic and porphyroblastic. A spotted appearanceisevi-
dent on weathered surfaces due to complex symplectites
composed of diopside phenoblasts (up to 4.5 by 7 mm)
mantled by fine-grained plagioclase. Microscopically, the
coronas surrounding these coarse diopsides can be seen to
consist of 2 parts:

1. athininner shell (0.2 to 0.75 mm width) of graphic
quartz-hornblende

2. anouter shell of fine- to medium-grained, polygonal
granoblastic aggregate of plagioclase (Angg), 0.5 to
4 mm in width

The large diopside core is poikiloblastic with 5 to 10%

quartz and opague iron oxide inclusions that are oriented

parallel to the prismatic cleavages of the pyroxene.

Pagioclase-rich, porphyroblastic gabbro enclaves
were also observed in metasedimentary migmatite, for
instance, on Concession V, Lot 4, Wicklow Township, 1.2
km southwest of DavisPond. Here, a4 by 7 m sized inclu-
sion of garnet-biotite-hornblende metagabbro occurs that
is moderately lineated and medium to coarse grained. It
contains 15 to 20% circular to irregularly elongate do-
mains that consist of about 80% plagioclase and subordi-
nate garnet, magnetite and biotite. These domainsare 3 by
3 mmupto 6 by 9 mm, and aredifficult to observe onfresh
or dab cuts. Weathering or mild etching withHF acid facil-
itates megascopic study.

Anorthosite Suite Rocks
(Map Unit 7)

Members of the anorthosite suite (map units 7a, 7c) are
very restricted in distribution and occur only asrecrystal-
lized, deformed enclavesin 3 localities as coded on Map
2550 (back pocket). A relatively large enclave (>10 min
size) is contained within a prominent southeast-plunging
granite tectonic breccia which occupies much of the core
zone of the Wicklow antiform. The main rock type of the
enclave is a diopside-hornblende metagabbro (Photo 9)
that isinterlayered with thin 4.5 to 6.5 cm thick bands of
fine-grained anorthosite.

The metagabbro (see Photo 9) is a vaguely lineated,
medium grey to faint green-grey weathering, fine- to
coarse-grained, mesocratic rock composed of irregular,
black, mafic clotsofteninterconnected in an anastomosing
network. Theclots, which measureupto 0.8 by 2.5cm, are
athoroughly recrystallized polygonal granoblastic aggre-
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gate of strain-free hornblende, locally coexisting with an
irregular core zone of dark green diopside. The matrix,
which constitutes about 57% of the rock (Appendix 1k),
consists almost solely of fine-grained polygonal grano-
blastic plagioclase (Angy) and minor fine-grained opaque
iron oxide. At the same locality, irregularly shaped en-
claves of hornblendite also occur that may represent tec-
tonically decimated layered ultramafic rocks.

At asecond locality (that is, roadside outcropsimme-
diately north of Balsam Lake), gabbro and anorthositic
gabbro enclaves occur within fine- to medium-grained,
hornblende-biotite, migmatized metasedimentary rocks
and are veined by granitic pegmatite. The gabbro is me-
dium grained, mesocratic, and moderately hornblende ne-
matoblastic. Plagioclase (An72), the only other significant
mineral phase, comprisesabout 52% of the mode (see Ap-
pendix 1k) and exhibits well-developed polygonal grano-
blastic textures. Minor amounts of diopside areintergrown
with hornblende. Rounded zircons (0.1 by 0.2 mm) occur
as rare accessory minerals within hornblende, and have
imposed well-devel oped pleochroic halos upon the host.
The third exposure of anorthosite suite rocks is situated
about 680 m northwest of Cragg Pond. Here, enclaves of
anorthositic gabbro, similar to the Balsam Lake unit, are
enclosed within foliated biotite granite.

The 2 enclaves of anorthositic gabbro situated within
the western part of the map area, near Cragg Pond and in
the Wicklow antiform, may have been tectonically scav-
enged from alarger plutonic mass. A relatively extensive
anorthosite body, which hasan easterly terminationin Bru-
ton Township, 10 km to the west of the Wicklow area (see
Figure 3), hasbeen delineated by A. Davidson (Geol ogical
Survey of Canada, personal communication, 1982). It is
believed to represent the source for the tectonic enclaves
described here.

Photo 9. Anorthositic gabbro in portion of alarge inclusion contained
within tectonic breccia of Wicklow granite in Concession XIlI, Lot 27,
Wicklow Township. Diameter of coinis 1.7 cm.
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Metamorphosed Felsic to
Intermediate Plutonic Rocks

SYENITIC SUITE PLUTONIC ROCKS
(Map Unit 8)

New Carlow Syenite Complex

Intruding the Grenville Supergroup metasedimentary
package isa complex assemblage of quartz-bearing to un-
dersaturated syenitic rocksreferred to, in this study, asthe
New Carlow syenite complex. Thismassisvery poorly ex-
posed in the study area. Pleistocene glacial deposits cover
most of thewestern flanks of the complex inthe Greenview
area.

The syenitic rocks are exposed intermittently over
6.5 km from Grover Mountain to the extreme southeastern
corner of the map area. Hewitt (1955) previoudy ex-
amined most exposures in Carlow Township and part of
Belot Mountain in Bangor Township. The northwest ter-
mination, most of the northeastern and part of the north-
western flanks of the complex were not defined until the
present study. On Hewitt's Map 1954-3 (Hewitt 1955),
several integral rock types of the complex appear as
amphibolite, paragneiss and hybrid granite gneiss (for
example, on Belot Mountain), which werereinterpretedin
the present study.

Enclaves of garnet-biotite-quartz-feldspathic meta-
sedimentary rocksare present in places, asfor instance, on
Concession X1V, Lot 3, Bangor Township.

Petrologically renowned for spectacular corundum-
bearing pegmatites and related rocks, the syenite complex
congtitutes a very complicated, generally interlayered,
variably metamorphosed, and deformed plutonic assem-
blage composed of at |east 9 discernable rock types(Table
6) encompassing a wide compositional range (Figure 21).

Petrologic features of the major rock types are sum-
marized in Table 6 and modal analyses given in Appendix
1l. Relative age relations are difficult to discern for most
rock types listed in this table due to the tectonic concor-
dance imposed by deformation events, virtual obliteration
of primary igneoustextures, and relatively poor exposure.
The earliest intrusive unit may be the diorite to monzonite
(unitNCS-1), if atrend of mafic tofelsic geochemical frac-
tionation played an important role in the evolution of the
diverse lithologic assemblage. These equigranular mafic
rocksare usually well foliated and/or lineated, fine to me-
dium grained, contain hornblende in excessof biotite, and
contain considerable anhedral to subhedral apatite (up to
5%, titanite (up to 3%), and opaque iron oxide. Thelatter
mineral is frequently enclosed by a thin shell of titanite.
Unit NCS-1ispostdated by scarce, narrow dikesof coarse-
grained titanite-augite syenite (unit NCS-5) and fine-
grained, recrystallized, hololeucocratic syenite (possibly
unit NCS-2). Small, fine-grained amphibolite enclaves
may also belocally apparent ason Concession X1V, Lot 3,
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Bangor Township. Unit NSC-1 is also abundant and inter-
layered with unit NSC-2inanareaof relatively good expo-
sure near Grover Mountain.

Exocontact syenitic dikesweremappedin 3localities,
that is, near Grover Mountain (Concession 1ll, Lot 4,
Wicklow Township), on Highway 62 near DavisFalls, and
2.5km along Highway 62 from DavisFalls. Only anarrow
(2.5 cm) deformed dike of fine- to medium-grained augite
syenite emplaced in very thinly bedded, fine-grained car-
bonate-scapolite-biotite metasandstone at thefirst locality
bears a resemblance (unit NSC-2) to internal intrusive
phases of the New Carlow syenite complex. The other
dikes, which are also deformed, consist of hololeucocratic
sphene and sphene-augite syeniteto quartz syenite. Only a
singledike of fine-grained diopside amphibolite definitely
postdates the latter type of exocontact syenitic intrusions
as observed at the Grover Mountain locality. No syenitic
dikesrelated genetically to the New Carlow syenite com-
plex haveyet been observed to postdate rocks of the Mada-
waska Highlands gneissic complex. This includes expo-
suressuch asat DavisFalls, where these gneissic rocksand
Grenville Supergroup rocks are closely juxtaposed.

Dark green and locally moderate yellowish green au-
giteisthe characteristic accessory mineral onunitsNCS-2,
NCS-4 and NCS-5, and is confined to the most potassic
rocks. This mineral forms anhedral to subhedral stubby
prismsvaryingfrom1by 1mmto1.5by 3.5cminsizeand
makes up 4 to 13% in the rocks. Parts of pyroxene cross-
sectionsare notablein placeson dab surface. On feldspar-
stained slab surfaces, augiteis commonly seen to be sepa-
rated from potassium feldspar by thin, continuous, wispy
1 to 3 mm wide shells and irregular bands (0.6 to 1.1 cm
width) of fine-grained, polygonal, granoblastic plagio-
clase. Similar plagioclase also occurs asirregular clotsup

Quartz

Granite

)
%
2.
° Quartz Quartz\ &
uartz Syenite Quartz Monzonite Monzodiorite  \ Diorite 6’%-,
° ®
L

( ]
Syenite { Monzonite ® o ﬁ
° _V‘ . \ Monzodigrite _

Potassium Feldspar Plagioclase

Figure 21. Quartz—plagioclase—potassium feldspar (QPK) modal varia-
tion of the New Carlow syenite complex.
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t0 0.6 by 1.7 cm. Dark brown euhedral to subhedral sphene
(1by 1 mmto 0.5by 1 cm sizerange) iscommonly associ-
ated with augites.

Unit NSC-4 is usually massive and coarse grained;
however, relatively intense recrystallization and deforma-
tion have produced a variant with weak foliation due to
relatively penetrative, wispy plagioclase banding, as in
specimens 7-14-11C, 7-14-5A and 6-13-10. These bands
enclose augen-shaped to ovoid potassium feldspar mega-
crysts which may reach 2 by 3 cm in size. These mega-
crysts are characterized by very ragged contacts which
possibly were caused by extensive, strain-instigated,
grain-boundary migration. Augite megacrystsare also en-
vel oped by potassium feldspar, but are notably less coarse
in grain size vis-a-vis augites in relatively massive coun-
terparts.

Quartz-bearing granitoids (unit NCS-6) account for a
very small portion of the New Carlow syenite complex,
and possibly may represent the most geochemically frac-
tionated compositions. Theserocksarewidely scatteredin
terms of both locality and composition. Small exposures
arefound 0.6 km west of Kitts Lake; on Belot and Hoover
Mountains; and at the western limit of exposure for the
complex on Concession X1V, Lot 4, Bangor Township near
Papineau Creek. Granites represent the most common
compositional class (see Figure 21). Quartz syenite and
guartz monzonite are less common.

Several units of the New Carlow syenite complex,
suchasunitsNCS-1, NCS-2 and highly recrystallized vari-
ants of unit NCS-4, locally exhibit a distinctive maple
brown colouration on weathered surfaces. Such rocks
commonly are strongly weathered, which is most intense
on topographic highs such as Bel ot Mountain where many
outcrops consist of maple brown sandy grus. In many
cases, unit NCS-4 also tends to produce a rough surface
due to protruding potassium feldspar megacrysts and rare
coarse-grained quartz combined with pock-marked, reces-
sive, mechanically weathered augite.

CORUNDUM-BEARING SYENITES

(Map Units 8d, 8e, 8f, 8g, 8h and 8))

Rocks of this group (unitsNCS-7, NCS-8 and NCS-9) are
situated at 3 closely spaced localities on Hoover Mountain
(seeFigure39in*“Economic Geology”). Relationshipwith
other units of the New Carlow syenite complex is largely
enigmatic dueto the paucity of outcropsinthisarea. These
rocksaredefinitely interlayered with unit NCS-2, the buff-
coloured syenite of Hewitt (1955, p.34), at the Hoover
Mountain corundum deposit, and proximally surrounded
by massive coarse-grained titanite-augite syenite (unit
NCS-4), and medium-grained titanite-biotite-hornblende
monzodiorite (unit NCS-1). The main corundum-bearing
unit (unit NCS-8) isamedium- to coarse-grained, vaguely
foliated to pegmatitic, white-weathering hypidiomorphic-
granular plagiosyenitetoleucocratic monzodiorite. Modal
variation is limited (Appendix 1m; see Figure 21). These
rocks differ considerably in modal composition with po-
tassic members of the New Carlow syenite complex.



Corundum, typically deep brown to bronze coloured,
occurs as euhedral, barrel-shaped, hexagonal dipyramidal
crystalsupto5by 15 cmin sizeon exposuressimilar tothat
shown in Photo 1. Most commonly, however, corundumis
subhedral, showing incomplete crystallographic devel op-
ment on prismatic sections and sections normal to the c
axis. The bronze colour on dab surfaces is mainly ob-
served on sections parallel to (0001) and is probably
caused by the reflection of light on fine lamellar twinning
planes (1102) and (0112). Thin, irregular, 1 to 3 mm wide
light green shellsof secondary muscovite commonly com-
pletely mantle corundum. Corundum modally constitutes
between 4 and 19% of the rock.

Other corundum-bearing syenitesarerelatively minor
and include biotite plagiosyenite (unit NSC-7) and mag-
netite-muscovite-corundum-biotite plagiosyenite (unit
NSC-9). Thelatter gradesinto andiscompositionally sim-
ilar to coarse-grained corundum plagiosyenite (see Appen-
dix 1m). Unit NSC-7 contains more biotite and minor co-
rundum. Corundum in both unitsisgenerally finer grained
than in the coarse corundum plagiosyeniteto monzodiorite
(unit NSC-8), with an observed sizerange of 1 by 1 mmto
0.7by 1.1 cm.
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PETROCHEMISTRY OF THE
NEW CARLOW SYENITE COMPLEX

In Appendixes 2g, 2h and 2i, 16 chemical analyses of most
rock typeslisted in Table 6 are presented. The corundum-
bearing syenites are characterized by the low contents of
SiOp, Nb, Y, Sc and an excess of Al,0Os. All rock types of
this complex appear to define relatively consistent frac-
tionation trends on most Harker diagrams (Figures 22 and
23). When curves are constructed on a basis of chemical
variation in rocks exclusive of the corundum-bearing pla-
giosyenites, the uniqueness of these latter rock types be-
comes more apparent. In particular, CaO, Na,O, MgO and
Al>03 contents of the corundum-bearing syenites plot in
an area considerably removed from the general fractiona-
tion curves (see Figure 22). MgO isextremely depletedin
the corundum-bearing syenites, ranging from 0.85 to be-
low detection limits. The low MgO values in rocks con-
taining SiO, comparable to diorites and monzodiorites of
thiscompl ex are one of themajor geochemical characteris-
ticsof the corundum-bearing syenites. The FMA variation
diagram (Figure 24) suggests an apparent fractionation
trend from rocks enriched in Fe and Mg toward increasing
Na+K levels, of which the highest relative values are con-
tained within the quartz-bearing phases (unit NCS-6).
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Figure 22. Harker diagramsillustrating petrochemical variation of selected major elements from rocks of the New Carlow syenite complex.
Symbols represent samples from the following units: ¢, NCS-1; x, NCS-7, NCS-8, NCS-9; A, NCS-6; +, NCS-4.
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Geochemical trendsona CNK diagram (seeFigure 24) are
less obvious.

Dioritic rocks appear to represent the most “primi-
tive” composition in the New Carlow syenite complex, as
suggested by generally highest total Fe as FeO, MgO, and
CaO (seeFigure 24 and Appendix 2g) and tendency toward
lowest SO levels. Thisisal so expressed by the extremely
high Ba (360 to 6054 ppm) and Sr (185 to 2770 ppm), and
lowest average K/Ba (19) and highest average K/Rb (512)
ratios. No excess Al,O isnotablein any diorite or monzo-
diorite analysisin Appendix 2g.

The behaviour of Sr and Baversus SO, is somewhat
anomalous(seeFigure 23), and trendsherearemarked by a
rapid decline of these elemental abundancesbetween SiO,
levels of 45 and 52%. At successively higher SO, con-
centrations, levelsof Srand Baremainrelatively low. Very
few granitic rocks contain levels of Sr and Ba at the SiO»
values observed in many of the dioritesfrom New Carlow
syenite complex. Such levels of Sr and Ba concentration
are only rarely attained in geological materials, some ex-
amplesof which are deep seacal careous pel agi c sediments
(2075 ppm Sr; Turekianand Kulp 1956), deep seaclays(up
to 4160 ppm Ba; Fischer and Puchelt 1972), and some
nepheline syenites. Miaskitic nepheline syenite on Stjer-
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noy, north Norway, (Heier 1964) exhibits mean values of
Bacomparableto diorite of the New Carlow syenite com-
plex, but contains Sr levels approximately twice as high.
Nepheline syenites at Blue Mountain, Ontario, are rela
tively depleted in Sr and Ba, containing quite high K/Ba
and K/Rb ratios (Heier 1965), which do not compare fa-
vourably with the Stjernoy or New Carlow syenitic rocks.

TheK/Rband K/Baratiosof the Stjernoy syenitesand
diorites from the New Carlow syenite complex demon-
strate a closer similarity. However, phases of the latter
complex, exclusive of the diorite, show a trend toward
lower K/RD ratios in the range of most crustal materials
(Figure 25). The K/Baratios show astrong increase from 8
to 67 (Figure 26). The other syenitic phases plotted on this
diagram mostly plot near the average crustal ratio of 65.

The origin of various rocks comprising the New Car-
low syenite complexisnot readily explicable. Thehigh co-
rundum content of 4 to 19% demandsspecial conditionsof
formation that normally appear in differentiating syenitic
magmaswhich aredevoid of thismineral. All petrographi-
cally defined phases, exclusive of those containing corun-
dum, apparently delineate atypical fractional crystalliza-
tion sequence. The high Sr and Ba contents, particularly
those of the diorites, could either indicate a relatively

.
4000
.
L .
3000 -
€ L
(o}
2
« 2000
m L]
+
1000 [~
A
i 4L~_ R
L]
% x ® 4
0 1 1 1 1 1
50 55 60 65 70
E
[o}%
Sooof +
a F
o L
| %
100 F _ /
—
L .o - — +
[ x x .
B X
o . %
0

5% % 5 & 70
SiO, (wt %)

Figure 23. Harker diagramsillustrating petrochemical variation of selected trace elementsfrom rocks of the New Carlow syenite complex. Symbols
represent samples from the following units: ¢, NCS-1; x, NCS-7, NCS-8, NCS-9; A ,NCS-6; +, NCS-4.
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primitive syenitic magma type (Heier 1964) or represent
crustal contamination. If contamination was an important
factor, atrend toward lower K/RDb ratios should be notice-
able. At Stjernoy, Heier (1965) argued tothe contrary since
K/Rb ratios there remain uniformly high (K/Rb = 484 to
802). Assimilation of aluminous metasedimentary rocks
may constitute one processinwhich Al,O3, Srand Bacon-
tents of a fractionating diorite-syenite magma were suffi-
ciently modified to allow crystallization of the corundum-
bearing phases and is the explanation favoured in this
study.

Several phases of the New Carlow syenite complex
exhibit adight enrichmentintin, relativetothe Clarkeval-
ue of 1 ppm. Most notable here are phases from units
NCS-3, NCS4, NCS-6, NCS-7 and NCS-8, in which Sn
collectively rangesbetween 3.9 and 8.7 ppm, and could re-
late to crustal contamination through metapelitic rocksin
which Sn is commonly enriched (shale average = 6 ppm
Sn, Turekian and Wedepohl 1961).

RARE EARTH ELEMENT GEOCHEMISTRY

Seven REE analyses from the New Carlow syenite com-
plex aregivenin Appendixes2g, 2h and 2i, with chondrite-
normalized patterns shown on Figure 27. The rock types
analyzed (unitsNCS-1, NCS-4, NCS-8) exhihbit 3 distinct
REE patterns, which become progressively more fraction-
ated astotal REE contents decrease. Systematic variation
in total REE, La/Yby or EW/EU*, however, is not clearly
correlative with increasing SiO, content.

Diorites(unit NCS-1) and augite syenite to monzonite
(unit NCS-4) exhibit overlapping ranges for total REE
contents and flat chondrite patterns relative to corundum-
enriched plagiosyenite (unit NCS-8). However, some dis-
tinct differences are also discernable. The diorites (REE =

e NCS-1
x NCS-7,-8,-9
a2 NCS-6
NCS-4

Wicklow Area

351 to 672 ppm) exhibit small negative Eu anomalies
(EWEuU* = 0.82 to 0.89) relative to unit NCS-4, where
prominent negative anomalies are evident (Eu/Eu* = 0.35
to 0.46). La/Y by ratios of unit NCS-1 range between 4.3
and 20.8 and, with the exception of specimen 7-14-2, are
considerably higher than unit NCS-4 values(La/Y by = 3.0
to 5.9). Similarly, the chondrite patterns of specimen
7-14-2 and unit NCS-4 are striking, apart from the obvious
difference in EUW/EU* ratios.

Corundum-enriched plagiosyenite (unit NCS-8), as
exemplified by typical ore material from the Hoover
Mountain corundum deposit, has the most fractionated
REE pattern determined for the New Carlow syenite com-
plex. This is revealed by the large La/Yby ratio of 1.1
which features drastic depletion of HREE (Yb = 0.45x
chondrite) relative to LREE (La = 32x chondrite). Pres-
ence of a moderate positive Eu anomaly (EW/Eu* = 1.57)
isafurther unique feature.

Syenitesand monzonites (unit NCS-4) could conceiv-
ably be generated by partial melting of a quartz-poor, feld-
spathic protolith such asthe spatially related diorites (unit
NCS-1).

Since the diorites commonly contain potassium feld-
spar (see Appendix 1l), aready source of potassium (2.01
t0 4.06% K>0) (see Appendix 2g) could be available and,
under conditions of incipient anatexis, a quartz-poor, po-
tassium fel dspar-enriched melt phase should be expected.
However, the much lower barium contentsin the syenites
and monzonites (unit NCS-4: average 840 ppm Ba) (see
Appendix 2h) relative to the diorites (unit NCS-1: average
2780 ppm Ba) (see Appendix 2g), in particular, pose a
problem to thismodel since most barium is probably con-
tained within potassium feldspar and the resulting melt
phase should correspondingly haverelatively low barium.

Ca

Na + K

Mg

K Na

Figure 24. Total iron—magnesium—alkalis (FMA) and cal cium—sodium—potassium (CNK) variation of various petrographic phases from the New

Carlow syenite complex.
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Figure 27. Chondrite-normalized REE plots of diorite, syenite, monzo-
nite and corundum-enriched plagiosyenitefrom the New Carlow syenite
complex.
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Figure 26. K/Barelationshipsin various petrographic phases of the New Carlow syenite complex.

40



Potassic Granitoid Suite
(Map Units 9a to 99)

Rocksof thisgroup occur within all map unitsof theMada-
waska Highlands gneissic complex. The great majority of
them, however, are confined to 2 relatively large masses:

1. the Wicklow granite, a granite tectonic breccia oc-
cupying the core zone of the southeast-plunging
Wicklow antiform

2. asouthwest-trending unit intermittently exposed
between Franz Pond area and Cardwell Lake

Less extensive, mappable units were delineated between
Davis Pond and Theresa’'s Pond (possibly extending to
Purdy); and in the vicinity of Little Papineau Lake Road
about 3.5 km east of itsjunction withthe MadawaskaHigh-

way.

At these less extensive occurrences, the rocks form
sheet-like, erosionally resistant cappingson many hills, as,
for example, immediately northeast of Theresa's Pond,
near McCastle Pond, and 3 km north of Maple Leaf. The
maximum or average thickness of such sheets is not
known. Geological age of the metamorphosed granitesis
unknown; however, their emplacement may predate the
Grenville Supergroup assuggested by their absencewithin
such supracrustal rocks. The aforementioned 2 larger
masses have differing structural trends, relatable to their
occurrence in contrasting structural domains (see “ Struc-
tural Geology”).

STRUCTURE

Theserocksaregenerally medium grained and moderately
foliated, and in a few places, are gneissic. The gneissic
banding isdefined by discontinuous, 0.5to 1 cm thick hol-
oleucocratic, medium-grained, plagioclase-quartz-potas-
sium feldspar layers alternating with more mafic, fine-
to medium-grai ned quartz-bi otite-hornbl ende-pl agioclase
bands. Thin bandsrichin quartz may also contributetothe
gneissosity. The rocks may also be vaguely lineated, the
lineation being defined by ribbon-like trainsof biotiteand
rarer hornblende prisms. Quartz rodding may also definea
lineation. At several outcrops, the influence of mild cata-
clasis has led to development of protomylonite textures
featured by coarse-grained, augen- to sigmoidal-shaped
potassium feldspar and rare plagioclase porphyroclasts
embedded within a fine- to medium-grained matrix. This
matrix, in places, exhibits localized quartz banding and
streaky biotite-rich aggregates. Maximum dimensions of
potassium feldspar and plagioclase porphyroblasts are 2.2
by 1.5cmand 1 by 1.5 cm, respectively. Good examples of
the blastomyloniteswere encountered along Highway 127
about 0.8 km northwest of the junction with the Madawas-
ka Highway (Concession V, Lot 3, McClure Township),
near an unnamed road about 1.2 km north-northwest of
its termination near Maple Leaf (Concession Ill, Lot 11,
Wicklow Township), and 1.2 km west of Indian Lake
(Range 50, McClure Township).

Wicklow Area

PETROLOGY

The rocks of map units9ato 9g are almost entirely granite
in composition (Figures 28a and 28b; Appendixes 1n, 10
and 1p). They are moderate to deep pink dueto alarge pro-
portion of potassium feldspar. A few approach quartz sye-
nite composition (see Figure 28b). A hololeucocratic to
very leucocratic aspect of these metamorphic granitesis
another notable idiosyncrasy. On Figure 283, it can be ob-
served that relatively few samplesexceed acol our index of
10and approximately one half of the populationishol oleu-
cocratic. Potassium feldspar, quartz and plagioclase form
an interlobate granoblastic, commonly seriate texture and
are ubiquitouswithin the metamorphosed granites. Biotite
isthe most abundant accessory mineral and occursassen-
der to stubby subhedral laths. Allaniteisaeuhedral to sub-
hedral accessory mineral. It exhibits hematitic halos and
radial fracturing within host minerals. In some cases, al-
lanite prisms define alineation within granite sheets, such
as that interleaved within diorite gneiss on Highway 127,
located 1 km northwest of the Madawaska Highway junc-
tion. Thiswasal so noted in more vaguely lineated magnet-
ite-allanite-biotite granite exposed at the western end of
Davisldand in Papineau Lake. Allanite may make up 5%
of thegranite. Allanite-rich granitescommonly are charac-
terized by deep red-brown, medium-grained spotsset in a
deep pink granitic matrix. Anoutcrop showingwell-devel -
oped allanite spots is located on Highway 127 as men-
tioned above. Hornblende is relatively scarce, occurring
only in a narrow east-trending 100 to 320 m wide granite
unit in the Davis Pond-Theresa’'s Pond area. It is xeno-
morphic and makes up between 0.2 and 2.3% of the rock
(see Appendix 1n). Hornblende may, however, be quite
abundant locally in zones surrounding partially assimi-
lated mafic inclusions, for instance, near the outlet of
DavisPond. Here, the hornblende formed by areaction be-
tween the granite melt and amphibolitic enclaves that re-
sulted in rocks of quartz-poor hiotite-hornblende, allanite-
biotite-hornblende and hornblende syenite, monzonite,
and monzodiorite compositions (map unit 9¢). Accessory
minerals are opaque iron oxide, pyrite, hematite, musco-
vite and zircon.

Several petrologic variantsweredelineated withinthe
broad metamorphosed potassic granitoid suite of rocks
(map units 9ato 9g). A distinctive, mauve-coloured holo-
leucocratic, fine- to medium-grained granite was encoun-
tered in many localities. It is characterized by minor fine-
to medium-grained muscovite. An easily accessible out-
crop of thisrock islocated on Highway 127 about 1.8 km
north-northwest from Maynooth, where, asin most expo-
sures, it representsaminor component of the outcrop. Asa
dominant unit, it was only encountered in a Madawaska
Highway roadcut, 3 km north of the Little Papineau Lake
Road junction. These granites appear to form sheets that
are between 1 and 10 m thick. Deep red-brown hematitic
hal os, measuring 1 by 1 mm to 4 by 5 mm on surfacesnor-
mal to foliation, are developed around fine-grained, dis-
seminated allanite, and characterize some exposures of
these granites as within the aforementioned Madawaska
Highway roadcut.
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The granites grouped as map units 9a to 9g are inter-
preted to be magmatic in origin. The common concor-
dancewith enclosing unitsispossibly tectonicin origin. In
onerareinstance, however, adight discordancy betweena
0.5 to 1 m wide muscovite-magnetite granite and steeply
dipping metasedimentary migmatite host was observed in
an outcrop about 120 m southwest of the Highway 62 junc-
tion with the South Papineau L ake Road and suggests an
emplacement of the granite asadike. Modal proportionsof
quartz-plagioclase-potassium feldspar compare well (see
Appendix 1o and Figure 28b) to other coarser grained
granites within the study area.

Wicklow Granite

This 7.5 km elongate granite unit represents the most ex-
tensive such mass delineated within the study area and is
structurally controlled. It islargely confined to the Wick-
low antiform core zone and is very poorly exposed. The
best outcrops are situated on the Madawaska Highway.
Thewidth of the Wicklow granite ranges between 1.2 and
1.7 km in the northern part (Wicklow—Thominson lakes
area) and, southward, it thins rapidly before disappearing
near Lansing Pond.

Most of the pluton consists of granite tectonic breccia,
and isintruded by previoudy described hololeucocratic to
leucocratic, fine- to medium-grained, muscovite-allanite-
magnetite granite. The best exposure isan extensive road-
cut on the Madawaska Highway at a point between Tho-
minson and Evans lakes. Here, angular to rounded mega-
clasts (see Photo 2) constitute between 30 and 35% of the

Quartz

rock and are enclosed within a coarse-grained, foliated,
biotite to hornblende-bictite granite matrix. A modal
analysisof atypical granitetectonic brecciaispresentedin
Appendix 1p. Clasts here consist of fine- to medium-
grained biotite-hornblende + diopside diorite (foliated and
gneissic), amphibolite (fine grained and massive), biotite
trondhjemite (gneissic) and rel atively rare metasedimenta-
ry metatexite and pink to white calcite-scapolite-diopside
calc-silicate skarn. Rarer fragment types include anortho-
site suite rocks described previoudy. The amphibolite
clastsvary in appearance from those illustrating excellent
agmatitic structures (with sharp inclusion boundaries) to
well-rounded inclusions with local 0.5 to 1 cm wide bio-
tite-rich hal os, which probably originated viareactionwith
afluid-rich phase. Several of these amphibolite clastshave
been assimilated by thegranitetothe extent that thegranite
matrix haslocally been converted into ahybrid, quartz-de-
pleted, hornblende diorite and monzodiorite. Some frag-
ments, such as the largest shown in Photo 2, exhibit an
abrupt truncation of gneissic layers by the foliation of the
enclosing granite. This fragment contains prograde diop-
side and possible orthopyroxene of granulite-facies meta-
morphic grade. Isoclinal folds in some clasts show the
same relationship, strongly suggesting a high-grade tecto-
nometamorphic event prior to the tectonic maobilization
and granite emplacement episode responsiblefor devel op-
ment of the breccia

Modally, thegranite matrix (see Appendix 1pand Fig-
ure 28b) issimilar to other metamorphosed granites of the
study area. Quartz content is relatively constant. The po-

Quartz

Syenite /

I

Monzonite \

Feldspar (total) Mafics

Potassium Feldspar Plagioclase

Figure 28. Modal variation of metamorphosed potassic granitoid suite rocks on a) a quartz—total feldspar—mafics (QFM) ternary diagram, and b) a
quartz—plagioclase—potassium feldspar (QPK) ternary diagram. Symbols for rocks and sources used in &) and b): ¢, metamorphosed granites, this
study; A , metamophosed hololeucocratic muscovite-bearing granites, thisstudy; ©, matrix of tectonic breccia, Wicklow granite, this study; x, leuco-
some from metasedimentary migmatite, this study. In addition, for b): ®, modal analyses of arkoses from the literature: 1, sparagmite, Precambrian,
Norway (Barth 1938, p.60); 2, arkose, Precambrian (Jotnian), Satakunta, Finland (Simonen and Kuovo 1951); 3, pale arkose, Triassic, Connecticut
(Krynine 1950, p.85); 4, red arkose, Triassic, Connecticut (Krynine 1950, p.85); 5, average of 24 arkoses, Eocene-Oligocene, Santa'Y nez Mountains,
California(van de Kamp, Leake and Senior 1976). Contoursrepresent modal analyses of 260 thin sections of granitesfrom the eastern United States.
Contoursmorethan0, 2, 5, and 7% (0.25% contour from Chayes 1952, p.42). Dashed linerepresentsthelocusof ternary minimaand eutecticsfrom0.5
to 5 kilobars water vapour pressure (Luth, Jahns and Tuttle 1964).
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tassium fel dspar:plagioclaseratio variesfrom 1t0 2.8. Ac-
cessory minerals are biotite, hornblende, allanite and rare
pyrite. Local porphyroblasts of plagioclase and potassium
feldspar may be present. Potassium feldspar porphyro-
blastsare moreabundant and areupto 7.5by 14cminsize.
The compositional variations of the metamorphosed
granites of the map area are portrayed on quartz—plagio-
clase—potassum feldspar (QPK) and quartz—total feld-
spar—mafics (QFM) ternary diagrams (see Figure 28). All
samples are granitic in composition and are characterized
by an overall wide range in potassium feldspar:total feld-
gpar ratios. Chayes (1952) demonstrated that crystal-ig-
uid equilibria is an important controlling factor in the
evolution of many granitic masses and documented that
the modal analyses of granites from the eastern United
States cluster relatively closely on a QPK diagram (see
Figure 28b). The main concentration trend of the Chayes
contours approximately parallels the locus of isobaric
minima and eutectics in the haplogranite system
(SI0,-KAISI308-NaAlSi30g-H20), otherwise known as
the low-temperature“thermal valley” . Thiscomparison of
the haplogranite system with Chayes results must be
viewed as approximate, since minor amountsof albitewill
be finely intergrown with potassium feldspar and not ac-
counted for in the modal analyses. Approximately 60% of
the metamorphosed granitesfrom the study areafall within
Chayes contours, although no distinct clustering is evi-
dent proximal to the low-temperature cotectic portion of
thediagram. Thegranitic rocksinthestudy area, therefore,
do not appear to represent minimum melt composition.
Most rocks, instead, show atrend toward increasing potas-
sium feldspar content, and may represent products of rela-
tively extensive partial melting in the source region. Ob-
vious magmatic rocks, such asthe unmetamorphosed sub-
solvus granite pegmatite dikes of the Hybla swarm,
interestingly exhibit anidentical trend, with only one sam-
plefalling closetothelow-temperaturethermal valley (see
Figure 28b) as traced between 0.5 and 5 kilobars PHyo.

L eucosome compositionsfrom metatexitic and homo-
phanous metasedimentary migmatites fall into a distinc-
tively different field within Figure 28b, and bear no resem-
blance to metamorphosed granites. Fine-grained, recrys-
tallized granites (see Appendix 10) may be inadvertently
classified as arkose. No modal similarity, however, exists
between any of the study area granitesand various arkoses
from the literature as indicated on Figure 28b.

Tectonic Breccia

In this study, the tectonic breccias were classified accord-
ingtotheir matrix and, thus, havebeenlistedin several leg-
end subdivisions:

1. granite tectonic breccia (map unit 9g)
2. tonalite tectonic breccia (map unit 10e)

3.  metasedimentary migmatite tectonic breccia
(map unit 4n)

The breccias are characterized by diagnostic features,
listed asfollows:

Wicklow Area

1. intense diablastesisin metasedimentary migmatite
and biotite quartzofeldspathic gneiss

2. rootlessintrafolial folds

3. rotation of fragments as indicated by pre-existing
gneissosity and lineation within the clasts at various
athwart positionsin relation to the enclosing matrix
foliation

4. truncation of planar fabric containing prograde
granulite-facies and high-grade metamorphic assem-
blages within relatively mafic fragments by foli-
ation of enclosing host medium

5. presence of protomylonite to mylonite textures

6. leucosome-melanosome migmatitic coupletsin me-
tapelitic fragments, situated at an abrupt angle with
the fabric of the matrix. Observations 4 and 6 docu-
ment that tectonic mobilization developed latein
the tectonometamorphic history of the area and after
a high-grade to granulite-facies anatectic event.

Granite tectonic breccia, by far the most common breccia,
occupies asignificant portion of the Wicklow granite and
is also known to occur 200 m southeast of Johnson Lake
and very near the outlet of McCastle Pond. These occur-
rences have already been described (see* Metamorphosed
Felsic to Intermediate Plutonic Rocks’, and “Mafic to In-
termediate Gneiss’).

Tectonic breccias containing a tonalitic matrix occur
in 2 localities: near the northwestern map area corner in
Concession |, Lot 24, Lyell Township, and 0.8 km south-
west of Furz Mountain summitin Concession VI, Lot 3,in
Bangor Township. These rocks contain 10 to 20% lineated
fragments of medium-grained diorite and/or amphibolite
embedded within afoliated to gneissic hornblende-biotite
tonalite host. Thedioriteclastsareuptolby 1.3minsize.
The lineation within the clasts trends at various angles to
the enveloping foliation surfaces as at the Furz Mountain
occurrence.

Breccias contained within metasedimentary migma-
tites are also rare, are exposed in a few small outcropsin
the Centreview area (Concession VIII, Lot 8, Bangor
Township), and contain large diopside-bearing metagab-
bro clasts.

PETROCHEMISTRY OF THE
POTASSIC GRANITOID SUITE

Nine major and trace element analyses representative of
the metamorphosed potassi ¢ granitoid group appear in Ap-
pendix 2j. Rocks from this group exhibit relatively little
variation in terms of major element chemistry, which is
most apparent for SIO, (69.9 to 76.9%), Al,O3 (12.2 to
15.4%), K20 (4.17 to 6.53%), NapO (1.44 t0 2.97% ) and
total Fe as Fe;O3 (0.99 to 4.54% ). Calcium contents are
mostly quite similar to the average alkali granite (Nock-
0lds1954, p.1012) and averagel ow-cal cium granite (Ture-
kian and Wedepohl 1961, p.188). On a Ca—Na—K (CNK)
diagram (see Figure 19), the akalic chemistry of these
rocksis also indicated by a distinct clustering beyond the
calc-alkalic igneous trend of Nockolds and Allen (1953).
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On Figure 28b, Barth mesonormative proportions of
quartz, abite and orthoclase of Wicklow-area metamor-
phosed granites have been plotted in the haplogranite sys-
tem (SiO2-NaAlSi30g-KAISi30g-H20) and compared to
507 contoured granite analyses from the literature. Most
analysesfrom the map arealie outside this contoured field
and only one samplefallson thelocusof ternary minimaor
eutectics, that is, low-temperature trough for the haplo-
granite system. Instead, the observed distribution of Wick-
low-areagranitessuggestsaK 0 and SiO, enrichment rel -
ative to most minimum-melt granitic compositions. This
scatter in normative compositionsrendersit difficult toen-
visage minimum melt crystal-iquid equilibria as arele-
vant controlling factor in the petrogenesis of Wicklow-
area granites, and corroborates observations previousy
made on the basis of modal variation.

In the analyses listed in Appendix 2j, trace element
variation is greatest for Ba (800 to 1710 ppm), Zr (45 to
475 ppm), Sr (155 to 440 ppm) and total REE (389to 1459
ppm). Rubidium (80 to 170 ppm) ismore restricted; how-
ever, in most analyzed specimens, thiselement isdepleted
relative to K, as all but 2 specimens exceed the crustal
K/Rb upper limit of 300 (Taylor 1965). Ratios of K/Bain-
dicate adight depletion of Barelative to the crustal aver-
age of 65.

All specimens exhibit similar, strongly fractionated,
chondrite-normalized REE patterns showing moderate to
pronounced depletion of HREE relative to LREE (Figure
29). Lanthanum ranges from 89 to 386 ppm, representing
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an enrichment relative to chondritesbetween 262 and 1135
times chondrite. Ytterbium (0.6 to 4.7 ppm), on the other
hand, exhibitsamuch more restricted range of enrichment
(2.7 to 21.4x chondrite). Degree of fractionation, as ex-
pressed by the chondrite-normalized La/Y by ratio, is par-
ticularly high for specimens 3-11-4B, 4-3-15B and 7-2-6,
where ratios vary between 53 and 193 (see Appendix 2j).
The remaining specimens show more moderate La/Yb
ratios (15 to 36).

All granites contain negative Eu anomalies, featured
by EuW/Eu* between 0.29 and 0.72. The most pronounced
Eu anomaliesoccur in graniteswith highest total REE (see
specimens 4-3-15B, 7-2-6 and 7-6-4B in Appendix 2j).
There is a tendency for a decrease in total REE contents
and an increase in EW/EU* with increasing SO, content.

Maximum total REE levels (1459 ppm in specimen
7-2-6, see Appendix 2j) are contained within allanite-bear-
ing granite on Highway 127. This substantial content is
mainly composed of LREE (1435 ppm) and probably re-
latesto the presence of allanite, which preferentially parti-
tions LREE over HREE from the melt into allanite due to
its very high distribution coefficients (Henderson 1984,
p.26).

Sodic Granitoid Suite
(Map Units 10a to 10c)
Theserocksaremainly confinedto thelndian L akepluton-

ic complex. Thisis atonalite-quartz diorite-diorite meta-
plutonic association and trends southeasterly, parallel to
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Figure 29. Chondrite-normalized REE plots for metamorphosed potassic granitoid rocks from the Wicklow area.
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the M cClure-Wicklow townshi p boundary between Indian
L ake and the Madawaska Highway, for a distance of about
5.4 km. Thewidth of the complex isconsistently about 2.5
km. A branch of this complex extends beyond the western
map area limits, identical rock types were encountered at
the village of Lake St. Peter, just west of the map area.

A strong hornblende lineation pervades most parts of
the Indian Lake plutonic complex and may be accompa-
nied by weak to moderate foliations. Thisfoliation is de-
fined by the preferred orientation of biotite. All rock types
have been recrystallized and exhibit interl obate granobl as-
tic textures.

Dominant rock types are light grey-weathering bio-
tite, hornblende-biotite, and biotite-hornblende tonalite to
quartz diorite. Subordinate diorite also occurs. Modal
analyses of typical rock types of thiscomplex are givenin
Appendix 1g. Good exposures of quartz diorite to tonalite
arelocated on Range 31, McClure Township, very near the
boundary with Wicklow Township and at the termination
of a hunting club access road which commences at High-
way 127 near the Papineau Creek bridge. These exposures
contain 10to 20% inclusionsof medium-grained, lineated,
bi otite-hornblende diorite, concordant to subtly discordant
boudinaged amphibolite dikes, and thin (1 to 2 cm) white
hololeucocratic, fine- to medium-grained trondhjemite
veins.

Trondhjemitic-tonalitic metapl utonic rocks common-
ly occur el sewhere within the study area, in most placesas
inclusions within metasedimentary migmatite, dioritic
metapl utonic rocks, metamorphosed granites, and felsicto
intermediate gneisses. Their relationship with the felsic
andintermediate gneisses, asinthe Brouse Pond area, may
simply point out that the tonalitic-quartz diorite metaplu-
tonic rocksarelessdeformed equival entsof such gneisses.

Wicklow Area

Unmetamorphosed Felsic to
Intermediate Plutonic Rocks
(Map Unit 11)

POTASSIC GRANITOID SUITE

Dikes of the posttectonic Hybla granite pegmatites (map
units 11a to 11f) extend across the northwestern part of
the map areaand trend between 040 and 060°. Besidesrare
diabase dikes, these rocks represent the only rocksthat es-
caped the main effectsof the Grenville orogeny inthearea.
Most dikesareinthe0.5to 3mwidth range. Contactsof the
dikes with host rocks are invariably sharp and vertical to
subvertical. The 4.5 km by 240 m Yuill Lake granite peg-
matite-aplite dike is, by far, the largest Hybla dike in the
area. It hasasteep, dightly curvilinear northwest contact,
which strikes 045°. Wider dikes may exhibit a discontinu-
ous quartz-rich core zone that completely encloses homo-
geneous euhedral blocky potassium feldspar megacrysts.
Thelargest examplesof these crystalsmeasure 3.5mindi-
ameter as encountered on Balsam L ake (see“Dubblestein
Occurrence” in “Economic Geology”). Such coarse grain
sizes are very exceptional asmost dikesrarely exceed a5
to 20 mm grain-sizerange. Theselargefeldspar, coarseal-
bite, and accessory bictite crystals are usually euhedral.
Otherwise, these rocks exhibit an inequigranul ar, allotrio-
morphic-granular texture. Aplite-pegmatite layering is
relatively rare and wasonly observed withinthe Yuill Lake
dike.

Modal analyses of several posttectonic dikes are pre-
sented in Appendix 1r. Compositional variation is por-
trayed on QFM and QPK diagrams (Figure 30). A compo-
sitional variation quite similar to that of ametamorphosed
potassic granitoid suite is apparent, excluding 2 extreme
rock samples. Specimen 5-6-3islikely part of aquartz-rich

Quartz

Mafics

Feldspar (total)

Potassium Feldspar Plagioclase

Figure30. Modal variation of unmetamorphosed potassic granitoid suiterocksin quartz—total feldspar—mafics (QFM) and quartz—plagioclase—potas-
siumfeldspar (QPK) ternary diagrams. On the QPK diagram, contoursrepresent modal analysesof 260 thin sectionsof granitesfromthe eastern United
States. Contoursmorethan 0, 2, 5, and 7% (0.25% contour from Chayes 1952, p.42). Dashed line representsthe locus of ternary minimaand eutectics
from 0.5 to 5 kilobars water vapour pressure (Luth, Jahns and Tuttle 1964).
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core zone and specimen 1-2-1C is of arare albitic trond-
hjemite composition.

Most rocks are hol ol eucocratic asindicated on aQFM
diagram (see Figure 30). Accessory mineralsin the granit-
icdikesarebiotite, magnetite, alanite, titanite, muscovite,
apatite and rare zircon in approximate order of decreasing
abundance. Most of these constituents are euhedral to sub-
hedral, with the exception of magnetite, which occurs as
coarse, irregular, anhedral, locally spectacular aggregates
up to 5 by 8 cm. Sphene-bearing pegmatitic dikes were
only noted in the extreme southwestern corner of the map
area, where such examples are exposed along Highway
127. Euhedral allanite, which is usually glossy black on
fresh surface, and weathers to a khaki brown, is a very
common mineral in posttectonic granite pegmatites of the
area. Thelargest crystal measured 1 by 2.3 cm on outcrop
surface.

Mafic Intrusive Rocks (Map Unit 12)

DIABASE

Narrow, massive, fine-grained to aphanitic diabase dikes
(1to3mwidth) werefoundat 2localities, thatis, onMada-
waska Highway at the previousy mentioned “type” out-
crop for granite tectonic breccia of the Wicklow granite,
and very near the northeastern shoreline of Papineau Lake
on Concession X, Lot 2, Bangor Township. These 2 dikes
have attitudes of 110/43S and 100/90, respectively. The
rocksaredark grey on afresh surface. Minor sulphide min-
erals, such aspyrrhotite, commonly form filmsalong frac-
tures and weather rusty brown.

CENOZOIC

Quaternary

PLEISTOCENE AND RECENT

Surficial glacial deposits cover large portions of the map
area, particularly inthewesternthird of the area. Extensive
north—south oriented glaciofluvial till, and scarcer ground
moraine boulder till, completely transgresses the map
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sheet (see Map 2550, back pocket). Other, less extensive,
areas dominated by glacial deposits are situated east of
Maple Leaf and Greenview and along Papineau Creek in
the southwestern corner of themap area. Locally, these de-
posits may have considerabl e thickness, as documented in
Greenview. On afarmin thisarea, approximately 90 m of
overburden was encountered prior to intersecting bedrock
while drilling awell.

The map area has not received detailed or reconnais-
sance Pleistocene geol ogical mapping. A large areaimme-
diately south of the map areahas been surveyed by Barnett
and Leyland (1981), who considered that the glacial de-
posits are of probable Wisconsinan age. Direction of ice
movement, as ascertained by drumlinoidal ridges and
glacial striae within the map area, averaged about 196°.
Ground moraine, boulder-till depositsare relatively older,
based on exposures such as on the Greenview Road south
of Maple Leaf, where outwash sands overlie boulder till.
Boulder till covers extensive parts of the map area. Boul-
der tills occupy topographically elevated areas, as in the
northwest corner, east of Hawk and Evans lakes; between
the western shore of Papineau L ake and the higher ground
between Johnson, Yuill and Little Papineau lakes, and
Moore's Pond. Much of the Centreview area is also cov-
ered with boulder till. Good roadcuts can be examined
along the Centreview Road immediately west of Hoare
Lake.

Sporadic, very large, erratic blocks are notable in the
map area; for example, 1.8 km northwest of Little Papi-
neau L ake, wherethelargest single boulder measured 3 by
3 by 10 m: aboulder of allanite-magnetite-biotite granite,
petrologically identical to the Yuill Lake dike. Smaller er-
ratic blocks occur in many areas of boulder till, for exam-
ple, the higher ground immediately east of the erratic pile
described above.

Fluviatile deposits, the most abundant glacial uncon-
solidated sedimentsin the area, are mainly represented by
outwash sand and gravel deposits, which occupy extensive
areasand arelocally pitted with kettle depressionsasinthe
Blairs-Haley lakes area. Groups of esker ridges occur in
the Blairs-Little Watson—Cardwell lakes area, and at the
western map boundary trending parallel to the Papineau
Creek.



Metamorphism

Most of the study areaisunderlain by high-grade metamor-
phic rocks using the definitions of Winkler (1979). Local-
ly, however, hypersthene zone (granulite-grade) rocks
occur. These orthopyroxene-bearing assemblages are
apparently confined to local “nodes’, asa continuous dis-
tribution in the field is not observed. These “nodes’ were
encountered at 7 localities, which are predominantly con-
centrated within the northeastern portion of the map area
approximately bounded by Papineau L ake, the Wicklow—
Bangor Township boundary, Highway 62, and northeast-
ern map boundaries(see Figure 2). Thelargest “nodes’ oc-
cur at Davisldland (240 m diameter) and near Hoare L ake
(200 by 240 m). Thus, the study area has a metamorphic
pattern that characterizes it as high grade that locally
achieves granulite-facies conditions.

Sel ected coexisting metamorphi c mineral assemblage
data and corresponding rock types arelisted within Tables
7 and 8. Orthopyroxene is generally restricted to rocks of
mafic bulk compositions such as amphibolite, diorite,
quartz diorite and pelitic metasedimentary rocks. It only
rarely appearsin rocks of morefelsic compositionssuch as
trondhjemite.

The most petrographically interesting appearance of
orthopyroxeneisinassociationwith gedrite + garnet + cor-
dierite + biotite (see“Hoare Lake Gneisses’). Thisunique
assemblage (see Table 7) probably documentsthat granu-
lite metamorphisminthe areaoccurred under intermediate
pressures (Green and Ringwood 1967). Evidence for this
interpretation are the metastable cordierite-sillimanite-
spinel domains described in detail in the ensuing text. Al-
though no stable aluminosilicates appear to coexist with
the Hoare L ake gneiss assemblages, it is probable that the
prograde metamorphic event engendering these unique
mineral assemblages occurred within P-T confines of the
sillimanitefield. Thisinterpretationissubstantiated by ro-
bust sillimanite occurring in garnet-sillimanite-quartz-
biotite-plagioclase metapelite on the Centreview Road
about 125 m west of the orthopyroxene-bearing gneisses.

GRAPHICAL PRESENTATION OF
METAMORPHIC MINERAL
ASSEMBLAGES

Compatible, limiting metamorphic mineral assemblages
mainly from metasedimentary rockslisted in Tables 7 and
8 are shown schematically in 2 modifications of the AFM
projection of Thompson (1957) from the AKFM tetrahe-
dron (Figures 31 and 32). This projection is a graphic re-
duction of the 10 component system SiO»-Al,O3-FeO-
FexO3-MgO-TiO2-CaO-NapO-K»0-H20, based on the as-
sumptions of silica saturation (presence of quartz), that
plagioclaseisof constant composition, that magnetite and
ilmenite are present, and that P, T and PH,0 were constant.

The 2 modified projections relate to presence or ab-
sence of potassium feldspar. Many high-grade metasedi-

mentary rocks of the Wicklow area contain this mineral
and, hence, it has been employed as a projection point in
the AKFM tetrahedron, asinitially devised by Rheinhardt
(1968). The components of the projection are arranged as
follows:

A = Al»03 — (K20 + NapO + Ca0)

F = FeO — (FexO3 + TiOp)

M =MgO
However, some rocks do not contain potassium feldspar,
such as K,O-impoverished metawackes and certain deal-
kalized rocks (Hoare Lake gneissic suite). These rocks
cannot be represented on the above ternary diagram.
Therefore, another modification of the AFM diagram de-
vised by Froese (1963, 1969, 1972, 1978) wasused. It em-
ploys plagioclase asthe projection point, sinceit ispresent
inalmost all rockscontaining no potassium fel dspar. Com-
ponents were arranged as follows:

A = Al»,03 — (Ca0 + Nax0O)

F = FeO — (FexO3 + TiOp)

M =MgO
Based on published experimental dataandfield and micro-
scopic studies, it appears that there are some differences
between the metamorphic conditions responsible for the
mineral assemblages in the rocks of the Grenville Super-
group and those represented by the Madawaska Highlands
gneissic complex. Therefore, these 2 lithological groups
will be discussed separately.

MADAWASKA HIGHLANDS
GNEISSIC COMPLEX

This metamorphic domain (see Table 7) differs from the
Grenville Supergroup in containing intermediate-pressure
granulite-grade assemblages in addition to trondhjemite-
tonalite anatectic melt systems devel oped within the clas-
tic metasedimentary belts of wacke-pelite composition.
The specific assemblage potassium feldspar (perthite) +
garnet + sillimanite + biotite + quartz + plagioclase (Ansp)
in association with irregular pods of sillimanite-bearing
leucosome, as on Furz Mountain, indicates temperatures
greater than 665°C and pressures exceeding 3 kilobars.
Theinvariant point of pertinence to these temperature and
pressure value estimates is defined by the intersection of
the curve muscovite + quartz = aluminosilicate + potas-
sium feldspar + vapour (Althauset a. 1970) with the curve
albite + muscovite + quartz + H,O = melt + Al,SIO5
(Storre and Karotke 1971).

The upper limits of metamorphic conditions are in-
ferred from the mineral assemblages encountered in the
Hoare L ake gneisses. Thedeductionisbased onthecritical
textural-mineralogical relations of metastable sillimanite
and spinel, which are completely enveloped by cordierite,
which, inturn, isenclosed mostly by gedrite. Similar coro-
nas were reported from other metamorphic terranes by
Heitanen (1959), Vernon (1972) and Robinson and Jaffe
(1969).
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Table 7. Metamorphic mineral assemblages from high-grade to granulite-grade Madawaska Highlands gneissic complex.

Metamorphic  Lithology M etamor phic Assemblage! Retrogressive Mineral(s)
Grade
High Grade Metawacke + Fe-oxide + bt + grt + gtz + hbl + pl (Angs)
Metawacke kfs+grt + bt + gtz + pl Muscovite replacing biotite and
plagioclase
Metapelite = grt + hbl + kfs+ gtz + bt + pl
Metapelite + kfs+ Fe-oxide + hbl + gtz + bt + pl
Metapelite kfs+qtz + pl + bt
Metapelite grt + hbl + gtz + pl + bt
Metapelite Fe-oxide + grt + bt + pl (Angg)
Metawacke + hbl + Fe-oxide + ttn + gtz + bt + pl
Metapelite Fe-oxide + sil + grt + gtz + bt + pl Chlorite, muscovite replace biotite;
Incipient to moderate sericitization
of plagioclase
Anatectic pods Fe-oxide + Perthite + grt + sil + bt + gtz + pl (Angzp) Retrogressive minerals as above
in metapelite bt + hbl + gtz + pl
Metawacke Fe-oxide + ged + bt + gtz + pl (Angg)
Iron-rich metasediment bt + Fe-oxide + pl + hbl + gtz + grt
Metapelite + ep = ttn = Fe-oxide + hbl + gtz + pl (Any7) + bt
Metapelite di +pl + gtz + bt
Calc-silicate skarn hbl + di + scp + pl (Angg) + gtz
Calc-silicate skarn hbl + ttn + ¢ + scp + di
High Grade Amphibolite gtz + di + hbl + pl (Ansa)
Amphibolite ttn + di + gtz + pl (Angg) + hbl
Amphibolite Fe-oxide + bt + pl (Anzg) + hbl
Amphibolite bt + hbl + Fe-oxide + grt + pl (Angp)
Amphibolite + gtz + Fe-oxide + ttn + bt + hbl + pl
Metagabbro bt + di + hbl + pl (Angg)
Metagabbro + Fe-oxide + bt + grt + hbl + pl
Diorite kfs + Fe-oxide + gtz + bt + hbl + pl (Anyg) Local chlorite replacement of biotite
Quartz diorite Fe-oxide + kfs + hbl + gtz + bt + pl
Tonalite hbl + kfs+ bt + gtz + pl

1 Listed in order of increasing abundance (abbreviations at end of table)

IntheHoareL akearea, cordierite+ spinel + corundum
probably formed at the expense of sillimanite, gedrite,
with, or in the absence of, quartz. Robinson and Jaffe
(1969) have described similar cordierite-rimmed enclaves
containing sillimanite, kyanite, staurolite, spinel and by-
townite in cordierite-gedrite gneisses interbedded within
the Ammnoosuc Volcanics of Middle Ordovician age at
Richmond, New Hampshire. These aluminous enclaves
developed according to 2 major reactionsdefined by Rob-
inson and Jaffe (1969):

1) quartz + gedrite + aluminosilicate = cordierite
2) gedrite + aluminosilicate = cordierite + corundum

In the New Hampshire and Hoare Lake rocks, gedrite is
never observed in contact with aluminosilicate minerals.
The great similarity in textures of the Hoare Lake rocks
with several of those documented in great detail by Robin-
son and Jaffe (1969), and the observation that these en-
claves only occur within coarse gedrite-rich patches as at
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Hoare Lake and at Fishtail Lake, Ontario (Lal and Moor-
house 1969, p.151) suggestsacommon metamorphic reac-
tionand lends someweight to the model derived by Robin-
son and Jaffe (1969).

These authors explained the observed reactions by as-
suming a breakdown of the high-pressure assemblage of
gedrite + aluminosilicate + quartz because of adecreasein
load pressure due to tectonic uplift and/or rapid erosion.
Cordierite, having been formed according to the reactions
above, may completely enclose one of the reacting miner-
als, sillimanite, and, in doing so, curtailsthe reaction from
achieving completion. Corundum, as seen in reaction 2
above, isformed from quartz-free assemblages only.

Reaction 1 of Robinson and Jaffe (1969) can be
approximated experimentally by the reaction aluminum
enstatite + sillimanite + quartz = cordierite (Schreyer and
Yoder 1964, p.304; Newton, Charlu and Kleppa 1974) and
isplotted in Figure 33. Intersection of the lower and upper
curves of Greenwood (1963) with the kyanite-sillimanite



Table 7. Continued

Wicklow Area

Metamorphic  Lithology M etamor phic Assemblage Retrogressive Mineral(s)
Grade
Granulite Trondhjemite Fe-oxide + opx + bt + gtz + pl
Grade Metagabbro gtz + opx + bt + di + hbl + pl
Quartz diorite Fe-oxide + bt + opx + di + pl (Angss, antiperthite)
Amphibolite dike gtz + opx + pl
Metapelite opx + Fe-oxide + kfs + hbl + gtz + pl (Ansg) + bt
Anatectic podsin hem + opx + kfs+ bt + gtz + pl
preceding metapelite
assemblage
Anatectic pods +qtz + di + opx + pl (Anz3) Hornblende thinly mantles coarse
indiorite diopside and/or
+ qtz + Fe-oxide + hbl + pl + opx Orthopyroxene polycrystalline
aggregates
Iron-rich metasediment gtz + Fe-oxide + bt + grt + opx + pl (Angs)
Lensoid podsin gtz + Fe-oxide + opx + hbl + di + pl (Angp)
amphibolite
Granulite Hoare L ake gneisses
Grade Amphibolite layers + opx + Fe-oxide + gtz + pl + hbl

Scalloped replacement
zones in amphibolite

Transgressing 2 to 3 cm
wide veinsin amphibolite

Quartz diorite layers
Garnet-quartz restite

Cordierite-orthoamphibole-
orthopyroxene restite

gtz + bt + grt + opx + pl
Fe-oxide + opx + pl (Angs)

+ Fe-oxide = bt + grt + gtz + opx + pl (Ansp)
+pl+bt+grt+qtz

grt + gtz + pl (Angp—ag4) + bt + oam + opx + crd
gtz + pl (Anzg) + bt + oam + crd + opx

gtz + pl (Angs) + bt + grt + crd + opx

gtz + pl (Anzg) + bt + oam + grt

spl + sil + crd (small metastable enclaves in gedrite-rich domains)
spr + ky (small metastable enclavesin garnet-rich domains)

Abbreviations: An Anorthite
bt Biotite grt Garnet ky Kyanite spr Sapphirine
crd Cordierite ged Gedrite oam Orthoamphibole scp Scapolite
di Diopside hem Hematite opx Orthopyroxene sl Sllimanite
ep Epidote hbl Hornblende pl Plagioclase spl Spinel
Fe-oxide  Opaqueiron oxide kfs Potassiumfeldspar gtz Quartz ttn Titanite
Table 8. Metamorphic mineral assemblages from Grenville Supergroup rock types.
M etamor phic Grade Lithology Assemblage
High Grade Metapelite or + gtz + kfs+ bt + pl (Ang7)

Metapelite gr +sil + grt + bt + kfs + gtz + pl (Anzp)

Metapelite +0r = bt + ttn + gtz + hbl + pl (Ans7)

Marble di? + Fe-oxide+ gtz +tlc+ ¢

Marble +plxscp+qtz+di+phl+c

Marble ttn+qtz+di+scp+c

Siliceous carbonate metasediment c+qtz+scp+bt+pl

Calc-silicate skarn qtz + hbl + pl + grt + scp

Calc-silicate skarn = pl + act + ttn + gtz + di

Amphibolite dike gtz + di + hbl + pl (Anzp)
Abbreviations: An Anorthite
act Actinolite Fe-oxide Opaqueiron oxide kfs Potassium feldspar scp Scapolite
bt Biotite grt Garnet phl Phlogopite sl Sllimanite
c Carbonate or Graphite pl Plagioclase tic Talc
di Diopside hbl Hornblende gtz Quartz ttn Titanite
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boundary of Holdaway (1971) suggests metamorphic con-
ditionscharacterized by atemperature of 730to 790°C and
aload pressure of about 6 kilobars. The peak metamorphic
conditions prior to unloading are deduced to have been

A= Al;O; - (K0 + Na,0 + Ca0)
F = FeO - (Fe,0; + TiO,)
M = MgO
Constant P, T, o
o Madawaska Highlands + quanz ;
gneissic complex + potassium feldspar

i + plagioclase of constant
& Grenville Supergroup composition
magnetite
iimenite

Sillimanite . A

+
+

Cordierite

Garnet

Bictite

Hornblende

Figure 31. AFM diagram depicting phase relations in high-grade as-
semblages developed in metasedimentary rocks of the Wicklow area.

A= AL0; - (KO + Na,0 + Ca0)
F = Fe0O - (Fe,0; + TIO)

M= MgO
Constant P, 7,
Silimanite A Fho
+ Quarz
+ potassium feldspar
a) + plagioclase of constant
composition
+ magnetite
+ imenite
¢ Observed mineral
assemblage, position
approximate
'6'33§ Cordierite
4A-6-34x
Gamet
4A-6-354¢
Biotite
F Orthopyroxene } M

i Hornblende

to Clinopyroxene

around the kyanite-sillimanite boundary, that is, T =
770°C and P = 8.5 kilobars. Thisis petrographically de-
duced from metastable inclusions of sapphirine mantling
kyanite, with both minerals entirely contained within gar-
net.

Somewhat higher temperatures than 770°C possibly
prevailed. The reaction hornblende + quartz = orthopyrox-
ene + clinopyroxene + plagioclase + vapour (Binns 1969),
can be observed locally in amphibolite, for example, near
Franz Pond. This pressure-nonspecific reaction character-
izes temperatures of about 810°C.

GRENVILLE SUPERGROUP

Metamorphism of rocks of the Grenville Supergroup has
occurred under conditionsdistinct from those of the Mada-
waska Highlands gneissic complex.

Rare Grenville Supergroup metapelites were meta-
morphosed under pressure of lessthan 3 kilobars. Thisis
indicated by metapelites characterized by the presence of
sillimanite and potassium fel dspar and the absence of ana-
tectic melts (see Table 8). These observations indicate
metamorphic temperatures above the divariant reaction
muscovite + quartz = Al»,SIOs + potassium feldspar + va-
pour, but below the curve of minimum melting (see Figure
33), which also constrains pressure to less than 3 kilobars
(see Figure 33).

These observations suggest metamorphic conditions
under which the Grenville Supergroup rocks of the present

A= A0, - (KO + Na,0 + Ca0)
F = FeO - (Fe,0s + TiO,)
M= MgO

Constant A, T,
Silimanite A "0

+ quartz

+ ilmenite

+ magnetite

+ plagioclase of constant
composition

¢ Observed mineral
assemblage, position
approximate

Cordierite

Orthoamphibole

Cugmmingtonite

Hornblende

to Clinopyroxene

Figure32. AFM diagramsdepicting phaserelationsin granulite assemblages devel oped in metasedimentary rocksof the MadawaskaHighlands
gneissic complex. a) Assemblages containing potassium fel dspar. b) Assemblages containing biotite asthe sole K ,0-bearing phase. Diagram (a)
is after Rheinhardt and Skippen (1970). Diagram (b), including stippled areawhich indicates biotite coexistence, is from Froese (1978). Bulk
compositions of sillimanite metapelites containing potassium feldspar are placed on (a). Analyses for specimens 4A-6-33A, 4A-6-34 and
4A-6-35, shownin (a), arein Appendixes 1f and 2c, respectively. These may possibly be in granulite grade as crosscutting mafic dykeswhich

contain orthopyroxene.
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areawereformed asfollows. T=625t0 725°C; P=1to3
kilobars (see Figure 33). These temperature values are
considered to be maximum estimates, ascommon graphite
inthe metapelitesprobably had the effect of reducing reac-
tion temperatures (for details, see Kerrick 1972).

In summation, the observed metamorphic mineral as-
semblages appear to indicate 2 distinct metamorphic do-
mainswithinthestudy area. Juxtaposition of thelower P—T
Grenville Supergroup rocksover highly migmatized, high-
er P—T Madawaska Highlands gneissic complex rocksin-
fers, then, that horizontal tectonics occurred posterior to
the regional metamorphism. This conclusion is substan-
tiated by observationsin tectonic breccia zones contained
within the higher P—T metamorphic domain. Inthese brec-
cia zones, fragments occur that exhibit an older, tectonic-

Wicklow Area

prograde metamorphic texture truncated by a later fabric
of the breccia matrix.

RETROGRADE METAMORPHISM

Inthe map area, retrograde mineralsarerestricted to zones
of obvious fluid ingress, that is, joint surfaces and fault
zones. Many rock fractures, particularly in the southwest-
ern corner of the area, exhibit epidote and/or hematite
coating. Narrow, |late-stage faults show moderate chlorite
and/or sericite replacement of biotite. Thin mantling of
orthopyroxene and diopside megacrystsby hornblendein-
dicates local retrogression of granulite assemblages, par-
ticularly those developed within anatectic melts, such as
on Davis Idand in Papineau Lake. Incipient to moderate
sericitization of plagioclaseisanother effect of retrograde
metamorphism.
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Grenville Supergroup
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spr+ en? + qiz (10) As = Aluminosilicate Minerals

ath = Anthophyllite
ab = Albite
bt = Biotite
chl = Chlorite
crd = Cordierite
en = Enstatite
kfs = Potassium feldspar
ms = Muscovite
opx = Orthopyroxene
cpx = Clinopyroxene
pl = Plagioclase
qtz = Quartz
spr = Sapphirine
sil = Sillimanite
hbl = Homblende
V = Vapour Phase
tr-act = Tremolite-Actinolite
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gneissic complex

1
800

T (0)

1
900

Figure33. Inferred P-T regional metamorphic conditioninthe Wicklow areaintermsof experimentally calibrated reactions: 1, aluminosilicate
system (after Holdaway 1971); 2, Hirschberg and Winkler (1968); 3, Althauset al. (1970); 4, Merrill, Robertson and Wyllie (1970), and Tuttle
and Bowen (1958); 5, Storre and Karotke (1971); 6, 7, Greenwood (1963); 8, Binns (1969); 9, Binns (1969), beginning of melting curve for
quartz-bearing amphibolite and hornblende pyroxene gneiss; 10, Newton, Charlu and Kleppa (1974).
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Structural Geology

REGIONAL TECTONIC SETTING

The Bancroft district embraces contrasting highland— ow-
land terranes (Hewitt 1956, 1962) whoseelementsreflect a
complex and protracted tectonic evolution of a basement
and cover seriesof rocks, which have suffered aMesoprot-
erozoic period of intense deformati on and metamorphism.

Wynne-Edwards (1972) outlines 3 broad lithotectonic
segmentsinthisdistrict (see Figure 3): 1) areworked high-
land basement complex comprising the Ontario Gneiss
Segment (the Algonquin Domain in Figure 3); 2) atransi-
tional highland zone, north and west of Bancroft, involving
mixed basement and cover rocks, comprising Segment [ Va
of the Central Metasedimentary Belt; and 3) a lowland
cover succession (Grenville Supergroup) southeast of Ban-
croft, comprising carbonate- and volcanic-rich rock Seg-
ment 1Vb of the Central Metasedimentary Belt.

The northern highlands area (see Figure 3) is under-
lain by the Algonquin Domain of the Ontario Gneiss Seg-
ment (Davidson and Morgan 1980) within which two-py-
roxene granulite facies is shown to be regionally wide-
spread (Fraser, Heywood and Mazurski 1978; Davidson et
al. 1979). Whole-rock Rb/Sr analysis of granulite-grade
paragneissfrom the Barry’sBay area(Bell and Blenkinsop
1980) suggestsametamorphic age of 1430+20 Ma, consid-
ered to bein general agreement with other valuesreported
from the Ontario Gneiss Segment. Lumbers (1980, 1982)
regardsthisregion, at least initseastern portion from Bark
Lake to the Ottawa River, to involve various “anorthosite
suite” orthognei sses, which he collectively namesthe“ Al-
gonquin batholith”. High-grade metamorphism, in part
retrogressive, isapparent in someregionsof the Algonquin
Domain (Davidson and Morgan 1980).

Other crustal domains in the western Ontario Gneiss
Segment (Davidson, Culshaw and Nadeau 1982) are litho-
logically and metamorphically distinct, and display de-
formation patterns with prominent northeast and north-
west trends, which structurally succeed each other general -
ly in a southeast direction. Domains are outlined by
high-strain “tectonitezones’, considered tobevery ductile
loci of mobility between tectonically interleaved crustal
segments. The internal structure of the various domains
suggests truncation patterns generally to one side across
tectonite zones. northeast-trending domains truncate do-
mains on their northwest sides, whereas northwest-trend-
ing domains truncate underlying domains on their north-
west sidesaswell asalong their flanks. Asymmetric small-
scalestructures(sigmoidal fel dspar augen, rotated tectonic
gneissinclusions) commonly imply that northwest-trend-
ing domainsdisplay macroscopic folds essentially coaxial
with the penetrative southeast-plunging mineral lineation,
which al so passescontinuously through northeast-trending
domains.

Whereas Wynne-Edwards (1972) regards northwest
trends within the Ontario Gneiss Segment as reflecting
“Hudsonian” structures, itisclear fromthe evidencegiven
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by Davidson and co-workers, aswell asthat presented |ater
here, that these are in regional interplay with northeast
trends and have acommon geometric fabric elementinthe
southeast-plunging lineation. Such a fabric is critical for
regional correlation of deformational style (Park 1969).

In the Hastings Basin (Segment 1VVb), Grenville Su-
pergroup carbonate rocks underlie the terrain around Ban-
croft and overlie and interfinger with volcanic rocks fur-
ther southeast. These rocks were deposited ca. 1300 mil-
lion yearsago and postdate an inferred period of basement
stabilization in the highlands (J.M. Moore, Jr., persona
communication, 1983).

The Wicklow map area straddles the interpreted
boundary between lithotectonic segments 1 and 2, which
liewithin the Haliburton—Hastings—Madawaska highlands
region (Hewitt 1956, 1962), and are dominated by grey
quartzofeldspathic gneiss and migmatite of high-grade,
and locally granulite-grade, metamorphism. Segment 1Va
isprimarily defined by Wynne-Edwards (1972) inthe Gla-
morgan and Cardiff areas west of Bancroft, where north-
ernmost Grenville Supergroup rocks, including important
suites of akalic gneiss, envelop doma masses of “grey
gneiss’ and migmatite considered to represent a possibly
contiguous remobilized basement in mantled gneiss
domes. Many such doma masses are broadly northeast
trending and inclined away from the lowlands region.
Wynne-Edwards (1972) extends the segment northeast-
ward through the Bancroft area asfar asthe OttawaRiver,
and includes in it the southern portion of Hewitt's high-
lands region, presumably as a transitional lithotectonic
zone where folded belts and enclaves of Grenville Super-
group rocks are intermixed with more typical “grey
gneiss’ of the highlands. Onthisbasis, the northernmargin
of Segment | Vaishere considered to extend northeastward
of Maynooth, roughly parallel to Highway 62, and contain
the Grenville Supergroup rocks and syenitic gneiss ex-
posed in the southeastern part of the Wicklow map area
(see Figure 3 and “ Structural Domains”).

Lumbers (1978, 1980, 1982) suggests that the Gren-
ville Supergroup unconformably overlies Algonquin-
region rocks with a continuous, basal coarse clastic (“ar-
kosic") sequence, extending northeastward through May-
nooth, Combermere and Gol den L aketo the OttawaRiver.
He considerslocal “pebbly to bouldery” unitsto reflect di-
rect erosion of their underlying basement and/or reworking
of an arkosic regolith. Thisunit isclaimed to display afa-
cieschange upward into progressively carbonate-rich rock
units. A similar basal clastic sequence is proposed by
Bright (1979, 1980) as the Anstruther Lake Group of
“coarsely recrystallized, migmatitic arkose and arenite”,
which mantles the Cardiff dome and forms a belt running
easterly through South Elephant L ake and Baptiste Lakein
the Bancroft area. The concept of abasal arkosi ¢ sequence
to the Grenville Supergroup has influenced regional sum-
mariesof economic mineral distribution (Masson and Gor-
don 1981, Carter, Colvine and Meyn 1980; Storey and Vos
1981).



Significant belts of alkalic gneissin the Bancroft dis-
trict, including nepheline- and corundum-bearing vari-
eties, parallel the northwestern margin of the Central
Metasedimentary Belt and are restricted in occurrence to
highlands Segment 1VVa. An important nepheline syenite
suite, showing igneous textures, yields a U/Pb zircon age
of 1225+3 Ma and whole-rock Rb/Sr crystallization ages
of 1187+56 and 1164+26 Ma, and may have formed in a
continental rifting environment (Miller and Gittins 1982).
Stable sialic basement to the Grenville Supergroup was,
thus, seemingly present at least asfar southeastward asthe
lowland boundary. The “rifting event” occurred during or
subsequent to most major trondhjemite intrusions related
to the Elzevirian orogeny, and long before such plutons
were uplifted and eroded to contribute clastswithin the un-
conformable Flinton Group (ca. 1080 to 1050+25 Ma)
(Moore and Thompson 1980).

Theoriginal relationshi ps between basement and cov-
er are highly modified by regional ductile deformation of
complex style, which, in both highlands and lowlands, is
portrayed by “D»>" (with respect to the Grenville Super-
group) metamorphic fabrics and metamorphic ages from
ca. 1050 to at least 1000 Ma. This corresponds to the
“main” Grenvillian or “Ottawan Orogeny” (Moore 1982;
Moore and Thompson 1980; see also Bell 1981), whichis
possibly related to collison of continental fragments
(Moore 1982). Adamsand Barlow did not identify theorig-
inal nature of the basement to the cover sequence, evidence
of it being “everywheretorn to pieces by the graniticintru-
sions of the Laurentian granites’ (Adams and Barlow
1913, p.36), whose “enormous development” has arched
the cover concomitant with “ asecond factor in the form of
atangential pressure, acting . . . inageneral northwesterly
and southeasterly direction” (Adams and Barlow 1910,
p.16) which they relate to a northeast-trending orogenic
belt.

Within the highlands region, the D, deformation is
characterized by a penetrative L—S fabric with a mineral
lineation plunging uniformly southeast at shallow angles,
regardless of variations in the strike of the foliation (e.g.,
Hewitt 1962). The foliation is a composite $-S, fabric
where S; is commonly defined by earlier metamorphic
segregation layering tightly to isoclinally folded about S,
surfaces. Foliation generally dips shallowly southeast-
ward, but also curvesin strike from northeast to northwest
outlining later major southeast-plunging folds (Figure 34,
back pocket). These folds constitute another ubiquitous
characteristic of the highlands region. Within the low-
lands, the predominant D, mineral lineation trends north-
east or southwest at a high angle to that in the highlands,
and lies within moderately to steeply dipping, northeast-
striking foliation surfaces.

With regard to the structural transition from lowlands
(Segment I Vb) to highlands (Segment 1Va), Hewitt (1956,
1962) considered broad southeast-dipping mylonite zones
to separatethe 2 terranes. He al so postul ated (Hewitt 1956)
that a marked northward increase in metamorphic grade,
indicated by a sillimanite-garnet gneiss zone east of Ban-
croft, represents a “frontal zone of dynamic metamor-
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phism” between lowlands and highlands. However, Best
(1966) showed that the mylonitic rocks occur within the
highlands quartzofeldspathic gneiss, and do not, them-
selves, constitute an abrupt break. Best (1966) suggested a
progressive change in Dy structural character from low-
lands to highlands that involves tightening of folds and
rotation of axial lineations into a down-dip direction
(southeast) of maximum extension. On statistical grounds,
Divi (1972) and Divi and Fyson (1973) demonstrated a
similar progressive rotation of axial lineations from low-
plunging, northeast-southwest axeswith small rake angles
within thefoliation in the lowlands, to southeast-plunging
lineations with large rake angles (that is, approximately
down-dip) inthe highlands. Thistransitionisdisplayedin
Figure 3 as the southern limit of the southeast-plunging
lineation, and roughly parallels the physiographic high-
lands boundary suggested by Hewitt (1956) and the silli-
maniteisograd at the lowlands margin (Divi 1972). Quartz
microfabric data from Segment |Va of the highlands sug-
gest that the penetrative southeast-plunging lineation
within an L—S fabric locally reflects northwest-directed
ductile thrusting (Culshaw 1982; Culshaw and Fyson
1981, 1982). Consequently, it is probabl e that many of the
elongate northwest-inclined gneiss core complexes, such
asthe Glamorgan and Dysart complexes, constitute nappe-
likefolds (N.G. Culshaw, personal communication, 1982)
within Segment |1Va.

Pillowed mafic metavolcanic rocks occur within a
marginal highlands subdomain around Boulter, which is
dominated by large gabbroic and trondhjemitic plutons
(see Figure 3). Thissubdomainistransitiona in the sense
that the rock association istypical of the lowland Elzevi-
rian orogeny, yet structural featuresare present, intheform
of southeast-plunging lineation and folding, indicative of
highlands (i.e., basement-dominated?) terrane. However,
it is perhaps significant that the Boulter highlands subdo-
main passesthrough an arcuate zone along the York River,
which locally contains mylonitic and cataclastic rocks
(R.R. Miller, personal communication, 1982; B.S. Brock,
personal communication, 1983; R.H. Thivierge, unpub-
lished data, 1983) only along which, and north of which,
occursalkalic gneissin disposition with quartzofel dspath-
ic gneiss, whichismoretypical of highlands Segment IVa.

STRUCTURAL DOMAINS

With respect to the map pattern of the composite foliation
(S1, Sp) surfacesinthe Wicklow and surrounding area (see
Figure 34, back pocket), 3 structural domains are recog-
nized from north to south: 1) the interior Algonquin Do-
main, 2) the Papineau Lake subdomain of the Algonquin
Domain proper, which together constitute the Madawaska
Highlands gneissic complex, and 3) Segment |Va of the
Central Metasedimentary Belt.

The Papineau L ake subdomain defines abroad belt of
relatively straight-trending gneissstriking generally north-
eastward and dipping at shallow to moderate angles south-
east. It extends diagonally across the Wicklow map area
from Maynooth through Cardwell, Papineau and Purdy
lakes to the Madawaska River south of Combermere. Itis
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approximately 6 km widein its central portion around Pa-
pineau and Purdy lakes and thins considerably to about 2
km wide, both eastward near Combermere and westward
near Maynooth. The Papineau Lake subdomain contains
rocks similar to those of the interior Algonquin Domain,
including varieties of layered grey quartz-plagioclase
gneissand biatitic (= garnet-sillimanite) migmatite, partly
of sedimentary origin, aswell asasignificant massof poor-
ly layeredto massive metadiorite, theL ittle Papineau L ake
stock (see Map 2550, back pocket). Both regions display
local hypersthene within mafic rocks, and rarely contain
Grenville Supergroup rock types. The Madawaska High-
lands gneissic complex is largely equivalent to Hewitt's
(1955) Radcliffe hybrid gneisseast of Combermere, which
also containsgranulite-grade rocks (Brock 1982). Carbon-
ate-rich, quartzitic and other layered metasedimentary
rocks of Segment |Va, lying south of Highway 62, display
high-grade metamorphism.

Domainsto either side of the straight-trending region
are dominated by macroscopic, shallow southeast-plung-
ing folds, which are roughly spaced about 2 to 5 km apart.
These folds generally abut or die out against the Papineau
L ake subdomain and hence aid in outlining it. One major
southeast-plunging structure, the Carlow synform, and a
few smaller openfoldsaffect rocksin the central Papineau
L ake subdomain. Of particular note, the penetrative south-
east-plunging mineral lineation is coaxial with such folds
(see “Detailed Structural Geology”) and passes uniformly
through the straight-trending and other domains (Figure
35, back pocket).

Very coarse ovoid feldspar porphyroblasts occur in
many placesand within different rocks, and display gener-
aly recrystallized sigmoidal tails, which signify ductile
tectoni ¢ transport (Photo 10). These may beisolated or oc-
cur within seamsof granitoid leucosome. Inthefew places
where such asymmetric porphyroblasts are well exposed,
the deduced tectonic overriding is of upper layers toward
the northwest along the lineation direction. In contrast,

little or no asymmetry is observed when viewed down-
plunge. These features indicate that, at least locally, the
mineral lineation representsthe direction of tectonictrans-
port and thusislikely an extension direction. Feldspar and
quartz crystal's, which appear to have grown during the l at-
est metamorphism, commonly mask the apparent asym-
metry of many porphyroblasts within the Madawaska
Highlands gneissic complex.

Marginal zones of the Papineau Lake subdomain are
distinguished from most of itsinterior portion by display-
ing some combination of thefollowing: 1) representingthe
relatively straight-trending outer boundariesagainst which
southeast-plunging folds abut; 2) being conspicuously rich
in pink, prekinematic to synkinematic granite displaying
lenticular, stromatic and nebulitic migmatite structure,
and/or contai ning abundant ovoid to rhomboi d fel dspar au-
gen; 3) displaying generally intense ductile deformation
with isoclinal asymmetric folding, transposition and de-
tachment structures, which contribute to alocally hetero-
geneous tectonic admixture of rocks; and 4) containing
“fragmental gneiss’, that is, tectonic breccia, in which de-
tached or isolated bl ocks of more mafic rock areenvel oped
by relatively fel sic gneissand show truncated or discordant
internal gneissosity (see Photos 2 and 11). In some out-
crops, biotitic migmatite with abundant fel dspar porphyro-
blasts shows a swirly to nebulitic layering suggestive of
highly ductile flow, and contains fragments or lenticular
masses of metagabbro, anorthositic metagabbro, or rarer
meta-anorthosite (see Photo 11). The rock types forming
these fragments do not constitute mappable bodies in the
area and are generally restricted to the marginal zones of
the Papineau Lake subdomain. It is tempting to regard
these as exotic fragments derived from deeper crustal re-
gions along zones of significant ductile displacement.

The southern marginal zone forms a continuous belt
1to 3 km wide (see Figure 35, back pocket) and underlies
and delimits Segment | Va, roughly along Highway 62 east
of Maynooth. Commonly, the granitoid component of the

Photo 10. Very coarse feldspar porphyroblast displaying asymmetric
“tails” indicative of clockwise rotation with well-banded, fine-grained
biotite gneiss. At this locality, immediately east of Balsam Lake, the
rocks are affected by alater macroscopic F4 fold and hence geographic
sense of rotation ismisleading. Note crosscutting, fine-grained tonalitic
dike to the left.
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Photo 11. Highly porphyroblastic flaser-textured hornblende-biotite
homophanous migmatite on Highway 62 at Purdy. Notethe streaky lay-
ering suggestive of very ductileflow which enclosesan exotic metagab-
broic fragment containing an older, oblique internal foliation. These
fragments document transposition parallel to the enveloping layering
which dips southward to the right.



migmatites prevails, and may be mapped on asmall scale,
such as south of Papineau L ake and southeast of Cardwell
Lake. The northern marginal zone is best defined in the
Purdy Lake-Kamaniskeg Lake area (Thivierge 1982),
whereitis1to 1.5 kmwideand dipsfairly consistently at
about 15 to 25° to the south. It is traceable sporadically
westward into the Wicklow map area, at |east to the north
end of Papineau Lake, where later folds influence itsdis-
tribution. Poor outcrop exposure makes an extension fur-
ther westward speculative. It is continuous eastward
through Combermere to the Diamond Lake area, where
similar rocks with meta-anorthositic fragments occur
(B.S. Brock, personal communication, 1983). Form lines
suggest apatterninwhich the 2 marginal zones merge near
Diamond L ake, and perhaps also at Maynooth.

One group of tectonic fragments, composed of meta-
morphosed diopside-bearing pyroxenite, occurs sporadi-
cally within both marginal zones, but more prevalently in
the southern zone. If the pyroxenite is considered to be a
“skarn” -type metamorphic product, it may have been de-
rived from carbonate supracrustal rocks, perhaps of rela-
tively proximal origin compared to the meta-anorthositic
fragments.

In some outcropswithin or near these marginal zones,
abrupt truncation of gneissic layering is observed between
rocksfor which no significant ductility contrast isapparent
(Photo 12). Davidson, Culshaw and Nadeau (1982) and
Schwerdtner and Mawer (1982) describe identical struc-
tures, which may represent intense transposition of asym-
metrically folded layering. Other truncations occur in
whichductility contrastsaremore apparent (e.g., seePhoto
2), but the truncation is commonly of upper limbs of tight
D, folds (cf. Photo 13). Thistruncation pattern at outcrop
scale is similar to the megascopic truncation pattern be-
tween lithotectonic domainsof thewestern Ontario Gneiss
Segment (Davidson, Cul shaw and Nadeau 1982) in that the
structurally upper portions (i.e., southeastward) of the do-
mains are commonly the truncated sides.

Wicklow Area

Of particular note, thebasal coarse clastic sequence of
Lumbers(e.g., 1980, 1982), in the authors' opinion, isnot
convincingly such, but correspondsin distribution to mar-
ginal zones of the Papineau L ake subdomain. The“ pebbly
to bouldery units’, although locally observed to develop,
in part, from underlying rocks, are best explained asrepre-
senting various stages of tectonic disaggregation rather
than as relict primary depositional features. No “facies
change” upward into carbonate units is observed. These
units are instead quite similar to straight-trending, high-
strain“tectonite zones’ of Davidson, Culshaw and Nadeau
(1982). Many rock types correspond to their descriptions
of so-called “tectonoclastic gneiss’ (see Photo 2), “augen
mylonite” (see Photo 11) and “ tectonitegneiss’ (see Photo
12) and are interleaved macroscopically. Similar rock
types were apparently first recognized in the studies of
Adams and Barlow (1910, 1913). Adams and Barlow ob-
served intimate rel ationshi ps between granite migmatiza-
tion and an accompanying later penetrative deformation.
They suggested that d ow, uniform movement of theinvad-
ing “granite magma’” within the basement and lower cover
sequence enhanced an overall plasticity, and that contin-
ued tectoni c movements upon cooling resulted in progres-
sive stages of gneissic structure ranging from “fluidal”
porphyroblastic (feldspar) textures to lenticular and frag-
mental “protoclastic” textures and “thinly foliated”
banded gneiss.

It must be noted that several featureswhich contribute
to distinguishing the marginal zones are also present in
rocksthroughout the MadawaskaHighlands gneissic com-
plex. For example, the interior Papineau Lake subdomain
includes rocks with generally lower degrees of granite
migmatization, which form lithologically more coherent
low-dipping belts of metasedimentary migmatite and
masses of veined metadioritic rock, as well as areas with
rocks and structures similar to the features outlined. Leu-
cosomal material may alsobelargely derivedinsitu assug-
gested locally (e.g., muscovite-sillimanite leucogranite

Photo 12. Abrupt truncation of folded layering within metatexitic meta-
sedimentary migmatite on Highway 62, 2 km northeast of Maple Leaf.
Thisindicates internal discordance between rocks of identical composi-
tion and texture. Note truncation of upper fold surface subparallel to the
axial trace.

Photo 13. Early F»x folding of layering within a lens of amphibolitic
gneiss from Madawaska Highlands gneissic complex exposed on High-
way 62 at Oram Park in Bangor Township. Thisfold hasbeen refolded at
high angle by an F fold of regional type. Note the upper limb truncated
by porphyroblastic gneiss. View isto the south, down-dip with respect to
the enveloping gneiss.
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pods within biotite-sillimanite-garnet metasedimentary
migmatiteat “ Furz Mountain” northeast of Davisislandon
Papineau Lake; patchy or dispersed hypersthene-horn-
blende-plagioclase leucosome within foliated metadiorite
on Davisldland). The distinction for the marginal zonesis
mainly on the combination of features which suggest ac-
tive high-strain zones, generally with prominent migmati-
zation and/or blastesis, in a ubiquitously ductile tectono-
metamorphic scenario with local sigmoidal kinematic in-
dicators showing northwest-directed overriding along the
direction of mineral lineation.

The interpretation of the northwestern margin of the
Central Metasedimentary Belt (i.e., the northern margin of
Segment |Va) is consistent with recent studies along the
same margin north and southwest of Haliburton (Davidson
and Morgan 1980; Schwerdtner and Mawer 1982), which
suggests that a similar high-strain, relatively straight-
trending zone (“tectonite zone’) underlies the arcuate
EagleLakemarblebelt (see Figure 3). Thezone appearsto
be a continuous structure from the Koshlong L ake shear
zone (Schwerdtner and Mawer 1982) in the south into the
Halls Lake—north Kennisis Lake—north Haliburton Lake
areas(A. Davidson, Geological Survey of Canada, person-
al communication, 1982). It is apparently continuous
along strike from here through an unmapped region into
the Papineau L ake subdomain, which also continues east-
ward into the Diamond Lake area beyond Combermere
(B.S. Brock, personal communication, 1983). This zone
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Figure 36. Lambert equal-area projection of contoured foliation (total
1524) and mineral lineation (total 425) measurements from Wicklow
and the adjacent areas. The cyclographic trace shown is of the modal
foliation, corresponding to a pole to foliation maximum at 19%. Note
that lineation contours define apartial great circle along this plane, and
the lineation maximum is close to down-dip.
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would then constitute amajor zone of ductiledisplacement
between the Central Metasedimentary Belt and the Algon-
quin Domain of the Ontario Gneiss Segment, and base-
ment cover relations of the Grenville Supergroup are con-

sequently cryptic.

DETAILED STRUCTURAL
GEOLOGY

At least 4 regional folding events can be recognized inthe
Wicklow area (see Table 3). Thefirst 2 are observed main-
ly at mesoscopic (outcrop) scal e and no macroscopic struc-
tures are yet known that could be related to them.

Some rocks of the Madawaska Highlands gneissic
complex display structures of 1, and possibly 2, deforma-
tion events which supracrustal rocks of the Grenville Su-
pergroup do not reflect. An early high-grade metamorphic
layering (S1a), presumably of tectonic origin (D1a), IS, in
many places, polymigmatitic in the sense of containing 2
or more stromatic leucosomes. Polysomal grey gneissmay
indicate several early periods of leucosome devel opment
within basement rocks that are absent from cover rocks
(e.g., Appleyard 1974; Appleyard and Stott 1975; Fran-
coeur 1975), but it is cautioned that relations may be am-
biguous and leucosome fractions may be of restricted ori-
gin dependent upon specific bulk compositions. It is
tempting, however, torelatethe metamorphiclayeringtoa
broadly “Elsonian” granulite-facies event within the Al-
gonquin region, based on a1430+20 Maage determination

« megascopic hinge

o Mmacroscopic (calculated)
hinge

- hinge

A pole to modal foliation
Fa{

» pole to axial plane
r2{ ¥ Rge F,

Figure 37. Lambert equal-area representation of fold data (F» axial
planes and hinges; F3, F4 hinges). Note that many F» axial planeslie
close to the modal foliation for the area, and that most F, hinges are
coaxial with F3 hinges (compare with Figure 36, mineral lineations).
Macroscopic F3 hinges are the same as those shown in Figure 38.



(Rb/Sr whole-rock isochron) obtained by Bell and Blen-
kinsop (1980) from near Barry’s Bay. Earliest folding of
this layering (during D2a) israrely identifiable, except in
some nose regions of subsequent, regionally dominant
folds (see Photo 13), where the original geometry and ori-
entation are greatly modified.

Compositionally layered rocks of the Grenville Su-
pergroup do not display an early high-grade metamor-
phism, although they contain an early stratiform foliation
(S16) largely inconformity with thelater regional foliation
(S2). The significance of early folds found in one locality
marginal to the New Carlow syenite complex (Lot 3, Con-
cesson 2, Wicklow Township) refolded by regionally
dominant folds is not understood and, thus, comparison
cannot be confidently made with those in the Madawaska
Highlands gneissic complex.

Virtually all rocksin the area are affected by regional
ductile deformation that produced the penetrative L -Sfab-
ric. This deformation corresponds to the “main” Grenvil-
lian or “Ottawan Orogeny” (about 1050 to at least 1000
Ma) (Moore 1982; Moore and Thompson 1980). Foliation
iscomposite (S and Sp) and is parallel to layering within
both Madawaska Highlands gneissic complex and Gren-
ville Supergroup rocks, except inthenose areasof F, folds,
where the S, foliation, defined by mafic and felsic aggre-
gates, is axial planar and crosscuts folded S; fabrics and
layering. Foliation surfacesgenerally trend northeastward,
where not affected by later folding, and mineral extension
lineations are uniformly southeast-plunging (Figure 36).
As shown by a net projection, the modal foliation for the
Wicklow areastrikes 066° and dips 19° southeast (see Fig-
ure 36). The net projection shows that mineral lineations
lieonapartial great circlewhich coincideswith the modal
foliation surface. The modal lineation plunges 19° toward
150°. Thisis at arake of 84° southeast within the modal
plane of the foliation, which is essentially down-dip.

Wicklow Area

F, folds are typically very tight to isoclinal, dishar-
monic and asymmetric (Photos 14 and 15). Owing to the
isoclinal nature of these folds, axial planes generally are
subparallel to fold limbs or enveloping gneissosity sur-
faces. Orientations of mesoscopic F» axia planes are
shownonFigure37, whereit isapparent that they coincide
with the dominant foliation in the area. Fold axesare com-
monly parallel to the mineral lineation and many are re-
clinedfolds, but they also vary considerably in plungewith
a general spread within the modal foliation surface from
northeast—southwest to southeast (see Figure 37). The
problem of mineral lineationsindicating extension parallel
to fold axes is discussed by Hobbs, Means and Williams
(1976, p.283-288). A likely explanation for the variable
orientation isthat D, involved not only generation of new
folds in the area, perhaps trending northeast—southwest,
but al so rotation of older elementsalong D, axial surfaces,
into an overall conformity with the southeast-plunging ex-
tension lineation. It isnoteworthy that the variation in ori-
entation shown by the fold axesissimilar to that shown by
fold axesand parallel lineationsin thelowlands supracrus-
tal domain (Segment IVb) to the southeast (Divi 1972).

Southeast-plunging macroscopic D3 structures, which
fold the D, fabric and yet are essentially coaxial with the
L mineral lineations, constitutean ubiquitouscharacteris-
tic of the highland region in the Bancroft district. All D3
folds are typically disharmonic, open to tight, and gently
plunging. Several structures display curvilinear to off-
stepped axial traces owing to the disharmonic nature of
folding (e.g., Wicklow antiform, Carlow synform). Axial
planes are steep to inclined. Calcul ated plunges of several
F3foldsare shown on Figure 38, and are compared with L »
mineral lineations found within them. There is strong
agreement between the two and this coaxial relationship
suggests an intimate tectonic evolution from D, deforma-
tion penetrative at outcrop scale to D3 deformation re-
flected by map-scale open folds.

Photo 14. Typical F, disharmonic, asymmetric, nearly reclined folds
with shallow-dipping axial planar fabric in biotite gneiss interlayered
with granite sheets on Highway 62 near Papineau Lake South Road.
Folds are coaxial with mineral lineation and express vergence to north-
east (left to right). Note presence of an upper enveloping surface nearly
axial planar to thefolds and flame structuresand detached fold limbsin
the centre. View is westward, slightly oblique to up-plunge.

Photo 15. “Cascading folds” in biotite gneiss on Highway 127, 7 km
northwest of Maynooth, displaying northeast vergence (left to right).
Note incipiently to moderately developed axial planar transposition of
asymmetrically folded layering. Some abruptly truncated limbs are ob-
viousin areabelow the Brunton compass. View isto southeast, approxi-
mately down-plunge.
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Inthe Glamorgan—Cardiff areaof Segment 1Va, south-
east-plunging structures are expressed mainly by north-
west-trending belts of Grenville Supergroup rocks be-
tween relatively rigid gneiss-cored structures (N.G. Cul-
shaw, personal communication, 1982) which influence

a) Wicklow antiform b) Papineau Lake antiform

Axial trace (from map): 136
Axial plane: 136/48 SW
Hinge: 153/18

Axial trace (from map) : 147
Axial plane: 147/71 NE
Hinge: 140/20

their disposition. South of the Wicklow map area, asimilar
style may be present in that the folds occur between the
metaplutonic Boulter subdomain and a large, poorly
known oval structure south of Maynooth (see Figure 34,
back pocket). Within the interior Algonquin Domain

¢) Carlow synform (southern portion) d) Carlow synform (central portion)

Axial trace (from map) : 137
Axial plane: 137/69 SW
Hinge: 145/20

Axial trace (from map): 134
Axial plane: 134/71 SW
H nge: 142/22

S S
pole to foliation, SW limb © mineral lineation —— —— cyclographic trace of calculated axial plane
% pole to foliation, NE limb Q calculated plunge to fold — — — cyclographic trace of plane defined by poles

hinge lineation

to foliation, perpendicular to fold hinge

Figure 38. Lambert equal-area stereonet projections showing southeast-plunging D3 folds coaxial with D, mineral lineations. a) Wicklow antiform;
b) Papineau Lake antiform; c) Carlow synform (southern portion in Segment 1Va); d) Carlow synform (central portion in southern marginal zone of

Papineau L ake subdomain).
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around the Wicklow area, these trends form prominent
structural and aeromagnetic patterns, which generally ap-
pear to abut agai nst the northern marginal zone of the Papi-
neau L ake subdomain (see Figure 34, back pocket) asbest
exemplified by the Bangor antiform, northeast of the map
area (R.H. Thivierge, personal communication, 1982). At
least 9 large structures of thistype are evident in Figure 34
(back pocket), which, from west to east, are named the In-
dian Lake synform, Wicklow antiform, Hawk Lake syn-
form, (?) Cross L ake antiform, Carlow synform, Papineau
L ake antiform and complementary synform, Bangor anti-
form, Kamani skeg L ake synform, and an unnamed, but ap-
parently very large, antiform east of Combermere.

South of the Papineau Lake zone, Segment IVb also
contains southerly plunging D3 structureswhich similarly
abut against it. Perhaps of some significance, an antiform
in Monteagle Township, south of the Wicklow area, ap-
pearsto splay outward at the southern marginal zone and
tightensin asoutherly direction. A southeastward tighten-
ing isalso observed for foldsof theinterior Algonquin Do-
main as they approach the northern marginal zone. Large
antiformal structures (the Wicklow and Bangor antiforms)
show a considerabl e tightening southeastward as they ap-
proach the northern margin of the Papineau Lake subdo-
main, whereas large synformal structures, such asthe Ka-
maniskeg Lake synform, display a progressive opening.
This geometrical pattern could suggest that antiforms are
either highly attenuated or possibly truncated at the mar-
ginal zone. Asthismarginal zoneisthelower or northwest
side of the northeast-trending Papineau Lake subdomain,
the structural pattern isreminiscent of the apparent trunca-
tions between crustal segments in the western Ontario
Gneiss Segment (Davidson, Culshaw and Nadeau 1982).

It should be stressed that the Algonquin regionisonly
known at reconnaissance scal e (L umbers 1980, 1982) and
portions remain unmapped to date. For example, the axial
trace of the Cross Lake antiform is speculative and not
shown on Figure 34 (back pocket). A prominent aeromag-
netic and topographic lineament, the Cross Lake linea-
ment, appearsto lie subparallel to a possible axial trace of
the antiform, although not necessarily conforming with it
in position. Aeromagnetic trends may locally coincide
with F3 axial traces and/or inflection traces of fold limbs
(asexemplified in the Wicklow antiform and Kamaniskeg
Lake synform). However, available trends in the Cross
L ake areasuggest that an antiformal structuretightensina
southeasterly direction.

Northwest of Papineau Lake, near Yuill Lake in the
Wicklow area, structural trend surfaces suggest that an an-
tiformal structuretrending southeastward from CrossL ake
isrefolded at a very high angle to produce a chain of non-
cylindrical structures.

Only the Carlow synform appears to be traceable
through the Papineau L ake subdomain and into Segment
IVa. Asymmetric parasitic foldsto the Carlow synformare
found on both limbs (the Papineau Lake antiform on the
northeasternlimbwith“ S’ style; and“Z” stylefoldsonthe
southwestern limb), which are generally of mesoscopic to
intermediate (i.e., several outcrop) scale. Northwest along

Wicklow Area

the axial trace of the synform, the structure tightens at the
margin of Segment | Vaand openswithin the southern mar-
ginal zone of the Papineau L ake subdomain. An area here
is very open and no reliable axial trace can be drawn. It
seems to be continuous northward with the synformal
structure west of Papineau L ake, but it isalso possiblethat
these are different folds. It appears that certain structural
features of the Papineau Lake zone mitigated against the
development of F3 folds withinit, at least on the scale of
the observed spacingfor F3foldswithintheinterior Algon-
quin Domain and Segment 1Va.

A fourth deformational event with respect to the Gren-
ville Supergroup, Dy, is defined by east-trending foldsin
the northeastern map area, especially at Balsam L ake, and
possibly by southwest-trending foldsinthe Yuill Lakearea
(see Figure 34, back pocket). These fold the D, mineral
lineation and parts of D3 folds. Many of these folds are
noncylindrical, upright to steeply inclined, and of low am-
plitude. Wavelengths are in the order of one hundred to
several hundred metres. In the former area, asymmetric
minor foldsfound on north-dipping limbs plunge shallow-
ly toward thewest (see Figure 37). Although themap-scale
foldsin both areas show contrasting orientations, thismay
not preclude that they represent the same fold generation.
Elsewhereinthe map area, thisfoldingisportrayed by out-
crop-scalewarps and undul ations of gneissosity. Thesetoo
arelow amplitude, noncylindrical structureswith subhori-
zontal roughly east—west plunges.

Dikes

Late planar to curviplanar pegmatite dikes and quartz
veins appear to postdate all folding events. Although vari-
ableorientationsoccur, themgjority of pegmatitesand, toa
lesser extent, quartz veins trend northeasterly (generally
040 to 060°) and dip moderately to steeply southeast.
These orientations correspond very well to regional dike
trends, including the Hybla-type dikes of Monteagle
Township (Storey and Vos 1981).

Unmetamorphosed diabase dikes occur in 2 known
localities: at the northeast end of Papineau L ake, and along
the Madawaska highway southwest of Evans Lake. Both
trend west-northwest and the one at Papineau Lake dips
seeply northward. These are presumably fracture-con-
trolled intrusions of the post-Precambrian Ottawa—Bonne-
cherefault system, occurring near its southwestern margin.

Faults and Joints

No major brittle-type faults are defined in the map area.
Minor brittle faultslocally displaying cataclasisare found
in several roadcuts in the western Wicklow area; they are
variable in attitude, although some strike northeast to
north-northeast with moderate to shallow dips southeast-
ward. No senses of displacement have been determined.

Jointsmainly correspond to 2 prominent regional sets,
although several other sets are locally discernable. The
prominent sets are both subvertical and include planar
fractures, which are commonly 5 m or more long and
coated by epidote, hematite and chlorite. One set strikes
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northeastward (generally 030 to 050°) and correspondsin
orientation with some pegmatite intrusions. The other
strikes northwestward (generally 315 to 335°). Both are
closely paralel to topographic lineaments, especially
along the shores of Bark, Papineau and Kamani skeg | akes.
Locally, they feature intense epidotized and hematized
fracture zones. The northwest-striking set may incorporate
fractures associated with normal faulting in the Ottawa—
Bonnecheregraben, but the map areaisto thewest of west-
ernmost faults of that system (see Appleyard and Stott
1975).

Subhorizontally dipping jointsare particularly promi-
nent in metamorphosed potassic granitoid suiterocks. This
is especialy striking in the Cardwell Lake granite where
waterfalls are controlled by these joints (Photo 16).

SUMMARY OF STRUCTURAL
FEATURES

Basement-cover relationships of the Algonquin Domain
(Ontario Gneiss Segment) and the Grenville Supergroup
(Segment 1 Vaof the Central Metasedimentary Belt) arenot
considered tobedirectly observableinthefashionoutlined
by Lumbers (1980, 1982), but areindeed cryptic and have
perhapsinvolved aform of preferential granitemigmatiza-
tion along a “front”, which included both basement and
cover in the manner suggested by Appleyard (1974).
Whether or not a“coarse basal arkosic sequence” contrib-
uted to preferential migmatization remains largely specu-
lative.

Aninterplay of northeast-striking foliation and south-
east-plunging lineations with coaxial southeast-plunging
major folds (reflecting D, and D3 deformation) is sug-
gested to constitute the major “Grenvillian” tectonic
framework modifying the basement—cover relations. Re-
gionswith major southeast-plunging F3 folds abut against
the relatively straight northeast-trending Papineau Lake
subdomain on either side, and signify that the F3 folding
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died out inthe zone though the coaxial lineation crossesit.
Granitoid and porphyrablastic migmatites, particularly in
the marginal zones of the Papineau Lake straight zone,
show many features of ductile tectonic fragmentation and
mobility and, in some cases, northwestward transport can
beinferred. Thefeatures described at all scalesare similar
tothosein aregion of extensive northwest-directed ductile
thrusting described by Davidson, Culshaw and Nadeau
(1982).

The southern margin of the Papineau Lake zone ap-
parently constitutesaregional zone of ductilemobility and
is correlative both eastward and westward with similar
zoneswhich are considered to represent the northernmost
limit of the Grenville Supergroup.

Later folding and faulting is of a minor scale in the
area. All rockswere subsequently subjected to late pegma-
tite dike intrusion, mainly along northeast trends, fractur-
ing, and local diabase intrusion along west-northwest
trends.

Photo 16. Waterfalls on Papineau Creek controlled by prominent
subhorizontally dipping jointsin the Cardwell Lake granite.



Economic Geology

Mineral exploration within the map area has been largely
confinedto 2 general time periodsand commaodities: 1) ca.
1900 to 1916: corundum-bearing syenites, and 2) mid
1950s: uranium-bearing granitic pegmatites.

All known mineral occurrences are described in the
ensuing section including mineralization encountered by
this survey. No documented mineral exploration has oc-
curred withinthemap areasubsequent to thebrief period of
uranium exploration activity. The numbers following the
deposit names in this section correspond to the property
and occurrence numbers on Map 2550 (back pocket).

CORUNDUM

Thediscovery of corundum by W.F. Ferrier of the Geol ogi-
cal Survey of Canadain 1897 inthe New Carlow area(He-
witt 1954), adjacent to the southeast corner of the study
area, led to the establishment of a flourishing local abra-
sivesindustry. The development of the Burgessand Craig-
mont corundum deposits stimulated relatively intense ex-
ploration in the general region. Many occurrences were
discovered in the New Carlow areain the early 1900s, in-
cluding a small deposit within the map area at Hoover
Mountain (Hewitt 1955) (Figure 39, back pocket).

Hoover Mountain Deposit (4)

A small, but undocumented, quantity of corundum orewas
mined at Hoover Mountainin 1916. Thisore wasprobably
hand-sorted on site and transported a short distance to the
BurgessMine for milling (R. Armstrong, resident and for-
mer prospector, New Carlow, personal communication,
1982). The property was possibly worked by Manufactur-
er’'sCorundum Company, contemporaneoudly activeat the
Burgess Mine, although Hewitt (1955, p.34) makes no
mention of the developer involved. Operations at Hoover
Mountain ceased in September of 1916 due to an accident
involving the explosion of a steam boiler and dynamite
(Photo 17), which resulted in the loss of several buildings
and one workman’'slife (R. Armstrong, personal commu-
nication, 1982).

GEOLOGY

A 0.7 to 1 m wide zone of coarse-grained to pegmatitic
muscovite-magnetite-biotite-corundum syenite, averag-
ing approximately 6% corundum was mined within ashal-
low trench 63 m long, 7 to 14 m wide, and having a maxi-
mum depth of 3.1 m (see Figure 39, back pocket); thishori-
zon iswithin a buff to reddish coloured, medium-grained
magnetite-biotite syenite. The rock is equigranular, alo-
triomorphic granular and poorly foliated. It has a mafic
mineral content of approximately 10 to 15% and does not
contain any megascopic corundum.

Euhedral to subhedral tranducent corundum is also
contained within a small outcrop containing similar sye-
nite situated approximately 60 m southwest of themain de-

posit (see Figure 39, back pocket). Concentrationsof upto
19% spectacul arly devel oped corundum were observed on
slabs cut from loose rock, which apparently came from a
shallow blast pit at this occurrence. Corundum crystals,
which achieve maximum dimensions of 5 by 15 cm, are
usually bronze coloured. Corundum may be partially
mantled and embayed by anhedral magnetite. Fine-
grained greenish muscovite may also mantle corundum,
forming thin shells that possibly originated via alteration
processes. A medium- to coarse-grained muscovite-corun-
dum-biotite syenite also occurs at this occurrence and ob-
viously grades into the coarsest corundum-bearing unit.
Modal percentage of corundum here isless than 5%.

URANIUM

Uranium mineralization is confined to 3 occurrences lo-
catedintheBalsam L akearea, andishostedinlatepotassic
pegmatites within metasedimentary migmatite. These ra-
dioactive pegmatites, known as the Dubblestein, Thomas
and James occurrences, were evaluated during the 1950s
(for references, see below). Themineralization at that time
was deemed to be sporadic and uneconomic. The radioac-
tive pegmatites appear to belong to the Hybla fel dspar and
rare element pegmatite province outlined by Storey and
Vos (1981), athough the tentative limits of this province
were not extended northward to encompass this map area
by these authors.

Dubblestein Occurrence (1)

Thisuraniferous pegmatiteislocated on the north shore of
Balsam L ake about 800 m west of the Centreview—Kama-
niskeg L ake Road and representsthe coarsest potassi c peg-
matite observed within the map area. It consists of a 22°
north-dipping, zoned pegmatite sheet that isat least 6.5 m
in thickness and approximately 30 m in strike length. Ten
claims covering the mineralization and surrounding area
were staked by E. Dubblestein in 1955. Ensuing develop-
ment work comprised 107 m (352 feet) of diamond drilling

Photo 17. Longtime arearesident, R. Armstrong, stands alongside the
remnants of amobile boiler, which was destroyed in 21916 accident at
the Hoover Mountain corundum deposit.
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and blasting (Geological Survey of Canada, Radioactive
Resources Division, File 31 F/5-3). Recent evaluations of
this occurrence were undertaken by Paulter (1980) and
Masson and Gordon (1981).

GEOLOGY

The pegmatite is mainly hosted by highly deformed, dia-
blastic, migmatized clastic metasedimentary rocks. These
host rocksarefineto coarsegrained, with sparseovoid pla-
gioclaseand potassium feldspar porphyrobl astswith maxi-
mum diameters of 3 to 4 cm. The metasedimentary rock
contains 10 to 20% deformed hololeucocratic granitoid
mobilizate. Interlayered fine- to medium-grained amphi-
bolite represents aminor component of the host rock. Also
within the surrounding rocks are skarns, as observed on a
nearby islandin Balsam L ake. Here, adiopside-rich gneiss
exhibiting astictolithic texture isdevel oped in the form of
diopside-rich clots mantled by plagioclase. This skarn as-
semblage isinterlayered within metasedimentary migma-
tite, deformed coarse-grained biotite-quartz monzonite
and fine-grained amphibolite.

The pegmatite is zoned as previously documented by
Paulter (1980) and Masson and Gordon (1981). The zona-
tion isas follows: 1) border zone: graphic intergrowth of
quartz and potassium feldspar about 1 minwidth; 2) inter-
mediate zone: mainly homogeneous blocky potassium
feldspar, quartz and coarse-bladed biotite aggregates (this
zone is about 2 m in thickness); 3) core zone: enrichedin
milky quartz withlocal isolated blocky potassium fel dspar
(Photo 18) (this zone ranges in width from 0.5 to at least
3.5m).

There is an overall increase in grain size toward the
core zone. Potassium feldspar crystals in the border zone
are about 10 by 14 cm in comparison to the blocky potas-
sium feldspar crystals, which are up to 1.36 m in diameter,
and are in contact with the quartz-rich core zone.

MINERALIZATION

Radioactive mineralization is very sporadic and usually
localized within, and proximal to, large bladed biotite ag-

)

Photo 18. Euhedral termination of alarge blocky potassium feldspar
crystal (marked by hammer), which projectsinto the quartz-rich part
of the core zone of the Dubblestein pegmatite.
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gregates. These randomly oriented aggregates are devel-
oped within the intermediate zone and achieve maximum
dimensions of 0.2 by 1.4 m. As shown by Paulter (1980),
these biotite aggregates may be hosted entirely by large
blocky potassium feldspar, by graphic quartz-potassium
feldspar or by block quartz. Inthelatter case, adelicatein-
tergrowth of quartz and bictite is notable.

Euxenite forms euhedral to subhedral, tabular to rec-
tangular crystals and appears to represent the main radio-
activemineral phase. Thismineral rangesinsizefrom 1 by
1 mm totabular crystalswith maximum dimensions of 0.9
by 2.4 by 4.4 cm, and tends to occur along the contact of
coarse biotite crystals with potassium feldspar or quartz.
Local concentrations of euxenite (up to 15%) have caused
intense radi oactive damage to adjacent potassium fel dspar
crystalsespecially, asshown by radial fracture patternsand
pronounced hematization. Euxenite also occurs as euhe-
dral mineral inclusionsin all the major pegmatite-forming
minerals, suggesting an early paragenesis. Masson and
Gordon (1981) report the presence of pyrochlore which
contained 1.5% U30g and 0.8% Th. However, mineral
analyses obtained by E. Dubblestein in 1955 reveal some-
what higher U3zOg concentrations of 6.36 and 8.63%,
which probably relate to the presence of euxenite and
approximatethe UsOg contentsof analyzed material inthis
study. Isometric crystals of pyrochlore were not encoun-
tered in this study at the Dubblestein pegmatite.

Two grab sampl es of radioactive pegmatite submitted
by E. Dubblestein in 1955 to the Ontario Department of
Mines registered 0.02 and 0.11% U3Og with high trace
levels of Ce, Nb, Th and Zr (E. Dubblestein, prospector,
Timmins, personal communication, 1982).

Thomas Occurrence (2)

The Thomasradioactive pegmatiteis exposed on the south
shore of Balsam L ake approximately 300 m due west from
the Centreview—Kamaniskeg Lake Road. The property
was probably discovered by E. Dubblestein, who, in 1955,
submitted material to the Lakefield Research Limited lab-
oratories for analysis (Masson and Gordon 1981, p.31).
A.C. Thomas investigated the uraniferous mineralization
at depth with 9 diamond-drill holesin 1958, which varied
between 9.1 and 18.3 minlength. No significant extension
of mineralization to depth was established by the drilling
program (Geological Survey of Canada, Radioactive Re-
source Division, File 31 F/5-3).

GEOLOGY

This pegmatiteis generally conformable and is contained
in east-striking metasedimentary migmatitesand minor in-
terlayered amphibolite similar to those exposed at the
nearby Dubblestein radioactive pegmatite. The pegmatite
is exposed approximately for 60 m and varies in width
from 0.5to 2 m. In contrast to the Dubblestein pegmatite,
contacts of the Thomas pegmatite arerelatively steep, dip-
ping between 67 and 80° south (Figure 40).



MINERALIZATION

The most intense radioactivity occurs near the western
limit of the exposure (see Figure 40). In thisarea, the peg-
matite appearsto interdigitate with the host metasedimen-
tary migmatite, in addition to displaying local flexuresin
strike. The pegmatite isrudimentarily zoned, containing a
discontinuous, irregular quartz-rich core. Thisquartz-rich
zonecontainslocal crystalsof albiteand blocky potassium
feldspar, the latter measuring up to 10 by 30 cm. Alongthe
northern part of the pegmatite, thereisa0.5to 1 m wide
magnetite-biotite granite pegmatite characterized by inter-
growths of quartz and potassium feldspar with biotite and
magnetite contents of approximately 5and 1%, respective-
ly. Surrounding most of the quartz-rich corezoneisa0.3to
1.5 mwide coarser unit consisting mainly of blocky potas-

sium feldspar and albite. Thisunit appearsto become pro-

gressively enriched in albitein awesterly direction. Inthe
vicinity of the aforementionedjoint-controlled flexure, the
rock type could be termed an albite-rich syenite. Maxi-
mum radioactivity occurs here. This area exhibits promi-

nent hematization and highest contents of coarse anhedral

magnetite (5 to 10%) and euhedral allanite (5%). Allanite
formseuhedral crystalsupto 20mmby 1.3cmenclosedin
all major pegmatite-forming minerals and usually weath-

Wicklow Area

erstoarusty brownto light khaki colour. Fresh surfaces of
crystals not totally replaced by metamict products are
glossy black. Hematizationisalmost alwaysdevel oped ad-
jacent to allanite, especially when this mineral contacts
coarse abite crystals. Analysis of alanite indicated 55
ppm U3z0g and 2030 ppm Th, according to Masson and
Gordon (1981, p.31).

Small cavitiesup to 6 by 12 cm arelocally evident in
the albite syenite unit and contain euhedral crystal aggre-
gates of potassium feldspar, muscovite books, and anhe-
dral grey calcite. Fine-grained, light-greenish muscovite
may be found distributed along hairline fractures.

A samplefromtheradioactive zone wastaken by Mas-
son and Gordon (1981, p.29) and registered 540 ppm U30g
and 1.7% Th, suggesting the presence of thorite.

James Occurrence (3)

This uranium occurrence was discovered by C.B. James,
who staked 10 claimsin 1955 (C.B. James, resident, Cen-
treview, personal communication, 1982). The exact loca-
tion of thisoccurrenceisnot known to the authors; howev-
er, accordingto C.B. James, itisapparently ashort distance
west of asmall unnamed |ake near the western limitsof his
farm. Five grab sampleswere submitted to the Ontario De-

contact

area of highest
radioactivity

Balsam Lake

Metasedimentary migmatite
Magnetite-biotite granite pegmatite
+ +] Blocky potassium feldspar-albite rich zone

Quartz-bearing allanite-magnetite
-albite syenite

Quartz-rich core zone = albite
+ potassium feldspar

limits of blast
area

~<] Outcrop limits

metres

Areas of intense hematization in zones
other than albite syenite

/| External pegmatite contact
(observed, assumed)

Foliation, with dip

Mineral lineation, with plunge

Figure40. Detailed geology of thewestern part of radioactive granite pegmatite dike, Thomasoccurrence.
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Table 9. Classification of molybdenite mineralization in the Wicklow area.

I.  Metasedimentary Migmatite Association:

1.  infine-to medium-grained garnet-biotite metawacke paleosome and related quartz-rich leucosome pods on western shoreline of Papineau
Lake. Molybdenite in paleosome occurs as linear aggregates up to 6.5 by 0.5 cm.

2. in medium-grained nebulitic leucosome on largest island in Balsam Lake. MoS, grainsup to 1 by 2 cm within a 10 by 58 cm area.

II.  Granite Dike Association:

1. inzonedgranitedikeemplaced in coronitic metagabbro on Highway 62, 1.7 km southwest of Maple Leaf. MoS, grainsupto 2.1 by 2cmare
principally confined to an outer quartz-rich portion of 20 cmwide dike associated with possible ankerite, biotite, pyrite, and meager apatite.
Medium-grained MoS; is contained within afine-grained biotite granite core zone. Massive coarse-grained pyrrhotite with minor pyrite
and chalcopyrite occursin central parts of the same dike system elsewhere in this exposure.

2. inpyrite-bearing granite dike in roadcut near eastern end of Balsam Lake. MoS; isfine grained and very locally disseminated.

I1l.  Syenite Association:

1. fine-grained disseminated MoS, occurs locally within white diopside syenite in roadcut on Highway 62, 1.8 km east of Maple Leaf.

partment of Minesin 1956 by C.B. Jamesfor semiquantita-
tive emission spectrographic analysis the results of which
indicated nil to tracelevelsof most el ements sought except
Zr, which registered ageneral 0.5to 5% level in one speci-
men. Two specimens submitted for uranium analysis re-
vealed only nil t0 0.01% U30g. Thisoccurrenceislikely a
potassic pegmatite hosted by metasedi mentary migmatite.
The nature of the radioactive mineralogy isnot known. In
August of 1955, thisproperty wasamalgamated with those
of E. Dubblestein and C. Gagnon.

SULPHIDE MINERALIZATION

Sulphide mineralization is scarcein the map area. Most of
the map areaisunderlain by felsic to intermediate granit-
oid gneiss and relatively barren metasedimentary migma-
titic gneiss; rock unitsthat do not normally contain major
sul phide concentrations. Local concentrations of sulphide
mineralization containing scant chal copyrite and molyb-
denite, however, were observed in several localities and
are described below. All sulphide-enriched samples were
tested for gold and silver. Neither gold nor silver were de-
tected in 7 samples collected by field party personnel and
analyzed by the Geoscience Laboratories of the Ontario
Geologica Survey.

Molybdenum

Fine- to medium-grained molybdenite occurs at 5 locali-
tiesinthemap area. The occurrenceswereclassifiedinto5
categoriesbased uponlithologic association (Table 9). The
mineralization at all occurrencesisvery local inextent and
apparently not of present economic interest, as molybde-
nite contents are invariably much less than 5%.

Copper

Minor amountsof chal copyritewere encountered at 2loca-
lities. Inthe Mitchell Lake area, agossan-covered sul phid-
ic amphibolite containing 5 to 10% percent pyrite and pyr-
rhotite combined wasnoted to locally have 1to 2% chal co-
pyrite. Two specimens collected by field party personnel
and analyzed by the Geoscience L aboratoriesof the Ontar-
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io Geological Survey were found to contain 460 and 1020
ppm Cu and no Ni.

A second occurrence of chalcopyrite occursin alate,
zoned granitoid dike hosted in coronitic metagabbro. This
mineralization is associated with pyrrhotite, pyrite and
molybdenite (see “Molybdenum™). Two specimens col-
lected by field party personnel and analyzed by the Geosci-
ence Laboratories of the Ontario Geological Survey con-
tained 1160 and 1820 ppm Cu, and 520 and 860 ppm Ni.

ECONOMIC EVALUATION OF
GRANITIC PEGMATITES

Potassium Feldspar Geochemistry

Potassium feldspar isa useful geochemical indicator min-
eral inexploringfor rare-element and/or ceramic-typegra-
nitic pegmatites. Potass um feldspar analysesallow arapid
economic potential classification based on diagrams de-
vised by Gordiyenko (1976, cited in Trueman and Cerny
1982). Information relating to internal geochemical frac-
tionation patternswithin specific pegmatitesisanother ap-
plication of potassium feldspar geochemistry studies.

Potassium feldspar isan important accumulator of the
large rubidium and cesium cations, and the smaller stron-
tium and barium cationsin most granitic rocks. Micasmay
also contain appreciable amounts of these elementswhen
modally abundant. Rubidium and cesumvalues, and K/Ba
and Rb/Sr ratios, in potassium fel dspar increase with mag-
matic and/or supercritical fluid fractionation within agiv-
en pegmatite chamber (Cerny 1982). Contrastingly, K/Cs,
K/Rb and Ba/Rb ratios, and concentrations of Sr and Ba
generally diminishwith progressing geochemical fraction-
ation. These trends are very obviousin analyses obtained
from a vertical section across the flat-lying, zoned, Dub-
blestein granitic pegmatite. The results are plotted on Fig-
ure 41 and also listed in Appendix 2k. Fractionation in-
creases toward the quartz-rich core zone of the pegmatite
since this zone isusually the last portion of pegmatitesto
crystallize and theoretically should contain the highest
levelsof Rb and Cs, and the lowest Sr and Ba contents, as-
suming that the system has remained essentially closed to
external dissipation of the fluid phase.



The most significant variations are exhibited by Ba
(40 to 1950 ppm) and Sr (10 to 540 ppm), and also ex-
pressed by the large variations in K/Ba (6 to 270), Rb/Sr
(0.8 to 97) and Ba/Rb x 102 (4 to 480) ratios (see Figure
41). K/Rb ratios exhibit a more limited range of 10.7 to
26.9, but, nevertheless, indicate a high level of geochemi-
cal fractionation.

Rb/Sr ratios appear to represent a particularly useful
fractionation indicator, with values rapidly increasing
from 0.8 at the upper pegmatite contact, to 97 within the
corezone. Thefractionation patterntrending toward rapid-
ly diminishing Sr levelsis aso obviousin Figure 42 and
compares quite closely with the Ghost Lake batholith, an
S-type granitoid masswhichisthe parental source of many
rare-element pegmatites in the Dryden area (Breaks and
Moaoore 1992).

Economic potential rating of a given granitic pegma-
tite is most readily accomplished by plotting potassium
feldspar analyses on the Na;O versus K/Cs diagram of
Gordiyenko (1976, cited in Trueman and Cerny 1982),
which is considered by Trueman and Cerny (1982, p.481)
to represent the most useful diagram yet devised. Severa
analyses of the Dubblestein pegmatite fall within therare-
element-bearing pegmatite fields of Figure 43. In 3analy-

Wicklow Area

ses, Csconcentrationsarebelow the5 ppmlevel of analyti-
cal sengitivity. Therefore, the K/Cs ratios based on these
analyses are of a doubtful validity. Three analyses of
blocky potassium feldspar crystalsfrom the discontinuous
quartz-rich core zonefrom the nearby Thomasuraniferous
granite pegmatite are also included in Appendix 2k. The
Thomas pegmatite islessfractionated asreflected by gen-
erally higher Ba (1870 to 3110 ppm) concentration, higher
K/Rb and Ba/Rb ratios, lower Rb (270 to 290 ppm) con-
centration, and lower K/Baand Rb/Sr ratios. Cesium con-
centrationsall fall below 5 ppm and, thus, an economic po-
tential rating is not possible on the Gordiyenko diagram.
These potassium feldsparspossibly fall into thefield of mi-
caceous-ceramic pegmatites, since rare-element-bearing
oxide phases, such as euxenite, do not occur here, in con-
trast to the Dubblestein pegmatite. Lower NapO con-
centrations of 1.85 to 2.07% al so characterize the Thomas
pegmatite.

Euxenite Mineral Geochemistry

In Appendix 21, a partial analysis of alarge 0.9 by 2.4 by
4.4 cm euhedral, relatively pure, euxenite crystal from the
Dubblestein pegmétite is presented (analysis 1) and
compared to selected, more complete, analyses from the
literature (analyses 2 to 6). An analysis of such complex
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oxide mineral phases as euxenite can provide additional
input regarding geochemical characterization of pegma-
tites, that is, it can indicate the presence of certain metals
that may be concentrated in economic amounts elsewhere
inthe pegmatite. Euxenite from the Dubbl estein pegmatite
contains the highest Nb/Ta ratio (see Appendix 2I).

Thus, unless pervasive albitization has affected this
pegmatite at an unexposed level, concentration of niobium
should always greatly exceed tantalum and this pegmatite
should be explored only if niobium is the commodity of
principal interest. Euxenite in the Dubblestein pegmatite
also differsfrom other examplesin Appendix 2| by lower
levels of Y203, CeOy, and TiO, and relatively high U3Og
content.

Mineral Collecting

The map area has had relatively little exposure to mineral
collecting as compared to the region immediately around
Bancroft. At occurrences and deposits of corundum, for
example, the locations of which have been well docu-
mented by Hewitt (1954), one can till find good crystal sof
this mineral. Bronze-coloured corundum crystals can be
obtained from small overgrown blast pits near the Hoover
Mountain deposit. Other similar occurrences, as docu-
mented by Hewitt (1954), should also be visited if corun-
dum crystals are desired. The possibility of obtaining bet-
ter collector-quality corundum may be well worth the ef-
fort in attempting to locate overgrown minor occurrences
than to visit the larger deposits such as the Burgess Mine,
which have witnessed relatively intense collector trafficin
recent years. Open-space fillings containing medium- to
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Figure42. Sr versusRb variation diagram for blocky potassium feld-
spar from the Dubblestein uraniferousgranitic pegmatite compared to
the Ghost Lakebatholithinthe English River Subprovince. Fractiona-
tion trend of Ghost Lake batholith isfrom Breaks and Moore (1992).
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coarse-grained, euhedral, light orange, potassium fel dspar
may be found along certain fracture surfaces transecting
some exposures within the New Carlow syenite complex.
For example, excellent crystalswere found by the authors
at a small corundum occurrence 60 m southwest of the
Hoover Mountain deposit.

Skarn assemblages, containing well-formed, locally
tranducent crystals of actinolite, diopside, augite, titanite
and garnet, are developed within the impure calcareous
metasedimentary rocks adjacent to the New Carlow sye-
nite complex. Calcareous enclaves within this syenite
mass can also contain well-formed crystal sof these miner-
als.

Excellent quality “micro” mineral specimensoccur in
the map areaaslate open-spacefillings. For example, fine-
to medium-grained euhedral spinel, chlorite, pyrite and
guartz may be obtained from roadside rock cuts near the
intersection of the Madawaska Highway and Little Papi-
neau Lake Road. Crystals of euxenite up to 0.9 by 2.4 by
4.4 cm may be abtained from the Dubbl estein granitic peg-
matite on Balsam Lake. Polished slabs of graphic potas-
sium feldspar-quartz, also from this pegmatite, are also
very attractive.

There are large gravel and sand deposits with
economic potential inthe area, although, at present, only 2
pits are worked. These are situated near Highway 127 in
Lot 2, Concession VI, McClure Township, and on High-
way 62, 0.62 km northeast of its junction with the New
Carlow Road. Both are utilized by the municipal govern-
ment incorporation of Wicklow, Bangor, Monteagle, and
Carlow townships. Many small pitsthat straddle all major
roads in the region are used by local residents.

10000 4 Mica-ceramic pegmatite field
e, 11
r ““(ya“!
Beryl-bearing Barren
1000 1+ rare-element
E pegmatites
w C Spodumene-bearing
O rare-element
N4 B pegmatites
L Li-Be-Ta-Cs-Rb
pegmatites
100+
1 1 1 1

1.50 2.00 3.00

Na,O (wt %)

2.50

Figure 43. NapyO versus K/Cs diagram for blocky potassium feldspar
from the Dubblestein (®) and Thomas () pegmatite occurrences. Dia-
gram modified from Trueman and Cerny (1982, p.480, Figure 9A).



Recommendations for Future Mineral Exploration

The potential for vol canogenic base metal sulphide miner-
alization in the Madawaska Highlands gneissic complex
and the rocks of the Grenville Supergroup islow duetothe
absence of volcanic rocks in the area. Sulphide occur-
rences are only sparsely developed and, where analyzed,
contain low levels of copper and nickel. Molybdenite oc-
currences, at present, are mainly of academic interest.
Gold and silver were not encountered in any assays con-
ducted on sulphide-bearing specimens. Ceramic potas-
sium feldspar deposits of commercial potential may exist
inthe map area. At the Dubblestein radioactive pegmatite,
for example, coarse, homogeneousblocky potassium feld-
spar crystals with diameters up to 1.36 m are virtually de-

void of mineralogical impurities. The ceramic potential of
this pegmatite should be investigated further.

Mineral specimen collecting has some potential, par-
ticularly with regard to skarn assemblages developed in
cal careous metasedimentary rocks situated peripherally to
the New Carlow syenite complex and for bronze-col oured
trandlucent corundum crystals occurring within the com-
plex itself.

Some rock types encountered in the present area are
very suitable for being polished. A few possible applica-
tionsincludetheir use ascoveringsfor furniture, and exte-
riors and interiors of buildings.
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Appendix 1. Modal Analyses
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Modal analyses of amphibolites from the Wicklow area.
Modal analyses of leucosome from amphibolite gneiss.
Modal analyses of paleosome from diorite to quartz diorite gneisses.

Modal analyses of stromatic leucosome and coexisting paleosome components
from felsic to intermediate gneisses.

Modal analyses of paleosome from various felsic to intermediate gneisses.
Modal analyses of the paleosome component from metasedimentary migmatites.

Modal analyses of the leucosome component from metasedimentary migmatites (metatexite).

Modal analyses of various rock types from the Hoare L ake gneisses.

Modal analyses of Grenville Supergroup clastic metasedimentary rocks.

Modal analyses of rocks from the Little Papineau Lake plutonic complex.

Modal analyses of the anorthosite suite rocks.

Modal analyses of various syenitic rocks from the New Carlow syenite complex.
Modal analyses of corundum-bearing syenitic rocks from Hoover Mountain.
Modal analyses of metamorphosed potassic granitoid rocks.

Modal analyses of generally hololeucocratic, fine-grained, muscovite-bearing
metamorphosed potassic granitoid rocks.

Clast and matrix modal analyses of tectonic breccia from the Wicklow granite.
Modal analyses of rocks from the Indian Lake plutonic complex.
Modal analyses of unmetamorphosed potassic granitoid rocks.
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Appendix 1e. Modal analyses of paleosome from various felsic to intermediate gneisses.

Sample No. 1-8-6D 1-8-13 1-8-15 1-10-24 2-7-14 2-7-17 5-4-3 6-5-3B
Quartz 27.0 217 26.0 344 235 221 17.7 204
Plagioclase 44.8 56.0 52.7 55.7 52.1 39.1 46.2 514
Potassium

feldspar 124 41 7.6 3.7 51 22.7 15.6
Biotite 14.6 16.8 13.7 6.3 17.0 26.9 6.7 115
Hornblende 14 24 6.8 6.7 11
Orthopyroxene 3.6

Iron oxide 13 14

Pyrite X X X
Total 100.1 100.0 100.0 100.0 100.1 100.0 100.0 100.0

Colour Index 15.9 18.2 13.7 9.9 20.8 33.7 134 13.6

x = Present in trace amounts
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Appendix 1g. Modal analyses of the leucosome component from metasedimentary migmatites (metatexite).

Sample No. 1-14-4C 2-1-3 2-1-9 3-11-3 5-14-6 5-14-9 5-14-10

Quartz 26.6 30.8 403 18.8 26.5 40.2 24.9

Plagioclase 55.0 58.3 485 64.9 47.2 50.5 46.4

Potassium feldspar 71 34 21 21 46 X 7.6

Biotite 7.2 8.0 6.3 20.7 94

Hornblende 3.2 7.9 20.8

Diopside 8.2

Orthopyroxene 0.8

Iron oxide 0.3 0.9 04

Hematite 04

Total 100.1 100.0 100.1 100.0 99.9 100.1 100.1

Colour Index 114 75 9.2 14.2 216 9.4 21.2

x = Present in trace amounts

Appendix 1h. Modal analyses of various rock types from the Hoare Lake gneisses.

Unit No. HL-5 HL-8A HL-8B

Quartz 113 215 36.0

Plagioclase 51.2 51 48.9

Biotite 0.8 435 138

Garnet 13 29.8 13

Orthopyroxene 33.0

Orthoamphibole 18

Iron oxide 0.8

Total 100.2 99.9 100.0

Colour Index 37.7 733 151
Appendix 1i. Modal analyses of Grenville Supergroup clastic metasedimentary rocks.

Pelitic M etasedimentary Rocks Quartzite Para-amphibolite

Sample No. 6-13-16A 6-13-16B 6-11-26 6-13-28A 6-13-28B
Quartz 44 22.6 6.0 84.2 17
Plagioclase 20.4 47.8 438 6.5 371
Potassium feldspar  39.3 X 14.2 43 17
Biotite 311 26.9 32.6 29 18.1
Graphite 49 26 34
Hornblende X 39.7
Pyrite 17
Titanite 22
Rutile
Total 100.1 99.9 100.0 100.1 100.0
Colour Index 311 26.9 32.6 51 59.5

x = Present in trace amounts
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Appendix 1j. Modal analyses of rocks from the Little Papineau Lake plutonic complex.

Wicklow Area

Sample No. 4-7-5 4-7-6B 4-7-7 4-7-8B  4-7-9B  4-7-11 4A-4-1A 4A-4-1B 4A-4-2B

Quartz 16 28.8 X 24.6 31 10.4 19 34 12.3

Potassium

feldspar 0.4 0.6 X 15 17 51 12 14 2.8

Plagioclase 64.7 63.0 66.1 58.6 74.4 73.6 60.7 76.4 64.6
An content Anysg Anyg

Hornblende 226 21.3 0.2 10.4 6.1 34.6 7.4 34

Biotite 9.9 77 12.6 151 7.6 4.1 14 10.2 16.0

Iron oxide 0.8 2.8 0.8 11 0.9

Titanite 0.2

Apatite

Epidote

Zircon

Pyrite

Hematite

Total 100.0 100.1 100.0 100.0 100.0 100.1 100.0 99.9 100.0

Colour Index 33.3 7.7 339 15.3 20.8 11.0 36 18.7 20.3

Hornblende 23 - 17 0.01 14 15 24.7 0.7 0.2

Biotite

Sample No. 4A-4-3B  4A-4-14 4A-4-21 4A-4-19 4A-5-8 5-10-1A 5-10-5 5-10-6 5-10-7

Quartz 9.7 7.8 0.2 1.0 5.4 23 35 195 5.8

Potassium

feldspar 0.9 12 19 0.6 13 0.7 0.6 6.5 0.7

Plagioclase 66.0 69.3 414 51.9 45.1 68.6 66.6 66.3 66.8

Hornblende 3.0 111 334 44.0 23.2 171 19.9 16.1

Biotite 19.1 10.7 23.0 25 24.6 11.2 9.3 6.5 10.1

Iron oxide 12 X X X 0.8 0.5

Titanite X 0.5

Apatite

Epidote

Zircon

Pyrite X

Hematite 0.3

Total 99.9 100.1 99.9 100.0 100.1 99.9 99.9 99.9 100.0

Colour Index 23.3 21.8 56.4 46.5 47.8 28.3 29.2 7.4 26.7

Hornblende 0.2 1.0 15 17.6 0.94 15 21 - 16

Biotite

x = Present in trace amounts
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Appendix 1o0. Modal analyses of generally hololeucocratic, fine-grained,
muscovite-bearing metamorphosed potassic granitoid rocks.

Sample No. 3-11-4B 5-4-1A 5-4-1D 5-15-7
Quartz 225 339 349 344
Plagioclase 21.3 18.2 17.0 14.8
Potassium

feldspar 51.1 457 40.1 50.0
Biotite 3.9 17 6.5 0.6
Iron oxide 0.2 0.5 0.6 0.3
Allanite X 0.9

Muscovite 0.8 X X X
Hematite X

Pyrite X
Total 99.8 100.0 100.0 100.1
Colour Index 41 22 8.0 0.9

x = Present in trace amounts

Appendix 1p. Clast and matrix modal analyses of tectonic breccia from the Wicklow granite.

Clasts + Matrix
Matrix

Sample No. 4-3-3 4-33 3-2-2 3-2-5 4-3-13 4-3-8
Granite matrix 66.7 Quartz 28.1 29.6 258 273 241
Diorite clasts 21.8 Plagioclase 17.9 29.2 304 244 38.8
Amphibolite clasts 10.3 Potassium feldspar ~ 50.2 28.2 316 425 28.9
Trondhjemite clasts Biotite 20 10.3 12.0 4.3 X
Metasedimentary clasts Hornblende 16 2.3 7.8
Calcite-scapolite Iron oxide 0.2 0.3 0.3 12 0.3

diopside skarn clasts Allanite 0.2 0.2 0.3

Pyrite X
Total 100.0 Total 100.2 99.9 100.1 99.9 100.2
Colour Index 4.0 129 123 5.7 94

x = Present in trace amounts
Appendix 1q. Modal analyses of rocks from the Indian Lake plutonic complex.
Sample No. 5-2-6 6-1-5A 6-1-8A 6-1-8B 7-3-10
Quartz 146 23.0 244 145
Potassium feldspar 19 04 25 23
Plagioclase 52.8 65.1 57.0 58.9 69.2
Hornblende 254 113 11 2.6
Biotite 218 71 17.0 14.2 114
Iron oxide 15 X
Pyrite X
Total 100.0 100.0 100.0 100.0 100.0
Colour Index 47.2 184 19.6 14.2 14.0

x = Present in trace amounts
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Appendix 2. Chemical Analyses

® 2 o0 T o

Chemical analyses of amphibolite from the Wicklow area.

Chemical analyses of paleosome from biotite-rich mesocratic to melanocratic gneiss.
Chemical analyses of metasedimentary paleosome of possible pelitic composition.
Chemical analyses of metasedimentary paleosome of possible wacke composition.

Chemical analyses of cordierite-gedrite-hypersthene restite, leucosome, quartz diorite and
amphibolite from the Hoare L ake gneisses.

Chemical analyses of dioritic rocks from the Little Papineau Lake plutonic complex.

Chemical analyses of diorite and monzodiorite from the New Carlow syenite complex
(unit NCS-1).

Chemical analyses of augite syenite to monzonite (unit NCS-4) and quartz syenite to
granite (unit NCS-6) from the New Carlow syenite complex.

Chemical analyses of corundum-bearing syenites and related syenites from the Hoover
Mountain corundum deposit (units NCS-7, NCS-8, NCS-9 and NCS-3).

Chemical analyses, selected element ratios and Barth mesonorms for metamorphosed
potassic granitoid rocks.

Partial chemical analyses of blocky potassium feldspar and selected element ratios from the
Dubblestein and Thomas uraniferous granitic pegmatites.

Partial chemical analysis of euxenite from the Dubblestein uraniferous granite pegmatite and
comparative analyses from the literature.
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Appendix 2a. Chemical analyses of amphibolite from the Wicklow area.

Sample No. 6-11-5D 6-13-32A 7-6-5C 7-9-1A Aver agel
Major Oxides (wt %)

SOy 46.6 455 46.2 42.0 46.9
Al>03 14.6 136 132 117 131
FeO3 3.85 5.72 5.61 6.79 5.47
FeO 6.79 8.69 9.35 132 9.40
MgO 8.85 6.25 6.51 6.77 7.09
Ca0 11.3 9.36 9.23 9.51 9.71
Na,O 3.09 3.45 2.88 161 1.90
K20 0.96 1.76 1.39 0.89 0.99
TiOz 1.27 243 2.20 433 2.39
P>0Os5 0.30 0.32 0.25 031 0.25
MnO 0.14 0.25 0.27 0.32 0.26
COz 0.10 0.27 0.14 0.36 0.20
S 0.01 0.02 0.07 0.28 0.11
Ho0* 0.63 0.74 0.94 058 0.80
HoO~ 0.05 0.05 0.08 0.04 0.05
Total 98.6 98.4 98.3 98.7 98.6

Trace Elements (ppm)

Ba 140 150 140 120 138
Be 2 3 3 3 2.8
Co 37 36 43 46 41
Cr 102 86 173 8 92
Cu 8 10 25 44 22
Ga 14 14 19 19 17
Li 34 49 14 8 26
Mo <10 <10 <10 <10 <10
Nb 9 19 16 50 24
Ni 72 30 42 13 39
Pb <10 <10 <10 <10 <10
Rb 20 40 20 <10 <23
Sc 11 25 20 50 27
Sn 2.0 2.0 3.9 21 25
Sr 510 155 90 275 258
\% 210 340 370 630 389
Y 17 47 43 54 40
Zn 120 142 195 160 154
Zr 90 105 35 25 64
La 18 22 28 18

Ce 45 55 65 50

Nd 20 30 30 30

Sm 6 8 8 11

Eu 16 2.3 2.2 3.3

Gd 5 9 8 11

Dy 40 9.0 8.0 105

Yb 16 49 45 5.4

REE 101 140 154 139

Element Ratios

K/Ba 57 97 82 62 75
K/Rb 398 365 577 >739 >520
Ba/Rb 7 4 7 >12 <0.04
Rb/Sr 0.04 0.26 0.22 >75 <0.14
LalYb 7.2 29 4.0 2.2 41
Eu/Eu* 0.89 0.84 0.85 0.92 0.88

1Excluding 6-11-5D which postdates Grenville Supergroup metasedimentary rocks and syenites, and including 2 analyses from Appendix 15. See
Appendix 15 for analyses of amphibolites from the Hoare Lake gneissic suite.
Eu/Eu* = chondrite-normalized observed Eu value divided by Eu value obtained by interpolation between Smand Gd
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Appendix 2b. Chemical analyses of paleosome from biotite-rich mesocratic to melanocratic gneiss.

Sample No. 7-3-8 7-3-9 7-9-2
Major Oxides (wt %)

SOy 52.4 52.9 51.9
Al>03 14.0 12.0 14.0
FeO 5.55 5.55 5.40
FeO3 248 212 1.95
MgO 5.52 8.46 7.58
Ca0 5.67 5.34 6.41
Na,O 151 0.67 1.67
K20 6.82 7.29 5.53
TiOz 2.36 1.66 173
P,0Os5 1.05 1.09 0.52
MnO 0.12 0.18 0.13
COz 0.11 0.19 0.10
S 0.25 0.01 0.02
Ho0* 0.88 1.03 0.56
HoO~ 0.07 0.07 0.10
Total 98.8 98.5 97.7

Trace Elements (ppm)

Ba 3550 4160 4310
Be 5 3 5
Co 25 30 30
Cr 91 361 352
Cu 50 6 5
Ga 14 24 14
Li 24 30 26
Mo <10 <10 <10
Ni 96 220 131
Nb 15 28 18
Pb 18 <10 16
Rb 170 230 190
Sc 28 17 19
Sn <0.8 <0.8 49
Sr 1390 910 1330
\% 220 180 215
Y 40 30 25
zr 105 350 220
Zn 144 160 128

Element Ratios

NapO/K 20 0.22 0.09 0.30
S0,/Al,03 3.74 441 371
Al;03/NaO 9.3 17.9 8.4
K/Ba 15.9 145 11
K/Rb 333 263 242
Ba/Rb 21 18 23
casr 29 42 35
Rb/Sr 0.12 0.25 0.14
Cr/Ni 0.9 16 27
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Appendix 2c. Chemical analyses of metasedimentary paleosome of possible pelitic composition.

Sample No. 4A-6-33A 4A-6-34 4A-6-35 7-1-9A 7-9-1C Average
Major Oxides (wt %)

SOy 60.6 59.4 62.8 51.0 60.8 58.9
Al203 18.0 17.9 154 14.2 18.3 16.8
FeO 5.48 6.65 5.99 6.50 5.48 6.02
FeO3 418 4.06 1.69 2.65 231 2.98
MgO 2.64 3.08 3.24 8.18 1.88 3.80
Ca0 157 1.96 2.23 6.61 1.37 2.75
Na,O 1.35 172 1.73 1.59 172 1.62
K20 2.81 231 3.56 3.50 3.79 2.56
TiOz 1.39 141 1.33 173 152 1.48
P>0Os5 0.08 0.03 0.02 1.07 0.05 021
MnO 0.10 0.10 0.09 0.14 0.06 0.08
COz 031 0.08 0.17 0.08 0.39 0.17
S 0.04 0.02 0.02 0.25 054 0.15
Ho0* 0.08 0.85 0.92 0.89 131 0.68
HoO~ 0.06 0.06 0.05 0.06 0.07 0.05
Total 98.7 99.7 99.2 98.2 99.5 98.25
Trace Elements (ppm)

Ba 700 580 760 2570 550 1032
Be 1 1 2 5 1 24
Co 22 23 18 32 19 23

Cr 55 66 56 261 64 100
Cu 92 26 13 134 90 355
Ga 18 15 17 17 20 17

Li 12 14 16 18 34 19
Mo <10 <10 <10 <10 10 <10

Ni 38 40 26 194 39 34
Nb 8 12 13 16 18 13
Pb <10 <10 <10 <10 72 <22
Rb 80 80 220 150 110 128
Sc 20 21 17 17 16 18
Sn <0.8 <0.8 21 24 23 <17
Sr 185 215 315 720 130 198

\Y 145 185 170 205 195 180

Y 23 20 6 21 5 15

Zr 45 35 75 265 100 104
Zn 145 165 150 160 150 154
Element Ratios

NaxO/K 20 0.48 0.74 0.49 0.45 0.45 0.63
SiOy/Al03 3.37 3.32 4.08 3.59 3.32 351
Al203/Nay0O 133 104 8.9 8.9 10.6 104
K/Ba 33 33 28 8 57 31
K/Rb 291 240 97 138 283 199
Ba/Rb 8.8 7.3 35 17 5 8.3
CalSr 61 66 51 66 76 100
Rb/Sr 0.43 0.37 0.70 021 0.85 051
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Appendix 2d. Chemical analyses of metasedimentary paleosome of possible wacke composition.

Sample No. 1-14-13 2-1-9 4A-6-33B 4A-6-37 5-2-16 6-11-13 Average
Major Oxides (wt %)

SOy 56.1 59.5 57.2 60.2 61.7 53.6 58.1
Al>03 18.1 17.3 175 154 155 17.9 17.0
FeO 5.48 5.00 4.82 5.26 453 6.43 5.27
FeO3 174 331 284 3.44 3.00 2.78 2.85
MgO 4.04 272 3.28 424 3.66 433 371
Ca0 3.44 4.02 6.43 3.76 317 4.79 427
Na,O 4.67 251 2.79 261 291 4.03 3.25
K20 3.09 215 1.62 2.50 2.78 3.08 254
TiOz 1.04 1.28 0.92 1.06 1.03 1.37 112
P,0Os5 0.15 0.09 0.03 0.10 021 0.19 0.13
MnO 0.11 0.14 0.12 0.10 0.09 0.10 0.11
COz 021 0.11 0.23 0.10 0.11 0.52 021
S 0.25 0.08 0.02 0.01 0.02 0.17 0.09
Ho0* 0.86 1.06 0.73 0.37 0.72 0.60 0.72
HoO~ 0.08 0.13 0.05 0.07 0.05 0.07 0.07
Total 99.4 99.5 98.6 99.6 99.5 100.0 99.44
Trace Elements (ppm)

Ba 340 720 280 530 410 770 508
Be 2 2 2 2 2 1 18
Co 21 27 23 19 18 23 22

Cr 86 121 40 58 66 62 72
Cu 73 140 29 6 18 32 50
Ga 18 15 13 17 16 19 16

Li 22 10 8 13 18 17 11
Mo <10 <10 <10 <10 <10 <10 <10

Ni 30 52 34 35 37 38 38
Nb 14 13 12 12 11 16 13
Pb 30 12 <10 <10 <10 <10 <14
Rb 150 60 40 90 100 90 88
Sc 17 20 12 12 13 14 15
Sn 21 15 12 15 11 15 15
Sr 270 410 335 300 220 375 318

\Y 180 215 175 180 185 175 185

Y 8 18 20 15 15 9 14

Zr 90 95 50 60 180 13 81
Zn 150 155 77 134 148 155 137
Element Ratios

NaxO3/K20 151 117 172 1.04 1.05 131 1.28
SiOy/Al03 31 3.44 327 3.93 3.98 2.99 342
Al203/Nay0O 09 6.9 6.3 5.9 53 44 5.2
K/Ba 75 25 48 39 56 33 46
K/Rb 171 298 336 231 231 284 259
Ba/Rb 23 12 7 6 41 85 6.7
CalSr 92 71 138 90 104 92 97
Rb/Sr 0.56 0.15 0.12 03 0.45 0.24 03
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Appendix 2e. Chemical analyses of cordierite-gedrite-hypersthene restite, leucosome, quartz diorite and amphibolite from the Hoare Lake

gneisses.

Unit No. HL-1 HL-2A HL-2B HL-5 HL-10 HL-11
Major Oxides (wt %)

SO, 48.6 46.9 58.2 55.9 54.3 46.7
AlyO3 15.8 15.8 14.2 13.3 13.6 13.6
FeO 8.18 124 5.77 9.57 6.72 9.06
Fe;O3 6.31 281 7.26 5.29 3.62 5.60
MgO 17.6 17.7 10.1 7.88 7.90 8.02
CaO 0.54 0.40 1.49 451 9.47 11.0
NaxO 0.70 0.80 0.86 1.59 0.80 0.76
K>0 0.49 0.42 0.15 0.12 0.25 0.65
TiOy 0.54 0.69 0.29 0.85 1.06 195
P,O5 0.04 0.04 0.04 0.03 0.19 0.20
MnO 0.20 0.24 0.37 0.25 0.23 0.24
CO» 0.33 0.35 0.69 0.06 0.15 0.10
S 0.04 0.02 0.02 0.01 0.03 0.13
H,O* 0.67 0.69 0.58 0.17 0.85 0.87
H,O~ 0.05 0.06 0.12 0.06 0.06 0.04
Total 100.0 99.2 99.9 99.6 99.2 98.9
Trace Elements (ppm)

Ba 110 80 100 60 70 60
Be 2 2 1 1 1 2
Co 36 41 25 31 32 40

Cr 139 138 96 53 388 236
Cu 48 26 30 48 17 95
Ga 22 26 10 12 15 16

Li 87 108 25 18 13 12
Mo <10 <10 <10 <10 <10 <10

Ni 62 73 24 19 94 49
Nb 14 18 30 10 16 25
Pb <10 <10 <10 <10 <10 18
Rb 20 10 <10 20 <10 10
Sc 9 7 3 18 25 35
Sn 3.6 29 0.8 12 18 2.1
Sr 16 16 40 14 45 80

\% 500 405 195 280 260 405

Y 4 3 5 12 12 21

Zr 11 12 6 16 45 30
Zn 350 325 160 145 180 160
La 2 2 17 9
Ce <6 <6 40 25
Nd <2 2 20 15
Sn <1 <1 7 4
Eu 0.2 0.5 17 17
Gd 2 1 5 5
Dy 1.0 2.0 35 45
Yb 0.6 18 12 21
REE <14.8 <16.3 95 66
Element Ratios

K/Ba 37 44 12 17 29 90
K/Rb 203 349 >125 >100 >202 540
Ba/Rb 5 8 >10 3 >7 6
Rb/Sr 1.25 0.63 <0.25 1.43 <0.22 0.13
Cr/Ni 2.2 19 4 2.8 4.2 4.8
La/'YbN 2.2 0.72 6.1 2.8
Eu/EU" 0.87 1.2

La/YbN = chondrite-normalized La/Yb ratio

Eu/Eu* = chondrite-normalized observed Eu value divided by Eu value obtained by interpolation between Smand Gd
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Appendix 2f. Chemical analyses of dioritic rocks from the Little Papineau Lake plutonic complex.

Sample No. 4A-4-20A 4A-4-20B 4A-5-3 4-7-7 4-7-9A
Major Oxides (wt %)

SOy 62.7 55.4 475 54.2 54.6
Al>03 184 15.9 15.8 20.1 18.6
FeyO3 1.23 312 455 212 2.80
FeO 241 511 7.16 3.36 453
MgO 2.06 4.98 6.08 3.94 3.69
Ca0 3.37 543 7.99 6.67 6.78
Na;O 5.36 3.89 3.07 459 4.10
K20 2.07 1.97 2.28 143 1.70
TiOz 0.56 1.58 1.83 0.67 0.84
P,0Os5 0.16 0.32 0.46 0.16 0.19
MnO 0.07 0.09 0.17 0.08 0.10
COz 0.20 0.33 021 0.34 0.23
S 0.01 0.01 0.23 0.01 0.01
Ho0* 054 0.77 1.08 0.99 057
HoO~ 0.05 0.06 0.04 0.06 0.06
Total 99.2 99.0 98.5 98.7 98.8
Trace Elements (ppm)

Ba 320 260 750 570 330
Be 2 2 2 2 2
Co 9 20 31 18 24

Cr 6 74 20 18 24
Cu 7 5 20 86 10
Ga 16 15 14 17 15

Li 16 11 15 14 12
Mo <10 <10 <10 <10 <10
Ni 18 40 20 30 27
Nb 3 10 18 6 7
Pb 30 <10 <10 32 49
Rb 100 50 60 40 30
Sc 1 14 12 5 8
Sn 20 29 22 15 18
Sr 390 190 660 1250 350

\Y 40 160 190 115 145

Y 8 38 35 8 9
Zn 73 76 145 54 78

Zr 160 100 40 30 23
La 53 32 49

Ce 110 90 120

Nd 35 45 50

Sm 5 10 11

Eu 13 24 3.0

Gd 3 9 9

Dy 18 75 7.0

Yb 0.8 39 34

REE 210 200 249

Element Ratios

NaxO/K 20 26 20 13 32 24
K/Ba 54 63 25 21 43
K/Rb 172 327 315 297 470
Ba/Rb 3 5 13 14 11
CalSr 62 206 87 38 139
Rb/Sr 0.26 0.26 0.09 0.03 0.09
La/Yb 433 53 9.3

Eu/Eu* - 0.77 0.92

4A-4-20A Massive, medium-grained, biotite-hornblende quartz diorite

4A-4-20B Massive, medium-grained, biotite-hornblende diorite

4A-5-3 Massive, medium-grained, biotite-hornblende metagabbro

4-7-7 Massive, medium-grained, biotite-hornblende diorite

4-7-9A Massive, medium-grained, + biotite-hornblende diorite

Eu/Eu* = chondrite-normalized observed Eu value divided by Eu value obtained by interpolation between Smand Gd
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Appendix 2g. Chemical analyses of diorite and monzodiorite from the New Carlow syenite complex (unit NCS-1).

Sample No. 6-13-3B 7A-5-4 7-13-3 7-14-2A 7-14-5A 7-14-8 7-14-10A Average
Major Oxides (wt %)

SOy 61.5 50.1 46.4 48.2 50.1 46.5 49.6

Al>,O3 14.7 14.8 144 12.9 14.0 124 14.0

Fe,O3 5.67 5.81 6.47 8.83 6.09 7.67 6.85

FeO 3.58 5.40 8.11 7.60 5.55 6.21 5.55

MgO 0.83 3.93 5.63 3.95 3.88 5.37 417

CaO 4.23 6.41 7.92 7.03 6.86 9.28 6.60

Na,O 3.83 3.39 3.32 450 4.08 214 334

K>0 2.89 4.06 2.01 2.04 3.33 3.23 371

TiOy 1.32 2.13 2.07 2.49 2.47 2.57 2.59

P>,Osg 0.21 0.98 0.69 0.80 1.05 1.34 1.10

S 0.02 0.35 0.28 0.17 0.28 0.35 0.20

MnO 0.14 0.14 0.18 0.31 0.16 0.18 0.17

CO2 0.28 0.19 0.63 0.20 0.69 0.49 0.33

H,O* 0.36 0.52 0.48 0.66 0.40 0.76 0.51

H,O~ 0.07 0.07 0.05 0.10 0.08 0.08 0.08

Total 99.7 98.3 98.7 99.8 99.0 98.6 98.8

Trace Elements (ppm)

Ba 360 6054 1790 580 3400 3460 3820 2780
Be 2 4 2 7 3 3 3 3
Co 12 10 41 20 23 33 22 23
Cr <5 10 39 6 33 89 37 <31
Cu 8 28 48 16 31 56 29 31
Ga 19 17 16 20 16 16 18 17
Li 18 14 32 17 40 30 34 26
Mo <10 <10 <10 <10 <10 <10 <10 <10
Nb 8 20 18 15 25 21 16 18
Ni <5 10 65 <5 19 56 20 26
Pb 21 24 16 10 27 86 34 31
Rb 50 70 50 20 60 50 70 53
Sc 6 14 14 16 17 18 9 13
Sn 5.2 <0.8 21 2.4 <05 <0.8 <0.8 <17
Sr 185 2770 1330 330 2170 2080 2120 1569
\% 50 240 290 210 215 245 180 204
Y 75 35 37 103 55 53 30 55
Zn 146 66 160 260 145 170 160 158
Zr 85 95 70 45 75 105 80 79
La 87 65 135

Ce 195 145 325

Nd 80 70 140

Sm 15 19 30

Eu 37 5.1 6.6

Gd 11 19 20

Dy 75 185 11.0

Yb 33 9.8 4.2

REE 403 351 672
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Wicklow Area

Sample No. 6-13-3B 7TA-5-4 7-13-3 7-14-2A 7-14-5A 7-14-8 7-14-10A Average
Element Ratios

K/Ba 66.6 5.6 9.3 29.1 8.1 7.8 8.1 19.2
K/Rb 480 481 337 847 460 536 440 512
Ba/Rb 7.2 86.5 35.8 29.0 56.7 69.2 54.6 484
CalSr 165 16.7 429 153 228 321 224 65.0
Rb/Sr 0.27 0.03 0.04 0.06 0.03 0.02 0.03 0.07
La/Yb 17.0 48 20.8

Eu/Eu* 0.89 0.83 0.82

6-13-3B Massive, fine- to medium-grained, titanite-magnetite-biotite quartz monzodiorite

7A-5-4 Massive, fine-grained, apatite-titanite-magnetite hornblende-biotite diorite

7-13-3 Foliated, medium-grained, titanite-biotite-hornblende diorite

7-14-2A Foliated, medium-grained, titanite-magnetite-biotite- hornblende diorite

7-14-5A Foliated, fine- to medium-grained, apatite-titanite-magnetite-biotite-hornblende diorite

7-14-8 Massive, fine- to medium-grained, apatite-titanite-magnetite-biotite-hornblende diorite

7-14-10A  Massive, fine- to medium-grained, apatite-titanite-magnetite-hornblende-biotite diorite

Eu/Eu* = chondrite-normalized observed Eu value divided by Eu value obtained by interpolation between Smand Gd
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Appendix 2h. Chemical analyses of augite syenite to monzonite (unit NCS-4) and quartz syenite to granite (unit NCS-6) from the New Carlow
syenite complex.

Sample No. 6-13-10 6-13-11 6-13-6 7-13-2
Major Oxides (wt %)
SOy 64.3 64.3 721 65.9
AlxO3 18.0 17.4 14.4 14.6
FeoO3 1.40 0.90 1.48 3.10
FeO 0.80 1.02 1.02 1.75
MgO 0.10 0.58 0.08 0.73
Ca0 1.36 1.73 1.22 218
Na,O 8.46 294 3.92 4.45
K20 4.26 8.60 3.95 431
TiOy 0.64 0.57 0.34 0.70
P>0Os5 0.03 0.05 0.05 0.17
S 0.01 0.02 0.02 0.03
MnO 0.06 0.05 0.03 0.07
COy 0.24 0.66 0.55 0.42
Ho0* 0.24 0.54 0.07 0.55
HoO~ 0.06 0.08 0.08 0.11
Total 100.0 99.4 99.3 99.2
Average Average
Sample No. 6-13-10 6-13-11 (unit NCS-4) 6-13-6 7-13-2 (unit NCS-6)

Trace Elements (ppm)

Ba 560 1120 840 280 650 465
Be 2 2 2 2 4 3
Co <5 <5 <5 <5 5 <5
Cr <5 <5 <5 <5 <5 <5
Cu <5 6 <5 6 10 8
Ga 20 16 18 19 16 17
Li 10 8 9 20 10 15
Mo 11 12 11 10 16 13
Nb 25 23 24 2 35 17
Ni <5 <5 <5 <5 <5 <5
Pb 20 10 15 <10 12 <11
Rb 80 200 140 100 120 110
Sc 1 9 5 1 11 6
Sn 6.2 39 5.1 43 5.6 5.0
Sr 320 530 425 55 335 195
\% 11 12 11 10 24 17
Y 53 82 68 30 125 78
Zn 41 42 41 38 84 61
zr 13 11 12 105 155 130
La 25 64

Ce 80 205

Nd 50 115

Sm 14 30

Eu 20 29

Gd 13 22

Dy 135 195

Yb 5.4 7.0

REE 203 465
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Wicklow Area

Average Average
Sample No. 6-13-10 6-13-11 (unit NCS-4) 6-13-6 7-13-2 (unit NCS-6)
Element Ratios
K/Ba 63 64 64 117 55 86
K/Rb 442 357 400 328 298 313
Ba/Rb 7.0 5.6 6.3 238 54 41
CalSr 31 235 27 160 46.9 103
Rb/Sr 0.25 0.38 0.32 18 0.36 1.08
La/Yb 3.0 5.9
Eu/Eu* 0.46 0.35
6-13-10 Massive, fine- to coarse-grained, augite monzonite
6-13-11 Massive, coarse-grained, titanite-augite syenite
6-13-6 Lineated, medium-grained, magnetite-biotite granite
7-13-2 Massive, medium-grained, biotite quartz syenite

Eu/Eu* = chondrite-normalized observed Eu value divided by Eu value obtained by interpolation between Smand Gd
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Appendix 2i. Chemical analyses of corundum-bearing syenites and related syenites from the Hoover Mountain corundum deposit
(unitsNCS-7, NCS-8, NCS-9 and NCS-3).

Sample No. 7-14-1B 7-14-1C 7-14-12A 7-14-12C 7-14-12B Average
Major Oxides (wt %)

SOy 53.2 53.8 51.9 493 56.7
Al>03 28.8 216 26.9 277 19.0
FeO3 2.01 477 5.02 6.12 7.39
FeO 131 4.60 2.85 292 2.50
MgO 0.06 0.85 0.08 0.00 0.00
Ca0 3.03 272 2.05 2.28 1.36
NaO 8.08 6.42 6.69 7.78 10.5
K20 1.56 2.90 1.86 161 141
TiOz 0.45 0.86 051 0.64 0.38
P,0Os5 0.04 0.07 0.05 0.04 0.10
S 0.02 0.02 0.02 0.02 0.01
MnO 0.05 0.19 0.07 0.07 0.02
COz 0.16 0.10 0.72 0.64 0.26
Ho0* 0.46 0.94 0.79 0.79 0.26
HoO~ 0.05 0.04 0.05 0.05 0.06
Total 99.3 99.9 99.6 100.0 100.0

Trace Elements (ppm)

Ba 660 500 230 210 170 354
Be 1 1 1 1 2 1
Co 5 7 <5 <5 <5 <5
Cr <5 29 <5 <5 <5 <10
Cu 5 6 6 6 16 8
Ga 16 18 23 23 35 23
Li 17 25 14 18 4 16
Mo 12 <10 11 11 11 <11
Nb 8 13 5 7 8 8
Ni <5 <5 <5 <5 <5 <5
Pb 17 24 <10 70 29 <30
Rb 50 150 50 40 20 62
Sc <1 <1 <1 1 <1 <1
Sn 27 8.4 5.6 75 8.7 6.6
Sr 610 220 125 130 165 250
\% 7 50 6 7 13 17
Y 4 3 2 2 5 3
Zn 50 170 78 100 70 94
zr 23 35 15 21 370 93
La 11 8

Ce 25 10

Nd 7 2

Sm 1 <1

Eu 0.5 04

Gd 1 <1

Dy 0.7 0.8

Yb 0.1 14

REE 46.3 <246
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Appendix 2i. Continued

Wicklow Area

SampleNo.  7-14-1B 7-14-1C 7-14-12A 7-14-12C 7-14-12B Average
Element Ratios

K/Ba 19.6 481 67.1 63.6 68.8 53.4
K/Rb 436 161 309 334 585 365
Ba/Rb 13.2 33 4.6 53 85 7.0
CalSr 35.8 89.0 118 126 59 85.6
Rb/Sr 0.08 0.68 04 031 0.12 0.32
La/Yb 71.1 38

Eu/Eu* 1.6

7-14-1B Magnetite-muscovite-corundum-biotite plagiosyenite: unit NCS-9

7-14-1C Magnetite-corundum-muscovite-biotite plagiosyenite: unit NCS-7

7-14-12A Biotite-magnetite-muscovite-corundum plagiosyenite (typical ore from Hoover Mountain corundum deposit): unit NCS-8
7-14-12C Muscovite-magnetite-corundum plagiosyenite (typical ore from Hoover Mountain corundum deposit): unit NCS-8
7-14-12B Magnetite-biotite plagiosyenite (“ buff” syenite of Hewitt 1954) interlayered with 7-14-12A and 7-14-12B at the Hoover

Mountain corundum deposit: unit NCS-3
Eu/Eu* = chondrite-normalized observed Eu value divided by Eu value obtained by interpolation between Smand Gd
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Appendix 2j. Chemical analyses, selected element ratios and Barth mesonorms for metamorphosed potassic granitoid rocks.

Sample No. 3-11-4B  4-3-15B 4A-4-11 4A-7-13B 4A-8-13 564 7-2-6 7-6-4B 7-7-1
Major Oxides (wt %)

SOy 71.2 69.9 72.0 735 74.5 72.6 717 70.8 76.9
Al>,O3 154 14.6 13.6 14.6 12.2 13.9 14.7 14.7 12.9
Fe,O3 1.04 2.30 254 0.90 3.08 147 153 1.85 0.26
FeO 0.66 161 161 0.73 131 117 0.80 131 0.66
MgO 0.28 0.55 0.64 0.23 0.33 0.44 0.21 0.61 0.34
CaO 0.78 141 0.93 1.15 0.71 111 1.38 1.22 1.19
Na,O 2.13 1.95 217 2.97 144 2.38 2.05 2.36 1.82
K>0 6.53 5.78 417 459 5.49 497 5.67 5.60 451
TiOy 0.33 0.64 0.70 0.24 0.35 0.66 0.28 0.66 0.28
P>,Osg 0.53 0.17 0.16 0.13 0.12 0.15 0.16 0.17 0.13
S 0.01 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.05
MnO 0.01 0.03 0.02 0.01 0.02 0.04 0.02 0.03 0.02
CO2 0.32 0.48 0.68 0.24 0.30 0.19 0.71 0.36 0.30
H,O* 0.38 0.39 0.54 0.36 0.28 0.38 0.57 0.36 0.27
H,O~ 0.05 0.04 0.07 0.04 0.12 0.05 0.05 0.05 0.05
Total 99.65 99.86 99.85 99.71  100.27 99.52 99.85 100.29 99.68
Trace Elements (ppm)

Ba 1710 1320 920 880 940 1050 800 1010 1210
Be 1 2 2 2 1 2 1 2 2
Co <5 <5 <5 <5 5 5 5 5 5
Cr <5 <5 5 <5 <5 <5 <5 <5 <5
Cu <5 8 23 10 16 7 16 8 13
Ga 16 17 19 19 15 18 12 16 14

Li 4 13 6 6 10 10 8 12 8
Nb <1 6 1 <1 <1 12 <1 15 <1

Ni <5 <5 <5 <5 <5 <5 <5 <5 <5
Pb 33 38 19 15 10 11 28 17 18
Rb 170 170 80 90 130 90 130 170 110
Sc <1 4 2 <1 1 4 <1 5 1
Sn 0.9 19 29 <0.8 13 18 1.0 22 11
Sr 440 270 170 290 230 155 260 325 300

\% 21 20 25 13 65 16 20 30 13

Y 9 17 24 8 30 41 18 46 3
Zn 28 52 54 22 30 56 25 49 22
Zr 45 245 200 170 320 150 475 105 145
La 136 360 89 108 386 191

Ce 290 790 200 260 790 395

Nd 75 240 70 80 230 135

Sm 10 30 12 13 29 23

Eu 18 21 17 20 22 22

Cd 6 16 8 10 15 16

Dy 25 5.0 6.0 8.0 5.0 10.0

Yb 0.6 12 20 47 17 34

REE 522 1444 389 486 1459 776

Element Ratios

Ba/Rb 10.1 7.8 115 9.8 7.2 11.7 6.2 5.9 11
Ba/Sr 39 4.9 5.4 30 41 6.8 31 31 4.0
Calsr 12.6 37.0 38.8 28.2 21.9 50.8 37.7 26.6 28.2
Ccary 32 36 38 43 49 39 59 46 31
K/Rb 320 282 433 423 351 458 362 273 340
Rb/Sr 04 0.6 0.5 0.3 0.6 0.6 0.5 0.5 04
Eu/Eu* 0.72 0.29 0.53 0.54 0.32 0.35

La/'YbN 148 193 29 15 53 36

Eu/Eu* = chondrite-normalized observed Eu value divided by Eu value obtained by interpolation between Smand Gd
La/YbN = chondrite-normalized La/Yb ratio
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Appendix 2j. Continued

Sample No. 3-11-4B  4-3-15B 4A-4-11 4A-7-13B 4A-8-13 5-6-4 7-2-6 7-6-4B 7-7-1

Barth Mesonorms

Orthoclase 385 33.0 233 26.7 328 285 337 317 26.0
Albite 19.6 18.0 20.1 27.2 134 220 18.9 21.6 16.8
Anorthite 0.0 03 24 09 01 21
Quartz 320 341 415 354 432 371 36.0 33.2 458
Apatite 05 04 03 03 03 03 04 03
Magnetite 11 25 2.7 1.0 31 16 16 20 03
Hematite

Calcite 09 14 1.9 0.7 09 05 20 1.0 09
Corundum 54 5.6 6.2 43 44 48 5.8 0.2 48
Biotite 15 33 34 15 13 2.8 1.0 33 24
Sphene 14 05 04 14 05 10 0.6
Pyrite 01 01 0.1 01 01
3-11-4B Massive, fine-grained, hololeucocratic magnetite-muscovite granite

4-3-15B Massive, fine-grained biotite granite (Wicklow granite)
4A-4-11 WEll-foliated, medium-grained, magnetite-biotite granite
4A-7-13B W&ll-foliated, medium-grained, biotite granite

4A-8-13 W&ll-foliated, medium-grained, biotite granite

5-6-4 Well-foliated, medium-grained, biotite granite

7-2-6 Lineated, medium-grained, biotite-allanite granite
7-6-4B W&ll-foliated, medium-grained, biotite granite

7-7-1 Foliated, medium- to coarse-grained, biotite granite
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Appendix 2k. Partial chemical analyses of blocky potassium feldspar and selected element ratios from the Dubblestein and Thomas uraniferous
granitic pegmatites.

SampleNo. K20 NaxO Ba Cs Rb & K/Ba K/Cs K/Rb Ba/Rb Rb/Sr
(wt %) (ppm)
Dubblestein pegmatite
40cm 133 2.36 1950 <5 410 540 57 >2241 26.9 48 0.8
70 cm 134 215 1090 5 440 370 10.2 2224 252 25 12
1m 135 2.20 440 <5 490 220 255 >2241 229 09 22
1.7m 137 222 200 5 570 150 56.9 2274 19.9 035 38
21m 133 251 60 <5 780 40 184 >2201 14.2 0.08 195
26m 137 223 160 12 900 40 171 948 12,6 02 225
29m 13.0 2.61 40 10 1010 30 270 1079 10.7 004 337
32m 136 2.29 100 8 970 10 113 1411 116 01 97
Average 134 232 505 <7 695 175 105 >1822 153 11 226
Thomas pegmatite
BKF-1 14.2 1.85 3110 <5 270 520 38 >2357 437 115 0.5
BKF-2 136 2.07 1870 <5 290 490 6.0 >2258 38.9 6.5 0.6
BKF-3 14.0 1.88 2280 <5 270 520 51 >2324 43.0 84 05
Average 139 1.93 2420 <5 277 510 50 >2313 41.9 8.8 53

1Analyses conducted by X-Ray Assay Laboratories Limited, Toronto.

96



Wicklow Area

Appendix 2l. Partial chemical analysis of euxenite from the Dubblestein uraniferous granite pegmatite and comparative analyses from the
literature.1

A B Cc D E F
Oxides (wt %)
Ca0 2.56 4.86 1.92 1.08 2.03 0.85
MgO 041 0.13 0.03 0.06 0.07 0.08
MnO 0.59 0.28 0.16 0.19 -
PbO 0.37 1.35 0.63 101 0.43
K20 0.04 0.09
Na;O 0.17 0.18
Al>03 0.13 0.26 X 0.45 X
CeOy 0.02 434 0.44 2.20 0.87 245
(Y,Eu)203 14.0 18.22 2431 27.73 24.95 27.32
uo, 0.67 8.61 5.83 7.25 5.64
UO3 0.04 0.20 - 151 -
U30g 9.55 - - - -
ThO, 2.80 4.95 3.94 3.58 2.64 4.60
SnO, 0.12 0.07 0.18 0.14 0.11
SOy 0.07 0.09 0.17 1.08 -
FeyO3 1.78 1.32 2.07 - 2.16 -
FeO 01 0.77 - 1.13 0.14 1.37
TiOz 8.89 16.39 22.96 25.68 25.04 24.43
Nb2Os5 315 41.34 28.62 27.64 22.28 29.00
TapOs 0.85 3.84 2.65 1.27 5.32 11.01
H20 1.96 2.23 255 237 -
Losson Ignition 287
ZrOy 0.04 0.05 trace
BeO 0.05
Total 72.46 100.24 100.29 100.16 99.55 100.16

A. Euxenite from the Dubblestein granite pegmatite, this study.

B. “Lyndochite” (high calcium euxenite), Lyndoch Township, Ontario.

C. Euxenite, Sabine Township, Ontario.

D. Euxenite, Alve, Arendal, Norway.

E. Euxenite, Maberly, Ontario.

F.  Euxenite, Hitters, Norway.

1 Analysis A conducted by X-Ray Assay Laboratories Limited, Toronto. All remaining analyses from Palache, Berman and Frondel (1944).
x = Present in trace amounts
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Appendix 3: Comparison with Literature

a Average amphibolite compositions from the Grenville Province.

b. Mean bulk composition of metapelite and metawacke from the Wicklow areain
comparison to similar clastic metasedimentary rocks selected from the literature.

C. Analyses of cordierite-anthophyllite rocks, selected from the literature, associated with
vol canogenic massive sulphide ore deposits.

d. Analyses of cordierite-anthophyllite/gedrite rocks, selected from the literature, representing
secondary bulk compositions, but unassociated with massive sulphide mineralization.

e Analyses of cordierite-bearing retite clots from advanced stage metasedimentary migmatites (diatexites),
English River Subprovince, northwestern Ontario.

f. Composition of cordierite-anthophyllite/gedrite and gedrite-bearing rocks, selected from the literature,
interpreted to be unaltered, compared with selected average compositions of rocks from various
metasedimentary groups.
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Appendix 3a. Average amphibolite compositions from the Grenville Province.

A B Cc D E
Major Oxides (wt %)
SOy 48.12 4821 49.29 47.8 46.90
Al>03 14.92 14.98 14.97 16.5 13.10
FeO3 4.06 357 2.28 353 5.47
FeO 797 8.95 8.06 7.88 9.40
MgO 7.36 6.82 5.94 6.76 7.09
Ca0 8.84 9.23 9.51 9.76 9.71
NaO 353 3.49 3.50 2.70 1.90
K20 0.65 0.40 1.32 112 0.99
TiOz 1.65 115 1.35 1.32 2.39
P>Os5 031 0.11 021 0.20 0.25
MnO 021 0.18 0.13 0.18 0.26
COz 0.66 0.76 1.83 0.89 0.20
S ND ND ND ND 0.11
Ho0* 1.35 ND ND ND 0.80
HoO~ ND ND ND ND 0.05
Total 99.63 97.85 98.39 98.64 98.62
A Average Hermon Group amphibolite (16 analysesin Jennings 1969).
B. Average orthoamphibolite, Haliburton—-Madoc area (17 analysesin van de Kamp 1968).
C. Average para-amphibolite, Haliburton—Madoc area (34 analyses in van de Kamp 1968).
D. Average Tudor mafic metavolcanic rocks from the Kaladar area (10 analyses in Wolff 1982).
E. Average amphibolite from Madawaska Highlands gneissic complex (5 analyses, this study).
ND = Not determined
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Appendix 3b. Mean bulk composition of metapelite and metawacke from the Wicklow areain comparison to similar clastic metasedimentary
rocks selected from the literature.

Sample No. A B C D E F G H |
Major Oxides (wt %)

SOy 58.1 66.73 66.75 64.43 63.66 58.9 57.42 53.26 62.6
Al>03 17.0 15.53 13.45 15.48 14.85 16.8 19.88 20.64 15.6
FeO 5.27 3.83 354 ND 4.67 6.02 6.46 7.13 ND
FeO3 2.85 0.87 1.60 6.54 101 2.98 1.59 1.26 6.1
MgO 371 249 215 312 2.99 3.80 3.94 481 242
Ca0 4.27 2.67 254 222 2.63 2.75 1.40 124 0.50
Na,O 3.25 3.35 293 3.74 3.14 1.62 1.96 2.20 14
K20 254 1.94 1.99 244 2.30 2.56 357 353 4.65
TiOz 112 057 0.63 0.62 0.63 1.48 0.78 0.93 0.73
P,0Os5 0.13 0.12 0.16 ND 0.16 021 0.12 0.16 0.13
MnO 0.11 0.07 0.12 ND 0.12 0.08 0.09 0.09 0.06
COy 021 0.12 124 ND 124 0.17 0.28 0.10 01
S 0.09 0.08 0.07 ND ND 0.15 0.10 ND 0.63
Ho0* 0.72 053 242 ND 217 0.68 1.38 4.62 3.6
HoO~ 0.07 0.40 0.55 ND ND 0.05 051 0.11

Others 1.6
Total 99.44 99.83 100.23 98.59 99.99 98.25 99.48 99.98 100.12
A Average wacke metasediment from the Wicklow area (5 analyses, this study).

B. Average wacke metasediment from the Archean English River Subprovince (98 analyses, Breaks and Bond 1993).

C. Average of 61 greywackes of various ages (Pettijohn 1963, p.515).

D. Average of 25 Early Precambrian greywackes from \WWyoming (Condie 1967, p.2139).

E. Average of 20 Archean greywackes from the Burwash Formation, Yellowknife Supergroup, Save Province (Henderson 1972, p.890).

F. Average pelitic metasediment from the Wicklow area (6 analyses, this study).

G. Average pelitic metasediment from the Archean English River Subprovince (51 analyses, Breaks and Bond 1993).

H. Average mudstone from the Burwash Formation, Yellowknife Supergroup, Save Province (3 analyses, Henderson 1972, p.890).

|

. Average Aphebian shale from the Canadian Shield (82 analyses, Cameron and Garrels 1980, p.186-187).
ND = Not determined
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Appendix 3c. Analyses of cordierite-anthophyllite rocks, selected from the literature, associated with volcanogenic massive sulphide ore
deposits.

A B Cc D E
Major Oxides (wt %)
SOy 30.0 53.1 44.24 48.0 67.52
Al>03 2141 14.9 7.46 18.62 11.45
FeO 21.22 15.48 ND 16.18 9.37
FeO3 7.06 34 27.94 1.07 172
MgO 1154 7.3 9.30 11.85 7.96
Ca0 - 0.35 1.10 0.64 0.19
Na,O 0.58 0.44 0.11 0.23 0.22
K20 0.68 0.40 0.15 0.01 0.22
TiOz 0.42 031 ND 2.06 0.15
P,Os5 0.15 0.06 ND 0.09 0.02
MnO 0.22 0.14 0.15 0.13 0.08
COy 0.13 0.11 ND ND ND
S 0.56 ND ND ND ND
Ho0* 6.84 46 0.97 15 1.08
Total 100.81  100.59 91.37 100.38 99.98
A “ Dalmatianite” from Aulet Mine, Noranda (WIson 1941, p.68).
B. Cordierite-anthophyllite rock from Coronation Mine, Saskatchewan (Whitmore 1969, p.42).
C. Cordierite-anthophyllite rock from Gullbridge copper deposit, Newfoundland (Upadhyay 1970).

Cordierite-anthophyllite rock from Traskbole, Orijarvi area, Finland (Eskola 1914).

m o

. Quartz-cordierite-anthophyllite rock from Falun Mine, Swveden (Larson 1932).
ND = Not determined

Appendix 3d. Analyses of cordierite-anthophyllite/gedrite rocks, selected from the literature, representing secondary bulk compositions, but
unassociated with massive sulphide mineralization.

A B C D
Major Oxides (wt %)
SOy 59.71 61.28 60.1 48.87
Al>03 14.28 12.11 12,6 16.71
FeO 12.14 10.78 10.5 12.85
FeO3 1.08 3.54 49 0.13
MgO 5.79 2.36 8.7 9.60
Ca0 134 152 04 542
Na,O 0.97 422 09 161
K20 0.19 0.12 03 0.27
TiOz 1.50 1.64 0.2 271
P,0Os5 0.64 041 ND 0.50
MnO 0.20 0.06 04 -
COz ND - ND 0.07
Ho0* 2.03 174 09 0.99
HoO~ 0.05 0.10 ND 0.07
Total 99.92 99.88 100.0 99.81
A Cordierite-anthophyllite-quartz-almandine rock, east of Lake Katumajarvi, Aulanko area, Finland (Smonen 1948, p.24).

B Quartz-cordierite-anthophyllite hornfels derived from amygdaloidal basalt, Yalwal, New South Wales, Australia (Vallance 1967, p.92)
C. Quartz-gedrite-cordierite-garnet-biotite gneiss, Fishtail Lake area, Ontario (Lal and Moorhouse 1969, p.157).
D

Cummingtonite-anthophyllite-cordierite-plagioclase-biotite-ilmenite greenstone hornfels, Kenidjack, Cornwall, England (Tilley 1935,
p.182).

ND = Not determined
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Appendix 3e. Analyses of cordierite-bearing restite clots from advanced stage metasedimentary migmatites (diatexites), English River
Subprovince, northwestern Ontario (from Breaks and Bond 1993).

1 2 3

Major Oxides (wt %)

SOy 69.6 725 74.0
Al>03 17.2 16.4 15.6
FeO 3.46 3.49 3.66
FeyO3 1.10 1.29 0.36
MgO 215 3.28 3.88
Ca0 0.16 0.04 0.06
NaO 0.00 0.25 0.19
K20 111 0.94 0.25
TiOz 0.03 0.02 0.03
P>0Os5 0.00 0.02 0.00
MnO 0.11 0.04 0.06
COz 1.26 0.13 0.12
S 0.02 <0.01 0.01
Ho0* 217 134 0.81
HoO~ 1.06 0.26 0.30
Total 99.40 100.0 99.30

Appendix 3f. Composition of cordierite-anthophyllite/gedrite and gedrite-bearing rocks, selected from the literature, interpreted to be unaltered,
compared with selected average compositions of rocks from various metasedimentary groups.

Cordierite-Anthophyllite/Gedrite and Gedrite-Bearing Rocks Various Metasedimentary Groups
A B Cc D E F G H | J

Major Oxides (wt %)
SOy 57.65 65.92 65.70 64.90 54.90 66.75 66.73 66.1 61.54 57.42
Al>03 16.84 14.88 14.24 15.60 18.70 13.45 15.53 8.1 16.95 19.88
FeO 10.33 4.67 6.37 4.78 8.11 3.54 3.83 14 39 6.46
FeO3 0.85 1.68 151 1.64 111 1.60 0.87 38 2.56 1.59
MgO 5.30 352 4.89 3.18 450 215 249 24 252 3.94
Ca0 1.28 3.22 2.39 1.85 1.75 254 2.67 6.2 1.76 1.40
Na,O 234 4.39 1.96 3.72 3.90 293 3.35 0.9 184 1.96
K20 2.36 0.18 0.27 1.68 2.09 1.99 1.94 13 345 357
TiOz 1.60 0.43 0.94 0.59 0.69 0.63 057 0.3 0.82 0.78
P,0Os5 ND 0.11 0.17 ND ND 0.16 0.12 0.1 ND 0.12
MnO ND 0.17 0.09 0.13 0.18 0.12 0.07 0.01 ND 0.09
S ND ND ND ND ND 0.07 0.08 ND ND 0.10
COy ND ND ND ND ND 124 0.12 5.0 1.67 0.28
Ho0* 1.08 0.69 1.60 2.10 2.46 242 053 3.6 347 1.38
HoO~ ND 0.09 0.13 0.10 0.12 0.55 0.40 0.7 ND 051
Others” 0.22 0.03
Total 99.63 100.17  100.29 99.97 98.51 100.23 99.30 100.0 100.48 99.48
A Cordierite-anthophyllite gneiss, Tarklahti, Orijarvi area (Eskola 1914, p.198).
B. Gedrite-plagioclase rock, Skate, Kragere district, Norway (Bregger 1934, p.218).
C. Cordierite-anthophyllite-quartz-plagioclase-biotite rock, Trelease Mill, Lizard area, Cornwall, England (Tilley 1937, p.304).
D. Cordierite-gedrite metagreywacke, Ross Lake area near Yellowknife, N.W.T. (Kamineni 1973, p.292).
E. Cordierite-gedrite metagreywacke, Ross Lake area near Yellowknife, N.W.T. (Kamineni 1973, p.292).
F. Average of 61 greywackes of various ages (Pettijohn 1963, p.515).
G. Average of 98 wacke metasedimentary rocks from English River Subprovince (Breaks and Bond 1993).
H. Average of 20 lithic arenites (subgreywacke) (Pettijohn 1963, p.57).

Average of 155 metapelitic rocks (Shaw 1956, p.928).

J. Average of 49 metapelitic rocks, from English River Subprovince (Breaks and Bond 1993).
ND = Not determined

* Not identified in reference source
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Metric Conversion Table

Conversion from Sl to Imperial

Conversion from Imperial to Sl

SI Unit  Multiplied by  Gives Imperial Unit  Multiplied by Gives
LENGTH
1mm  0.039 37 inches 1 inch 25.4 mm
1cm 0.393 70 inches 1 inch 2.54 cm
1m 3.280 84 feet 1 foot 0.304 8 m
1m 0.049 709 chains 1 chain 20.116 8 m
1 km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km
AREA
lem2 01550 square inches 1 square inch 6.451 6 cm?
1m2 10.763 9 square feet 1 square foot 0.092 903 04 m?2
1km2  0.386 10 square miles 1 square mile 2.589 988 km?
1ha 2.471 054 acres 1 acre 0.404 685 6 ha
VOLUME
1cm3  0.061 023 cubic inches 1 cubic inch 16.387 064 cm3
1m3 353147 cubic feet 1 cubic foot 0.028 316 85 m3
1 m3 1.307 951 cubic yards 1 cubic yard 0.764 554 86 m3
CAPACITY
1L 1.759 755 pints 1 pint 0.568 261 L
1L 0.879 877 quarts 1 quart 1.136 522 L
1L 0.219 969 gallons 1 gallon 4.546 090 L
MASS
lg 0.035273 962  ounces (avdp) 1 ounce (avdp) 28.349 523 g
lg 0.032 150 747  ounces (troy) 1 ounce (troy) 31.103 476 8 g
1kg 2.204 622 6 pounds (avdp) 1 pound (avdp)  0.453 592 37 kg
1kg 0.001 102 3 tons (short) 1 ton (short)  907.184 74 kg
1t 1.1023113 tons (short) 1 ton (short) 0.907 184 74 t
1kg 0.000 984 21 tons (long) 1ton (long)  1016.046 908 8 kg
1t 0.984 206 5 tons (long) 1 ton (long) 1.016 046 90 t
CONCENTRATION
1g/t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/ 34.2857142 g/t
ton (short) ton (short)
1gt 0.583 333 33 pennyweights/ 1 pennyweight/  1.714 2857 g/t

ton (short)

ton (short)

OTHER USEFUL CONVERSION FACTORS
Multiplied by

1 ounce (troy) per ton (short)
1 gram per ton (short)

1 ounce (troy) per ton (short)
1 pennyweight per ton (short)

31.103 477
0.032 151
20.0
0.05

grams per ton (short)
ounces (troy) per ton (short)
pennyweights per ton (short)
ounces (troy) per ton (short)

Note: Conversion factors which arein bold type are exact. The conversion factors have been taken from or have been
derived from factors given in the Metric Practice Guide for the Canadian Mining and Metallurgical Industries, pub-
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada.
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hart A

Figure 34. Map of structural trend surfaces in the Wicklow and adjacent areas. The area delineated by the inset box represents the area of the Wicklow map (Map 2550).
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Figure 35. Mineral lineation patterns in the Wicklow area, in relation to structural domains, and F5; and later folds. The Papineau Lake subdomain is stippled; the marginal zones are distinguished from
undifferentiated rocks of the interior of the subdomain. The area bounded by latitudes 45°15’N and 45°22°30”N and longitudes 77°45’"W and 78°00"W outlines the Wicklow map area (Map 2550).
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Figure 39. Detailed geology of the Hoover Mountain corundum deposit.
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