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THREE PERSPECTIVES ON THE ORIGIN AND
INTERPRETATION OF GRANITES

"Field studies of granites deal with end products of
processes long since completed, and the most detailed
mapping and study of these products may fail to give
convincing evidence concerning the exact nature of the
processes responsible for the relations."

From : 0.F.Tuttle and N.L.Bowen, 1958. Origin of
granite in the light of experimental studies in
the system NaAlSi O, - KAlSi O, - Sio,

378 3”8 b
-H_O.
2
From the book that ended the "granite
controversy", and laid the foundations for most
current thought on silicic magmatism.

"Phe road to understanding orogenic processes,
particularly in Precambrian terranes, is littered with
misused discriminant diagrams and the hope of a simple
link between the trace element compositions of igneous
rocks and tectonic environment.”

From: C.J.HawWwkesworth, M.A.Menzies and P. van
Calsteren, 1986. Geochemical and tectonic
evolution of the Damara Belt, Napmibia.

i . . ) .
PR 1o T TR Y R D T T g o e e e e

From a symposium on collision tectonics,
organized by the Geological Society of Great
Britain.

#T would certainly hope that 100 years hence, we will
not be debating the origins of dgranites!®

ultramafic planet .

From a conference on the origin of granites,
organized by the Royal Society of Edinburgh to

i From: W.S.Fyfe, 1988. ‘ranites and a wet convecting
3. . :
| commemorate the bicentennial of James Hutton.




Thesis Abstract

The Lower to Middle Proterozoic Trans-Labrador Granitoid Belt
in the Makkovik Structural Province is divided on the basis of
field relationships and geochronology into Makkovikian and
Labradorian plutonic assemblages, representing approximate
time intervals of 1840 - 1720 and 1670 - 1600 Ma respectively.
The Makkovikian assemblage includes both syn- and post-tectonic
associations, but precise U-Pb zircon ages mostly cluster around
1800 Ma, suggesting a single main intrusive episode that
transcended the later deformation associated with the Makkovikian
orogeny. The Labradorian assemblage is not associated with local
deformation or metamorphism, but is probably a distal effect of
the ca. 1650 Ma Labradorian orogeny, prevalent south of the study
area. Both assemblages are broadly correlative with volcanic
sequences of similar age and geochemical affinity.

The Makkovikian assemblage is dominated by siliceous,
potassic, commonly porphyritic, granites and alkali-feldspar
granites, associated with subordinate monzonite to quartz
syenite. Bigh-silica granite suites are commonly fluorite-
bearing. In geochemical terms, most Makkovikian granitoids are
metaluminous to slightly peralkaline, Fe-enriched, and enriched
in Zr, Nb, Hf, REE, 2n and fluorine. A comparative analysis
suggests that they are transitional in character between
Phanerozoic post-orogenic (post-collisional) assemblages and
"A-type" or "within-plate®™ granitoid assemblages. Similarly
enigmatic characteristics have been reported from Early
Proterozoic granitoid batholiths elsewhere in the world.

The subordinate, bimodal, Labradorian plutonic assemblage
comprises gabbro-diorite-monzonite-syenite suites, derived from
mafic parental magmas, and an assortment of siliceous, generally
leucocratic, granitoid rocks. Mafic rocks resemble high-K
calc-alkaline or shoshonitic basalts, and their associated felsic
differentiates are enriched in Rb, Cs, Th, and U, as a
consequence of protracted fractionation. Other Labradorian
granites (s.s.) are metaluminous to peraluminous in composition,
and depleted in Zr, Nb, Hf, REE, 2Zn and fluorine, indicating that
they had quite different sources from their Makkovikian
counterparts.

The Makkovikian assemblage displays geographically systematic
Nd isotopic variations. In the west, negative €N CHUR indicates
ancient (probably Archean) crustal material in sgurces, but
values are too high to pernit derivation entirely from such
material. These rocks probably represent mixtures of juvenile,
mantle-derived, magma and older polycyclic Archean crust. In the
east, positive €, .CHUR indicates juvenile, Proterozoic sources,
and gneissic rocug representing possible basement have
depleted-mantle Nd n>del ages of ca. 2100 Ma. Discrete, high-
silica, "A-type" gra:ite plutons show an east-west shift in
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CHUR from +6 to =6, but retain remarkably similar
e?enental characterlstlcs in both domains. It is concluded
that magmas in the east also contained a significant crustal
component, but that this component had a short crustal residence
perinod. Nd isotopic data thus define a fundamental crustal
boundary between an Archean Craton and a younger (accreted?)
Proterozoic crustal province. Makkovikian magmatism accompanied
and followed accretion of the younger domain, and is suggested to
have resulted from emplacement of anhydrous, hot, mantle-derived
mafic magmas into the lower crust, where they crystallized,
assimilated and mixed with crustal rocks and melts thereof.

Labradorian rocks mostly have € .CHUR of +1 to -2,
regardless of composition or location. Olivine-bearing mafic
rocks, which cannot represent crustally-derived magmas, have

CHUR of ca. +1, significantly below postulated —alues for
concurrent depleted mantle. It is suggested that this crustal
component was introduced to depleted mantle via subduction of
continent-derived sediment, as suggested for modern arc magmas.
However, some Labradorian granites that lack mafic parents could
be derived by anatexis of Makkovikian "mixed™ crust, or juvenile
material underplated during Makkovikian events. Labradorian
magmatism is tentatively interpreted as a distal-arc assemblage
above a subduction zone that records renewal of tectonic activity
following Makkovikian terrane accretion and magmatism.

The isotopic characteristics of both assemblages underline
the importance of the Early Proterozoic as a period of new
crustal growth. Makkovikian magmatism reorganized previously
generated crust, and added significantly to it, particularly in
the "juvenile™ eastern domain. Largely ensialic crustal
growth of this type may have been more important in a hotter,
Proterozoic Earth and, in concert with ensimatic crust generation
linked to subduction, may account for the high crustal growth
rates deduced for this crucial period in planetary evolution.

The transitional characteristics of the Makkovikian
assemblage may also be a function of greater heat flow. Recent
models for "anorogenic" magmatism invoke insulation of the mantle
by newly-accreted crust or aggregated megacontinents, resulting
in mantle upwelling, plume act.vity, magmatism and (eventually)
rifting. In a hotter Proterozoic Earth, the time-lag between
aggregation and mantle upwelling would be shorter, and conditions
now associated with ™anorogenic™ magmatism would prevail widely
in post-orogenic environments. It is perhaps significant in this
respect that worldwide Lower Proterozoic (1900 - 1700 Ma)
orogenic events have recently been interpreted to record the
assembly of an early Pangean~type supercontinent.

KEY WORDS : Labrador, Precambrian Proterozoic, Granitoids,
Granite, Bathqliths, Petrology, Ge' chemistry, Comparative,
Isotopes, Neodymium, Petrogenesis, Crustal Evolution.
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CHAPTER ONE
INTRODUCTION

1,1 PROJECT OVERVIEW
Proterozoic Magmatism and Crustal Evolution

Sir Charles Lyell (1885) established the framework for
most geological thought with his principle of
uniformitarianism. Although this concept of the present
as the key to the past remains a cornerstone of our
science, some of the broader applications of Lyell’s
doctrine are actively debated by geoscientists who study
the Precambrian.

The Proterozoic Eon, extending from 2500 Ma to 570 Ma
ago, is the longest segment of Earth history for which the
geological record is complete. This vast period is the best
vehicle for testing concepts of long-term uniformitarian
(e.g. Windley, 1983), unidirectional (e.g. Dickinson, 1981)
or cyclic (e.g. Sutton, 1963; Hoffman, 1989) evolution of
the Earth.

There is now general agreement that mobile lithospheric
plates existed throughout the Phanerozoic, and probably
during the Late (i.e., post-900 Ma ago) Proterozoic (e.g.
papers in Kroner, 1981 and Medaris et al., 1983).
Application of plate tectonics tc the earlier Proterozoic
record, however, is not as widely accepted, particularly
amongst geologists working in the southern hemisphere (e.g.
Kroner, 1983; Etheridge et al., 1987).

Hallmarks of the Wilson Cycle of ocean creation and
destruction are diverse, including thick Atlantic-type
miogeoclinal sequences, and the crucial ophiolites that
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attest to former oceanic crust. Such features are absent
(perhaps eroded) or strongly metamorphosed in many
Proterczoic orogenic belts. Reconstructions of Proterozoic
tectonic cycles thus depend heavily on interpretation of
orogenic igneous rocks. Volcanic sequences are present in
many areas (e.g. papers in Pharoah et al., 1987), but
Proterozoic magmatic assemblages are dominated by intrusive
rocks, mostly of granitoid composition. These differ
radically from the socdic tonalites and trondhjemites that
dominate Archean terranes (e.g. Taylor and McClennan,
1985), but their relationship to modern assemblages remains
equivocal.

Several Proterozoic granitoid batholiths in the
northern hemisphere have been described as "Andean" or
"Cordilleran™ (e.g. Hoffman, 1980; Lewry et al., 1981;
Nystrom, 1982). However, geochemical studies of some have
proved inconclusive, and illustrate many contrasts with
modern arc magmas (e.g. Fumerton et al., 1984; Halden et
al., 1987). The northern hemisphere Proterozoic also
contains abundant, siliceous, potassic, evolved granitoid
rocks ("rapakivi granites") and associated mafic intrusions
of so-called "anorogenic" setting (e.g. Emslie, 1978;
Anderson, 1983). Phanerozoic analogues of these rocks
exist, particularly in Africa (e.g. Kinnaird and Bowden,
1987), but they are volumetrically insignificant compared
to these Proterozoic examples.

Wyborn et al.(1987), Etheridge et al.(1987) and Wyborn
(1988) have drawn attention to geochemical coptrasts
between Proterozoic and Phanerozoic granitoid assemblages
in Australia, and propose that the former are products of
ver cical crustal accretion processes in an intracontinental
environment, and unrelated to plate-margin processes. Page
(1988) points out the episodic and continent-wide nature of

Proterozoic magmatism in Australia, in contrast to the




tightiy focussed, linear patterns of the Phanerozoic. These
authors comment also on the siliceous, potassic and evolved
geochemistry of Proterozoic ygyranitoid rocks, and thei:
partial affinity to¢ anorogenic suites.

The Proterozoic was a critical period for growth of the
continental crust. Orogenic belts of 1900 - 1700 Ma age are
abundant cn a global scale, and (in the northern hemisphere
at least), comprise vast tracts of "juvenile" crust
separated from the mantle after 2000 Ma ago (Patchett and
Arndt, 1986). It has been suggested that crustal growth
rates at this time were several times greater than current
global arc magma production (Reymer and Schubert,

1986). As crustal growth is synonymous with granitoid
magmatism, Proterozoic batholiths are a vital key in
unlocking the mechanism(s) of early crustal evolution. In
particular, if such growth occurred primarily via arc
magmatism (as is widely suggested), how can this be
reconciled with the apparent geochemical contrasts between
Protcrozoic and Phanerozoic granitoid batholiths ?

Resolution of these questions is hampered by poor
knowledge of Early Proterozoic granitoid assemblages. Also,
many modern or Phanerozoic granitoid assemblages that
supposedly define tectonic environments are themselves
poorly characterized, particularly in representative
geochemical terms. This thesis attempts to address some of
these problems via a large-scale geochemical and isotopic
study of a major Proterozoic batholith in eastern Labrador,
with reference to Phanerozoic magmatic assemblages, and the
role of Proterozoic magmatism in crustal evolution.

Aims and Objectives ¢

The focus of this study is referred to as the
Trans-Labrador Granitoid Belt (TLGB). The TLGB is an




enormous zone of Lower and Middle Proterczoic plutonic
rocks (and their metamorphic equivalents) that extends
ca. 600 km across Labrador (Figure 1.1). The study is
localized in a well-exposed portion of the TLGB in the
Makkovik Structural Province (Gower and Ryan, 1986) on the
Labrador Coast. The principal objectives are listed below.

1. To document the geology, petrology and geochemistry of
these plutonic rocks. Some have been described previously
by localized studies, but integration of petrological and
geochemical data over the entire area has never been
attempted. Geochronological studies using Rb-Sr (this
study) and U-Pb methods (Krogh et al., in prep.) play an
important role in this work, particularly in defining
discrete assemblages within the TLGB, as do results from a

large-scale mapping and lithogeochemical program.

2. To examine the sources of TLGB magmas via Sr and Nd
isotope geochemistry, and to provide models for their
petrogenesis and evolution. This is the first Nd isotopic
study of granitoid rocks in Labrador. In addition to this
specific objective, Nd isotope studies are relevant to the
origins of granitoid magmas and Proterozoic crustal
evolution, particularly in terms of crustal growth models.

3. To attempt a quantitative comparative assessment with
respect to Phanerozoic assemblages developed in various
tectonic settings. In particular, can the TLGB magmatic
assemblages be related directly to younger suites, or are

they so distinct as to require a unique, non-uniformitarian
tectonic model ? If modern analogues are idengifiable, what
type of environment(s) or process(es) do they suggest for
generation of the TLGB and similar assemblages ?
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Fiqure 1.1. Location of the study area in Lakrador, showing the
approximate outline of the Trans-Labrador Granitoid Belt (TLGB).




4. To assess the role that the TLGB played in local crustal
evolution and, on a wider scale, to examine implications
for the role of Proterozoic magmatism in Earth history, and
possible reasons for differences between these rocks and
younger analogues. In particular, can such suites be
accomodated in a plate-tectonic framework that is
influenced by changing physical conditions (notably
declining global heat production), or are non-
uniformitarian tectonic models such as those of Kroner
(1983) and Etheridge et al.(1987) reguired ?

Scale Considerations

This study is aimed at regiocnal geologic problems and
large-scale gquestions of Precambrian crustal evolution; the
study area is huge, and several of the intrusive suites
described herein are veritable research topics in their own
right. It is impossible to deal fully with all aspects of
this project within a Ph.D. dissertation. Many local
details and contact relationships between units remain

unresolved, and descriptions of units and their field

relationships have been condensed. Some aspects of this
study (e.g. specialized granites and mineral potential) are
discussed elsewhere (Kerr, 1986; 1987; 1988). U-Pb
geochronological data are being prepared for publication
elsewhere as part of a joint project (Krogh et al., in
prep.), and are only briefly summarized in Appendix D.

studies of restricted areas or time-slices in the TLGB
{although undoubtedly of interest) would be uninformative
in terms of the objectives above. It is important to
consider the TLGB (and comparative assemblageﬁ) at the
largest possible scale, and some local detail must
unavoidably be sacrificed to acheive this. 1t¢ is hoped that
this study will establish a framework for future work.




1.2 GENERAL INFORMATION
Location, Topography and Access

The study area is located approximately 150 km
northeast of Goose Bay (Figure 1.1), and includes the
northern half of NTS 1:250,000 sheet 13J, the eastern edge
of sheet 13K, and parts of sheet 130. A rugged,
well-exposed, mountainous terrain (maximum elevation 875 m
above sea level) dominates eastern and ncrthern portions of
the area. The coastline is incised by several deep fiords
(e.g. Makkovik Bay) and is protected from the vagaries of
the T.abrador Sea by numerous offshore islands. The southern
and western parts of the study area consist of a variably
wooded, boulder-strewn plateau that is largely obscured by
glacial drift, with the exception of hilltops and
watercourses. "Summer" conditions prevail from late June to
late August, and are an extreme mixture of cold, damp
weather and hot, humid, fly-infested periods. In Labrador,
geologists are widely regarded as the only individuals
foolish enough to attempt inland travel during the summer.

The communities of Makkovik and Postville (Figure 1.1)
are served by Marine Atlantic coastal boat service from
June to November, and by year-round scheduled ( sensu
lato ) flights operated by Labrador Airways. The project
from which this thesis evolved was operated from Makkovik,
and from a dormant mineral exploration camp at Melody Lake,
some 30 km south-west of Postville.

The coastline provides access to some of the northern
and eastern parts of the area, but easy access to the
hinterland is possible only by air. The size gf the area
involved in this project is such that its coverage would
have been impossible without extensive helicopter support.




Previous Work From 1814 to 1985

Geological research on the coast of Labrador commenced
with the work of Steinhauer (1814). This, and subsequent
studies (e.g. Leiber, 1860: Packard, 1891; Daly, 1902),
consisted largely of descriptions of coastal outcrops. The
first mapping in coastal areas was conducted by the
Newfoundland Geological Survey and Geological Survey of
Ccanada (Kranck, 1939;1953; Christie et al., 1953; Douglas,
1953). 1:250,000 geological mapping, including coverage of
inland areas, was completed by the Geological Survey of
Canada in the 1970s (Stevenson, 1970; Taylor, 1975).

In 1954 Murray Piloski of British Newfoundland
Exploration Company Ltd (BRINCO) discovered pitchblende
near Makkovik. This led to a 25-year period of uraniunm,
molybdenum and base-metal exploration by BRINCO and several

joint venture partners (see Gower et al., 1982 and Ryan,
1984 for details). Most of the exploration and research
work from 1955 to 1978 was related to the search for

economic mineralization in uranium-bearing supracrustal
sequences. Many of these studies remain confidential, but
some general results were published by BRINCO geologists
(e.g Beavan, 1958; Gandhi et al., 1969; Gandhi, 1978).
Uranium deposits at Kitts and Michelin were evaluated for
commercial development in the late 1970s. Several more
general studies with economic implications were carried out
via university theses supported partly by BRINCO. These
included documentation of mineralization (e.g. Gill, 1966;
Barua, 1969), and also regional geological and structural
syntheses (Clark, 1973,1979; Marten, 1977) in the Makkovik
and Kaipokok Bay areas. The study of Marten (1977 was




particularly influential in unravelling the structurai
evolution of the areca. A third group of thesis studies
emphasized petrological and geochemical studies of
uranium-bearing volcanic rocks (White, 1976; Evans, 1980).
The Newfoundland Department of Mines (NDM) started
work in the area in 1976 and completed regional 1:100,000
mapping in 1980 (Bailey, 1979; Bailey et al., 1979: Ryan
and Harris, 1978; Doherty, 1980; Gower, 1981). Compilation
and synthesis of this infcrmation was presented by Gower et
al.(1982) for the eastern half and by Bailey (1979) and
Ryan (1984) for the western half of the area. These
programs focused mostly on supracrustal sequences, but the
areal importance of post-tectonic granitoid rocks was
recognized, as was their polyphase and compositionally

variable nature.

Central Mineral Belt Granitoid Project

Re-examination and sampling of a number of mineral
occurrences in the study area during 1984 (Wardle, 1984;
Wardle and Wilton, 1984) awakened interest in both the gold
potential of the area and the possible importance of
post-tectonic granitoids as hosts or progenitors to
mineralization. The "Central Mineral Belt Granitoid
Project" (CMBGP) was initiated to define and delimit
plutonic associations and assess their potential for
econonic mineralization. This commenced with geochemical
sampling and mapping in 1985, leading to revision of
existing unit designat’ 1s and definition of new regional
granitoid units (Kerr, 1986). Analysis of geochemical data
led to the identification and delineation of several

granitoid associations considered to have some of the




characteristics of specialized granites (Kerr, 1987). The
1986 field season included follow-up mapping and sampling
in these areas, and extensiocn of regional coverage castward
into the Beredict Mountains. The petrology and geochemistry
of possible specialized granitoid rocks in the area was
discussed in more detail by Kerr (1988a).

The CMBGP was co-ordinated throughout its duration
with related metallogenic studies by Derek Wiltcn and
co-workers. These include thesis studies of granite-
related mineral prospects (e.g. MacDougall, 1988;
MacKenzie, 1988), and general assessment of the role of
granitoid rocks in metallogenesis throughout the Central
Mineral Belt (Wilton et al., 1986, 1987).

Relevant Work Outside The Study Area

Systematic mapping conducted by the NDM has led to
substantial re-interpretation of geotectonic divisions
within Labrador. Geological and geochronological
investigations in central Labrador (Wardle et al.,
1982,1986: Nunn et al.,198%; Thomas et al.,1986) defined

the geologic entity termed the Trans-Labrador Batholith,
and also identified a ca. 1650 Ma old cryptic orogenic belt
(Labrador Orogen) within the area occupied by the ca.1100
Ma Grenville Province. Geologic mapping in areas adjacent
to the study area (Ryan and Kay, 1982; Gower et al.,1980;
Gower, 1986; Gower and Ryan, 1986, Owen et al.,1986) is
also relevant to this project, and is discussed in the

appropriate chapters.
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1,3 _TERMINOLOGY and NOMENCLATURE

Classification and Nomenclature of Plutonic Rocks

The nomenclature of plutonic rocks is based on modal
proportions of quartz, alkali feldspar and plagioclase
feldspar. The IUGS classification (Streckeisen, 1976;
Figure 1.2a) is employed in this thesis, with substitution
of the term "monzogranite" for the "3b" granite field of
the 1IUGS scheme; the term "granite" is restricted to the
W3a" granite field, although it is used sensu lato in
some unit names. Rock names assigned in this thesis are
visual estimates from cut slabs stained for K~feldspar. No
point-counting of sections or slabs was qttempted, as most TLGB
rocks are coarse grained and/or porphyritic.

In comparative studies, an unbiased method of defining
rock types is required; classification via normative
mineralogy is ‘the preferred method. Streckeisen and
LeMaitre (1979) provide an empirical equivalent to the IUGS
scheme using the parameters Q’ = [ Q / (Q + Ab + An + Or) ]
and ANOR { An / (An + Or) ] (Figqure 1.2b). The recommended
normative calculation scheme is the mesonorm*of Barth
(1955), which incorporates hydrous minerals such as
hornblende and biotite. This system is used widely in this
thesis to provide a method of comparing and subdividing
suites or assemblages. It is not used to assign unit names,
but there is general agreement between names based on modal
estimates and those calculated from nornms.

The term ™granitoii" lacks precise definition, but is
generally used for all r1haneritic plutonic rocks from
diorite to alkali-feldspar granite (e.g. Strong, 1981). It
includes most of the fields in Figure 1.2, wigh the
exception of gabbro.

* see note in caption for figure 1.2
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Figure 1.2. Classification and nomenclature of common
plutonic rocks. (a) Modal classification of Streckeisen (1976). (b)
Normative classification of Streckeisen and Lemaitre (1979).

NOTE: In practice, CIPW and Barth mesonorms yield almost identical
results in the Streckeisen and LeMaitre system, as shown also by
Bowden et al.(1984) for a range of rock types. For the sake of cons-
istency with the original paper, I have employed the mesonorm.
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Descriptive Geochemical Terminology

Simple, descriptive geochemical terms outlined by
Shand (1927) are used extensively in this thesis. In
contrast to many other geochemical terms (see below), these
have direct implications for varietal mineralogy.

The alumina index or A/C+N+K ratio [ molecular
A1203/(Ca0+Na20+K20)] divides rocks into
metaluminous (A/C+N+K < 1) and peraluminous (A/C+N+K > 1)
categories. Alumina oversaturation in the latter group
permits formation of aluminous phases such as muscovite,
garnet and cordierite.

The agpaitic index or K+N/A ratio [ molecular (K20+
Na,0)/Al,0,] provides distinc ‘n into peralkaline
(K+N/A > 1) and subalkaline (K+N/A < 1) categories. There
is a common misconception (e.g. Bowden et al., 1984) that
peralkalinity is also implied by A/C+N+K < 1: this is not
so, except in rocks with negligable Ca0O. Peralkaline rocks
are oversaturated in (Na20+K20), and may contain
alkali-bearing mafic silicates, e.g. reibeckite and
aegirine. If this property is combined with a low silica
content, such rocks may contain feldspathoids such as
nepheline or leucite. The term peralkaline is distinct from
"alkaline", as commonly applied to mafic rocks. The latter
has no precise definition, and refers only to relatively
high (Na20+K20) at a given CcaoO or sio2 content (see
below).

Peaczck (1931) introduced the alkali-lime index (ALI:
Sio2 content at which K20+Na2c' is equal to ca0), and
also the terms alkaline (ALI < 51% sioz), alkali-calcic

(51% < ALI < 56% Sioz), calc-~alkaline (56% < ALI < 61%
Sioz) and calcic (ALI > 61% Sioz). These are arbitrary




divisions, but modern petrology has endowed the terms with

genetic meanings beyond their original definition. The ALI

cannot be measured directly in granites with high
(K20+Na20) / Ca0O ratios, but may be estimated by linear

regression.

Two other descriptive terms employed in this thesis
are the soda-potash ratio [ N/N+K ; Nazo/(Na20+K20) ]
and the iron-magnesium ratio [ F/F+M :; FeOt/(FeOt+MgO) ].
The latter uses total iron expressed as FeO (FeOt). The
term sodic is used where N/N+K > 0.5 and potassic where
N/N+K < 0.5. No descriptive labels are attached to F/F+M,
which is a measure of relative iron enrichment.

Geochemical classifications developed by French
researchers (e.g. La Roche, 1980; Debon and Lefort, 1982)
are enployed locally in this thesis. The "characteristic
minerals" method of Debon and LeFort (1982) expresses
oxides as cation proportions (x1000), and defines the

following parameters.

Si/3 - (K + Na + 2Ca/3) [measure of silica saturation]
K - (Na + K)
Al - (K + Na + 2Ca) ([measure of alumina saturation]
= Fe + Mg + Ti
555 - (Q + B)

These methods are hampered by the the need for
sequential calculations, and by complex descriptive
terminology. Conventional normative parameters or molecular
ratios provide the same information in a more familiar
mineralogical framework. Nevertheless, the Q-B-F ternary
projection of Debon and LeFort (1982) was found to have

some utility in this study.




Descriptive terminology used to subdivide trace
elements into greoups (Table 1.1) is adapted from Saunders
et al. (1979). The new term "Octahedrally Co-ordinated
Cation”" (0CC) elements refers to the ability of divalent
cations to substitute for Mg‘?+ and Fe®’ in common mafic
silicate minerals. These correspond to the "compatible®
trace elements of conventional terminology. The distinction
is made because elements such as Ba and Sr may be
compatible in granitoid magmas, yet are geochemically

distinct from V, Cr, Cu and Ni.
Environments of Granitoid Magmatism

The theory of plate tectonics provides a framework for
classification of present-day and recent (i.e. Mesozoic -
Cenozoic) environments of granitoid magmatism. Large-scale
silicic magmatism is essentially a continental phenomenom,
althcugh minor amounts of felsic volcanic rocks are
associated with oceanic settings, particularly island arcs.
Tectonic settings of continental granitoid magmatism are
grouped loosely into three environments (e.g. Pitcher,

1983; Pearce et al., 1984).

Volcanic Arc Magmatism : Arcuate orogenic belts
associated with subduction beneath continental margins
(e.g. the Andean-Cordilleran belt) are characterized by
long~-lived zones of volcanism and plutonism that parallel
the trench axis. The least differentiated granitoids have
affinities to plutonic rocks in intra-oceanic island arcs,
but most continental arcs contain compositionally ex, anded
suites dominated by metaluminous to peraluminous, sodic
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Table 1.1. Descriptive terminology used for trace element
associations. Classification adapted from Saunders et al.(1979), with
modifications to suit granitoid rocks rather than basalts.

1. OCTAHEDRALLY CO-ORDINATED CATION (OCC) ELEMENTS

Elements with divalent cations that substitute readily in
the octahedral (co-ordination = 6) sites in rock-forming Mg
and Fe silicates. They accumulate in crystallizing phases
and therefore show COMPATIBLE behaviour.

Sc V Cr Co Ni ¢Cu (also MnO in most granites)
2. LOW FIELD STRENGTH (LFS) ELEMENTS

Elements with a charge/radius ratio of < 0.2. In general,
they are excluded from common silicates and accumulate in
residual liquids, showing INCOMPATIBLE behaviour. This is,
however, not so for Ba and Sr, which can enter feldspars.
Rb may enter biotite or muscovite.

Rb ¢Cs U Th Pb Sr Ba
3. HIGH FIELD STRENGTH (HFS)} ELEMENTS

Elements with a charge/radius ratio of > 0.2. These
commonly show INCOMPATIBLE behaviour, but are very strongly
influenced by residual phases, particularily zircon,
allanite, monazite, sphene and apatite. They are also
widely regarded as "immobile*.

Zr Hf Nb Ta Sn W Mo (also ’I‘i()2 and ons
in granites)

4. RARE EARTH ELEMENTS (REE)

Trivalent (except Eu) elements whose behaviour is
sensitive both to accessory and major phase assemblages in
residual material. Y is included, although not technically
a member of the rare earth (lanthanlde ) series.

Y La Ce Pr N@ S Eu Gd Tb
Dy Ho Er T™m Yb Lu
5. W"INDETERMI.'ATE™ TRACE ELEMENTS
Elenments whose behaviour may vary widely depending on
na ]OI' phase assemblages in residual material and upon other
chemical and physical factors.

i Be Ga Zn As Sb F




diorite, tonalite and granodiorite. These suites are
commonly calcic to calc-alkaline. "Mature" oceanic island
arcs include intermediate plutonic rocks that overlap

extensively with continental arc suites.

Collision Zone Magmatism : Zones where subduction of
oceanic lithosphere has ceased, but continental blocks
continue to converge (e.g. the Alpine~Himalayan belt),
also characterized by large-scale granitoid magmatism.
Geophysical data commonly indicate that such zones are
underlain by anomalously thick continental crust, implying

tectonic thickening via thrusting. Collisional zones
contain a wide variety of igneous rocks, but most that
accompany or follow collision are compositionally
restricted monzogranite to granite. Peraluminous two~-mica

leucogranites are a characteristic component of many such
zones. In detail, collisional orogens are tectonic collages
of pre-, syn- and post-collisional magmatic environments
(Debon et al.,1986; 1987a; Harris et al., 1984), and thus
commonly include rocks of volcanic-arc type amongst their
earliest components. Post-collisional suites associated
with tensional or transcurrent tectonics may also resemble
granites of the within-plate group (see below).

Within-Plate Magmatism : Silicic magmatism is also
associated with uplift and tensional tectonics in stable
cratonic areas. Examples include the modern East African
Rift Sytem, and Mesozoic granites of Nigeria and Niger
(Kinnaird and Bowden, 1987). The latter were probably
associated with the break-up of Gondwanaland. Continental
within-plate magmatic zones contain diverse magmatic
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assemblages, commonly of bimodal, alkaline-peralkaline or
silica-undersaturated character. Peraluminous compositions
are rare. In terms of volume, within-plate zones are
insignificant compared to the huge batholiths generated in
volcanic arc and collision zone environments. The term
anorogenic is also commonly used for granites of this
association.

Continuity of Tectonic Environments : The above

tectonic environments do not occur in temporal or spatial
isolation, but are transient situations in orogenic
evolution. For example, collisional events are an
unavoidable consequence of subduction. Current models for
the evolution of complex belts such as the North American
Cordillera (e.g. Coney et al.,1980) suggest accretion of
island arcs and continental fragments against active
margins. Such models imply that collisions occur repeatedly
during orogenic evolution. Similarly, rifting and uplift
associated with within-plate magmatism may occur in
post-collisional situations (Harris et al., 1984), or in
back-arc settings, distal from the locus of subduction
(Brown et al., 1984). It is also important to realize that
unique rock type: characteristic of specific environments
do not exist; there is instead a continuum of compositions.

Classifications Based On Source Materials

The restriction of granitoid magmatism to continental
areas has led some (e.g. Chappell and White, 1974:; White
and Chappell, 1977) to suggest that most granitoid rocks
are derived wholly from continental crust. Others contend
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that they are mostly of mantle origin (e.g. Brown, 1981) or
represent mixtures of crust and mantle (e.g. Didier et al.,
1982). This has given rise to a veritable jungle of

terminology.

I, S, A and M-type Granites : A viewpoint prevalent

in Australia contends that granitoid magmas "image" their
sources in a simple and direct manner (e.g. Chappell and
White, 1974; Chappell et al., 1988; Chappell and Stephens,
1988). Chappell and White (1974) divided granites into
I-type (igneous source) and S-type (sedimentary source)
categories. These terms were later redefined to denote
"jnfracrustal” and "supracrustal"” respectively (White and
Chappell, 1983). S-type granites are peraluminous, and are
defined by a parameter equivalent to the A/C+N+K ratio. In
contrast, I-type granites are metaluminous, calcic and
compositionally varied suites. The characteristics of
S-type granites are supposedly inherited from sources that
have passed through the surface environment.

Loiselle and Wones (1979) and Collins et al. (1982)
added "A-type"™ (anorogenic or anhydrous) granites to the
list. These are evolved, metaluminous to peralkaline rocks,
considered to be anatectic derivatives of dehydrated lower
crustal rocks. Pitcher (1983) introduced "M-type" (mantle)
granites for calcic, plagioclase-rich intrusive rocks of
oceanic areas considered to have mantle or mafic sources.

Antipodean Viewpoints and the Restite Model : Many
petrologists (particularly in Australia) contend that
compositional variation in granites results from "unmixing"
of residual source material and anatectic melt (e.g. White




and Chappell, 1976). In extreme cases, the process of total
mobilization, or "remagmatization" (Chappell and Stephens,
1988) has been invoked to explain calcic or tonalitic
I-type granites that are otherwise difficult to accomodate
in this model. The restite model is so entrenched that
other types of information, e.g. Nd and Sr isotopic data
indicative of crust-mantle mixing, have been questioned on
the basis of incompatibility with predictions of the model
(e.g. McCulloch and Chappell, 1982). Most workers accept
that "source" is indeed an important factor in magmatism,
but dogmatic application of the restite hypothesis has been
widely questioned (e.g. Strong, 1980; Gray, 1984; Hildreth,
1987; Wall et al., 1987).

The Pseudo-Descriptive Viewpoint : The restite model

has not been widely accepted in Europe or North America,
but its associated terminology is epidemic. I, S, A and
M-type granitoids are, however, viewed as broad
petrochemical groups that owe their differences to both in
source characteristics and processing environment. For
example, I-type granites are subdivided into Cordilleran
and Caledonian subcategories developed at different stages
in orogenesis (Pitcher, 1983). M-type and I-type
(Cordilleran) granites are viewed as partly gradational; an
implicit recognition that the latter are not wholly of
crustal origin. Although this sensu lato usage of the
source-image terminology is probably more realistic than
the antipodean view, there is a tendency to view these
granite types as simplistic indicators of geotectonic

environments (e.g. Nystrom, 1982).
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Classifications Based On Tectonic Environment

Empirical classifications based on the trace element
geochemistry of granitoid rocks from "known" tectonic
settings (see above), are currently popular.

Pearce et al. (1984) coined the terms Ocean-ridge
(ORG), Volcanic-Arc (VAG), Collisional (COLG) and
Within-Plate (WPG) granites, and proposed distinction using
trace element patterns. In general terms, these correspond
to M-type, I-type, S-type and A-type granites as defined by
Pitcher (1983), but there is significant overlap,
particularly in "collisional" granites, which coincide
partly with VAG and WPG fields. Harris et al.(1984)
analyzed collisional granites in a similar fashion, and
recognized four discrete types, including rocks that
correspond to the VAG and WPG groups of Pearce et al.
(1984). A similar study of arc-related granitoids by Brown
et al. (1984) outlined a concept of "arc maturity" (i.e.
age or distance firom the locus of subduction). Mature (old
or distal) arcs include granites similar to the COLG and
WPG groups defined by Pearce et al.,(1984) and Harris et
al. (1984). All three studies employ essentially the same
trace elements (Rb, Zr, Y, Nb, Ta) as discriminants !

It is clear that there are no simple correlations
between tectonic setting and trace element geochemistry.
However, this has not prevented almost universal use of
such discrimination diagrams in studies of ancient
granitoid rocks. In a subsequent chapter of this thesis, it
is shown that examination of compositional spectra and
evolutionary trends may, in combination with these methods,
provide better definition of contrasting granitoid

assemblages.
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Investigative Methods

The general geology of the study area is established
by previous studies (Gower, 1981; Gower et al.,1982; Ryan,
1984). This project is thus a thematic mapping and sampling
project, aimed largely at the plutonic rocks of the TLGB.
In view of the large area (Figure 1.1), this work was
accomplished mostly by a large-scale, grid-based mapping
and geochemical sampling program carried out with
helicopter support. Ground-based work was carried out only
in well-exposed or critical parts of the area, and along

the superb coastline exposures.

Sample Populations

In total, over 1500 samples were collected and
analyzed under the auspices of the the Central Mineral Belt
Granitoid project. These can be divided into three groups.
Regional samples were collected on a regular grid at
intervals of ca. 2 km using a sample site preselected on a
random basis. These provide an unbiased view of the
compositional anatomy of intrusive suites and units, and
are representative of the areal abundance of rock types.
Follow-up samples were collected on a regular grid at
intervals of ca. 1 km using random site selection methods.
They were collected from selected suites defined by
regional sampling, to provide assessment of mineralized or
potentially specialized granitoid rocks. Geological samples
were collected routinely during mapping. They represent
typical examples of units, or mineralogical-textural

variants thereof.




Regional and follow-up sampling methodology is based
on geochemical exploration techniques (e.g. Garrett, 1983),
and sampling projects in the Ackley Granite of southeastern
Newfoundland (Dickson, i983, Tuach et al., 1987). The
regional population is representative of the TLGB as a

whole, with no bias towards specific compositions or areas.
The follow-up population, on the other hand, is strongly
biased towards evolved, high—sio2 granitic compositions.

It is therefore excluded from discussions relating to
large-scale, regional patterns, but is retained for
descriptions of specific units or suites. The geological

sample population is the smallest and, although
compositionally representative, is slightly biased towards
coastal areas. Assessment of frequency spectra and
univariate statistics indicates, however, that the
characteristics of the regional population are unaffected
by its inclusion. The two populations have therefore been
combined for most interpretative discussions.

Geochronology samples, consisting of 20-40 Kg of fresh
material, were acquired for U-Pb geochronology at selected
localities (Krogh et al., in prep.), and were also used for
rare earth element (REE), Sm-Nd and Rb-Sr isotopic
analysis. Additional REE, Sm-Nd and Rb-Sr analyses were
performed using samples selected from regional, follow-up

and geological populations.
Overview Of Geochemical Analysis Program

Full details of anlaytical techniques, including
estimates of precision and analyses of international
standards, are presented in Appendix A. A brigf overview is
presented below as a convenience to the reader.




Major Elements : Major elements were analyzed by
atomic absorption spectrometry (AAS) at the Newfoundland
Department of Mines (NDM) Laboratory in St,John’s. Based on
73 random duplicate analyses, the median (50th percentile)

analytical precision is * 5.0 % or better for all oxides
except Fe201 (6.5%).

Trace Elements by AAS : Li, V, Cr, Ni, Cu, Zn, RDb,

Sr, Ba and Pb were determined by AAS at the NDM laboratory.
Median precision for all is + 5.0 % or better, except for
Li (8.2%).

Trace Elements by ICP-ES : Ga, Y, 2r, Nb, La, Ce and
Th were determined by inductively-coupled plasma emission
spectroscopy at the NDM laboratory. Median precision for
all is + 5.0 % or better, except for Th (13.3 %). The
latter is affected by determinations at or near detection
limit in mafic rocks: precision for granites is

considerably better.

Trace Elements by INAA : Sc, Cs, Sm, Yb, Hf and U
were determined by instrumental neutron-activation analysis
by Becquerel Ltd. and Nuclear Activation Services Ltd.(U)
laboratories. Median precision is * 6.0 % or better, except
for Sc (9.5%) and Hf (12.2%).

oOother Trace Element Methods : Fluorine (ion-selective
electrode method; NDM) has median precision of * 9.4%. Sn

(XRF, Bondar-Clegg) has poor median precision of + 66 % ;
this reflects near-detection limit levels of Sn in most
samples; the method is capable of resolving anomalous data

only.




Rare-Earth Element Analyses by ICP-MS : The rare
earth element (REE) analyses presented here were determined

by inductively-coupled plasma mass spectrometry (ICP-MS)

at Memorial University. Precision for all elements by this

% or better (H.Longerich

(]

method is estimated at + 5.0

and S.Jackson, pers. comm., 1988).
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CHAPTER TWO
GEOLOGICAL FRAMEWORK

Chapter Abstract

In southern and eastern Labrador, the Makkovik Province and
the Grenville Province are part of a long-lived Proterozcic
mobile zone that can be traced from Scandinavia to Mexico. Much
of the Grenville Province in Labrador is a reworked ca. 1650 Ma
old mobile belt termed the Labrador Orogen. A major, arcuate
belt of granitoid rocks, termed the Trans-Labrador Granitoid
Belt (TLGB), forms the northern edge of the Labrador Orogen. In
the Makkovik Province, the TLGB is a composite belt including
Makkovikian (ca. 1800 Ma) and Labradorian (ca. 1650 Ma) plutonic
assemblages.

The oldest rocks in the study area are Archean gneisses.
These form the basement to metasedimentary - mafic volcanic
supracrustal sequences (Moran Lake and Lower Aillik Groups) that
are at least 1860 Ma old. These rocks are overlain by a thick
felsic volcanic sequence (Upper Aillik Group), deposited ca.
1860 - 1800 Ma ago. All of these rocks were affected by
Makkovikian deformation ca. 1800 Ma ago.

Early Proterozoic plutonic rocks form three main
associations. "Syn-tectonic" Makkovikian plutonic rocks
(emplaced ca. 1840-1800 Ma ago) underwent the final episode(s)
of Makkovikian deformation. "Post-tectonic" Makkovikian plutonic
rocks (1800-1760 Ma) overlap in age with the syn-tectonic
association, suggesting that both groups form a single magmatic
pulse that transcends the Makkovikian orogeny. The plutonic
rocks are dominated by quartz monzonite to granite, and are
probably temporally equivalent to parts of the Upper Aillik Group.
Labradorian plutonic rocks (1670-1600 Ma) are entirely
post-tectonic, and consist of layered gabbro-monzonite-syenite
intrusions, and quartz monzonite to granite plutons. A
Labradorian volcanic sequence (Bruce River Group) occurs west of
the study area. There is no evidence of Labradorian deformation
in the Makkovik Province.

The southern part of the area was subsequently affected by
Grenvillian deformation, which imposed east-trending fabrics on
most of the above. A number of major east-trending Grenviilian
faults divide the remainder of the area into structural blocks
that expose differing crustal levels.




2.1 REGIONAL GEOLOGY

General Geology Of Labrador

The geology of Labrador is illustrated and discussed
by Greene (1974) ar.d Nunn et al.(in prep.). Lebrador is
divided into five Precambrian structural provinces (Figure
2.1), based on trends and "stabilization events" defined by

Rb-Sr and K-Ar age data (after Stockwell, 1972). The Nain
and Superior Provinces are of Archean age (stabilized ca.
2800-2500 Ma ago), and are separated by the Prcterozoic
Churchill Province (stabilized ca. 1800 Ma ago). The Nain
Province is part of the North Atlantic Archean Craton
(Bridgwater et al., 1973), and was originally contiguous
with west Greenland (Figure 2.1). The Nain Province is
bounded to the southeast by the Proterozoic Makkovik
Province (Gower and Ryan, 1986), which was mostly
stabilized ca. 1800 Ma ago, but includes some ca. 1650 Ma
old intrusive rocks.

The southern part of Labrador forms part of the
Grenville Province, which was stabilized ca. 1100 Ma ago.
Geochronological studies completed since 1980 (e.g. Wardle
et al., 1986; Thomas et al., 1986) have shown that many
gneisses in the Labrador portion of the Grenville Province
were formed and/or metamorphosed ca. 1650 Ma ago. Mapping
has shown that it is composed of a number of thrust-bounded

terranes that were assembled into their current positions
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Figure 2.1. Summary map showing major structural provinces in Labrador
and adjacent parts of Greenland, location of the Trans-Labrador
Granitoid Belt (TLGB), and locations and names of Lahbradorian
high-grade terranes contained within the Grenville Province. Compiled
from Gower and Ryan (1986), Wardle et al. (1986) and Gower et al.
(1987, 1988). For descriptions of Labradorian Terranes, see these

references. Dashed line in southern Labrador indicates current limit
of mapping.



during or prior to the Grenvillian Orogeny. These terranes
represent a structurally reworked belt of ca. 1650 Ma old
crust termed the Labrador Crogen (Thomas et al., 198€¢), and
are termed the Labradorian high-grade terranes. The
interface between the high-grade terrar.es and older
structural provinces to the north is marked by the
Trans-Labrador Granitoid Belt (TLGB), discussed in detail

below.
In addition toc the major structural provinces

discussed above, the Nain and Churchill Provinces are
intruded by anorogenic gabbro-anorthosite-granite plutons

of ca., 1500-1300 Ma age (e.g. Emslie, 1978).
Labrador as Part of a Proterozoic Supercontinent

Palcomagnetic evidence (e.g. Piper, 1983) suggests
that the shield areas of the northern hemisphere formed a
single mass throughout much of the Proterozoic. Lower and
Middle Proterozoic mobile belts occur all along the
southern margin of this supercontinent (Figure 2.2), but
are largely overprinted by the younger Grenville Province.
The Makkovik Province is continuouswith the Ketilidian
mobile belt of Greenland (Allaart, 1976; Gower and Ryan,
1986), and (ultimately) with the Svecofennian Province of
Scandinavia (Gower and Owen, 1984). Egquivalents of the
Labradorian high grade terranes are present in the
Sveconorwegian belt (Gower and Owen, 1984). As in Labrador,
the interface between these ca. 1650 Ma old terranes and
older parts of Scandinavia is marked by a major belt of
granitoid plutonic rocks, termed the Smaland-Varmland or
Trans-Scandinavian Granitoid Belt (Lindh, 1987). Gower and
Cwen (19843} suggested that this is equivalent to the TLGB.
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In the central and western United States, a number of
Lower and Middle Proterozoic terranes have been recognized
in the subsurface and as basement uplifts (Condie, 1981,
1982; Van Schmus and Bickford, 1981: Sims et al., 1987).
These include probable equivalents of the Makkovik Province
and Labrador Orogen (Thomas et al., 1985).

Post-~1600 Ma rocks in the midcontinent region can also
be correlated broadly with Labrador geology. The 1500 to
1300 Ma granite - rhyolite terrane (Sims et al., 1987) is
probably eguivalent to the anorogenic magmatism in Canada
(Emslie, 1978; Anderson, 1983). The Grenville Province is
largely coincident with the younger Appalachian Orogen, but
erierges to form the ca. 1100 Ma old Llano Province of Texas

and northeastern Mexico (Condie, 1981).

Trans-Labrador Granitoid Belt

Definition : The Trans-Labrador Granitoid Belt (TLGB)
corresponds generally to the Trans-Labrador Batholith of
Wardle et al.(1982). It was previously considered to be
mostly ca. 1650 Ma in age (Gower and Owen, 1984; Wardle et
al., 1986; Kerr, 1986, 1987) and, in general terms, to be
part of the Labrador Orogen. Rb-Sr and U-Pb geochronology
(this study: Krogh et al.,in prep.) demonstrate, however,
that undeformed plutonic rocks in the study area include
suites of both ca. 1650 Ma and ca. 1800 Ma age. The latter
are similar in age to foliated granitoid rocks that had
previously been recognized as a distinct, older, assemblage
(Gower and Owen, 1984; Gower and Ryan, 1986).

Trans-Labrador Granitoid Belt, as defined here,
includes both foliated and undeformed Early Proterozoic
plutonic rocks in the study area. The older and younger
components of the belt are termed Makkovikian and




Labradorian assemblages respectivelv, with reference to the
orogeric events with which they appear to be broadly
associated (see below). The term "granitoid belt” is
preferred over "batholith", as it more clearly indicates
the probable composite nature of the belt.

In central and western Labrador, the TLGB is deformed
and metamorphosed, and there is (as yet) no
geochronological evidence of a Makkovikian component. Field
relationships and geochronological data suggest that its
emplacement post-dated Labradorian deformation and
metamorphism (Wardle et al., 1986).

Geological Relationships : To the north, the TLGB is

in contact with older supracrustal rocks and gneisses of
the Makkovik and Churchill Provinces. In central and
western Labrador (within the Grenville Province), this
contact is mostly a thrust fault of probable Grenvillian
age; in eastern Labrador (outside the Grenville Province),
it is an intrusive contact (Wardle et al., 1986). The TLGB
is bounded to the south by the Labradorian high-grade
terranes; this contact is generally a thrust, and
corresponds with a rapid increase in metamorphic grade and
deformation state (Gower and Owen, 1984; Wardle et al.,
1986). Orthogneiss assemblages, and gabbroic to granitoid
intrusive rocks within the high-grade terranes, are
probably equivalent to the less deformed parts of the TLGB
to the north, and some yield U-Pb zircon crystallization
ages of 1670 - 1630 Ma (Scharer et al., 1986; Schiarer and
Gower, 1988). The original width of the TLGB was probably

greater than it now appears, due to shortening during later

deformation.
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Plutonic Assemblages : The TLGB in eastern Labrador is
divided in this study into Makkovikian and Labradorian
plutonic assemblages. These terms refer broadly to perieds
of time from 1860 to 1750 Ma (c.f. Gower and Ryan, 1986;
see below) and 1700 to 1600 Ma (Thomas et al., 1986)
respectively. The minimum age for the MakKkovikian
assemblage differs from the 1790 Ma limit suggested by
Gower and Ryan (1986), as there is evidence that
Makkovikian plutonism continued until at least 1750 Ma, and
possibly beyond (Krogh et al., in prep.).

Makkovikian plutonic rocks are further subdivided into
syn-tectonic and post-tectonic associations. These are
compositionally similar and are regarded by the author as
closely related. Rb-Sr (this study) and U-Pb (Krogh et al.,
in prep.) data indicate that they are alsc partly of
similar age. The distinction is convenient for descriptive
purposes, although the syn- and post-tectcnic aspects may
simply reflect heterogeneous Makkovikian deformation,
rather than a significant difference in emplacement age.




2.2 GEOLOGY OF THE MAKKOVIK PROVINCE AND ADJACENT ARFAS
The geological evolution of the Makkovik province is
depicted in simplified form in Table 2.1. For the purposes
of description, it is subdivided into several lithological
packages, which are indicated on a simplified geological

map (Figure 2.3).
Archean Rocks

Archean gneisses are exposed in the northwest of the
Makkovik Province, and in the adjacent Nain Province (Ryan
et al., 1983; Korstgard and Ermanovics, 1985). They
represent probable basement material for the western
portion of the study area. They comprise banded
guartzofeldspathic orthogneiss (possibly as old as 3100 Ma:
Loveridge et al.,1987), containing lenses of older
amphibolite and paragneiss. These orthogneisses arc
intruded by sodic granitoid rocks dated at ca. 2800 Ma
(L.overidge et al., 1987), and by several generations of
mafic dykes. In the Makkovik Province, all of these rocks
have been affected by Lower Proterozoic orogenic events
termed the Makkovikian orogeny (Gower and Ryan, 1986), and
possibly also by earlier events. The degree of metamorphic
and structural reworking of the Archean increases from

northwest to southeast towards Kaipokok Bay (Ryan and Kay,

1982). Small areas of similar gneisses cccur southeast of

Kaipokok Bay, associated with the Aillik Group (see bhelow).
These are undated, but are presumed to be Archean (Gower et

al., 1982).
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LEGEND
PLUTONIC IGNEOUS ROCKS -

POST-LABRADORIAN PLUTONIC ROCKS
— — =~Maijor Fault (approximate) - Michael Gabbro Suite.
~— Geologic Contact (approximate)

[ Plutonic rocks of uncertain age and affinity.

LABRADORIAN PLUTONIC ROCKS
SUPRACRUSTAL SEQUENCES -
. Granitoid Rocks (mostly quartz monzonite to granite).
E Bruce River Gvoulp: ) . ,
sandstone qong omerate, arkose, m Gabbro and diorite (includes Adlavik Intrusive Suite).
matic to felsic vdicanics. 7
MAKKOVIKIAN PLUTONIC ROCKS

with minor motasodimomary rocks.

% Moran Lake Group and Lower Aillik Group:
metasedimentary rocks and mafic
metavolicanic rocks.

Upper Aillik Group: !
pr%%%minamly fogic volcanics @ Massive, post-tectonic quartz monzonite to granite. w
s}

[}

Foliated, possibly syn-tectonic quartz monzonite to granite.
May include some pre-Makkovikian material.

- METAMORPHIC ROCKS

RCHEAN BASEMENT @ Granitoid Gneisses of The Grenville Province:

foliated granites and gneisses, Probably
QU!"IO'Q'UB?GU"‘C banded pnhoq‘neiss, deformed and reworked equivalents of
D amphibolite, loliated granitoid rocks. Makkovikian and Labradorian plutonic rocks.

2¢¢2!] Cape Harrison Metamorphic Suite:
tonalitic gneisses and foliated granitoid rocks
of Makkovikian or pre-Makkovikian age.

Figure 2.3. Generalized logical map of the Makkovik Province and
adjacent areas of mr. Geology compiled from Gower (1981), Gower
et al.(1982), Ryan (1984), Ryan et al. (1983) and Kerr (1986, 1987,
1988).




Cape Harrison Metamorphic Suite

The Cape Harrison Metamorphic Suite (Gower, 1981) is
the oldest recognized component in the eastern part of the
study area (Figure 2.3). It consists of massive to banded

orthogneiss, ranging in composition from diorite to
granodiorite, with lesser amounts of foliated granodiorite

and granite. In terms of field appearance, it resembles the
Archean gneisses in many respects. Brooks (1983) obtained a
Rb-Sr errorchron age of 1740 * 85 Ma, with a low initial
ratio of 0.7034 that apparently precludes extensive crustal
prehistory. Nd isotopic compositions (Chapter 9; Kerr and
Fryer, in press) also indicate that the suite is unlikely
to be older than 2100 Ma, and must therefore represent
Proterozoic material which has undergone a period of
high-grade metamorphism not recorded by adjacent
Makkovikian plutonic rocks. It is thus the only candidate
for pre-Makkovikian basement in the eastern part of the

study area.
Moran Lake Group and Lower Aillik Group

The Moran Lake and Lower Aillik Groups are Early
Proterozoic supracrustal rocks of uncertain age that are
dominated by sedimentary and mafic volcaric rocks. The
Moran Lake Group (Ryan, 1984) rests unconformably upon
Archean gneisses in the west of the Makkovik Province. It
consists of a lower sedimentary sequence including
guartzite, shale, dolostone and iron formation, overlain by
mafic volcanic rocks. It has been metamorphosed to
greenschist facies, and is moderately deformed.

The Lower Aillik Group (described by Gandhi, 1978;
Gower et al., 1982) is exposed in a zone of intense folding




and thrusting along Kaipokok Bay and consists ot arenaceous
to pelitic metasedimentary rocks overlain by mafic
metavolcanic rocks. 1t is at least 1860 Ma old, based on
U~Pb ages from an overlying sequence and granitoid plutons
that intrude it (see below). The contact between the Lower
Aillik Group and the Archean is a mylonite zone (Marten,
1977), and a number of similar structures (interpreted as
slides or thrusts) occur in higher parts of the seguence.
It may have been deposited as a cover seguence upon the
Archean, but no unconformity is preserved. The Lower Aillik
Group was metamorphosed to amphibolite facies, and
underwent several phases of folding (Marten, 1977; Gower et
ai., 1982).

The similarity in stratigraphy and setting of the Moran
Lake and Lower Aillik Groups suggests that they are equivalent

(Wardle and Bailey, 1981; Gower and Ryan, 1986).
Upper Aillik Group

The Upper Aillik Group (described by Gandhi, 1978 and
Gower et al., 1982) consists of felsic volcanic and
volcaniclastic rocks, related volcanogenic sedimentary
rocks and subvolcanic intrusions. The volcanic rocks yield
U-Pb zircon ages of ca. 1860 and 1807 Ma (Schédrer et al.,
1988), suggesting at least two episodes of volcanism. The
relationship between Lower and Upper Aillik Groups is
unclear: their mutual contact is a mylonite zone that may
represent a modified unconformity (Marten, 1977).

The stratigraphy of the Upper Aillik Group is poorly
known; in general terms, it consists of a lower seguence of

sandstone, arkose, conglomerate and tuff overlain by a
*
massive accumulation of dacitic to rhyolitic flows and
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Table 2.1. Summary of the geological evolution of the Makkovik Province
TIMING DESCRIPTION OF EVENT(S)

Emplacement of mafic dvkes of several ages. deposition of
< 1000 Ma Late Proterozoic Double Mer Formation in rift or graben
basins of the Lake Melville area.

1000 Ma GRENVILLIAN OROGENY - Thrusting and metamorphism south of
Grenville Front Zone. minor effects in Makkovik Province.

Emplacement of Michael Gabbro Suite (ca. 1430 Ma). Minor
gabbro to syenite intrusions in adjacent Labradorian
high-grade terranes. Emplacement of anorthosite-granite
intrusions in Nain and Churcill Provinces.

Emplacement of Labradorian plutonic rocks (gabbro, diorite
and granitoids). Extrusion of Bruce River Group volcanic
rocks and possibly some volcanic rocks in Makkovik Province.
Emplacement of ca. 1.65 Ga plutonic rocks following
deformation/metamorphism in ad jacent high-grade terranes.

Emplacement of post-tectonic Makkovikian intrusive rocks
(quartz monzonite to granite), possibly coeval with
localized late deformation (see below).

Extrusion of parts of the Upper Aillik Group felsic volcanic
sequence.

Emplacement of syn-tectonic and late-tectonic Makkovikian
plutonic rocks (quartz monzonite to granite). Some of these
are similar in age to undeformed Makkovikian granitoids,
suggesting that deformation may have been heterogeneous,
Extrusion of parts of the Upper Aillik Group sequence.

Extrusion of earliest known volcanic rocks in the Upper
Aillik Group.

Deforasation and metamorphism of Lower Aillik Group.
This may postdate depusition/extrusion of earliest Upper
Aillik Group.

Emplacesent of poorly known pre-Makkovikian granitoid rocks.
May predate deposition of Moran Lake - Lower Aillik Group.

Deposition of sedimentary and volcanic rocks of the
2000 - 1860 Ma Moran Lake Group and Lower Aillik Group.

Mignatization of Archean basement rocks (poorly defined).

2500 - 2000 Ma Emplacenent of mafic dyke swaras into Archean gneiss
complex.

2800 - 2500 Ma Stabilization of Archean gneiss complex.




pyroclastic rocks (Gower and Ryan, 1987). The sequence is
variably metamorphosed, but is generally at or below
greenschist facies; some parts of the sequence show little
or no evidence of deformation. Volcanic sequences in the
east of the study area are included with the Upper Aillik
Group in Figure 2.3 but may represent a younger sequence
(see discussion in Chapter 7). The Upper Aillik Group
overlaps partly in age with the TLGB Makkovikian assemblage
(see below), and is regarded partly as a Makkovikian
volcanic sequence (c.f. Gower and Ryan, 1987; see Chapter 7

for discussion).
Syn-Tectonic Makkovikian Plutonic Rocks

These granitoid plutons have NE or NNE-trending
fabrics. They intrude the Archean gneisses, Lower Aillik
Group and parts of the Upper Aillik Group, but share their
general structural trends. They are therefore syn-tectonic
with respect to deformation during the Makkovikian orogeny
(Marten, 1977). U=-Pb zircon, Rb-Sr and K-Ar ages from these
rocks are mostly between 1840 and 1800 Ma (Loveridge et
al., 1987; Gandhi et al., 1988; Krogh et al., in prep.).
They include quartz monzonite, granodiorite and
fluorite-bearing granite south of Kaipokok Bay, and a
large, complex, polyphase tonalite-granite body that
intrudes the Archean gneisses north of Kaipokok Bay. Gandhi
et al. (1988) and Brooks (1983) report ages greater than
1900 Ma from poorly-known foliated granites to the west of
the study area. The extent and significance of this earlier
(pre-Makkovikian) magmatism is presently unclear.




s

Post-Tectonic Makkovikian Plutonic Rocks

These are massive, unfoliated plutonic rocks that
intrude the Upper Aillik Group. They comprise monzonite -
guartz monzonite - svenite intrusions, and granite to
alkali-feldspar granite, commonly fluorite—-bearing. Rb-Sr
(this study) and U-Pb (FKrogh et al., in prep.) ages of ca.
1800 Ma are similar to those from some of their
syn-tectonic counterparts (see above), and it is likely
that both groups represent a single pulse of magmatism that
transcended late Makkovikian deformation. Some members of
this group may, however, be as young as ca. 1760 Ma. In the
south cf the area, these rocks have east-west structural

trends that were imposed by the Grenvillian Orogeny.
Labradorian Plutonic Rocks

The TLGB Labradorian assemblage consists entirely of
undeformed plutonic rocks that intrude the Upper Aillik
Group and Makkovikian plutonic rocks. They include layered
gabbro - monzonite - syenite intrusions, regionally
extensive quartz monzonite to granite, and small
leucocratic granite plutons. U-Pb zircon ages (Brooks,
1983; Krogh et al., in prep.) are between 1670 and 1630 Ma,
but cluster around 1650 Ma. In the south of the area, these
rocks have east-west structural trends that were imposed by

the Grenvillian Orogeny.
Unclassified Plutonic Rocks

There are no field criteria for separation of
post-tectonic Makkovikian and Labradorian assémblages.
Several units are therefore unclassified at present. These

range in composition from quartz monzonite to granite.




Bruce River Group

The Bruce River Group (Ryan, 1984; Ryan et al., 1987)
is a supracrustal sequence in the west of the areca depicted
in Figure 2.3, but outside the confines of the study area.
It rests unconformably upon the Moran Lake Group, and has
suffered only minimal (Grenvillian) deformation and
metamorphism. It consists of arkose, conglomerate and
sandstone, overlain by a thick (8 km) accumulation of mafic
to felsic volcanic and pyroclastic rocks. U-Pb zircon
dating (Schirer et al., 1988) indicates an age of ca. 1649
+ 1 Ma, in contrast to previous Rb-S5r ages of ca. 1530 -
1510 Ma (Kontak, in Ryan, 1984). It is thus regarded as a
volcanic seguence equivalent to the TLGB Labradorian
assemblage (eafter Ryan, 1934; see Chapter 7 for
discussion).

Michael Gabbro Intrusions

Small bodies of mafic intrusive rocks (Michaecl Gabbro)
are widespread in the southern part of the Makkovik
Province and adjacent Grenville Province. They consist of
olivine-gabbro and gabtbronorite emplaced ca. 1425 Ma (U-Pb
zircon; Scharer et al., 1986), and have variably developed
coronitic structures that record the effects of Grenvillian
metamorphism or metamorphic conditions at the time of their
enplacement (Gower, 1986).

Granitoid Gneisces Of The Grenville Province
The Grenville Front Zone is represented in the study

[
area by the Benedict fault system (Figure 2.3; see below).
The area south of the fault is dominated by deformed
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granitoid rocks and granitoid gneisses with relict
porphyritic (i.e. augen) textures and cataclastic fabrics.
These are associated with fine-grained, banded, mylonitic
rocks. These gneisses are probably reworked equivalents of
the granitoid intrusive rocks of the Makkovik Province
(Gower and Owen, 1984), but Makkovikian and Labradorian
components cannot be discerned. The granitoid gneisses are
thus described in conjunction with unclassified plutonic
rocks (see above). Deformed (variably coronitic) intrusiocns
of the Michael Gabbro Suite (see above) are most common
south of the Benedict fault system.

Structural and Metamorphic Patterns

Structural Trends : The structure of the study area

has been discussed by Gower et al.(1982), Ryan (1984),
Clark (1973,1979) and Marten (1977). It is dominated by two
major structural trends (Figure 2.3). The older trend has a
NE or NNE orientation, and is typified by the fold and
thrust belt along Kaipokok Bay. This trend is present also
in syn-tectonic Makkovikian plutonic rocks. It represents
structures developed during the Makkovikian orogeny at or
before ca. 1800 Ma ago (Gower and Ryan, 1986). Major faults
associated with this trend include slide and thrust zones
in the Lower Aillik Group (Marten, 1977).

The second trend is of broadly east-west orientation,
and is probably related to the Grenvillian Orogeny at ca.
1100 Ma. The NE to NNE "Makkovikian trend” and the E to ENE
"Grenvillian trend" are distinct in the east and north of
the area, but their discrimination becomes more difficult
in the south-west, where both trends converge into a
general NE direction (Figure 2.3). There is no evidence of
Labradorian (ca. 1650 ¥a) deformation in the study area.
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The Grenvillian trend is most streongly Jdeveloped south
of the Benedict fault system, but several fault zones in
the Makkovik Frovince s¢hare its general orientation.

Major Faults : A number of major east-trending faults
divide the area into structural blocks. The most important
is the Benedict fault system, which is the locus of the
Grenville Front Zone (Gower et al., 1980). This is probably
a high-angle reverse or thrust fault (Gower, 198l; Owen et
al., 1986). The subparallel Adlavik Brook fault system
(Gower et al., 1982) has a transcurrent displacement of ca.
20-30 km. This fault marks the northern limit of
recognisable Grenvillian deformation. The area between
these two fault systems is characterized by local, strongly
foliated to cataclastic, zones subparallel to the major
faults. It is dorinated by areally extensive "regional™®
granitoid units (Kerr, 1987). North of the Adlavik Brook
fault system , tiie Upper 2Aillik Group is areally dominant,
and TLGB plutonic rocks occur as discrete, isolated bodies.
The distribution and characteristics of these plutonic
rocks suggest that the upper surface of the TLGB is close
to the erosion surface in this area.

Contrasts across the Benedict and Adlavik Brook fault
systems are interpreted to reflect differences in crustal
levels imposed by reverse faulting and thrusting during the
Grenvillian Orogeny (Gower and Ryan, 1986; Kerr, 1987 ; Owen
et al., 1988), which exposed progressively deeper levels
of the crust in the south.

Metamorphism : Metamorphic events correspond to
development of Makkovikian and Grenvillian structural

trends. Makkovikian metamorphism affected the Archean




gneisses, Aillik Group and syn-tectonic Makkovikian
plutonic rocks. In the Lower Aillik Group, upper
amphibolite facies conditions were attained, and pelitic
rocks were partially melted.. The Upper Aillik Group ranges
from greenschist to lower amphibolite facies, with a
regional decrease in grade from northwest to southeast
(Gower et al., 1982). Foliated granitoid rocks are variably
recrystallized, but most retain relict igneous mineral
assemblages, suggesting that their emplacement post-dated
the peak of metamorphism. Grenvillian metamorphism is
prevalent south of the Adlavik Brook fault zone, and is
manifested by recrystallization, strain, and variable
retrogression of igneous mineral assemblages in all
components of the TLGB. These effects become stronger
within the Grenville Province, but relict igneous textures
are locally visible well to the south of the Benedict fault
system.

Contact metamorphic effects associated with plutonic
rocks of the TLGB appear minor; this is probably a function
of the unreactive quartzofeldspathic compositions of the
Upper Aillik Group felsic volcanic rocks that form the

dominant country rocks. In areas adjacent to plutonic

rocks, these are commonly saccharoidal in texture,
suggesting static, thermal recrystallization of guartz and
feldspar.




2.3 STRATIGRAPHIC GROUPINGS AND TERMINOLOGY

General Information

Makkovikian and Labradorian plutonic assemblages are
each divided into a number of units and intrusive suites.
New names are proposed for some of these divisions (Table
2.2). This terminology is introduced here to familiarize
the reader prior to definition and description of these
associations in subsequent chapters. Locations of units and
divisions in Table 2.2 are shown on the 1:250,000
geological map (enclosure) and in summary location maps at
the start of the relevant descriptive chapters.

Intrusive Suites and Units

The term "intrusive suite" is used in two senses.
Firstly, it is used to group geographically discrete units
that are closely similar in petrology and geochemistry.
These geographically discrete units have generally been
given individual names. Secondly, it is used to group units
of differing composition that are spatially and genetically
related. In the latter case, individual units are generally
not named. This corresponds with conventional use and with
suggestions made by Salvador (1987) and Bateman (1988) for
the International Subcommission on Stratigraphic
Conventions. In descriptions of units and suites in
subsequent chapters, the qualifier "intrusive" is sometimes
omitted for the sake of brevity.




lotrusive Suite

Unit(s)

(best data)

Coament s

ASSEMBLAGE

LABRADORIAN

not named

Monkey Hill®
Intrusive Suite

Mount Benedict*
Intrusive Suite

Intrusive
Suite

Otter Lake - Walker Lake
Granitoid
(nase after Ryan, 1986)

Monkey Hill Cranite*

Little Monkey Hill Granite*
Duck Island Granitet*

Bent'’'s Cove Granite*

Round Pond Granite
Kidlaluit Granite*

Burnt Lake Granite

Witchdoctor Cranite*

(units not named)

GCabbro to diorite unit
Monzonite to syenite unit
Syenite to granite unit

(units not named)
Diorite to Monzonite unit
Gabbro and leucogabbro unit

1647 ¢+/- 2 Ma (U-Pb zircon)
(Krogh et al., in prep.)
1950 +/- 55 Ma (Rb-Sr WR)
(Kontak, in Ryan, 1984)

Monkey Hill Granite :
1640 +/- 10 Ma (U-Pb zircon)
(Krogh et al., in prep.)

Round Pond Granite :
1620 +/- 60 Ma (K-Ar biotite)
(Wanless et al.., 1970)

1548 +/- 90 Ma (Rb-Sr WR)
(MacKenzie and Wilton, 1988)

1632 +/- 9 Ma (U-Pb zircon}
(Brooks, 1983)

1650 +/- 10 Ma (U-Pb zlrcon)
(Krogh et al., in prep.)

1625 +/- 50 Ma (Rb-Sr, w.r.)
(Brooks, 1983)

1649 +/- 1 Ma (U-Pb zircon)
(Krogh et al., in prep.)

Regionally extensive untt
ranging In composition from
quartz monzonite to granite.

Consists of & number of
ssali. eptzonal plutons
comprising fine-grained
leucogranite.

Little Monkey Hil)l Granite
Cuts gabbro and diorite of
Adlavik Intrusive Suite.

Leucocratic granite units,
probably two phases of the
same body. locally similar
to Monkey Hill Intrusive
Suite granites.
---------------------------------- e
Layered assesblage. diorite and
gabbro at base, evolved syenite
at the top. Gabbro and diorite
are very similar to Adlavik
Intrusive Suite.

Polyphase layered mafic
intrusion. evolving to diorite
and monzonite. Parts of suite
resemble Mount Benedict Suite.

ASSEMBLAGE
ASSOCIATION

MAKKOVIKIAN

POST-TECTONIC

not named

Strawberry*
Intrusive

Lanceground *
lntrusive

Intrusive
Suite

Big River Granitew

Bayhead Granite®

Cape Strawberry Granite
October Harbour Granite
Dog Islands Granite*
Tukislik Granite*

Lanceground Hills Granite#
Pistol Lake Granite
Tarun Granite*

(units not named)
Monzonite to quartz monzonite

Syenite to quartz syenite

1798 +/- 28 Ma (Rb-Sr WR)
{(this stuwdy)

Preliminary Data (discordant):

1800 to 1760 Ma (U-Pb zircon)
(Krogh et al., in prep.)

1694 +/- 56 Ma (Rb-Sr WR)
(this study)

Lanceground Hills Granite :
1692 +/- 32 Ma (Rb-Sr WR)
(this study)

[Age is considered disturbed]

1801 +/- 2 Ma (U-Pb zircon)
(Krogh et al., in prep.)

Regionally extensive granite
unit vith santled-fsp texture.

Array of epizonal plutons of
closely similar, coarse grained
biotite granite, comsonly K-fsp
porphyritic, snd fluorite-bearing.

Coarse grained, locally hyper-
solvus, quartz syenite to
Aranite plutons, with abundant
zircon, allanite, fluorite.

Coarse grained sonzonite to
quartz syenite. Some syenitic
rocks resemble Lanceground
Intrusive Suite.




ASSOCIATION

SYN-TECTONIC

Kennedy Mountain¥
Intrusive Sulte

1sland Harbour Bay
Intrusive Suite
(after Ryan et al., 1983)

Long Island Quartz Monzonite
(after Gower et al., 1982)

Brumwater Granite
Pitre Lake Granite
Manak lsland Granitoid+*

Kennedy Mountain Granite#
Narrows Granite*

Cross Lake Granite*

Other (not named)

(units not named)

1802 +13 7 -7 Ma (U-Pb zircon)
(Gandhi et al., 1988)

ages unknown, but foliation
suggests > 1800 Ma for all.

1837 +6 / -6 Ma (U-Pb zircon)
(Krogh et al., in prep.)

1778 +/- 98 Ma (Rb-Sr WR)
(this study)
{age considered disturbed]

1805 +/- 5 Ma (U-Pb 2ircon)
(Loverldge et al., 1987)
{coarse-grained granite only)

Foliated, melanocratic
quartz monzonite.

Small, leucocraiic granitoid
units.

Part of a regionelly extensive

unit exposed east of study area.

Coarse grained, foliated, K-fsp
porphyritic granite, commonly
fluorite-bearing.

Complex, polyphase tonalite to
granite fntrusion emplaced
into Archean gneiss complex.
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not named

not named

Freshsteak Lake Cranitoid*
Noarse Lake Granltoid#

Thunder Mountain Syenite#*
Jeanette Bay Quartz Syenite¥

Granttotd gneisses South
of Benedict Fault Zone

Freshsteak Granltoid :
1798 +/- 48 Ma (Rb-Sr WR)
(this study)

1714 +/- 44 Ma (Rb-Sr WR)
(this study)

undated

Closely similar melanocratic

quartz monzonite to monzogranite.

probably Makkovikian age.

Small, messive svenitic bodies
of uncertain affinity.

Probably represents deformed
equivalents of both Makkovikian
and Labradorlan assemblages.

v

Table 2.2. Summary of stratigraphic terminology employed in this thesis.
New names are indicated by (*).




CHAPTER THREE
SYN-TECTONIC MAKKOVIKIAN
PLUTONIC ROCKS

Chapter Abstract

Syn-tectonic Makkovikian plutonic rocks have regionally
developed north or northeast-trending foliations that indicate
imposition of at least some Makkovikian deformation upon them.
U-Pb zircon ages indicate emplacement between 1840 and 1800 Ma
ago. They are divisible into two principal associations on both
geological and geochemical grounds.

The first (areally dominant) association is formed by the
Long Island Quartz Monzonite, granites of the Kennedy Mountain
Intrusive Suite, and the Melody Granite. The first two are
homogeneous, regional units that show sharp, intrusive contacts
with their country rocks, and appear to have source regions well
below the present level of exposure. They range in composition
from gquartz monzonite to alkali-feldspar granite, are commonly
plagioclase and/or K-feldspar porphyritic, and show increasing
biotite/hornblende ratios with differentiation. Leucocratic
(alaskitic) granites of the Kennedy Mountain Suite are
honblende-free and fluorite-bearing. In geochemical terms, this
association is metaluminous to weakly peralkaline, and shows
enrichment in fluorine, 2r, Y and REE. Trace element trends are
consistent with evolution via plagioclase t+ K-feldspar
fractionation. High HFS and REE contents indicate a source
enriched in these elements, and also reflect the role of
fluorine in retarding crystallization of accessory minerals. The
Kennedy Mountain Suite has undergone local alkali-metasomatism.
This is correla*ed with similar geochemical disturbance reported
from felsic volcunic rocks of the Upper Aillik Group, which may
be partly equivalent to these plutons. This disturbance has
affected LFS trace element patterns, but had little effect on
HFS elements and REE. The Melody Granite resembles the Kennedy
Mountain Suite in most respects, but displays more intense
deformation and hematization.

In contrast, two small intrusions near Kaipokok Bay
(Brumwater and Pitre Lake Granites) appear to have been derived
by anatectic melting of local country rocks at or slightly below
the present level of exposure. Their contacts are diffuse, and
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they contain abundant gneissic and metascdimentary xenoliths
respectively. They are variably peraluminous in composition, and
have low levels of 2r and REE that suggest residual hornblende,
zircon or sphene in their source regions. The Pitre Lake Granite
shows LREE depletion suggesting residual monazite or allanite in
its source, and F and Li enrichment suggesting muscovite
breakdown. The Manak Island Granitoid is geochemically similar
to the Brunwater Granite, and nay have had a similar origin.

A large, composite plutonic body to the north of the study
area (Island Harbour Bay Intrusive Suite) appears to contain
eiements of both settings, as it has a partially migmatitic
exterior, but a homogeneous core. It also contains tonalitic and
trondhjemitic rocks, that are atypical of intrusions within the
study area. Such compositions appear to preclude
derivation by anatexis of older sialic crust, although such
material may have contributed partly to the magmas.

In summary, although anatexis of local country rocks was
important in the Kaipokok Bay area, where metamorphic grade is
highest, major syn-tectonic Makkovikian plutons mostly came from
deeper sources and evolved by fractional crystallization. The
character of this magmatism in the study area is granitic, with
only minor quartz monzonite to granodiorite.




Introduction

Syn-tectonic Makkovikian plutonic rocks are those
that have north to northeast-trending foliations similar in
orientation to structural trends within the Aillik Group.
They have thus experienced at least the latest period(s) of
Makkovikian deformation. The label "syn-tectonic" is
therefore applied to these rocks. It is recognized,
however, that the contrast in deformation state between
these rocks and their "post-tectonic" Makkovikian
counterparts (Chapter 4) may reflect heterogenous
deformation, rather than significant age differences
between themn.

Syn-tectonic Makkovikian plutonic rocks are mostly
located in the north-west of the study area (Figure 3.1).
The most areally extensive units are the Long Island Quartz

Monzonite, Kennedy Mountain Intrusive Suite and Melody
Granite. Two units in the Kaipokok Bay area (Brumwater and
Pitre Lake Granites) are of limited extent, but show
critical field relationships with deformed Archean gneisses
and supracrustal rocks. Foliated granites also occur
locally in the east of thc study area (Deus Cape and Manak
Island Granitoids).

The largest single member of this association is the
Island Harbour Bay Intrusive Suite (Ryan et al., 1983),
which intrudes Archean rocks north of Kaipokok Bay, and is
outside the study area. Key field and petrographic
characteristics of all units (excluding the Island Harbour

Bay Suite) are summarized in Table 3.1.




INTRUSIVE ROCKS
Pitre Lake Granite

%) Brumwater Grante

b _+] Brumwater Grantte Equivaients

I ] Long Isiand Quartz Monzonite

UPPER ALK GROUP 4
Tuffs and Feisic Voicanc Rocks
LOWER AILLIK GROUP

Amphiboite and Basalt
E= Peltc Metasediments

BASEMENT ROCKS

@ 5] Migmatites

=] Mylonitized Gneiss
Banded Gneiss
« Foliation or Banding

== Fauk Zone

Figure 3.1 (INSET). Geology of part of the eastern side of I_(aipokok Bay,
showing the location and setting of the Brumwater and Pitre Lake
Granites. After Marten (1977) and Gcwer et al.(1982).
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Figure 3.1. Summary map illustrating the distribution and extent of
syn-tectonic Makkovikian plutonic rocks. Inset is an enlargement of
the east side of Kaipokok Bay, and illustrates location and setting of
Brumwater and Pitre Lake units. Geology in inset after Marten (1977)

and Gower et al. (1982).




Table 3.1. Key features of syn-tectonic Makkovikian plutonic rocks.

Xap Unit Suite/Unit/Age

General Characteristics

Textural Characteristics

Long Island
Quart: Xonzonite

1832 +/- 58 [K/Ar biotite)
1802 +13/-7 [0-Pb zircon)
(Gandhi et al., 1969; 1988)

Grey, melanocratic, foliated Ed-Bi
quartz-monzonite to monzogranite.
Fabric is strongly developed in
marginal portions; core is less
deformed. Contains deformed xenmo-
liths of dioritic material.

Fine to medium qrained, porphy-
ritic vith plag phenocrysts up to
1 c» diameter. Fabric defined

by Bb-Bi agqreqates, flattened
phenocrysts and inclusions.
Schlieric to banded near margin.

KENNED! MOUNTAIN
INTRUSIVE SUITE
[ including |

Kennedy Mountain Granite
Narrovs Cranite
Cross Lake Granite
Onnamed minor bodies

1531 +/= 38 [K-Ar biotite]
1778 4/ 93 Na (Rb-Sr WR)
[ ages are not reliable }

Pink to vhite or buff, foliated,
variabll porphyritic, Eb-Bi mon-
togranite, granite and alkal.-
feldspar granite. Generall
leucocratic, locally alaskitic.
¥E- trending fabric is obvious in
mrphyrmc / welanocratic types,

t diffuse in leucoqranites. )
Locally K-fsp depleted, ibly
albiti¥ed. ledesgread flmte,
particularily in leucocratic
variants.

Commonly medius to coarse-grained,
vith K-fsp and lesser plag pheno-
crysts, variabll augened by fabric.
Fabric defined by Eb-Bi-Sph
aggreqates and/or augen texture.
Equiqranular, leucocratic variants
By appear massive, )

Unit Is generally inclusion-free.
pegmatite veining videspread.

Melody Granite

{? 1910 +/= 10 Ka (U-Pb zircon) ?}
{Gandhi et al., 1988)

See text for discussion; depends

on a rather uncertain correlation

Pink to brick-red, variably
Yorphyrit@c, strongly foliated,
eucocratic qranite and alkali-
feldspar granite.

Coarse grained, porphyritic to
to hyroclastic, vith "augen®
extures, localiy aylonitic.
Textural variants are defined
by variations in mafic content.

Brumsater Granite

> 179 ¢/~ 2 {U-Pb wonazite]
(Scharer et al., 1988)

Grey to pale pink, foliated to
lineated, equigramular, leuco-
cratic biotite-granodiorite and
ponzogranite.

Nedius to coarse-grained, locally
porphyritic. Contains gneissic
inclusions, locallx.nebulmc.
Fabric defined by Bi aqqreqates
and peqmatitic seams.

Pitre Lake Granite

(Description partly after
Marten, 1977)

White to pale ¥ink or buff,

equigranular, foliated Bi-ks
leucogranite forming tabular body
vithin metasedimentary rocks of
Lover Aillik Group.

Nediup-grained and bomogeneous.
locally displays ghost layering
that defines fold structures.
Concordant pegmatite and quartiose
seqreqations.

Manak Island Gramitoid

21801 /-2 R [0-Pb 3 ]
[based on age from Numok Suite)
(Krogh et al., in prep.)

White to pale grey, foliated,
locally porphyritic, leucocratic
Bi-granodiorite to monzogranite.

Nedium to coarse-qrained and
homogeneous; inclusion-free.

Deus Cape Granitoid

1837 +6/-4 Ma [U-Pb zircon]
(Krogh et al., in prep.)

Grey to pink, porphyriti co
leqzcrys ic, foliated ED-Bi
qranodiorite.

Commonly K-fsp porphyritic,
locally seriaze-textured.




Table 3.1 (continued)

Key Field Relationships

Mineralogy

Petrography

Cuts early (D1,D2) structures in
Ai11ik Group and Archean, but his
S3 fabric. Intruded bY Duck Islind
Granite of Monkey Bill Intrusive
Suite.

Q2 (10-20%) NMi (30-40%)
Piag 1An30; 30-40%)
Hb-Bi (10-25% total)
Sph-Fe Oxide (1-2%)
Accessory Ir, Ap, All

Groundmass Q-Fsp recrystallized.
Plag phenocrysts variably sauss-
writized, recrystallized and zoned.
b and Bl present in subequal
amounts, recrystallized to
agqreqates, with Sph, Ep, chl.

Intrudes supracrustal rocks of
Upper Aillik Group, and truncates
bedding and early (51,52 fabrics.
Kennedy Mountain Granite and
Narrows Granite are cut by Monkey
Bill Granite.

Q7 (15-35%) Mi (25-60%)
Plag (An20-30; 10-50%)
Hb+Bi {1-15% total, normally < 5%)
sph (1-3%) F1 (0-2%)
undant Accessory Ir, Ap, All

Variably recrystaliized, but K-fsp
phenocrysts preserved with local
interstitial quart:. Mi is patch-
perthite, with local Na-plag rims.
Bb/Bi ratios variable; leucocratic
variants are Hb-free.
Recrystallization is very strong
in fine-grained variants, vhich
are saccharoidal. )

K-fsr depleted types dominated by
Na-plag + Qz.

Contact relations unknown.
Urit is bounded by inferred
faults and unexposed iones.

Qz (15-40%) Mi (30-65%)
Plag (An20-30; 20-40%)
Bi+Chl+Ep+Sph (2-7% total)
Hb (relict)

Accessory All, rare Ir, F1

Extensively rextallized and mylon-
itized. Qz, i, Plag form ribbons
or granular aggreqates.
g;fécblineralstteducggh to fhé{ Bi
-Sph agqgregates, vith relict Bi
+/- bb. ggrphenocrysts hesatized.

Onit intrudes refoliated Archean
gneisses #ith S1/52 fabric,
Fabric in granite considered

to be D) feature, Gradational
relationship with niguatitic
Archean gnelsses.

Q2 (15-303) Mi (25-40%)
Plag (An25; 25-40%)
Bi (2-7%), rare Muscovite
Accessory All, Ir.

Recrystallized, fabric defined
by orientation of Bl aggregates.

Truncates S1 or S2 fabrics in
Lover Alllik Group, but contains
foliation parallel to layering.
Contains inclusions of pelitic
sediments similar to host rocks.

Qz (20-30%) Ni (30-60%)
Plag {An20-30; 20-30%) .
Ms+Bi (5-10% total, Ms > Bj)
Accessory F1, ™ ?

Recrystallized extensively.
Fabric defined by alignment of
Bi-Ns agqreqates and faint
layering.

Probably forms & screen betseen
younger units. Onit is intruded
by Gabbro of Adlavik Intrusive
Suite, probably also by Wumok
Intrusive Suite.

Qz (15-20%) Ki {20-40%)

Plag (An25-35; 40-60%)

Bi (5%)

Accessory Sph, Ap. Rare Ir, All.

All components rextallized to
polygonal agqregates. Scattered Mi
phenocrysts are preserved.

Lacks polydeformed character of
adjacent Cape Harrison Metamorphic
Complex.




.1 GEO and ROLOGY

3.1.1 ILong Island Quartz Monzonite

This unit forms an elongate body in the Kaipokok Bay
area (Figure 3.1), and was originally termed the "Long
Island gneiss* (Gandhi et al., 1969). It is rarely
gneissic, and subsequent workers used the term "Long Island
Quartz Monzonite" (Gower et al., 1982; Kerr, 1986).
Definition and boundaries of the unit remain unchanged from
those of Gandhi et al. ({1969) and Gower et al. {1982). The
unit consists ¢f medium—-grained, melanocratic, foliated,
hornblende-biotite quartz monzonite, granodiorite and
(rare) monzogranite (Table 3.1; Plate 3.1). It is
characteristically plagioclase-porphyritic, containing
small (1 cm) equant phenocrysts.

A penetrative fabric is strongly developed around its
margins, but parts of the interior appear massive. Marten
(1977) stated that the unit truncates early (S1 and SZ)
fabrics in surrounding Archean and Aillikx Group units, and
considered the foliation to be a relatively late (D3)
feature. In the area around Mark’s Bight, the unit is
disrupted and net-veined by the Duck Island Granite of the
Monkey Hill Intrusive Suite (see Chapter 5).

The unit is recrystallized, but igneocus textures (e.g.
zoned plagioclase phenocrysts) are variably preserved. In
the more strongly deformed variants, hornblende and biotite

are retrogressed to biotite - chlorite - epidote - sphene
aggregates.

The Long Island Quartz Monzonite has been dated at
1832 * 58 Ma by K-Ar whole-rock methéds (Gandhi et al.,
1969) and at 1802 + 13/~7 Ma by U-Pb zircon methods (Gandhi
et al., 1988). The latter sample also yielded a U-Pb sphene
(titanite) age of 1746 + 2 Ma, which provides a minimum age
for deformation and metamorphism.




Plate 3.1. Features of the Long Island Quartz Monzonite. (a) Dioritic
inc}usions (deformed) in grey quartz monzonite, Mark’s Bight. (Db)
Typical weathered surface with plagioclase phenocrysts, Mark’s Bight.
(c) yassive quartz monzonite from centre of body (phenocrysts ca. 0.5
cm diameter). (d) Strongly deformed variant from eastern margin of
body. All slabs stained to turn K-feldspar yellow.



3.1.2 Kennedy Mountain Intrusive Suite

This is a new name introduced for several discrete
bodies of similar foliated granitoid rocks in the Makkovik
Bay area (Figure 3.1). These include units 17a and 17c of
Gower et al. (1982), and foliated granitoid rocks outlined
by Kerr (1986, 1987). The type area (Kennedy Mountain
Granite) corresponds to the Kennedy’s Cove “gneiss" of
Clark (1973), but is rarely gneissic. The suite is
dominated by foliated, variably K-feldspar porphyritic,
monzogranite, granite and alkali-feldspar granite, commonly
containing accessory fluorite (Table 3.1; Plate 3.2). The
unit is not dated reliably. Gandhi et al. (1969) obtained a
K-Ar (mixed hornblende and biotite) age of 1531 + 38 Ma,

which is probably anomalously young. A composite Rb~Sr

isochron (Chapter 8) suggests an age of 1778 % 98 Ma, but
this is not considered reliable. No U-Pb data are available
as of writing.

Field Relationships : The Kennedy Mountain Granite

and Narrows Granite intrude the Upper Aillik Group, but are
cut by the Labradorian Monkey Hill Granite (Chapter 5).
Units assigned to the suite contain a single NE-trending
foliation; by analogy with the Long Island unit, this is
interpreted to be a D, feature resulting from Late
Makkovikian deformation, and implies a similar minimum age of
1800 Ma. Foliations are most obvious in relatively
melanocratic, porphyritic variants, whereas equigranular
and leucocratic variants commonly appear massive and
unfoliated. However, all are recrystallized and display
fabrics in thin section: in leucocratic variants,
orientations are defined by elongation of quartz and

feldspar. Coarse grained, fluorite and/or pvrite-bearing




Plate 3.2. Features of the Kennedy Mountain Intrusive Suite. (a) Coarse-
grained monzogranite (Narrows Granite, Makkovik Bay). (b) Fine-grained
alaskitic variant of the Cross Lake Granite; the superb glacial polish
is a reflection of the pervasive recrystallization, which reduces the
nNatural tendency of granite to disaggregate. (c) Fluorite-bearing
leucogranite (Kennedy Mountain Granite, Makkovik Bay), foliation is
Parallel to slab label. (d) Coarse-grained biotite-hornblende granite
(Narrows Granite), section cut normal to foliation. (e) Fine-grained
Potassic leucogranite (Cross Lake Granite). All slabs stained to turn
K-feldspar yellow.



pegmatite veins (locally containing amazonite, a green
variety of K-feldspar) intrude many outcrops, particularly
in the Cross Lake Granite. Xenoliths of country rocks are
rare except adijacent to contacts; cognate xenoliths
(normally darker than their host) occur locally. The Cross
Lake Granite appears to be more leucocratic than other
units of the suite, and is locally alaskitic (i.e., a
fine-grained rock consisting essentially of quartz and
alkali-feldspar; Johannsen, 1920).

Petrography : Most examples contain both hornblende

and biotite, but leucocratic variants are hornblende-pcor
or hornblende-free. Furple fiuorite is widespread
(particularily in leucocratic rocks), and forms coarse
patches along foliation planes. Sphene is also prominent in
many hand samples. In thin section, most examples are
recrystallized, but original igneous textures (K-feldspar
phenocrysts and, more rarely, interstitial quartz) are
variably preserved. Mafic minerals and sphene form
aggregates, associated with prominent and abundant zircon,
allanite, aratite and fluorite crystals. Chlorite and/or
epidote are locally important as alteration products of
hornblende and bictite.

Anomalous rock types consisting almost entirely of

sodic plagioclase (< Anls) and quartz are present locally

within all units of the Kennedy Mountain Suite. These are
considered to be Na-metasomatized, rather than original,
compositions (see 3.2 and 3.3). Rare albite rims or patches
on K-feldspar phenocrysts in "normal® variants form the
only petrographic evidence for this process; the

anomalously sodic rocks are thoroughly recrystallized.




3.1.3 Melody Granjte

The new name Melody Granite is introduced for an
elongate unit of strongly foliated granitoid rocks in the
western part of the study area (Figure 3.1). The unit is
dominated by pink to brick-red, K-feldspar-rich granite and
alkali-feldspar granite (Table 3.1; Plate 3.3). It
corresponds to parts of unit 14 of Bailey (1979) and parts
of unit 27 of Gower et al. (1982).

Field Relations : The contact relations of the Melody
Granite are unknown, as most of its boundaries correspond
with inferred fault zones or unexposed areas. It has a
widely developed cataclastic to protomylonitic fabric and
commonly shows augen texture. There are two textural
variants, defined by variation in total mafic mineral
content. The melanocratic variants commonly show more
obvious relict porphyritic textures, but leucocratic
variants are also stroni:ly K~-feldspar porphyritic where
weakly deformed. The distribution of these two variants
corresponds generally to units 23 and 24 of Ryan (1984),

described as granite and granodiorite respectively

Petrography : In thin section, the Melody Granite is
strongly recrystallized. It displays a granular texture, and
many examples contain quartz and feldspar ribbons, oriented
parallel to microcrystalline mylonitic zones. The mafic
mineral assemblage varies with intensity of deformation and
metamorphism; weakly-deformed samples contain aggregates of
fine-grained green-brown biotite and local relict
hornblende, whereas strongly deformed variants contain only

sphene - chlorite - epidote aggregates along foliation
planes.
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.3. Features of the Melody Granite. (a) Strong}y defogmed grani
platsiih ribbon quartz and cataclastic textur?,'but with rellgt K-fgldspar
phenocrysts. (b) Weakly deformed, porphyritic, melanocratic variant.
All slabs stained to turn K-feldspar yellow.

Plate 3.4. Features of the Brumwater Granite. (a) Vein of grey granite
cutting refoliated Archean gneiss, Kaipokok Bay area. Note that vein
truncates banding, rut is affected by later deformation, and shares the
Same general fabric. (b) Typical stained slab, showing heterogeneous
and slightly banded « ppearance of many examples.
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Age Uncertainty : The Melody Granite is undated. Ryan
(1984) mapped it as continous with his unit 23, based on
compilation of unpublished BRINCO descriptions. Ryan’s unit
23 has yielded an age of 1910 % 10 Ma about 50 km west of
the study area (Gandhi et al., 1988). This result may
indicate a pre- Makkovikian age for the Melody Granite;
however, the correlation is based purely on general
lithology, and the author has not examined the sample of
Gandhi et al. (1988). For the purposes of the current
discussion, therefore, the Melody Granite is regarded as a
syr-tectonic Makkovikian intrusion, although this may be

subject to revision.

The Brumwater dgranite (Marten, 1977) is a small,
tabular body that intrudes reworked Archean basement rocks
southeast of Kaipokok Bay (Figure 3.1, inset). It was
defined and mapped by Marten (1977), and visited briefly
during this project. It consists of grey to pink, foliated,
leucocratic, biotite- granocdiorite and monzogranite (Table
3.1; Plate 3.4). Marten (1977) describes similar rock types
from other parts of the Archean inlier along Kaipokok Bay,
which he correlated with the Brumwater Granite (Figure 3.1,
inset).

Field Relationships and Age : Marten (1977) described

a gradational relationship between this unit and adjacent
migmatized Archean gneisses, and suggested that it may be
an anatectic derivative of them. Enclaves of gneissic
material are locally present, and a ®"ghost layering" is
present in some outcrops. The granite truncates layering in

refoliated Archean gneisses that is considered to be a D,

e



structure, and foliation in the granite is thus considered
to be a D3 feature (Marten, 1977). Its relationship to
deformation is therefore analogous to the Long Island
Quartz Monzcnite (see above). The foliation is defined by
biotite aggregates and concordant pegmatitic and quartzose
seams. An augen texture is locally developed.

Scharer et al.(1988) obtained a U-Pb monazite age of
1794 * 2 Ma from a biotite leucogranite that cuts
migmatites correlated with the Brumwater granite; this
provides a lower limit on the age of the unit. An attempt
to date the granite itself failed due to a highly
discordant, U-rich zircon population (U.Schédrer, pers.comm.
to R.J.Wardle).

3.1.5 Pitre Lake Granite

The Pitre Lake granite, defined and mapped by Marten
(1977), is a thin, tabular, subconcordant body that 1is
confined to metasedimentary rocks of the Lower Aillik Group
in the Kitts Pond area (Figure 3.1, inset). It was visited
only briefly during this study. The unit consists of
medium-grained, eguigranular biotite-muscovite granite
(Table 3.1; Plate 3.5).

The granite truncates the foliation in the host
metasediments (a composite Dl/D2 structure; Marten,

1977), but contains a weak to moderate foliation
subparallel to or slightly oblique to its contacts. Marten

(1977) considered this to be a D, feature, and suggested

3
that the unit was a syn-D. intrusion.

Metasedimentary xenoiiths similar to the pelitic to
psammitic country rocks are common, and amphiQolite
inclusions occur locally. Folding defined by '"ghost
layering may indicate a more complex structural history

than other foliated granitoids. However, this laye<ring




i i Part of a concordant
of the Pitre Lake Granlye. (a) t : e
e 3.5.d§::§::§; inclusion (centre) within the gr;nigzé zg;ggt"
g aterial to lef: and right. (Db) Complexly gar R I
thzgigg possibly inherited from the metasedimen Yy
ay ’

Plate 3.6. . -
stained slabs of weakly foliated, leucocratic monzogranite. Foliatio

Features of the Manak Island Granitoid. (a) and (b) Typical

. - ces
is not obvious in slabs, but is easily recrgnized on outcrop surfa
(no photo available).
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could be an irnherited teature if the granite was derived by
anatexis of its host rocks, which show similarly intricaze
folding in nearby outcrops. No geochronoloaijcal data are
available from the unit.

3.,1.6 Manak Island Granitoid

This unit is located near Adlavik Bay (Figure 3.1),
and was previously grouped with the Cape Strawberry Granite

by Doherty (1980) and Gower et al.(1982). It is lithologically

distinct from the latter in all respects and has a
N-trending foliation. It consists of white to grey,
foliated granodiorite and monzogranite (Table 3.1: Plate
3.6). The unit resembles the more homogeneocus variants of
the Brumwater Granite (see abcve), but is generally free or
xenoliths and ghost layering.

The unit forms a narrow zone between gabbro and
diorite of the Adlavik Intrusive Suite (see Chapter 5) and
ad jacent monzonite and gquartz monzonite of the Numok
Intrusive Suite (see Chapter 4). These surrounding units
are massive ard undeformed, and the Manak Island unit
probably represents a screen between younger intrusions. 1t
is intruded Ly gabbro and diorite of the Adlavik Suite on
the adjacent mainland, but contacts with the Numok Suite
and the Upper Aillik Group at the southern end of Manak
Island have not been observed.

In thin section, the unit is variably recrystallized
to a polygonal mosaic, although scattered microcline and
‘locally) zoned plagioclase phenocrysts are preserved. It
¢ >ntains only minor amounts of sphene, apatite, zircon and
allanite.

No geochronological data are available from the unit,
but undeformed rocks of the adjacent Numok Suite have given
a U-Pb zircon age of 1801 t 2 Ma. (Krogh et al., in
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prep.). If differences in deformation state indicate
differences in age, this provides a lower limit for the age
of the Manak Island Granitoid.

3.1.7 _Deus_Cape Granitoid

This unit occurs in the extreme east of the study
area, adjacent to the Cape Harrison Metamorphic Suite
(Gower, 1981). It has been visited only in a few localities
during this project. The unit consists of coarse grained,
pink to grey, foliated, K-~feldspar megacrystic to seriate
granodiorite (Table 3.1; details partly from Gower, 1981).

Contact relations are unknown, but the unit displays a
single NNE-trending foliation, and contrasts with the
adjacent polydeformed migmatitic rocks of the Cape Harrison
Suite (Gower, 1981). This contrast suggests that it
occupies a time slot between the Cape Harrison Metamorphic
Suite and undeformed Makkovikian plutonic rocks. Krogh et
al.(in prep) report a U-Pb zircon age of 1837 +6/-4 Ma from
this unit, which provides a minimum age fr - the Cape
Harrison Metamorphic Suite, which is the only candidate for
"basement" in the east of the area.

3.1.8 Island Harbour Bay Intrusive Suite

The Island Harbour Bay Intrusive Suite (Ryan et al.,
1983) lies outside the study area, but, as the largest
single Makkovikian plutonic body, merits some discussion.
The following outline is taken from Ermanovics et
al.(1982), Ryan et al.(1983) and I.Ermanovics (pers. comm.,
1988).

The suite includes a wide variety of rockK types that
display complex field relationships. Ryan et al. (1983)
divided it into a grey tonalite to granodiorite, and a




homogenecus pink granite. The former is more abundant and
forms the outer part of the intrusion; it is
compositionally varied, inclusion-rich and polyphase. Ryan
et al.(1983) distinguished diorite, quartz diorite,
K-feldspar megacrystic granodiorite, and leucocratic
granite, all of which show mutuaily intrusive relationships
suggesting synchronous emplacement. The central granite
unit lacks this complexity, and is commonly inclusion-free.
It consists of pink to grey, feldspar porphyritic, locally
megacrystic, biotite granite, locally containing
interstitial fluorite. All of the above phases are intruded
by pegmatite and aplite dykes.

The contact between outermost tonalite-grarodiorite
and Archean gneisses is described by Ryan et al.(1933) as a
complex lit-par-1it migmatite zone, where foliations in the
granitoid rocks are parallel to those in the gneisses.
Early foliated granitoid dykes are cut by later undeformed
phases, indicating syn- to post-tectonic emplaccment.
Foliations in the outer parts of the intrusion are locally
cataclastic to mylonitic, and have concentric structural
trends (Ryan et al., 1983). Rafts of Archean gneiss within
this marginal zone display thes strong “straightened"
layering associated with early Makkovikian deformation
(Ryan and Kay, 1982). The central portion of the body, in
particular the granite unit, is massive to weakly foliated,
and appears post-tectonic,

The Island Harbour Bay Intrusive Suite has been dated
by a variety of methods. U-Pb zircon data from the dominant
grey granodiorite (Loveridge et al, 1988) suggests an age
of 1805 + 5 Ma, similar to that of the Long Island Quartz
Monzonite. This agrees well with Rb-Sr ages of 1805 % 42
for the granite unit, and 1843 *+ 90 Ma and 1794 & 71 Ma for
the tonalite~granodiorite unit (Grant et al., 1983). An




U-Pb 2zircon age of 1973 % 15 Ma (Broocks, 1982) from the
tonalite unit is enigmatic. It may reflect inheritance, but

there is no evidence of inclusions in cutcrop (B.Ryan

pers.comn., 1988), and no cores are rep~arted fronm the
zircons., I.Ermanovics (pers. comm., 1988) considers the ca.
1800 Ma ages from the granite unit to be minimum ages only,
and states that the tonalitic rocks may be somewhat older.
As will be shown later, these tonalitic and trondhjemitic
compositions are not typical of the Makkovikian plutonic

assemblage in the study area.




3.2. DESCRIPTIVE GEOCHEMISTRY

Syn-tectonic Makkovikian plutonic rocks are
represented by 186 samples; 121 of these are from
"regional® samples collected on a 2 km grid spacing. The
remainder are follow-up samples (mostly from the Kennedy
Mountain Suite), and a small number of geological samples
from all units (see Chapter 1 for explanation of sample
pcpulations). No samples were collected from the Island
Harbour Bay Intrusive Suite; this is represented by 20
unpublished analyses supplied by B.Ryan (pers. comm., 1987).

3.2.1 Genexal Geochemistry

Summary of Numerical Data

Average major, trace and partial CIPW normative
compositions of syn-tectonic Makkovikian plutonic rocks are
listed in Table 3.2. The Long Island Quartz Monzonite and
tonalite to granodiorite of the Island Harbour Bay

Intrusive Suite are silica-poor (63-65% SiOz) compared to
all other units (72-75% Sioz). The four component units

of the Kennedy Mountain Intrusive Suite have similar major
and trace element compositions, as do the two geographic
subdivisions of the Long Island Quartz Monzonite. The
Melody Granite is broadly similar in composition to
granites of the Kennedy Mountain Suite.

The remaining units show similar major element
compositions but distinct trace element patterns. The Pitre
Lake Granite is characterized by high Rb, F and Li relative

o
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Table 3.2 . Average compositions of syn-tectonic Makkovikian plutonic
rocks, subdivided by principal units.

el

UNIT 10.1 10.2 11.1 11.2 11.3 11.4 12.0
N nl 14 9 19 18 " 5 31
d n2 5 8 1 16 1 19
() Kean S.D Mean S.D ¥ean S.D Mean S.D. Mean S.D. Mean S.D. Nean S.D.
Sj02 63.22 1.27 65.46 7.11 75.05 1.37 71.05 2.13 74.49 2.63 69.35 4.36 72.27 3.26
Ti02 0.88 0.06 0.69 0.34 0.28 0.2 0.42 0.15 0.23 0.13 0.51 0.22 0.35 0.21
A1203 15.79 0.23 15.84 2.42 12.31 0.48 13.71 0.82 12.32 1.01  14.45 1.5%5 13.5%0 1.10
Pe203 1.81 0.38 1.95 1.18 1.32 0.41 1,39 0.72 1.27 0.7 1.11 0.55 0.97 0.68
. Fe0 3.09 0.7% 1.90 0.59 0.91 0.32 1.69 0.83 1.28 1.26 2.05 0.59 1.4 1.12
Nn0 0.10 0.01 0.07 0.03 0.04 0.01 0.07 0.03 0.06 0.00 0.07 0.02 0.04 0.02
4 Ngo0 1,26 0.44 0.99 0.63 0.13 0.04 0.38 0.22 0.12 0.2 0.58 0.44 0.41 0.37
¥ ca0 2.97 0.49 2.71 1.82 0.51 0.27 1.25 0.42 0.76 0.59 1.64 0.76 1.18 0.72
N0 4.28 0.26 4.28 0.31 4.61 1.16 4.30 0.92 4.34 1.13 3.99 0.43 3.80 0.76
K20 4.77 0.51 4.5 0.31 4.14 1.82 4.84 1.15 4.19 1.5 5.25 0.49 4.59 0.99
P205 0.26 0.03 0.5 0.20 0.03 0.01 0.09 0.04 0.03 0.04 0.11 0.07 0.09 0.07
oI 0.63 0.24 0.72 0.34 0.36 0.13 0.42 0.19 0.47 0.23 0.41 0.03 0.70 0.34
TOTAL 99.16 99.36 99.67 99.60 99.55 99.53 99.63
(ppm)  Trace Elements
Li 23.6 4.6 19.9 15.8 15.2 10.2 25.6 15.5 104 7.0 7.2 8.1 18.1 13.%
P 873.2 214.7 809.8 499.5  661.5 544.7  936.1 315.2 1092.4 982.5 1145.8 484.2 613.7 481.2
Sc 9.6 1.7 1.5 0.6 0.8 0.0 1.1 0.7 44 0.0 29 1.6
v 76.3 19.2 49.0 31.8 12.7 6.2 .4 8.6 12.3 10.5 5.6 21.5 4.3 177
Cr 5.6 3.6 .2 14 £3 40 3.6 1.9 5.3 4.0 3.2 2.2 1.7 3.5
N .7 1.9 1.2 0.4 1.4 1.l 1.3 0.7 1.3 13 1.6 0.9 1.7 1.5
Cu 9.3 1.9 5.2 2.0 2.5 0.8 5.2 4.3 3.6 1.9 6.2 4.1 7.3 15.1
In 74.0 8.8 61.8 17.9 65.8 29.7 73.7 4.7 87.3 61.8 60.6 19.2 45.0 27.9
Ga 18.4 1.2 144 44 16,5 7.1 14.5 5.7 173 1.7 13 2.0 18.3 2.2
)] 127.9 24.4 118.0 29.2 129.7 62.1 163.0 49.3 127.9 67.4 185 42.0 122.0 36.0
Sr 327.2 40.5 348.8 274.2 1.8 9.4 103.9 55.2 51.6 78.5 137.2 8.1 106.8 89.9
i 36.5 2.0 323 7.0 52.5 14.2 55.1 15.5 82.8 31.3 5.8 9.4 45.2 17.8
ir 227.9 66.6 250.1 107.2  409.5 126.5  356.7 119.6 401.4 156.2 237.6 B54.2 361.9 162.9
W 14.1 1.1 13.2 379 199 4.1 23.9 6.4 32.0 15.1 19.6 5.0 20.6 5.6
No 43 0.5 5.4 3.2 3.4 23 44 2.1 34 15 4.6 1.1 4 1.0
Sn 1.0 0.0 3.5 2.0 7.0 0.0 3.4 29 5 0.0 44 3.7
Cs 1.3 1.2 0.7 0.5 0.5 0.0 0.6 0.4 0.5 0.0 2.2 1.4
Ba 1424.3 120.6  1243.6 449.1 152.6 77.4  717.6 315.9  390.0 439.9 846 390.9  327.6 481.8
La 53.6 4.9 4.9 16.4 62.8 28.4 73.1 2.7 85.0 9.1 57.2 9.7 85.2 38.2
Ce 103.0 6.2 89.3 26.9 130.9 52.7 143.1 40.3 177.2 1.2 117.2 18.8 171.4 66.8
Sz 9.2 0.8 10.5 2.0 13.0 0.0 13.7 3.8 1 0.0 13.8 5.0
b 2.5 0.0 42 24 10.0 0.0 8.9 3.0 7 0.0 5.2 2.5
Bf 8.0 1.2 12.8 3.5 12.0 0.0 12.2 3.5 12 0.0 10.8 4.1
Pb 15.5 3.8 18.6 4.3 177 6.6 4.9 4.5 12.1 11.9 2.6 2.3 1l 7.5
Th 9.5 2.7 8.1 9.6 10.7 7.7 19.2 6.8 15.9 10.3 3.8 12.0 12.1 6.1
_t 0 4.9 0.8 33 1.0 .7 2.5 6.3 2.9 4.5 2.9 7.16 2.8 3.7 2.0
(Wtt)  Partial CIPW norms
{i Q 12.07 1.68 17.31 11.38  31.61 2.89 24.31 5.12 31.64 5.41 21.40 8.76 29.06 5.53
r c 0.00 0.00 0.09 0.15 0.03 0.07 0.01 0.03 0.01 0.07 0.02 0.05 0.38 0.46
Or 28.59 3.02 26.91 1.83  24.6310.87 28.84 6.85  24.96 9.3l 31.32 3.06 27.43 5.87
Ab 36.73 2.08 35.85 1.28 39.17 9.84 36.67 7.3 36.86 9.30  34.09 3.77 32.48 6.48
; An 9.97 1.50 10.61 S.54 0.66 0.47 3.82 1.88 1.8¢ 1.97 5.98 2.69 5.24 3.02
- Di 3.05 1.23 1.34 2.07  0.84 0.63 1.53 1.07 1.08 l.21 1.2 0.99 0.20 0.45
F B 4.62 1.78 2. 1.72 0.26 0.39 1.81 1.5 0.94 2.08 2.39 1.12 2.94 2.30
N 0{ 0.00 0.00 0.39 0.78  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 2,67 0.5 2.63 1.35 1.64 0.57 1.69 0.9 1.57 0.80 1.62 0.81 1.5 0.74
11 1.69 0.13 1.34 0.66 0.53 0.45 0.77 0.31 0.44 0.24 0.98 0.42 0.67 0.41
KEY 10 UNITS (KIS - Rennedy Mountain Intrusive Suite) )
10.1 -- Long Island Quartz Monzonite (main body) 10.2 -~ Long Island Quart: Monzonite {otber)
11.1 -- (KMIS) Kennedy Mountain Cranite 11.2 -- (KMIS) Narrows Granite
11.3 -~ {KNIS) Cross Lake Granite 11.4 == (KMIS) other units
12,0 -~ Melody Granite
nl -- number of analyses for all elements except those listed belov.
n2 -- nuaber of analyses for S¢, Sn, Cs, Sm, tb and Bf.
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14.0 -- Pitre Lake Granite
16.0 -~ Deus Cape Granitoid

18.2 -- IEBIS (granite)
nl -- number of analyses for all elements excegt those listed belov.
n2 -- number of analyses for Sc, Sn, Cs, Sw, Yb and Bf.

KEY 70 UNITS (IHBIS -- Island Barbour Bay Intrusive Suite)

13.0 -- Brumvater Granite
18.1 -- IEBIS (tomalite-granodiorite)

15.0 -- Nanak Island Granitoid




to all other units. The Manak Island and Brumwater units
are similar, but the former shows higher Ba and Sr,
consistent with a lower SiO2 content. These units, and

the granites from the Island Harbour Bay Suite, are
distinguished by low Zr, Y, Nb, La and Ce compared to the
Long Island and Kennedy Mountain units. The mean
composition for the Deus Cape Granitoid (2 samples only) is
probably not representative of the unit.

Abundance and Distribution of Rock Types

IUGS rock types were calculated from normative data
(after Streckeisen and LeMaitre, 1979, see Chapter 1) for
regional and geological sample populations. This provides
an unbiased method of comparing compositional spectra.
Relative abundances (Figure 3.2) indicate that this
association is dominated by granite (s.s.) and
alkali-feidspar granite, with lesser amounts of quartz
monzonite, quartz syenite and monzogranite.

The Long Island unit contains most of the quartz
monzonite to monzogranite, whereas the Kennedy Mountain
Intrusive Suite and Melody Granite are dominated by granite
and alkali-feldspar granite. Minor units (not figured) are
also dominated by granite (s.s), except for the Manak
Island unit, which is a monzogranite. No analysis has been
attempted for the Island Harbc r Bay Suite (data are
insufficient), but a major-element study by Ermanovics

(pers. comm., 1988) suggests a wide range of compositions,
including significant tonalite - trondhijemite (see also
Ryan et al., 1983)
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Figure 3.2 . Relative abundance of IUGS rock types calculated from
normative mineralogy using the method of Streckeisen and LeMaitre
(1979). Note that this is based on Barth mesonorms, not the CIPW norms
listed in Table 2.2. Abundances are not given for minor units, due to
small numbers of samples.
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Syn~-tectonic Makkovikian plutonic rocks are subdivided
into three groups (A,B and C) represented by separate
columns of diagrams in Figures 3.3 to 3.11. This method is
intended to reduce "clutter", and no genetic links are
implied by these groupings.

Major Element Patterns

Major element variations show expected patterns. All
elements (except Nazo and KZO) are negatively
correlated with SiO2 (e.g. Tio2 and FeOt; Figure 3.3),
and do not discriminate between units. Within the Kennedy
Mountain Suite, the Kennedy Mountain and Cross Lake
Granites show the most evolved, high-SiO2 compositions.
The Melody Granite coincides with the Kennedy Mountain
Intrusive Suite. Na .0 (Figure 3.3) and K,0 (not shown)
display little systematic variation and exhibit
considerable scatter above 70% Sio2 in the Kennedy
Mountain Suite.

Agpaitic Index [K+N/A] and Alumina Index ([A/C+N+K]
(see Chapter 1 for details) distributions provide better
unit discrimination. K+N/A defines two subparallel trends
(Figure 3.3; dotted line defines bcundary). The "upper
trend" includes the Long Island Quartz Monzonite and
Kennedy Mountain Intrusive Suite, and terminates in a dense

grouping at 75-78% Sio, that includes some peralkaline

2
compositions (K+N/A > 1.0). The "lower trend" is defined by
the Melody, Manak Island, Brumwater and P tre Lake units,

and by parts of the Island Harbour Bay Suite; this

terminates at K+N/A values below 0.94. A/C+N+K values
(Figure 3.3) indicate that the "lower trend" units are
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. Variation of selected major elements and derived ratios in
syn—-tectonic Makkovikian plutonic units.




largely peraluminous (A/C+N+K > 1.0), whereas the "upper
trend" is metaluminous. These two contrasting groups are
referred to below as the metaluminous-peralkaline and
peraluminous associations respectively. F/F+M ratios
(Figure 3.3) indicate that the former association shows
Fe-enrichment relative to most members of the peraluminous
association. Note also that the latter are pot “S-type"
granites in the sense of Chappell and White (1974), which
are defined as having A/C+N+K 2 1.1.

Ternary AFM {(Na20+K20) - FeOt - MgO] and CNK
[NaZO - K20 - Ca0] projections (Figure 3.4) show a
superficial "calc-alkaline" trend for all units. Linear
regression of all data suggests that the alkali-lime index
{i.e. Sio2 value at which Na20+K20 = Ca0) is ca. 57%;:
in the original definition of such terms (Peacock, 1931)
this association is alkali-calcic. The Q-B-F ternary
projection of Debon and LeFort (Figure 3.4) suggests an
affinity to subalkaline or alkaline- oversaturated (their
terminology), rather than calc-alkaline suites.

The CNK projection (Figure 3.4) indicates alkali
disturbance (mostly Na-enrichment) in granites of the
Kennedy Mountain Intrusive Suite. Variation of N/N+K
[Na20/(Na20+K20] ratios and total alkali content
(Figure 3.5; c.f. Hughes, 1973) indicate that disturbed
compositions lie outside the normal igneous spectrum,
suggesting post-crystallization alteration (see later
discussion). Total alkali content is unaffected by alkali

disturbance (Figure 3.5).
Normative Compositions

All units of the peraluminous association are
corundum-normative (Table 3.2). Variations in the Q - Ab -

An - Or guaternary system (Figure 3.6) indicate that the
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Kennedy Mountain Suite and Melody Granite contain less

10% normative anorthite, and lie close to the ternary
eutectic minima for bulk compositions with appropriate
Ab/An ratios (James and Hamilton, 1969). Granite units of
the peraluminous association are displaced from this
location towards the Ab corner, but still lie in the
general area of ternary minima for the granite system. The
Long Island Quartz Monzonite lies cleose to the plagioclase
- K-feldspar cotectic lines of James and Hamilton (1969)
for An-poor compositions. Note the anomalously calcic
composition of tonalites and granodiorites from the Island

Harbour Bay Suite compared to all other units.

Trace Element Patterns

Trace element patterns are discussed in terms of
element groupings defined in Chapter 1, adapted from
Saunders et al. (1979).

Octahedrally co-ordinated Cation (OCC) Elements :

These "compatible™ trace elements show strong inverse
correlation with 5102 (e.g. V, Figure 3.7). Only the Long
Island Quartz Monzonite has significant enrichment,

consistent with its lower SiO2 content comparel to other

units.

Low Field Strength (LFS) Elements : Incompatible

{e.g. Rb, Th, Cs) and compatible (e.g. Ba, Sr) LFS elements
show antithetic behaviour (Figure 3.7). Ba and Sr are
inversely correlated with Sioz, particularly above 70%
Si02. The Manak Island and Brumwater units, and parts of
the Island Harbour Bay Suite, are characterized by high Ba
and Sr for their Sio2 content. Extreme depletion in both
elenents is shown by high-silica rocks of the Kennedy

Mountain Suite, and also by the Pitre Lake Granite.
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Rb and Th (Figure 3.7) lack good correlation with

sioz. Weak positive trends exist below 70% sioz, but

data are scattered in high-silica granites, particularly in
the Kennedy Mountain Intrusive Suite. Partial data for Cs
(Figure 3.7) suggest ?iat the Melody Granite is enriched

relative to all other units for which data are available.
The Pitre Lake granite has very high Rb; 2 samples have

over 400 ppm Rb and are excluded from the figure. Some of
the granites from the Island Harbour Bay Suite have Rb and

Th contents similar to the Pitre Lake granite.

High Field Strength (HFS) Elements : Zr (Figure 3.8)
and also Nb and Hf (not figured) are enriched in the
Kennedy Mountain Intrusive Suite relative to most other
¢ The Melody
Granite is partly ceoincident with the Kennedy Mountain

units, and are disorganized above 70% SiO

Suite for these elements, but shows generally lower 2r.
Most other members of the peraluminous association are
depleted in Zr. The Pitre Lake shows an unusual combination
of Nb enrichment and Zr depletion, which is also shown by
some granites of the Island Harbour Bay Suite.

Rare Earth Elements (REE) : Variation patterns for

Ce and Y (Figure 3.8) resemble those for Zr and Nb
respectively. The Island Harbour Bay Suite , Manak Island,
and Brumwater units are characterized by low REE abundances
relative to the Kennedy Mountain Suite. The Pitre Lake
Granite shows Y enrichment and Ce depletion. Partial data
for Sm and La resemble Ce; partial data for Yb resemble Y.

Indeterminate Trace Elements : Li is strongly
enriched in the muscovite-bearing Pitre Lake Granite (two
samples contain over 150 ppm Li), but is low in most other
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units. The Kennedy Mountain Intrusive Suite shows variable

Zn and F enrichment at high SiO2 contents, and is locally

strongly F-enriched (up to 4000 ppm). Granitoids of the
peraluminous association are low in F, except for the Pitre
Lake Granite.

Trace Element Variation and Alkali Disturbance

Correlation between trace element behaviour and alkali
disturbance in the Xennedy Mountain Suite was assessed by
using N/N+K as the X-axis variable (Figure 3.9). For LFS
trace elements (e.g. Rb, U, Ba and Sr, possibly also Li),
disturbed Na-rich compositions show depletion, but there is
little systematic variation of HFS elements, REE, Zn and F.
This indicates that any metasomatic processes affected
feldspars and micas, and had minimal effect on accessory or
mafic phases. In conjunction with constant total alkali
contents, it suggests cation-exchange as a possible
mechanism (c.f. White and Martin, 1980). It also indicates
that the enhanced levels of fluorine, HFS elements and REEL
that characterize the Kennedy Mountain Suite are primary
features of the parent magmas, not a consequence of
hydrothermal activity (see later discussion).

Trace Element Ratios

Trace element ratios provide a method of assessing
fractionation history, as evolution paths resulting from
fractional crystallizationshould define lines or smooth
curves in log-log plots (e.g. McCarthy and Hasty, 1976).
Reference paths for common silicates, using crystal-liquid
partition couefficients from Arth (1976) and Hanson (1978)
are illustrated in the key to figure 3.10.
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K/Rb ratios show minimal variation (Figure 3.10} trom
500 to 200; only the Pitre Lake Granite, parts of the
Island Harbour Bay Suite and a few granites from the
Kennedy Mountain Suite show ratios below 200. The general
trend is towards lower K/Rb with increasing sioz. The
Kennedy Mountain Suite includes a disturbed population
depleted in both K and Rb (note the different X-axis scale
for the group B diagram).

Rb/Sr ratios vary widely (Figure 3.10). The Long
Island unit, Kennedy Mountain Suite (note disturbed
population) and Melody Granite have flat-lying trends
suggesting moderate Rb enrichment, consistent with feldspar
fractionation.

Ba/Sr ratios are broadly similar (1 - 30) for all
units (Figure 3.10). The metaluminous-peralkaline
association and Melody Granite have curvilinear trends
indicating progressive Ba and Sr depletion, and increasing
depletion of Ba relative to Sr. The remaining members of
the peraluminous association show higher Ba and Sr, and
define a shallower depletion trend. The steep, curved
trends are consistent with significant effects from
K-feldspar or biotite fractionation.

Variation in LaN/YN ratios (subscript indicates
normalization to chondrite) indicates REE fractionation, as
Y mimics the heavy rare-earth element (HREE) Yb. It also
provides a fingerprint for effects caused by accessory
phases (see key to Figure 3.10 for details). The
metaluminous-peralkaline association is tightly clustered
and positively correlated, with a range in LaN/YN from
20 to 80. A similar distribution is shown by the Melody
Granite. La and Y are correlated weakly with 5102 (Figure
3.8; La is similar to Ce), but strong enrichment expected
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from feldspar fractionation is not obvious. There is,
however, no evidence for the Y depletion that should
accompany significant fractionation of sphene, zircon or
apatite, or La depletion caused by allanite or monazite.
Remaining granitoids of the peraluminous association
show low La and Y, but greater variation of LaN/YN.
Their trends are consistent with effects from "removal® of
accessory phases:; in the case of the Pitre Lake Granite,
this must have been a LREE-rich phase such as allanite or
monazite. As discussed subsequently (3.3), this may be a
function of residual material, rather than fractional

crystallization.
Rare-Earth Element (REE) Patterns

Representative samples have been analyzed for the full
REE spectrum (Figure 3.11; data listed in Appendix B). The
Kennedy Mountain Suite granites have fractionated LREE
patterns (200-300 x chondrite), strong negative Eu
anonalies, and HREE patterns that vary from flat to steep.

Deepening of the Eu anomaly is associated with increasing

HREE fractionation. The least fractionated patterns
resemble the Long Island REE pattern. The Eu anomaly
indicates plagioclase and/or K-feldspar fractionation (see
also Figqure 3.10); HREE fractionation is probably a
function of sphene and zircon extraction in the most
fractionated rocks. The Melody Granite REE pattern
resembles typical Kennedy Mountain Suite examples.

REE patterns for the Manak Island and Brumwater
Granitoids are remarkably similar; they are steep, and lack
negative Eu anomalies. A similar profile is shown by the
tonalite-granodiorite unit of the Island Harbour Bay Suite.
The Pitre Lake Granite has an unusual flat REE pattern with
a strong negative Eu anomaly.




TTTITIT

T TIIHH[

T lllllll

X

r~r 7T T T T

© Long Island Quartz Monzonite (Matn Body)

l 1t & 1 1 } )

i llllllll 1t Erits

J lllllll

) I VY R W T |

- rorr r T

KENNEDY MOUNTAIN S

-

IR AR

© Narrows Gr

v

LI IIHHI

T 7 ll”ﬂ]

1 4 1 Lt 4 L 1L g 1

T
UITE

anite

1.1

T

1

@ Kann Mountain Granite
o] Crosmu Granite

1

L iLlIllll

LA CE PRND

SMEUGD TBOYHOER TM YB LU

LA CE PRND

SMEUGD TB DYHOER TMYB LU

T lllll"l LR

T 7 llllﬂl

H

T T T T T T T T

| S W W Y N

el

X Meloay Granite

[ | uml

14 lllllll

T I S T T Y |

LA CEPRND

SMEUGD TB DY HO ER TM YB LU

LU

LR llllll'

T T IHI"I

1

L L L AL A B A A B |

1

¥ Pitre Laks Granie
# Deus Cape Granioid

1 llll]lll P 2

11 lllllll

1.4 1 | I W S T S O S |

T Il””l] TTTTT

T lll”ﬂl

) N T S WY UUU SR Y N |

11

A Brumwater Grgnite
A Manak Island

1

ranitoid

L

1 lll““l 1 L1100

1 11 illlll

LA CE PRND

SMEUGD TBDY HOER TM YA LU

LA CE PRND

SMEUGD TB OYHDER TM YB LU

T T T T T rrrT

ISLAND HARBOUR BAY
INTRUSIVE SUITE

LERLELALRALI

¥ QGranite

T rl”lll’[

LI Tll”ll

| Y W Y U T S W S

LB |

I 1

T

1

T

9 Jonatite-Granodiorite

1

1

i llllllll 1 1 1§11q

11 llHlll

LA CE PRND

SMEUGD TB DY HOER TM YA LU

REE / Chondrite REE / Chondrite

REE / Chondrite

Figure 3.11 . Rare Earth element (REE) patterns for representative
syn-Makkovikian plutonic rocks. Values are normalized to chondritic

values (listed in Appendix C).




3.3 SUMMARY AND DISCUSSION

Geological and Petrographic Associations

Syn-tectonic Makkovikian plutonic rocks can be divided

into two groups based on their field and petrographic
characteristics.

The Long Island Quartz Monzonite, Kennedy Mountain
Intrusive Suite and Melody Granite are regionally
extensive, homocgeneous units. They are xenolith-poor;
inclusions, where present, commonly appear to be cognate,
darker-coloured phases. There is no evidence of anatectic
melting in their country rocks, suggesting that they were
derived from well below the current level of exposure. The
Long Island and Kennedy Mountain Suite units are both
dominated by hornblende - biotite granitoids, with
hernblende-poor leucocratic variants. Whatever the ultimate
sources of these intrusions, they were not derived from
their country rocks at the present level of exposure.

A totally different environment is represented by
small foliated granitoid units of the Kaipokok Bay area
(Brumwater and Pitre Lake Granites). These units are
confined to specific units in the basement complex or Lower
Aillik Group, and, although intrusive, have contacts that
are regionally concordant to layering and/or stratigraphy.
Both the Pitre Lake and Brumwater Granite locally appear
gradational with surrounding rocks (Marten, 1977), and
contain abundant metasedimentary and gneissic xenoliths
respectively. There is evidence of migmatization in the
country rocks, and Marten (1977) suggested that the
Brumwater Granite was gradational with migmatitic Archean
gneiss. The composition and setting of the Pitre Lake unit




suggests derivation by anatexis of local metasedimentary
rocks. Both units were apparently derived by melting of
their country rocks at (or slightly belcw) the present
level of exposure. They are the only rocks in the study
area for which such a relationship can be demonstrated. 1t
is interesting to speculate also that the Manak Island
Granitoid, which is coumpositicnally similar to the
Brumwater Granite (note, for example, their coincident REE
patterns) is a product of the same process in the east of
the area. This unit, however, is not obviously
xenolith-ricn.

The Island Harbour Bay Intrusive Suite was not
examined directly in this study, but apparently has
elements of both settings (Ryan et al., 1983; I.Ermanuvics,
pers.comm., 1988). The outer portion is rich in gneissic
xenoliths, and has a migmatitic contact with surrounding
gneisses. In contrast, the inner portions of the body are
massive and relatively xenoiith-free. The prescnce of
dioritic and tonalitic rocks, however, indicates that the
suite cannot be entirely of anatectic origin, as such rocks
are impossible to derive by partial melting of the Archean
gnheisses, which have a bulk composition approximating
tonalite or granodiorite (Korstgdrd and Ermanovics, 198%5).

Geochemical Associations

Syn-tectonic Makkovikian plutonic rocks are also
divisible into two associations on geochemical grounds.
These partially correspond to those outlined above.

The Long Island Quartz Monzonite and Kennedy Mountain

Intrusive Suite define a metaluminous-peralkaline
[

ass. ciation that shows Fe-enrichment and sporadic
peralkaline compositions in the latter. They define smooth,




continous, major and trace element trends, that terminate
with evolved high-silica granites of the Kennedy Mountain
Suite. They are regarded here as genetically related,
possibly as a magma sequence derived by fractionation of a
single parent. This association is characterized by
distinct enrichment in fluorine, Zn, HFS elements and REE.
In contrast, remaining syn-tectonic granitoid units

define a mostly peraluminous association. Peralkaline rocks

are absent, and F/F+M ratios are lower at a given SiO2

content, except for the Melody Granite (see below). These
show (2s a group) significantly lower F, Zn, HFS element
and REE abundances, indicating a quite different origin (or
source material). The Pitre Lake Granite has a distinct
mineralogy and geochemistry (high Li, Rb, Th, low LREE)
consistent with field evidence for a metasedimentary
source. The Melody Granite is enigmatic; it is variably
peraluminous, but in most other respects (including trace
element geochemistry), it is akin to metaluminous -
peralkaline granites of the Kernnedy Mountain Suite, and

probably has a similar origin.
Origin of Compositional Variations

Metaluminous - Peralkaline Association : This

association is characterized by geochemical trends that are
explicable either by fractional crystallization or unmixing
of anatectic residue (e.g. White and Chappell, 1977; Wall
et al , 1987). In the case of the Kennedy Mountain Suite,
alkali metasomatism has superimposed scatter on LFS element
trends (see below). In the granite quaternary system, this
association evolves from the plagioclase volume to the
plagioclase - K-feldspar cotectic, and then tarminates
close to the eutectic minimum (Figure 3.6). Such
characteristics favour control by crystal fractionation,
also indicated by the porphyritic nature of many rocks.




Trends for Ba, Sr, K and Rb (Figure 3.10) are close to
those predicted by idealized fractionation of plagioclase
(* mafics) in the Long Island unit, and plagioclase %
K-feldsvnar in the Kennedy Mountain Suite (also the Melody
Granite). Curvature of the Ba-Sr trend probably reflects a
greater proportion of K-feldspar fractionation at high

Sio2 contents. This interpretation is consistent with

observed phenocryst assemblages in these recks. It is also
consistent with the prominent negative Eu anomalies in REE
patterns. There is some evidence of accessory mineral
fractionation in the most evolved rocks. Late
crystallization of accessories, and resultant HFS and REE
enrichment, is a common feature of F-enriched granitoids
with high K+N/A ratios, and probably reflects retention of
these elements in the melt as alkali-fluoride or
alkali-zirconosilicate complexes (Collins et al., 1982;
Linthout, 1984; Whalen et al., 1987).

Peraluminous Association : Field evidence for local
anatectic derivation of the Brumwater and Pitre Lake
Granites implies that partial melting had greater influence
on geochemistry than any subsequent fractional
crystallization (c.f. White and Chappell, 1977). The
Brumwater Granite has unusually high Sr and low Rb for an
anatectic melt; this probably reflects incorporation of
plagioclase-bearing restite. Such material is also required
to explain the absence of a negative Eu anomaly (Figure
3.11). The low HFS element and REE abundances in all
peralumirous units (except Melody Granite) indicate that
sphene and zircon were "removed" early in crystallization;
it is likely that this reflects their stability in
anatectic residuum. Low Y in most of these units may
indicate similar residual hornblende. Large, euhedral




sphene crystals in some Island Harbour Suite granitoids
(B.Ryan, pers. comm., 1988) suggests fractional
crystallization in this particular case. Strong La
depletion and Y enrichment in the Pitre Lake Granite
probably indicates an allanite or monazite-bearing

residuum. (c.f. Mittlefeldt and Miller, 1983).
Metasomatism in The Kennedy Mountain Intrusive Suite

High-silica granitoids of the Kennedy Mountain
Intrusive Suite include a population that has N/N+K ratios
beyond the normal range of magmatic rocks. There is no
systematic geographic variation in N/N+K; these ultrasodic
samples appear to be dispersed randomly through areas of
"normal"™ composition.

Tt is suggested that this reflects deuteric or
hydrothermal albitization related to late-magmatic or
post-crystallization processes. Similar alkali metasomatism
has been documented in felsic volcanic rocks of the Upper
Aillik Group by White and Martin (1980) and Evans (1980),
and in this study (see Chapter 7). White and Martin (1980)
suggested that the Upper Aillik Group alteration is
analogous to fenitization, a process commonly associated
with alkaline magmas. They also recognized K-metasomatism,
which they interprfrted to occur at a lower temperature than
the predominant albitization. The alteration in the Kennedy
Mountain Suite is interpreted here to record the same event
that affected the Upper Aillik Group; this is consistent
with the inferred age of the former (> 1800 Ma) and
measured ages for the latter (1860 - 1810 Ma). The
predominance of Na-metasomatism is consistent with a deeper

level, plutonic environment (c.f. White and Ma.rtin, 1980).




Since the Kennedy Mountain Suite granites cut the
Upper Aillik Group, this metasomatism and alteration must

have been post-volcanic in timing. There are, however, no

firm constraints on the time interval between volcanism,
granitoid intrusion and alteration, and they may have
followed each other rapidly. As will be shown later
(Chapter 7), there are strong geochenmical similarities
between the Kennedy Mountain Suite and Upper Aillik Group
felsic volcanic rocks, that suggest partial equivalence.
White and Martin (1980) suggested that trace element
variations, particularily U, Th, Pb, 2r and F, could be

linked to the degree and type of alteration in the Upper
Aillik Group. In contrast, this study suggests little

coherent variation, except for some LFS trace elements and
Li, which are variably depleted in metasomatized granites.
The data of White and Martin (1980), however, included
mineralized samples which had suffered silica loss in
association with albitization and K-metasomatism. None of
the granite samples in this study display such extreme
alteration, and silica levels remain relatively constant
with alteration (e.g. Figures 3.5; 3.6).




CHAPTER FOUR
POST-TECTONIC MAKKOVIKIAN
PLUTONIC ROCKS

Chapter Abstract

Post-tectonic Makkovikian plutonic rocks are generally
undeformed, except in the south of the area, where they have
generally east-trending (Grenvillian) foliations. U-Pb zircon
and Rb-Sr ages indicate that most were emplaced ca. 1800 Ma ago,
although some may be 1760 Ma old or younger. They are divisible
into a monzonite to quartz syenite association, and three suites
of siliceous rocks dominated by granite and alkali-feldspar

granite.

The Numok Intrusive Suite ranges from
plagioclase-porphyritic monzonite to hypersolvus,
alkali-feldspar quartz syenite. These rocks are biotite and
hornblende~-bearing, with variable amounts of clinopyroxene. The
syenitic rocks locally contain fayalite. SiO, contents are
moderate (58-66%), but all members of the sufte are alkali-rich
and potassic. Trace element patterns are characterized by HFS
element and REE enrichment. LFS elements (e.g. Rb) approach
abundance levels typical of high-SiO, units. Geochemical
trends suggest that the Numok Suite gvolved by fractional
crystallization of plagioclase and K-feldspar (t mafic
minerals). The parent magmas must have been at least as mafic as
monzonite to generate the observed compositional range.

The Strawberry Intrusjve Suite comprises several discrete
plutons consisting of closely similar fluorite-bearing,
K-feldspar porphyritic, subsolvus, biotite granite and
alkali-feldspar granite. Sodic amphibole (reibeckite or
arfvedsonite) occurs locally in some of these. The plutons were
emplaced at shallow depths, and probably had low viscosities and
solidus temperatures as a consequence of their fluorine
enrichnent. They show direct evidence of biotite (*+ hornblende)
and accessory mineral (zircon, allanite) fractionation in the
form of cumulate mafic mineral layers. The close similarity of
five plutons over a lateral distance of 125 km indicates
identical sources and/or processes. The Lanceground Intrusive
Syite comprises three plutons of K-feldspar porphyritic,
variably hypersolvus, biotite-hornblende quartz syenite and
alkali-feldspar granite. These locally contain fayalite,
reibeckite and aegirine-augite, and locally resemble syenites of




the Numok Intrusive Suite. The Big River Granite is a regicral
unit of K-feldspar porphyritic, subsolvus, biotite- hornblende
granite and alkali-feldspar granite that has mantled- feldspar
phenocrysts with plagioclase interiors (pseudorapakivi texture).

In geochemical terms, all siliceous granitcid suites are
closely similar, and resemble the Numok Suite. They are
metaluminous to weakly peralkaline, potassic and Fe-enriched
(F/F+M > 0.85). The more evolved members lie close to the
ternary minimum in the Q -~ Ab - Or - An system. All are
characterized by enrichment in fluorine, HFS elements (e.g. Zr,
Nb and Hf), REE (Y, La, Ce, Sm), depletion in Ba and Sr, and
moderate enrichment in incompatible LFS elements (Rb, U and Th).
Trace element patterns vary in detail:; for example, the
Lanceground Suite has the greatest HFS and REE enrichment,
whereas the Strawberry suite is richest in fluorine. The Big
River Granite is generally less evolved and more variable in
composition than the smaller plutons that constitute the
Strawberry and Lanceground Suites.

Geochemical trends indicate that all evolved primarily by
fractionation of plagioclase and K-feldspar (* mafic minerals).
Hypersolvus suites show little or nc evidence of plagioclase
extraction, and K-feldspar fractionation dominated the later
stages in the subsolvus suites. In the the Strawberry Intrusive
Suite, geochemical variation caused by ligquid-state processes
(e.g. thermogravitational diffusion, convective fractionation)
has been superimposed on trends generated by crystal-liquid
processes. Some fractionation of accessory phases and biotite
also occurred in this suite.

These suites collectively have a strong affinity to the
syn-tectonic metaluminous-peralkaline association described in
Chapter 3. This is most evident for the F-enriched granites,
which resemble the syn-tectonic Kennedy Mountain Intrusive Suite
in both geochemical and petrological terms, if the effects of
deformation in the latter are disregarded. A close temporal
relationship between syn- and post-tectonic Makkovikian
plutonic associations is indicated by geochronological data,
which cluster around 1800 Ma in both. The consanguinous and
partly contemporaneous nature of these associations suggests
that they represent a single episode of magmatism that
transcended Makkovikian deformation, which may also hx7e been
inhomogeneous in its effects. There are, however, no obvious
post-tectonic equivalents of the syn-tectonic Makkovikian
peraluminous association described in Chapter 3.




Introduction

This association comprises largely undeformed plutonic
rocks. There are few field criteria to separate these from
similarly undeformed Labradorian plutonic rocks (Chapter 5)

and this association is presently defined mostly by

geochronological data. As discussed previously (Chapter 2,
Chapter 3), “post-tectonic" is a label of convenience; it
does not necessarily mean that they are significantly
younger than the "syn-tectonic" Makkovikian association; in

fact, U-Pb geochronological data (Krogh et al., in prep.,
see below) suggest a close similarity in age. The term also
does not imply a universal absence of foliations; in the
south of the area, these rocks locally display evidence of
deformation. However, the predominance of east-trending
fabrics (parallel to the Grenville Front Zone) in such areas
suggests that these represent Grenvillian, rather than
Makkovikian, deformation. Post-tectonic Makkovikian
plutonic rocks are divided into four main associations
(Figure 4.1; Table 4.1).

The Numok Intrusive Suite ranges in composition from
monzodiorite to quartz syenite, but is dominated Ly quartz
monzonite. The Strawberry Intrusive Suite includes several
plutons of distinctive fluorite-bearing granite. The
Lanceground Intrusjve Sujte consists of three quartz
syenite to granite plutons that locally show hypersolvus
characteristics. The Big River Granite is an extensive body
of porphyritic granite that shows distinctive mantled

feldspar ("pseudorapakivi") textures.
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Table 4.1. Key features of post-tectonic Makkovikian plutonic units.

Rap Unit Suite/Onit/Age General Characteristics Textural Characteristics

Bosogeneous, white, grey or pink, Coarse grained, cononly po hyr-
NUMOK INTRUSIVE SUITE variably porpbyritic, massive itic, with phenocrysts -1sp
D-Bi (4/- M) monzonite, quart: and Plag, up to 2 ¢ in dmetet
wnzonite and lesser syenite. i and Bl fors eubedral crystals,
Nonzonite - Quart: Nonzonite Undeforsed and nassive in all areas Up to 5-10 m in length.
1801 +/- 2 Ma | 0-Pb 3ircon ] except at the vestern margin of the Interstitial material is mostly
(Krogh et al., in prep.) northern tone near Adlavik Bay. Q2 and X-fsp. Inclusions of
K-feldspar +/- glaqxoclase gabbro and forite ocour localll‘I
phenocrysts, K-fsp more abundant. t;emcululy near Adlavik Bay, but
unit is lostly inclusion-poor.

HBomogeneous, Yrey-qreen to broin, Componly coarse to very coarse
X-fsp porphyritic, Cpx-Bb-Bi (+/- Fa)  qrained, vith eubedral to ovoidal
syepite, elkali-fs| szenite, qi-syenite wocrym of coarse perthitic K-fsp.
Syenite and Quart: slemte and granite. Locally 11y fme-qnmd syenite,
i801 +/- 2 Ma { 0-Pb Zircop } Nassive in north; locally defoned Nafic minerals and quarts are
in south. mspla{ s intense surface interstitial. Generally inclusion-
veatbering to yellov-brovn gravel. r. Rast-trending fabrics comson
Blue qua:z 1 occurs in silicic rocks. 1n southern sone (Grenvillian?).

Grey to brovn, plag- yritic Coarse to very coarse qgrained, vith
Eb lonzodu')rfte aggrggnzomte large, mmd:x to subhedral iag

Plagiophyric Nonzonite rom a nappadle unit only in gbenocmts Nafic minerals, 0t and
soutbern zone, but similar rocks ~fsp are interstitial to loully

occur locally in the morthern tone. oi stic. Onit locally bas &
cumulate terture, but is not layered.

STRAIBERRY INTRUSIVE SUITE
fhead Granite Commonly coarse to very coirse

1570 0 - 50 [ 1] ‘J K-ir Bl | All units (except Poodle Pond) ained or titic 1n texture.
., 1970 consist dominantly of massive, ine-grai arolxtic rocks occur
Capa stmherry Granj homogenecus, vhite, pink, orange or ml::xm and minor bodies.
3 -sp po:

ca. 1760 Na l 0-Pb lircon ] brick-red, K-telbpar-porphyntic and peqntnto
(Krogh et al., in prep.) biotite ';mlte, quarte syenite and niu adjacent wnits.
1565 4/ %0 m'( K-dr B alkali-fsp ganite, commonly vith yntxc or lsz;crystxc
1600 +/ 34 Ba | K-Ar Bi conspicuous purple fluorite, K-tel(hpu
(Wanless et al., 1970) Fine-graised phases (including Qr-Fsp  in diameter, %{sluﬂs Gm.ite is

1694 +/ 5 Ra [I-Sr ¥R, composite are ment locall in locall itic
(thit study) l u:?m 21 ng y lenolxlh-rldz y in contact tones.

. Poodle Pond cnmte Tuffisite veinlets and breccis
Poodle Pond Granite The Baybesd qranite is the most tones, vith 1-Bi rich matrix, cut
October Narbour Granite selanocratic, and the Tukialik gramite remoliths and coarse-grajned granite.
Doq Islands Granite is the most potassic. Cape Stnvurr! Distinctive safic mineral laxcuq,
fukialik Granite Granite is the sost variable terturally. vith trough-bedded "cumul

LANCEGROUND INTRUSIVE SUITE 1)) units comsist dominantly of Nedium to coarse qrained, comsonly
pink to buff or brovn, l-toldirr porphyritic, vith
27.0 Lanceground Hills Granite rphyrmc 7\un| syenite phmaysts of course
1692 4/- 2 Ma [ ST R ) te ud alkal f- perthitic K-fsp % , vith relict
(this study, age probably disturbed) ound Bills and Pistol uke siqle tmni mnl or?).
Granites are mssive and undeformed Imy umlu lqioc
Pistol Lake Granite in most places; Tarun granite is hypemlm qranites.
Tarun Granite varfably folisted and recrymllued. lounded nfic clots oocur locally,
Locally sinilar to syenite unit but inclusions are uncommon.
of the Busok Intrusive Suite.

Wite, pink i brick-red, l-tsgn Commonly codrse to very coarse-
so yritic Bi-Bd granite ‘and akali- grained, vith K-fsp ts
granite, fesser quart: monz- up to 5 ca in size. Distinctive
Big River Granite onite to quart: syenite. rwdorapulvl texture (K-fsp riss on
1798 */- 2 M [ B-Sr W} ko equigranular urhnt (30.2) occurs  Plag cores) is developed videly.
(this study) ob 3 mappable scale in the south- Texture locally varies to seriste.
east nortivest of the body. Unsantled Plag phenocrysts ocor
localll and small K-fsp phenocrysts
. The southern of the unit has lack plagioclase cores.
(equigranular phase) variably devoloped augen texture and  Folia mu in south defined by
cataclastic fabric (Grenvillianm). K-fsp augen / mafic aqqreqates.




Table 4.1 (continued)

Key Field Relationships

Rineralogy

Petrography

Western boundary of northern 2one
is a complex agmatite, including
blocks of gabbro and dicrite. This
tone bas a variably developed N-
trending foliation (see text).
Relatjonship with syenite unit is
gradational in the northern zone.
on Adlavik Islands, unit is cut by

Qz-Fs; bhyry dykes correlated
vith rdgggnmylsluds Granite.

Relationship to Aillik Group is
unknown, but probably intrusive.
Contact with quart: monzonite unit
appears qradational in the northern
tone, but they are separated b
plagiophyric monzonite in
one (unit 22).

m

Relationships vith other units

of Mumok Sulte unknown.

Probably a mafic end-sember of th:h a
sonzonite-quartz monionite unit, whi
it locally resembles.

Qr (5-20%) M (20-50%)

Plag (An30-40; 30-50%)

Hb + Bi (5-25% total, subequal)
Cpx (relict, < 5%)

Accessory Sph, Ir, Ap, Fe-Ox
Rare All, ¥

Q: (0—15%)‘ K-fs “éw-aon

Plag {5-30t, excluding perthite
(free Plag iqcall aﬁm )
Cpu ¢ B + Bi (5-25% total) -

(Cpr + Bi > Bb)

Tayalitic Clivine (relict, <s%)

Sose varjants lack .

Accessory Ir, Ap, Sph.(Ir prominent)

Qz (0-10%) ki (15-40%)

Plag (An35-50; 30-70%)

cg + Bi + B (10-25 tgtall

(Cpx > Bi > Eb, except if altered)
Opx (rare < 5%)

Accessory Ap, Sph, Pe-0x,

Well-preserved [gneous textures and
interstitial quart: crystals.
K-fsp (Ni} phenocrysts are varisbly
gert.hxtic, and larger than coexisting
lag rysts. Plag phenocrysts
locally bave K-feldspar riss.

Matic minerals form subbedral to
eubedral crlsgals / ggreqates. b
locally contains relict Cpx cores.

Igneous textures vell-preserved in
northern tone, variable recrystall-
;;39:1 mlutmt.hen :om.u "

itic X-fsp phenocrys ve
relict simple tumning (oriziully or?)
Cpx is green, Pe-rich variety. Bj is
red in color, also Pe-rich.
Olivine strongly altered to Pe-Oxide.

textures are vell-preserved.

Pla phenocrlsu are locally zoned.
m?c mierals in fresh vu{ants are
Cpr and lesser Bi. In more altered
variants, Plag is strongly sauss-
uritized and mafics are retrogressed
to Act-Ep-Sph agqgreqates.

Cape stmbe.rry] A Gran&a }ntmdu od
Upper Aillik Group, but fine-grai
anite is difficult to distinquish
rom country rocks, Contacts range
from clean, and intrusive, to
bybrid gones of interaction vith and
alteration of country rocks. .
Qz-fsp porphyry dykes correlated vith
Dog Islands granite cut gz-monzonite
of Numok Intrusive Suite.
Cape Stravberry Cranite is associated
vith stockvork Bo-Py aineralization.
Dog Island Granite bosts disseminated
Cu-Pb mineralization. Cu-Fo and Pb-1n
vein mineralization in Ajllik Group
country rocks near to granjtes.

Qz (20-45%) Ni (40-70%)
Plag (Anl5-25; 10-35%)

Bi +/- cil (1-61)

{Bi altered to Chl}

i (relict, altd to Bi)
rare blue sodic amphibole
Accessory ir, Sph, All, N

Dog Islands Granite includes
3 slzj_utxc phase that locally
costains 8 green relict Opx,
pguxbly_ﬁmqm. .
Pine-grained phases of Cape
Strawberry Granite contain
poikolitic blue amphibole.

Igneous tertures well-preserved.

K—fz (Mi) is variably hematized, coarse
patch perthite. Plagioclase normally
occurs in groundsass only, but forms
local sts in Baybead Cranite.

Q1 is anhedral to interstitial.
Red-brovn biotite is variably

altered to chlorite and Fe-Ox along
cleavage traces. In strongly hemat-
ited rocks, Bi is totally chloritized.
Blue—green B occurs locally as

a relict phase, altered to Bi.

Il is present {nterstitially, in

mafic igu?ntu, and tiny veinlets.
“Cumlate" [ayers contain eubedral Bi,
o, ir, All.

es correlated vith Lanceground
i'ﬂ‘u CGranite cut agmtitic vestern
contact zone of Jumok Tvtrusive Suite,
Pistol Lake Granite imucudes

e L o, 2

b ro av ?
Tmmi is ﬁul;iioundedbul
lies topographica ov Qt-
Yorphm at Wite BZu Rountain, that
s grouped with Upper Aillik Group.

0t (5-35%) K (50-80%) .
P;a7 (AR10-25; 0-25%, eicl. te)
Bi (red, Pe-rich) + Hb (0-10% tota))
Opx (relict, < 23, le-augite ?)

Rare blue sodic amphibole.

Fayalitic olivime (rare, altd to Pe-O1)
Accessory Ir, All, 1,

Biotite typically red variety
Anorphius Pe-Ox clots are probably
after olivine,

Igneous tertures well-preserved in
north, recrystallired {: south.
Plagioclase ts are rare.
Quartz shovs interstitial babit.

I and Bi interstitial, locally
poikilitic. B crystels locally shov
relict pale qreen Cpr cores.
Muworite interstitial, associated
vith mafic sinerals.

Pubedral sircons wp to 4 m length.

Contact relations unknown, .
Hestern bound o{ um:.is .: najor
fault escarpment along Big River.
Southern bovdary is torleg by
Bepedict Tault systes.

Eastern boundary is difffcult to
define. Poliated grey granitoids near
eastern are atypical, and may be
a screen of older mterial. )
(ranitoid gneisses south of Benedict
fault zone wy be deformed equivalents.

Q8 (20-35%) Ki (40-70%)
Plagioclase ( 35; 10-40%)

B + Bi (2-10% total, b > B1)

(Bb is blue-green in colour)

Cpx (relict, < 21, Ae-augite?)
Accessory Sph, All, Bp, Ir

Rare F1, disseminated Py.
tquigranular variants bave similar
nmenlogzé but are richer in quartz
and biotite, poorer in b,

Igneous tertures are best preserved
in portbern part of unit. .
ite ts are Ni-perthite
vith toned, saussuritized, flgq cores.
Quarts bas variably interstitial
babit. Nl and Plag both occur in
groundmass. b Bi fors clots,
asseciated vith Fe-Or and accessory
uinerals. Follated and cataclastic
vai.ants shov retrogression of
nafic sinerals to cal, Bp and Sph.




4.1 GEOLOGY AND PETROLOGY

Key field and petrographic characteristics of
post-tectonic Makkovikian plutonic rocks are summarized in

Table 4.1.
4.1.1 Numok Intrusive Suite
Definition and Distribution

This is a new name introduced for monzonite, gquartz
monzonite, syenite and quartz syenite exposed in two areas
referred to below as the northern and southern zones
(Figure 4.1). These rocks were previously grouped with the
Adlavik Intrusive Suite by Kerr (1986, 1987), because they
resemble some of its more differentiated variants. U-Pb
geochronological data, however, indicate that this
interpretation is incorrect (see below). The northern and
southern zones of the Numok Suite are interpreted as
disrupted halves of an originally continuous pluton. Three
compositional units (not named) are defined within the
suite, and are described below in order of abundance.

Monzonite and Quartz Monzonite

In the northern zone, this unit corresponds broadly
with Unit 23 of Gower et al. (1982); in the southern zone,
it is a new subdivision of their Unit 26. The unit is
dominated by homogeneous, coarse grained biotite-hornblende
monzonite, quartz monzonite and (locally) syenite (Table
4.1; Plate 4.1).

In the northern zone, on the Adlavik Islands, this unit

appears to be gradational with syenite and quartz syenite.




Plate 4.1. Features of the Numok Intrusive Suite (monzonite - quartz

monzonite unit). (a) Typical homogeneous gquartz monzonite, Long Tickle

Island. (b) Porphyritic variant, same area. (c) Typical example with
part of cognate xenolith, Big River Area. (d) Undeformed agmatitic
border zone, north side of Adlavik Bay. (e) Flow fabric around mafic
xenolith in agmatite. (f) Foliated agmatite cut by later fine-grained
granitoid material, south side of Adlavik Bay. Slabs are stained for
K-feldspar.



The western boundary of the unit in the north consists of a
complex agmatite zone up to 1 km wide, exposed near the
mouth of Adlavik Bay. The northern part of this zone
comprises grey-brown quartz monzonite containing numerous
stoped blocks of diabase, gabbro, leucogabbro and
porphyritic diorite, some of which display cumulate
layering. A fabric around some of the larger inclusions is
probably a flow feature, as the inclusions thenselves are
undeformed. On the south shore of Adlavik Bay, less than 1
kilometre along strike, the same agmatite has a
north-trending foliation, present also in the mafic
inclusions, which are here transformed to amphibolite. This
complex zone was previously interpreted in terms of
forcible emplacement of gquartz monzonite into gabbro and
diorite of the adjacent Adlavik Intrusive Suite (Gower,
1981; Gower et al.,1982; Kerr,1986). However, U-Pb ages
from the agmatite neosome at Adlavik Bay indicate
crystallization at 1801 + 2 Ma (Krogh et al., in prep.) ,
indicating that the mafic inclusions are older than 1800
Ma, and are hence unrelated to the nearby Adlavik Suite,
dated at 1649 + 1 Ma (Krogh et al., in prep). The fabric in
the deformed part of the zone may result from
syn-emplacement deformation at the original margin of the
Numok Suite, or it may be associated with emplacement of
the adjacent Adlavik Intrusive Suite. As it affects both
paleosome and neosome in the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>