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Chapter 1

Introduction and Overview

INTRODUCTION

brador (Figure 1.1).

tomap

work reported i thisthsis.

L

isotopic studics.

mantle source of

12

LOCATION, ACCESS AND PHYSIOGRAPHY




12

“The Middle Head study ara s located 14 km southwest rom the town of

atthe op ofthe highest hill.

arcaof

inland,

of the Al Group.

13 PREVIOUS WORK

1930510

1950s (Kranck, 1939, 1953; Christe et al, 1953; Dougas, 1953). Regional bedrock

maps,

12



1969) and forthe Al atthe scae of 1:100

o0, 1982),

009),

numerous papers and reportsincluding Kerr (1989), Kerr et al. (1992), Kerrand Fryer

i et

(1994), Barr et . (2001), Ketchum et a. 2001), Ketchum et sl 2002),

(2002), Barrctal.
estigated by King and MeMillan 1975), Hawkins (1976) Foley (1982), Malpas .

(1986), and Tappe et . (2006). Both sty areas, Pomiadiuk Point and Middle Head,

uded n  regi D,

14 REGIONALGEOLOGY

“The Makkovik P L

etchum et al, 2002 and referencestheein). The Makkovik Province.

south (Figure 1.1;

ed 1992).

“The Makkovik Province was affected by several epsodes of metamorphism and




Gower and Ryan, 1986; Ketchum et al. 2002) and toa eser extent the Labradorian

(1710-1620 Ma; Scharer e L, 1986 Scharer and Gower, 1988; Gower, 1990; Kerr tal.,
1992)and Grenvilin (1080-985 Mas Gower and Ryan, 1986) orogenies. The Makkovik

and the Cape Harrison domain (Figure 1.3; Kerr et al., 1996).

Post Allk by Martn, K

Group (Martn, 1977; Ryan, 1984). These two groupsare long thin bets of supracrustal

Bailey, 1981). e

. 2001). The

R 0

2onestermed

ihe Kaipokok
Domain (e, Kaipokok Bay structural zon of Kerr et 1996; Ketchum et al., 1997
Culshaw et al. 2000). The Kaipokok dommin i inerpreted o be the focland zone 0 the
Makkovik Province (Kere e al. 1996).

The Alik

dominantly felsic and lesser mafic volcano-sedimentary unts; b a sice of

4



Paleoproterozoic intusive suits dated a ca. 1857 Ma, 1800 Ma, 1720 Ma and 1650 Ms;

and d) numerous swarms of dominantly mafic dykes (Kerr, 1989; Kerr tal., 1992; ‘

008

Harrison domin is obscurcd by abundant younger plutoni rocks.

The Cs

1500 Ma, 1720 Ma and dominantly 1650 Ma (Kerr, 1989, 1994; Kerr ctal., 1992). Most

oftheca

19

i Kerr, 1994)

‘major andtrace clement geochenmisiy, undeformed ca. 1720 Ma and ca. 1650 Ma stes

(Kerr et ., 1992; Kerr, 1994). The Cape Harison domain also contans . 1815 tonliic

supracrustalrocks (Kerr and ryer, 1994; Ketchum et al. 1997, 2002).

metamorphism (Gandsi e L., 1969 Sutton, 1972; Marten, 1977; Clark, 1979; Gower et

s



al 1982; Kerr, 1994; Kerr et al, 1996; Culshaw et ., 1998; Ketchum et al, 2001, 2002).

The Makkovik

(Hall et al, 195; Kerr e al., 1997; Wardle tal, 2002, James et al, 2002).

the southern

ik Bay ara (Figure 1.4),

“The following

1969), Clark (1973), Bailey (1981), Culsh

etal. (2000), Ketchum et al. 2002), Hinchey (2007) and Hinchey and LaFlamme

(2009, 1988), Kerr (1989),Sinclai

1999), Cox et al. (2003), and Hinchey and This provides

al, 2000)




defo

and LaFlamme, 2009).

2007; Hinchey

1982),

bedi 2007,
Bay
sandstone and conglomerate (Hinchey, 2007),
152 Tntrusive Lithologies
i porphyritc




1m0

1989; Kerr etal, 1992),

11996)

ca. 1855 Ma porplyitc granite

fine-t0

‘medium-grained, foliated, quartz-fedspa-porphritic granites interpreted o have been

2008). y
Al Group (Hinches, 2007).

ca. 1800 Ma pltonic suies

By
1999 These
phase of Makkovikanorogeny (Ker, 1994 Kechum et al. 2002,
ca 1720 Maplonic sies
m
1989;Kerret

1992),
an Adtype grante geochemica signature.

ca. 1650-1640 Ma plutonic suies



Group. The Adiavik +1992)and

e Monkey Hil Inrusive Suite dons merpe -
b the Adivik e (Ker, 1994,
- 1989). The
wasorig
1994) howener, o003
e ca 1650-1640
Maintusion.

153 Dyke Lithologies

Bay area (King, 1963; Gandsi et al., 1969; Malpas et al., 1986; Hinchey, 2007) The

dykes include at

) Several

Some of the ca. 1300 Ma intrusions. Hinchey (2007) identifed at st seven types of

wide




197-164 Ma (King and MeMilln, 1975), but a refined age of ca. 141 Ma, based onthe

154 Structural Exolution

‘gently plunging. upward facing sirctures (Clark, 1973, 1979; Gower et s, 1982). Clark

faulting, Culshaw et al. (2000) indicaed that sx sages of deformation are required 0

fected
he Al d Jshaw etal
zones
Dyscvenss,

Al Group as being characerized by regiona-scale,closed 0 tght, moderately

ocally),



A 1okm-wide,highly strained zone extends southward from Cape Makkovik

irough Bi eh

= (@000

(2002). Culshaw et al. (2000)

e o

ortheast n the eat (Hinchey, 2007).

009).

(Hinchey and LaFlamme, 2009).
1S5 Metamorphism

Previous work has i ik

 1975; Baily, 1981; L, 1982; Sincair,

1999; Hinches, 2007), The wester area of the Ailk Group presrves upper recnschist

gl sraned, most of the primary festures being destroyed (Clark, 1973, 1979; Baily.

1981

inclair, 1999; Wilton, 1996; Hinchey, 2007). Geochemistry and field observations




‘commonly silcfied (Gandsi, 1978; Biley, 1981 Gower and Ryan, 1987; MacDougal,
1988; Sincai, 1999; Hinchey, 2007).

156 Geochronology.

1.4, The first.

red via TIMS analysi, for

‘Schirer ct al. (1988) a two intercept agesat 1861 +9/-3 Ma and 1856:+2 Ma fora

1861
18837 Msjand
18766 Ma.
14
Sinchirtal.

TIMS U-pb dtc of
1929 41049 Ma
(e Hinchey, 2007

10 upyTIVS

postvocanic,
domain Innsive

Suit,the Adlavik Intrusive Suite and Monkey HillIntrusive Suie (Figure 3). The

2




Kennedy Mountan Itrusive S

. at Keanedy Mounian, was dated at 1801 2 Ma
(Baretal, 2007). The Adiavik Inrusive Suite yielded an emplacement age of 1649 1

lower age imit of ca. 1641 Ma (Kerr et al, 1992). The upper agelimit for the Monkey

Adiavik

1992; K, 1994)

minersls are similarto those in members ofth Suite (Gower ta., 1982; Kerr, 1989).

Coxetal -ICP-MS (Laser

Pb age of 1657 & 10 Ma indicating that this intrusion s sctually part of the ca. 1650-1640
Maintusive suites (see Figure 13 forlocation).

157 Geochemistry

lik Group. Kerr (1989) and

1800 Ma and e

havean Ay

was eported by




Jeanic rocks, Sinclair et .

influenced by a volcanic arc.

158 Isotopic Geochemistry

plutonic rocks (Kerrand Fryer, 1994). Based on eNd values for ca. 100 Ma and ca. 1720

domain (eNdr = +4). This change was inerprted t define a boundary between an

d magmas with lower crustal rocks.

The ca,

later, dis

1, are-type magmatism.

Kerrand Fryer (1994) alsoreported whole-rock eNdyy data for two ca. 1860 Ma:

ol ks il from Ranger




72560 Ma. Sinclar et l

Point grante) tht has a eN value of +0.87.
16 OBJECTIVES

“The goal of this thess i to futher characterize the Allk Group, by determining

Pomiadiuk Point and Middle Head areas.
2. Consrsining the timing of flsc voanism i both areas via U-Pb SHRIMP
zireon geochronology.

3 ieal i Voleanic,

pltonic and sedimentary uits within the Aillik dom

geocheistry.

the

voleano-sedimentary belts,

17 METHODOLOGY




171 Field and Petrographic Studies

Pomiadiuk Point, was completed.

field using ArcPad. Two 1:10,000 scale maps were produced and digtized in ArGIS.

Jes -

the procedures outlined by Lyons (1971,

172 Major and Trace Element Geoche

i

University. Mai

Longerich ta. (1990). To interpret. e

spider diagramms, Immobile lements such as T (or NB), Yb (or ), Th Ze, and Ti are

Appendix A3,




feldspars and glas.

plag 1976). The
ME) over M50+ C:
o 100K:0 + M50)
{0+ Mg + Na,0+Ca0)
The e P

001, modifiedaf

Lentz, 1996: 1999). The CCPI quanifes the increase in MgO and FeO associaed with

sodic plagioctase/potassium eldsparser

st defined by

100(M0-+ F<0)

)
COPL = g0+ Fe0 + Na,0 + K,0)

Common

Toweraxes, i it, dolomit




described inthe figure caption

173 Radiogenic Isotopes.

1.73.1 U-Pb Zircon Geochronology

chosen for U-Phzircon geochronology including 4 flsc tuffsamples (1 from Middle
Head and 3 from Pomiadluk Point) and | monzogranit (fom Middle Head).
“The premis of U-Pb geochronology i based on the actthatthe U decay system is
paired;
9P 4§+ 6 F (alflife: 468 my)

B TPy £ 7a 4 (alf e 104 m.y).

(affey et 1971; Davis and Krogh, 2003). Because parcnts **U and U and daughers

*7pb and ™

1995).

felsic rocks 199).

Inthis paper, PPl dates are caleulted by weighted mean for cach sample
paper p

-square




grain from fesic volcanic rocksof the Aillk Group (. Scharer et l, 1985; Hinchey

and Rayner, 2008). Therefor, i st sensitive high esoluton fon microprobe (SHRIMP)

P
seochronology, precsion issacrificed because of a smalle pitsize,as well as
square- Krogh, 2003).
Jytical
methods are descibed in Appendix A1
For this sud nd i
cores,

003; Below 1. 200

domain can clearly be seen in CL (Hanchar and Millr, 1993; Corf et al, 2003).
Resuling *"Pb/**Ph daes re interpreted based onspot location. Anomalously high or

Memorial Universt e afer

anayses are completed

1.7.32 Nd Isotopes



described in Appendix A4

and are used in th datin of teresiral rocks. 'S decays 10 '*Nd (Tyz=1.06 * 10" yr)
by the following equation,

Smo N He s E.

and Wasserberg, ing, 1986).

NN ofigneous rocksinthe Earh'scrus with th corresponding ''Nd/ “Nd of

g

Wasserburg, 1976). The residual solids that remain behind aftcr withdrawa of the

magma have higher "*Nd/“Nd and ""Sm/"“Nd atos than the chondrtc reservor

jure 1.5; Depaolo and Wasserburg, 1976a). The following cquation afer Depaolo and




e

(.. A

Inthis quaion ] :nmsnm[ﬁ] - 0.1967. The decayconsant A

for 'S = 6.54 * 10" (Lugmair and Mart, 1978). The subscrip zo sgnifies the

by DePaolo and Wasserburg (1976),

N

Model ages i thisstudy ae determined following DePaolo (1988),

etal, 1984), Model

hondriic reservoir and should not be taken as entirely meaningful.

1.73.3 Hflstopes.

21



Memorial U using LAMC-ICPM

ix A2, LuHE

MC

relative 10 L, we can classfy magmas s either LuH om0 LuHE . Lo a0

VOO HE g e > chondrits and LM a0d "H 7 H g are < chondrites

2003

source using. 16).

(. ]

e (S < ozmzmsna () =136 owirtl 2000, The
Hf Jewn Y Jemn

367+ 10"y (Soderlund et al. 2004). The subscript zero

decay constant . for "L




using i s SHRIMP *"PbPb ages from each spot analysis

Model ages are determined using the ollowing equation,

)

) =002 for mafic crust and
: H/]‘M o

vttt 200

felic crust (Petranik e al., 2008).

174 Mising

mixing).




crysalization, s inroduced. The program requiresthe compasitions of starting liquid

model
1 cach siep,the type and
L .
2004). The process s expressed by:
CamXCa-CY+Ch
whee C, Cy nd band
spectvely. X s the

degree of mixing.

cooling s expressed inthe folowing eguation:

=gy [rr () a- )

where G s the concentration ofth element i the resuting magma, Co i the

ac,




controls during modeling. The z value is expressed by

18 STRUCTURE OF THE THESIS

thisthesis.
181 Introduction

“This thesi

jded into 4 chaptrs, of which Chapte 2 and Chaptr 3 are

“The irst chap

Ak domain. i d out

summarizes the objecives and resuls btained in Chapter 2 and Chapte 3. I lso scks

Chapter 2 nd Chaper 3

182 Chapter Two — i situ U-Pb sircon geochronology and HE-sotope zircon

Group, Makkovik Province, Labrador” (C. LaFlamme, A. Hinchey, P.

Sylvester, and W. Davi)



183 Chapter Three - “Geochemical and Nd isotopic data from the Allik Group

" (C.
LaFlamme, A. Hinchey, and P Sylvester).
‘ poper
“This paper
evolution
184 Summary
’ 3. also g
directon for futher study.
19 CO-AUTHORSHIP CONTRIBUTIONS
3 co-authors. My Dr. Alana Hinchey,sided
Jing 0 Dr.Paul




Sylvester, i

Dr. Bill Davis was

present during SHRIMP analyses t the Geologial Survey of Canada. Dr. Davis was

for
»

interpeting the age of the rocks.
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Figure 1
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Province.



Figure 12 (1996)

and Hinchey (2007). Location ofthe Middle Head area and Pomiadluk Point study

rcas are utlined in black.
129
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Chapter 2

GEOLOGY AND IN SITU ZIRCON U-PB AND LU-HIF ISOTOPE.

'AILLIK DOMAIN, MAKKOVIK PROVINCE, LABRADOR

ABSTRACT
The

The

Aillk Group, a

andb)

the Aillk Group. Basement rcks o the Aillk domain are ot observed n the field

msitazircon U-

LuHfLA-MC-IC]
voleanic ocks o the Ailk Group and a folated inrusion.

The o study areas itin the Ailk domain ae: a) Middle Head, which s

Lic . omiadluk Pont,

Lake granite, theundeformed Monkey Hill gramite and variably deformed dykes. The

21



0P SHRIMP

A Pb dte of 1$52-+7 M. Thre esc uffsamples s Pomiaaluk Pointyield

magnatic *"Pb™Pb dates of 1554 7 Ma, 1862 +7 Ma, 1861 &7 Ma which are

These 3
occurring than fls
1952 Ma
188010 Afolited

Tnown as the
ields a ™" Pb]

Initial ey in sircon from a ca. 1852 M felsic ffand ca. 1805 Ma.

G-

[ felsic tff
samples a Pomiadluk Poin with magmatic ages o a. 1354 and 1361 Ma have il
a; 9in

Pomiadluk Poin, a ca. 1562 Ma olatedfesi nuff that outerops between o

conglomerate ar; o



srains yield e 43,

between 220010 2660 G

The new Hfisotope data sugest hat the Aillk Group was deposited on a

21 INTRODUCTION

foking, thrusting and lithologc discontinuties. Within the past 10 years, n situ

AMC-ICPMS) Lu-H

. 1999;

and Kemp, 2006).




(Flowerdew et a, 2006; Hawkesworth and Kemp, 2006). Recent stdics ncluding.

Flowerdew et

\°Nd; Kinny and Mass, 2003)

006). i Hfin zicon

Lt

and Watson, 2000). By analysing zicon grins, it s posible o target specfic arcas ofa

e

Matenict o, 2010). These methads are especially usfulinthe Ak domain where

Source terans are ot preserved.



of Labrador (Ryan et al, 1983; Gower and Ryan, 1986; Kerr et al, 1996). I comprises

e Ailik G

1989; Ketchum
1. 2002; Hinchey, 2007),
r 1994; Sinclair
o0)
deformational raniti intrusions.
il domains h
KGr Kewand
formed on
e crust, Based 1029

M porphyriic graite, Sinclai et a. (2002) intepreted this grante asbeing the




by Culshaw e al. (2000). Ketchum et a

No study has yet

rocks,discontinuous stratigraphic sections and pervasive alteration.

domns Pomiadiuk Point, ik Group.

on fekd mapping. petrography, U-Pb SHRIMP zircon geochronology and Lu-Hf LA-MC-
ICPMS isotope zircon geochemistry to futher onstcain the timing of formation of the

ndersanding of

Province

22 REGIONAL GEOLOGY

“The Makkovik




1986;
Scharer and Gower, 1988; Gower 1990; Kerr, 1989) and Grenvillan (1080-985 Ma;

1986) orogenics. The Makkovik

c in (Figure 2.2; Kerrtal, 1996),
based on:3)
falythe .
Offhore 1095;
Kerretal, 1997: Wardie ctal, 2002).
Based on field eviden i e, the Kaipokok

1, 1996),




(Gower etal, 1982 Ker, 1994; Kerr cal., 1996; Culshaw etal, 1998; Ketchum et .,

2001, 200).

1969: Baiey, 1981; L1982,

Ketchum et al. 2002; Hinchey, 2007). Volcanic rocks of the Ailik Group are bimodl in

(Clark, 1973; Gower etal, 1982; Hinchey, 2007).

dy ph

(Clark, 1973, 1979; Gower et al., 1982). More recently, Hinchey (2007) and Hinchey and

e, closed to ight i locally)that

Culshaw et

are requird to explainstructures i the whole of the Makkovik Province of which oy

DytoD, ik domain, Culshaw et al




Atantc C

mineral lincations and the development of shear zoncs.

ik domain (Clak,

. 2: Hinchey, 2007). A 1-km-wide,

Ranger Bight, y Z
ulshaw et " Al d
2007 Hi LaFlamime, 2009). Lithologi
Bailey, 1981; . 1982; Hinchey
2007)
from the
‘ i in Figure 2.

fonization mass spestromety (TIMS) with upper inercept ages of 1861 4913 Ma and

188347 Ma,

1876+ 6 Ma, and 1561 + 6 Ma (Hinchey and Rayner, 2008). The recent SHRIMP zircon




Adanic Craton,
well s struct
age.
the Aillik domai (2002) using
pper intercept age of 1929-+101:9 M
crystallization, and a meaningles lower ntercept age of 956 M. Sincai ct al. (2002)




U-Ph SHRIMP ziron age of 1857 + 6 Ma (Hinchey and Rayner, 2008).

23 METHODS

ok Poi

hapt
Vas wellas in Appendix Al and A2
231 Mapping

Detsiled

10,000 scale mapping ws compleed using both traditional and

uploaded t AreGIS and plotied manually on a map daiy.

232 U-Pb SHRIMP zircon geochronclogy

Survey of C

samples using conventional Wilfley water tble, heavy liquid and Frantz magnetic

Memorial University. Clear, inchusion-fee grains were seected by hand-picking under an



Jin 2003 detil

dix A1 Aferana
imaged by BSE on the SEM at Memorial University
233 LuHfisotope geochemistry

Lud i Foas

RIL_1S0ExIE (modified by R. Lam, afer Kosle et al. 2008) on

described above, The sysiemaics o Lu-HF isoopic geochemistey are desribed in

Chaper 1

24 RESULTS

Pomiadik P he

locations. y Figure 23



Figure 2.
(1:10,000 scale) map of the Pomiadik Point area
241 Lithologiesat Middle Head
basalt with
nd “The Aillik

which s in turm

Tihologiesar presented below:
2411 Ailik Group

the cast,

Zone (Hinchey, 2007). The supracrustal lthologics at Middle Head are intruded by cross-

cuting folated




Midle Head

late fauting. A columnarcrosssecion of A and B s presentedin Fgure 2.
Rhyolite (it 7) forms norh o norheast rending flows within the wester

porphyitc
Tto3mm
ized,
Voleanism i, at & der than ? .
(Figure 270), 1
Tmmin
length. Mi [ The felsic




ligned minor mafic minerals in the matri.

15em

long and 10 cm wide, weathe preerentaly and, in places,are defined by epidoe-atered

facing d “The basat s trongly
aswellas
270, R
(possibly elctcher) layersoccur with the basatpile.
m wide)layers
fedspar,




parea. The

weak
3) oceursas
felic and
o ol
developed n the unt by aligned brecciated fragments.
2412 Inrusions
Midle Head
The bbbt

composition and define & moderate oliaton and inesion

). L

typically up o 1 cm long, Based on it ithology,the monzogranie i interprted o be:a

homblend fuorie and

‘magnettc occur throughout the it



2413 Dykes

These dykes

Hill granit. These dykes are folisted,recrystallized and up 1 1 m wide. Undeformed
appinitic diorite/granodiorite dykes (unit9)ar $ 10 15 m wide, linea, and intrude both
)

Jagiock

242 Lithologies at Pomiadluk Point

logies at Pomiadiuk Point. Volanic,sed
and plutonic lithologies are presented below.
2421 Ak Group




nclude slstone.

rending st

ireetion, Preserved primary voleani features include porphyrie, lapill flow banding

" o

Golumnar cross section of C is presentedin Figure 29,

Crystallthic felic toff unit 1) oceurs on the west and east cousts of P

felsic

L w for th
clongated i the diection of the folation and are less than | cm n length. Crysals are

1 in i C nearthe

easter coastof Pomiadiuk Point and is 20 m wide. Crystas n this unit are feldspthic,

3 mm across.




108).

erysal-litic fesi wiF (Figure 2.106).
Inthe
Fgranite (40%), flsc ull 20%) hyolte (5%)
clasts(ess than
he
Pomiadiuk Point. I

less than 5 m wide.




1) Mafic

Basalt contains

1)

1o bedding and defincd by aligned hornblende and bitite grsins.

A thin layer of laminated siltstone (unit 7)occurs st Pomiadiuk Point. The sifstone-

L grey

bedding are preserved in the sandstone on the westen sde of Pomiadiuk Poin, and

ate ‘younging’ (0 the west. The

s follted parallelto lanar bedding ikely due
10 the otation of units n the divetion of the planar fabri.
2422 Inrusions

A




typically 208 cm fong. 1104 e thick,and accoun for less than 29 modal sbundance

Fihe rock

‘henocrysts define a wesk follted. This ganite is part ofthe ca. 1858 Ma site of

2007,
spar
dueof
Al Contacts
Point
sharp.
igure 2.120).

2.4.2.3 DykesA single Natlyin sheet of hormblende gabbro (unit 10) oceurs n the

than

| along its edges. The sll s undeformed, medium grained, nt veined and contains 3 mm




(see Hinchey, 2007 and Hinchey and LaFlamme, 2009).

Point.
“The next oldest
northeast idote atred

metamorphic amphibole (Figure 2.124).

“Two groups of undeformed dykes ar also exposed n the study area. The oldest

it 12).

Pomiadiok

andare | Figure 2.1




243 Loeal deformational istory

lik Group

Point.

preserved.

13a,b). The fold

traces of ) are parallel o the pervasive planar abri (53 in the area, which trike

(200

009)

observed n both study aras and defned by reversals i *younging’ directions
and  change inthe degree of the dip o S from stcep 0 shallow.

Moving

reversals in “younging" dirccions. Cross bedding in a fesi tff preserved on the castern

“younging' 1o the

FPapa’s

“younging’

the Pomiadiuk Point area, Units at Middle Head and Pomiadiuk Point dip 10 th cast,




N-S. Culshaw e l. (2002) demonsratd that based on amphibole and mica “Ar/”Ar

zones o

orthwest transport o Ailik Group rocks ont the North Atlntic Craon, descibed by
Culshaw etal. (2000),

244 U-Pb sircon geochronology

crossed polars in Figure 2.13 (Middle Head) and Figure 2.14 (Pomidiok Poin). Isotopic

in Table 2.1

Figure 2,16 (Middle Head) and Figure 217 (Pomi

uk Poin). Agesin Table 2.1 are

‘weighted mean *"Pb***Ph age and errors are quoted at 10, *"Pb/*"Pb ratios and ages
eported in the Table 2.1 are correted for mass fractionaton. Weighted mean (Figures
2

reported at 20 level
2441 0SCLISSA03

‘Sample O8CLI9SA-03 isa recrystalized, folated, lithic fesic wif occurring i

“The outerop



Jor21

Pt date of 1852 & 7 M (Figure 2.18) with a mean square weighted deviation

VinTable2.1,

187314 Ma 20).

o 1852 Ma zircon
2442 0SCLIS9A03

porphyritc, hommblende-biotite monzogranite (Figure 214c),termed the Cross Lake



ridge (Figure 2.14). Accessory phase mincras; horblende (3%) biotte (1 10 2%), and

19%), define a st

Zircon grainsare brown 0 transparet n colour, have 3 21 10 3:1 aspect rtio and.

arc 10010300 m infengeh. In L grans display euhedral zoing, typical of zoning

006
hedral. 166, Atotalof 23
i b/ Pt date of
X 19
zircon grains.
I addi Jyses, 10.1and 17.1 i Table 2.1,

/™ Pl ages of 1767 & 12 Ma and 1781 4 9 Ma (20) (s grain 17 in Figure 2.16b).

i Table2.

hatis subrounded and anhedral and i

1887+ 15 Ma. This analysis s from a g

herited, likely

granite.



2443 05CL4S2A03

bedded

(Figure 2.153).

by s wide snd

+ plagioclase + potassium feldspar + bioite & calite,are p 10 3 cm across and

subrounded.

fedspar and flakes of biotte. Weak bedding s defined by grain size fining withinthe

s, A rong
ma
2
aspct s
a ength
|
16

b pb date of 1862+ )38; i

TwlT based on the magmatic signature of anslyzed zrcon grains,



from 15 grains yiclded *PbPb dats ranging from 1883-+'8 Ma 0 1921 +6 Ma.

Inaddition, 1

6.1, 56 and 43,1 in Table 2.1) yielded even older "Pb~Pb dates st 2085 £ 12 Ma,

216047 Ma, 2161 % 6 Ma and 2743.+ 15 Ma (see grains 43 and 56 in Figure 2.17).

(s gran 43.1in Figure 2.172). One analysis from a brght, structurcless im yiclded a

ign younger age of IS13.£ 19 Ma,

possibly during regional metamarph

2444 05CLISI03

2 mm wide. Crysalsoccur ina matx made up ofthe same minerals. Weak bedding s

feldspar and.

it



Zircon grans are wansparent and are typiclly 3090 m i sze. The grains are

n

cL, in most grains. Zoning is

17b. Atoalof:

mean >PH*Pb age of 1861 & 7 Ma (MSWD = 1.13; it = 031; Fgure 2.22). Thi

character ofthe ziron grsins.

analysis (7.1 fom Table 2.1), which yilded an age 1837 10 Ma rom arim which s

One analysis, 561 in Table 2.1, yiekded

olderage of 1906 429 Ma (s gran 56 n Figure 2.17). The grain i interpreted as

being inheried

2445 08CLISSA-03

2 Pomiadiok Point.

150, Crystal for <296 vo

a dum eldspar + plag L




Bel 1,2006) 1A

{otal of 28 analyses yielded a weighted mean "Pb~Pb age of 1854 + 7 Ma (MSWD =

intepreted s the timing of crystallzation

POF = 0,65 Figure 222). This i de

ageof 1806+ 17 184

a 33in Figure 2.176).

48,1 in Table 2.1 from dark, unzoned

metamorphic and fgncous ges, yiedng agesofca, 1818: 12 Ma and 18224 15 Ma
Two grains (5.1 and 35.1 i Toble 2.1) ieded oder agesof 1653+ 12 Maand 1882.413
Ma rom coresthat are irpreted a i

245 Hrisotpe geochemisiry

L decays to

of Earth's upper mantle has increased ove time due o partil




(Kinny and Maas, 2003). Therefore, the Lu3if and "H8/”Hf of the mante are greater

than chondrites, whereas, LuHF and ™10

for
day, measured ""HO"”HF ratio i zircon reqires only small corections for in growth of

Hrrom it 2009 Fe

compositon of ziron over time.

and Mass, 2003). The two advantages o the zircon Lu-Hf approach to source racing

e than for '

L s crystalltic,

Tow and high temperature phass (Hawkesworth and Kemp, 2006).

HE,

e




. Inthis study a LwHFratio of 0.022 s used for mafic source rock and a LuHf

ntio of 001 i 008).

Tabl

valuesfor "PHE"HE and "L/ ”HE, iniial sHE values as wel as the calculated model

of the mean. "HE'HE, is loted against "L/

Figure 2.23 and from Pomiadluk Point

s ploted fo cach zircon agsint s respetiveinsitu SHRIMP "Pb~*Pb date for

shown in Figures 226 1 2.28, and are iscussed below.
24.5.1 Magnatic Grains

. were inerp based on U-Pb

ca. 1852 Ma lhic f L
constrained messured "“HE " HFratios that range from 0281511 10 0281584,

! of 4910 20. 1808 Ma Cross

range from 0281550 t0 0381615, coresponding t a intal ! of 501016,




From Pomiadluk Poin, the ca. 1362 Ma crysta-lithic flsc uff (03CLAS2A-03)

vield 40D

N of-1910+2.. 1861 Ma crysal

felsic T (08C 5)

f— &

measured"HE'7

Hf of 11.910-+3.6; whereas, sample 0SCLASSA-03 yields measured "“HO " H that

range om 0281405 10 0281505, coresponding 1 a intial ! of 9810 438

(O8CLI9BA-03) range from 2450 10 2610 Ma for felsc crustal sources and from 291010

L 2420102590 Ma 190
- The
180720 grains
from 317010

mafic crustal source




2452 Inheried Grains

Fiveinherited ircon grains within the domminantage population of 1880 10 1920

red "HO H atios

ranging from 0281561 t0 0.281725, corrsponding o ntial &/ values anging from
20.and-+3.7 (see Table 2.2). The hree oldest grains from this sample (se grains 43,
521 and $6.1in Tsble 22)yield measurcd "“HY'7Hf ratios of 0281097, 0281729 and

0281477, comesponding o niial ¢ values ofof +1.2,+7.8 and +1.2,respecively.

a Hy
A value of 4.8 (see grain 561 n Table 2.2)
2200 0 2660 Ma 41010319
M 2085 Maand
150 and 2550 Ma for
b 43 Ma, gives

amodel age f 3030 Ma for a felic crusal source and a model age of 3230 Ma fora

it sample O8CLAS3A-03 i qual 10 2660 Ma for  felsic crustal source and 3190 Ma.

fora mafic crustal source.




25 INTERPRETATION AND DISCUSSION

251 Timing and duration of Ailik Group vole

Group include two datesfrom Schirer et al. (1988): 1861 913 M and 1856 + 2 Ma,
and three daes from Hinchey and Rayner (2008): 1883+ 7 Ma, 1876.+ 6 Ma and 1861

oM

-

7Ma,

yield "P>*Pb dates within crrorof one another: 1862-+7 Ma, 186147 Ma and 1854 &
T™a /

008, the

duration of volcanism within the Aillk Group i extended 10 31 millon years.

3 kan 10 the west of Middle Head. The satered

with anage of 1883 + 7 Ma oceu

gy ik i

s sudy and nterleaving of

Volcanie pckages that occurrd during D of Culshaw et al. (2000) ather than
representation of original stratgraphy.

252 Timing of deformation of the Ak Group

“The Cross Lake grante st Middle Head has  crystllzaton age of 1805 +.6 Ma,




2.3 Ma; Bar et sl 2007). The Cross Lake granite had been interpreted by Kerr (1989)

The

ding with D o Culshaw et al, 2000,

Theref

{ime afer 0 1805 Ma. The maximm age of D; can now b consiraned 0 occur afe ca.

re and age of basement rocks (0 the Aillk Group.

1989; Hinchey, 2007). As  resl

Ker, 1989; Kerrand Fryer, 1994; Sinclair, 1999; Sinclair e al., 2001; Ketchum et .

2002), which has been debated extcnsively

from i (1994)

- the




1994 i mant

1o the Aillk domain cannat be determined

Ketchum ctal.

model for he Makkovik is Thein

251 Evidence for a elsic source for Ailk Group magmatism

o
maficcrust i

withor
spectrum of voleanie rock

2004; Reagan t sl 2003; Arculus, 1994), et ndesitc magms have not been identiied

the Ailk Group

conglomerates (Hinchey, 2007: Hinchey and LaFlamme, 2009). Secondly, because



magmas (Bowen 1928), it would be expected thata greater abundance of malic volcanic

it e Ailik

o0

inchey and LaFlamme, 2009). And thirdly, if the e

sodiumrich, tonalitc to

rondhjemitic compositions would be expected (Rapp et k., 1991); however, the

Fihe

2002) Therefor,
formed argely from a fesic crusta source.

25,32 Hisotope heterogencity of the magmaic sircons

hieved opi in he crusal

" 10 psilon units
ypical from the zircons i asingle sample (e, Flowerdew et al. 2006; Kurhilactal,

2010), i !

isotopiclly distine sourcs.




At Middie Head,  ithic flsic tof (0SCLISSA-02) and the Cross Lake grani

(osc e

21 and 5.1 to-17,respestively. Caleulad model ages range from 2480 0 2610 Ma for

242010259 Ma for the Cross Lake granite. The &#f! and
model ages of
de asimilar
ik Group for Pomiadluk Poi
negative & values than the i flic T from Middle Head; e in sample:

OBCLAS3A-02 ranges from -7.0 10 -119 (with th exception of two grains)and /! in

model ages ranging from 2740 0 2970 Ma and 2630 0 2810 Ma, respectively. The thin

presents ] that range from -1.9 10 +2.1. Crust formation ages for this sample ranges
fiom 2260 to 2480 Ma, The rther snall 4 variation of 3 to S epsilon units ound in

each.

protoit(s) waslimitd. The hetcrogencity that i present is explained by heterogencity in

calculated crust formation ages.



oG

! values that vary from -11.8 10 +2.2, 5 range of some 14 epslon units. Thisis fkely

the Ak Group. The range ofcrust ormation ages for al of the analyzed magmatic

zircons spans from 2260 0.2970 M, o some 700 m.y

mafc mels, I
e
. A M s poted
Hfin Figure 2. Iysed o
miing
e In e,

well it by  lne in thatth corrlaton coeficient i very poor (°=0.14). Additionally,

when the

240



containing large amounts ofa maf

companent.

an age range of 700 m.y. The Hi dsa provide no evidence that the

my), assuggested by Ketchur et al.2002).

2533 Significance of nberied zircon grains

il Gr

i sample O8CLAS2A-D3,from the norhern cosst of Pomiadiuk Poin, which occurs

20



The later

oy

i

felsc voleanc rocks of the Ailik Group.

Ofthe

felic il sample 0SCLAS2A-03 wilh "Pb™Pb ages of ca. 1888 1916 Ma yield /]

~ 20w erst One inherted
ziron from rystal felsic T smple 0SCLAS3A-03 with a "PHA*Pb age of ca. 1906,
Ma yiekds o/ cqual 1043 and a crus formation age of 2660 Ma. For the three
‘anomalously okdergrans from sample 0SCL4S2A-03, they have *"Pb/**Pb ages of ca
2085 Ma, ca 2160 Ma and . 2743 Ma and < of 478 +12 and +12, corresponding

1o crust formation ages of 2150 Ma, 2560 Ma and 3030 Ma, respectvely. With the

n

The indicaton st inh was

enerated om the same basement sources over @ period of at least 15 millon years,

from 19200

hrough 1883 10 18

ik W up unil 1805 Ma.

(rpresented by the magmatic zircons of the Cross Lake Granite).

2




4

0}

@

@

SUMMARY OF CONCLUSIONS

felsic vokanic rocks

In st SHRIMP U-Pb zicon cochronology ofacrystal fesi wfffrom Middle

o

AVIK Group: 1852 47 Ma. When combined withprevious geochronology, the

doration of volcanism witin the Aillik Group s extended to 31 millon years.

from the Cross Lake granit o Middle ead yiekdsa ™" Pb™*Pb age of 1805 £6

regional Dy, postdted the intrusion ofthe granite atca. 1805 Ma.

felsc voleanc rocks ofthe Al Group and range i age from 1880 0 1920 Ma. It

rocks on which the Al Group was deposited.




)

©

e

monzogranite at Middle Head. Two felsic wiT samples on the castemmostand

Point have e

Point yields ¢! varying betscen approimately -2 and +2.

from 2.5-2.6 Ga at Middle Head and 2.3 10 3.0 Ga at Pomiadiuk Point. This range

ik Group likely
range of st esst 700 M and included both Palcoproterozi and Neoarchean
components. These resuls eflcet sgnifcant age heterogeneity ofthe hidden

Allk Group magmatis.

for a period f at east 115 millionscars, rom 1920 Ma to 1805 Ma.

244



afer Wardie etal

Province
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Geclogy ol ade tead | [

fipaner

analysed for U-Pb zircon geochronology by SHRIMP and Hf isotope zircon
seochemistry by LA-MC-ICPMS. Location of th areais shown in Figure 2.2

248




Intrusive Rocks.

Volcanic and Sedimentary Rocks
Ak Group ca. 1883 - 1852 Ma (tectonostratiraphy, no siratigraphic order mplied)
——— e

[ r—

D] vokancist e v st i v s
I st ok
[C5] whose sandton, corsng 75t ocss
Symbols.

* Goochondogy o P age s ot s

" Suion

1 Cnastion gorarston ko)
[T a—
- Besng fops oown, o rkrown)

[ —

| FolonorCleavage generson unknown)
e T —

— = Foutfsssumod)

Legend for Figure 2.3



‘analysed for U-Pb zircon geochronology by SHRIMP and H istope zircon
cochemistry by LA-MC-ICPMS. Area i shown in Figure 2.
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R st o sasgranis,

[T ——
[EEEr——

[En—

Legend for Figure 2.4



250m

Tectonostratioraphy
4 Aopintc dorigranodorta dyke
e St ovmgrie o e
(Gross Laks granits)

Volcanic an SedmentryRocks
Al Grou

[ o andcysatic s it
[ porohyrtcto equigranutr hyoite

Avkosic sandstone interbedded with
{edsar ufscene sandstons

[ o

Tutacous sandsion
0] Volcanictatc e, mtic and ol cass

R oesiatsrock

(] Aveosc sandston

B shown in Figure 2.4 &

Tectonostratigraphy i Middle Head




Figure 2.

mafic compositions occurring ina volcaniclasic breccia
253



Figure 2.8

granodiorite dyke; and ) granitc pegmatite cutting sandstone.
251



——

200m

Tectonostratigraphy
‘Shea o0 n conglomerate
(producing praudomyloitc textures)
Intrusions and dykes
—aa Nonlsed gabbro ke
P
Noolted menzogrrite
@ (October Harbour Granite)
[T8] uartzeldspar porphyritic granite
Volcanic and Sedimentary Rocks
Al Grovp
[7] sandstoneisitstone
Il afic Tt
Polymictic conglomerate
[T Porphyrtc to oqigranar ol

9: shown in Figure 2.8
tectonostratigraphy at Middle Head
255




Figure I lithologis n the Ailk Group at

Pomiadiuk Point:a)cleavage subparale o bedding within felsi wff b) caleite-
Jsc ufl

nodiorie,flsic uff, mafi and d)




Figure 2,11

Pomiadiuk Point:s) flow banding in thyolt; b) shear zone cuttng thyolie; )
pillows defined by epidote altred selvages; and d) malic ufl.

25



Figure 2.12: Representaive photographs of intrusve lthologies a Pomiadluk Point: a)

dykes; ¢ basalt an

plagioclase i a gabbroic dyke.



Figure 213 ik
DS, Head: B,
sandstone at Middie Head; ) S, F,. S, in felic i at Pomiadluk Point; and 0 F,
folded mafic dyke tha intrudes  felsc uffat Pomiadlk Point

259




Figure 214

crossed polars (B and D) o samples collected from Middle Head for
geochronology and Hf sotopic geochemistry: a) and b)lthic felsic il
5

198A-03) and,¢) and d) bbbt monzogranite (Cross Laks

260



Figure 2,15 Cand
under. Dand from Pomiadiuk Point f

lithi felsic 1T (OSCLAS2A-03),¢) and d)erystal fesic il (OSCLASIA-03) and, &)
and 1) crysal-ltic elic off (0SCLASSA-03).
261
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Mean = 185227 Ma
08

w0 H wswn
o |
™

H b ‘
g™ HHH H

< FEERETEp e

Figure 2.18: Weighted mean *Pb*“Pb SHRIMP dates for sample 0SCLI98A-03 a
foliated lthi fesi tff. Errors re incorporated at the 20 level,
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Cross Lake granite 08CL199A-03

1870

1810

pb b age

m

Mean = 1805 + 6 Ma
WD = 0.91, probabilty = 0.58

Figure 2.19: Weighted mcan *PbPb SHRIMP dtes for ssmple 05CLIS9A-03 a
olisted Cross Lake granie Eors are incorporated at he 20 level.
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Crystal-ithic felsic tuff 08CL452A-03

1920 Mean= 18627 Ma
MSWD = 0.58, probabilty = 0.90

o0

& [

™

£ 1l |

& UL

w0

w2

w0

1780; - e e e - - ey
ER AR R TR EEEERE R

Analytical Site

Figure 2.20: Weighted mean ™ Pb/Pb SHRIMP dates for sample 08CLAS2A-03 o
foliaed crysallithic felsic . Errors ae incorporated at the 20 lovel.
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Crystal felsic tuff 08CL453A-03

1980

g

pppb age
g

1780

1740

86127 M
13, probabilty = 0.31

ZXgERzAEET

Aualytical St

Figure 2.21: Weighted mean b Pb SHRIMP dates for sample 08CLAS3A-03 8
foliated crysal flsc tff. Eeors are incorporated a the 20 level,
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Crystal - lithic felsic tuff 08CL458A-03

1960 Mean = 1854 £ 7 Ma
WD = 0.86, probabi

pp*Pb age
&

0
2383 IIRAABERI= R
Aty Sie

Figure 2.22: Weighted mean PP SHRIMP dates for sample 08CLASSA-03 &
follated crysallthic felsic . Ertos are incorporated at the 20 lovel.
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@ ithi fesi tuff 0BCL198A03
o  OciGoscsenos

Figure 2
oscL
"HOHE, i calulated using a "Lu decay constant of 1867 * 10"y from
‘Soderlund et al. (2004) here and in Figure 2.24 and Figure 225, Errr bars are
incorporated into symbols.

Yot of measured ™Lu/”HE vs. "H” HE, forlithic fesic il sample
R =
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g DCvlebicuoncsinos

(nherted) ‘
oastes @ Crysabithic esic o OBCLAS8A.03
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0285

Figure 2.24: Potof measured "L/ "Hvs. "HOH
O8CLAS3A03 and crystal

for crysal fels

e felsic tulf sample O8CLASSA-03 from Pomiadluk

Point. Error bas are ncorporatd ino symbols.
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@ Crystabithic felsic tuff 08CL4524-03
O Crystabitic fesic tff 08CL452A-03
(inherited)

Fig L HEvs, "HETHE, for

nmpln 0BCL4S2A-03 from Pomiadluk Point. Error bars ae incorporated nto
symbols.
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constant (1867 10"/ of Sderiund e al. (2004), chondrie valus of “H"H =

00336 and "L H 0252785 (Bowvie t ., 2008), modeldepetd mane with

present day "HO Hfratio of0.28325 and "Lu Hfrato o .0388 (Grifi il
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Chapter3

GEOCHEMICAL AND ND ISOTOPIC DATA FROM VOLCANIC ROCKS
OF THE AILLIK GROUP AND DEFORMED GRANITIC INTRUSIONS:

IMPLICATIONS ON THE TECTONIC SETTING OF THE AILLIK

DOMAIN, MAKKOVIK PROVINCE

ABSTRACT
volcanic aswellas
deformation and
maki
This
Atk domain,
hich the Middle Head and.
Pomiadlk Point.
Group,

domain are “A-type" in ature. Some felsc volcani rocks of the Aillik Group have been

25000




"
.. Group A
than
St0+22).
rocks ofthe Ailk Group.
aback-ar setting behind an activelysubdciing continenta ae.
31
inental if 000). Although




sedimentary bl have formed (eg. Corrveau et a, 2005; Moracs et al. 2003; Menuge et
al. 2002).
“The Aillik Group of the Makkovik Province of Labrador, Canada, was deposited

overatleast31 188310 1852 008;

LaFlamme, Chapter ).

units (Marten, 1977; Clack, 1979;Baily, 1981; Kerr, 1989; Hinchey, 2007), The Ail

(1900- 1710 M

and Ryan, 1986; Kerr et al., 1992; Ketchum et al, 2002; Hinchey, 2007; Hinchey and

LaFlamime, 2009)

hemis i i Ak

Group formed. This paper




(Chapter).

32 REGIONAL GEOLOGY

“The Makkovik Province of the Canadian Sheld and isa triangular crustal block

(Figure 3.1; Ketchum et al., 2002 and referencesthe

“The Makkovik Province s

ape Harrison

1o81;

Ryan etal, 1983; Kerr et al, 1992). Thice domains make up the Makkovik Province,

€a.2.810 3.3 Ga Hopedale Block of the Nain Province thathas undergone.

Paleoproterozole deformational and metamorphic events (Kerr et al. 1992), The

178 Ma Post Hill Group,

2001a; Marten, 1977; Ryan, 1984). Deformed and undeformed plutonie suies intude the

Kaipokok domain (Bar <t al. 2001)



“The Aillk domain is composed of lice of eworked orthogneiss, volcano-

ik

sutesand variably deformed mafic dykes (Gower tal 1982; Kerr, 1989; 1994; Kerr et
al, 1992; Ketchum et al, 2002; Hinchey, 2007). The Aillk Group sructually overlies

I trm, the Post

the Post

L 1982).Fe

conglomerate (Hinchey, 2007; Hinchey and LaFlamme, 2009).

Harison Metamorphic Suiteand minor suprcrustal ocks (Kerr, 1989; Kerrand Fryer,
1994; Ketchum et l, 1997, 2002), The Cape Harison domain s intruded by an
abundance of variably deformed plutonc intrusions (Kerr et 1992).

Plutonc itrusions are widespread n the Makkovik Province. The deformed ca.

18901875 Ma sland

domain and is characteized by cale-alkaline “Hype’ magmas tha Barr et l. (2001)




S072

(Kerrand Fryer, 1994; Ker tal 1997; Bare et al, 2001). Foliated and non-folisted lte-

1720Ms)

“Atype” i i inthe east

(Kerr, 1989; Kerr ctal., 1992). Undeformed ca. 1650~ 1640 Ma putonic suies intrding

hihe L . 1990)

Makkovik Province (Kerr, 1989; Culshaw ctal 2000, 2002; Sinclar et a, 206

Ketchum et al. 2002). The most recent model of Ketchum et al. (2002) suggested thatthe

formaion.

Paleoproterozoie are resuling inthe formation of the ca. 18951870 Ma Island Harbour

e Crust

ik G i inarined-

ar or back-are et i

1502

second

wide graniic plutorism from ca. 1815 to 1780 Ma. A single model has not yet been




Makkovikian orogeny (Gower and Ryan, 1986; Kerr <t a. 1992; 1997; Ketchum etal.,

2002; Hinchey, 2007).

321 i ism and Local Alterati

lark, 1973; Biley, . 1982; Sinclar,

1999; Hinchesy, 2007). Insome areas,

bedding, 1007). I other areas, th untsof the

primary features are les readily preserved (Clar, 1973, 1979; Baley.

981;

1999; Culshaw et al 2000; Hinchey, 2007).

seected.

avarity oftectonie setings (¢, Gandhi 1978; White and Marin, 1980; Payettc and

Marin, 1987; Wilion, 1996).

1969;

Bailey, 1981; Gower and Ryan, 1987; MacDougal, 1988; Sinclair, 1999; Hinchey

37



Hinchey and LaFlamme, 2009). Snclair 1999) and Sinclir et al. (2002) repored a

ik G "
“This“one forone”
1980 Willon (1996). Sincai ct .
Rb,Baand I
agsinst 810, 03 and
002) Sinclai tal.

amphibolites-facis samples appear 10 show some Na mbil

chemical afiniy

33 METHODOLOGY
Samples were collected from Middle Head and Pomiadluk Point, Their UTM

dix B

i

331 Major and trace element geochemistry

rocks,

samples of Cross Laks




dix A3, weighing

30
i
" y PES),
Finch (2001).
 mass spectrometry (ICP-MS) following th procedures of Longerich e al. (1990).
332 Sm-Nd isotope geochemistry
Sixteen of
For TIMS.
i for geochemistry
atMemorial Uni A for dtal
34 RESULTS




Middle Head (13 samples) and Pomiadiuk Point (12 sampls). Table 3. lsts the

10,
(Figures 3.3, 3.4)that were described in detailin Chapter 2.

uding clastic

unknown age

in Appendix

341 Petrography

bchavor,
1852 Ma; Chap

by thyolte,

brece. | Pomiadiuk Point

18541862 Ma; Chaps

outerop n the sudy areas. At Middle Head,aca. 1805 Ma (Chapter 2) liaed




infolded with the Aillk Group.

3411 Felsc nff

Pomiadiuk Poi is 1 Figure it 3

igure 3.4) i iteupto 3

3,50, Lithic fragments arc composed of quartz + plagioclase + potassium feldspar +

bioite + . clongated,
t u in felsc
350,

3412 Riyolite

7 MH; it 4: PP).




the rocks 1 354).

of potassium feldspar, lbite, quartz with minor botite and homblende. At Pomiadluk

poin, i Flow banding is
tayrsin ot Where
ength, ccount
olstion
Aweak

i

3413 Basal Growp 4)
sl o 13 F

anoter
360,

3.6b). Evidence for potassi alteration was ot observed in Group A basals

34,14 Basalt Growp B)



icative of ocally
3415 Mafic ngf
layers at Pomiadlok Point
34 Itis composed
360
Mafi mineral




3.4.1.6 Quart feldspar porphyrii granite

cost of Pomisdiuk 3.4, Phenocrysts, up.
= 3
folisted, Evidence o

34.1.7 Cross Lake granite

The Cross L 3

(Figure 3.61).

Major and trace clement geochemistry

the

prescnied in Table 3.2, Except for the 3 sampls of Group A basals, cach of he samples

3421 Effecs of alteration

per
cited as mobile include major clementssuch as Ca, Na, K, S and large fon ithophile
trace clements (LILE) such as Rb, Cs, S, Ba (MacKenzic, 1971 Wilton, 1996; Snclair,

1999,

inclat et al. 200




plotted onthe “aleration box” diagram of Large et al. 2001) in Figure 3.7. The alertion

ndex (A1), (K:O + MOY(K:O + MgO + CaO + Na;0), and th chlorit-carbonate-pyrite
ndex (CCPI), (MgO + FeOY(MEO + FeO + Na:0+ K:0). The diagram was developed

by metasomatism such a those inthe Aillk Group.
‘Mafic volcanic rocks from the Ailk Group plot inthe “lest-altred” box of the

catbonate enrichment rend labeld 'S n the diagram). n

been extreme, Noncth




N0 + K0 during regional metasomatism andlor local hydrous altcration,

Severalsamples ploting outside ofthe “least alteed” feld fo hyolits. The more alered

1 drend
feldspar Figure 3.
, Sinclair
givinga.
il
The altered Values 260,
K
andior local hydrous alteraion.
:
i

Mg0, ALO, Na:0, €0 and K- against SI0; n Figure 3.8, The mafic rocks show a

1977). Felsic

316



s from Middle Head

he i The felsic
37,00
o other
E INBY
The felsc uff

allng in the andesit/basalt fekd was ot casified s aliered in Figure 3.7 but based on

Thus, 2 TiO: gined in

with

less aleredin Fgure 3.7 showing lle diffrence in Figure 3.

described separaely blow.



Figure 3.10. REE 15.0but

o average is 7.5 (Figure 3.108) The felsic vokanic samples display systematic moderate

enrichment n light REE (LREE =100 times chondrt; (La'Smly = 3.3, litke

(EwEut)

plot (Figure 3.10b). These features are ypi

J o crustal-derived melts (Menuge et .,

2002) L

anomalous geochemisty i that it i strongly depletd in th light REE. This sample s

also anomalous because it plos n the trachyte feld of igure 3.9 and,as noted above,

it original magmatc geochemisiry

Inthe Y i i 1984

the Al

end 0 be more peraluminous, whichlkely reflects mobilty of Ca, Na and K by

considered t be alkalineric, “A-type’ magmas (.., Eby, 1990) Fesic volcanic ocks




Nb, Eu and Ti, which are additional characteisics that aretypicalof*A-type’ fesic mels

(Breweretal, 2004).

34222 Mafic Volcanic Rocks

3 Group A basals
-0,
(Figore 3.1
4 n ighiREE
(Lasm) in heavy REE - 16 " W
313b). Themost

Point. Negaiive Eu

= 099)

than in the elic volanic rocks
“The THYb versus TYb diagram of Pearce (1982) differentiaes between the

a4y

rends of

por

A basalts from the Al  wheress, Group




basals of Middle Hea,

The
T Hand
3.15) Here again, Group A basals of
the Al
THYD versus 50 show
e TacHETh digram (Figure 3.14).
2.
1857 por
i the
Head the Cross L 3
T6shand iy W normative
I 2 316,
3
ure 3.10A) the Cross L
w =33 and relive
= 13) The negs

[EWEW® i rato of 030, The quartz-feldspar porphyriti graite has a REE composition

vy similar o the Cros Lake ganite (1LY

0: s,

0 (GaVbl=12;

BW*]s = 0.32). Both the quarzfeldsar porphy

granite and Cross Lake granite

320



(Figure 3.108).

negaive anomalis for Nband T I the Nb versus ¥ diagram of Parc e al. (1984, the
auars-feldspar
3,10, typical of Aype
el 1o th felic vok
343 Neodymium isotope geochemisiry
Thedaa

are presentdin Table 3.3, An additonal Nd istope analysis ofa dioite dyke of
unknown age i presented i Appendix C.3.
" g

A

bivariate diagram plotting '*NA/“N vrsus ""Sm/"*Nd for cach o the mafic and felsic

e rock Figure 3.1 Table

from Chaper 2. For

e with the felsic volcanism.




Table 3.

reservir values of Goldsten et al. (1984) nd the measured ""Sm/"Nd rtios ofthe

i s 15, similar
baréde and Brousel, 1987),cxcept
198A-02),
c
evolution curve:
in Figure 3. . which

is very poorly it by an isochron that gves an age of 1935 + 390 Ma, calculted usng.

around the sochron i ikely duc both

5oplovEXX.0 (Ludwig, 2003). The observed s

sources invalved in the ptrogenesis of the volcaic rocks

3431 Felsie voleani rocks

il Group, Three felsic

37

1wty

Ma. In contrast, wo felsic volcanic ssmples that plot outside the altraton box and arc

43and 30, Ma

ad 2071 Ma. I the case of the highly altered felsic t sample (0SCL198A-02) that

3z




-55. s caleulaed is "

S

©2239)

Kerrand Fryer (1994) reported whole rock eNde, data for two ca. 1860 Ma

G y from Ranger

asheflow taf ! —

0r2560 Ma.

aleration, reating a disturbance n the Sm-Nd istopic ratio.
3432 Mafic voleanic rocks

@

malic s basal

” 3. Incontas,

‘mafic tf samples from Pomiadiuk Point ield éNdy that range from -3.510-0.3. The,




33and
unusualy high "Sm/"“Nd raios, which were mentioned above.
Sample 08CLIS9A-02,a Group B basalt from Middle Head, is an exceptional

‘compared to the other basalt samples: it has an eNdy, value of 6.4, placing tust

19, witha 1838 Ma

34,33 Deformed Cross Lake granie

The

Volcanism,yields an £Nkr vl of -4.2 with Tou) of 2861 Ma. Thi value i

Al Group.

35 DISCUSSION
351 Regional Comparisons
Lithologi Al

Point

representaive ofthe Aillk Group, throughout he Aillik doman, The most ecent

L localy




it of mafic it

sland-

Ranger Bight ae repescntatve of the Aillk Group s a whole. Sinclair ct al. (2002)

0% 5i0;
002 M
(1987, i i REE enrich
The Measles'
T

MacDougall (1988), Kerr (1989), MacKenzi (1991) and Willon (1996). Analyses from




Round Pond

fractonated REE profiles.

Therefore,
with regard to
both lithological and geochemicalcharacteritics.
352 Metamorphic grade and ateration style
b which is

Voleanic rocks in

the sty areas. This interpretationis agreement with findings from Hinchey (2007).

P

the fieldof e
Hered rock

KO and N0




Mg0, FeO

of magmatic processes and fctonic seting.
353 Petrogenesis o Felsic Volcanic Rocks of the Allik Group
“Aype . only the more
When felsic
REE patterns show LREE
HREE profles, which s typical
2002; Brewer et al, 2004 and
T anomali
2009),
with
Values (3.0 10 -5.5) and lder Tiou model ages (2771 and 2971 Ma,excluding sample

327

O8CLI9BA-02, which gives a meaninglss age). Ths suggests thre has been post-




(Chapter 2) presents an alterative hypothesis (Figoe 3.19). In this iagram, the Nd

2776a LASSA0D)

26310283 Ga.

Volcanierocks which were derived from Paleoproteruzoie sourcs. The range in eNd

odel with the eHF model ages in Chapter 2,

age fom 2400 10 3000 Ma.

354 Petrogenesis of Mafic Voleanic Rocks of the Allik Group

indicative of a MORB-ike signatue, Group B basat and mafic it samples are

fractionated,

- i Group A

whereas, Group B mafic volanic samples plot in subduction-rlated ficlds. The




magma o rock from sialic crust, a has been reported interancs clsewhere (Brevir ta.

2004; Browen et . 2002; Saunders and Tarney, 1991). This model indictes tha the

fs aresult of crustal contaminaton.

N from -0.33
Ingeneral,

gative Ny, values;

Figure 3.
Magmai

he
i
adisinet

samples, including thee Type A basalts, two Type B basalts and one mafic it Thus,the

depleted mante and a felsic magma orrock derived from sialic crust. Bascd on the




-  Kerr, 1989),
Vine i Figure 3.20,
320, However,
313and 304, s
L4SIAD)
from Pomiadiuk the mixing | P

N value of +6.4 s very clos 0 the value for the depleted manle at 1860 M, the

i

Itis possible




oscL

in Figure
smalldegrees of partia melting. At meltfactions of less than 10%, incompatible

I s Nt and th

355 Origin of Deformed Felsic Intrusive Suites

type’ flsc rocks. The ca. 1805 Ma Cross Lake grante plots as a monzogranite in the

QAP disgram and demonstrates s metaluminous signatur, The ca. 1857 Ma quartz-

paint, Nb and Ti anomalies,
indicative of *Actype” melts. The data thus pint 10 simila siaic sources for th fesic

Inthe case o the Cross Lake:

granie,

sears, which

Voleanic rocks of the Al Group.

331




upper continental crust.

with deivation from  crustalsource. The Hf zircon model agesfor the granie are

somewhat younger; however, ranging from 2.42 10 2.59 Ga (Fig 3.19). An easy

coukdpossiby have been the Al Group metasandstone units.

356 Crustal contamination model

A spreadsheet program, FC-AFC-FCA (Ersoy and Helv

009), was used 10

ik

fihe

‘magma derved




wifof the

ik Group. For AFC, fractional rystallizaton ofthe piritic magma s
combined withassimilation of Alik Group felsc volcani rocks.
3561 Simple Mixing

clement

2000),

0).8ix

demonstraed in Figure 3.21a. The model plots the N isotopic racer *“NG/**Nd aganst

Yior
Ny
321
Y
hydrous,low died,cle-aal
001) In both model
3590 10 mix

35,62 Assimilaion ractional crystalization (AFC)

asimilationractonal erysalization (AFC; DePaclo, 1981). When modeling AFC, the




respectively as wellas th same six mafi volcanic samples. The best linc of it occurs

when

from 110

18% (namely, F = 098, 096, .., 082), and 2)the r value (represening the rtio of

crystallzation is modeled for "N N versus N and Y versus Nb in Figure 321

o Inesch

crysalization begin at 2% and nds at 1% magma consumed.

004), This i

1.2004; DePaolo, 1981). s

unlikely ti

Figure 321,

357 Interpretation of Tectonic Setting

3571 Previous imerpretaions

Several diffrent tctoni models for formation of the Ak Group, and Makkovik




plate margin. Culshaw et . (2000) proposed tht the Ak Group was then thrust oo

1810 Ma. Ketchum etal.
The back arc

al, 2002). i of Ketchum et o, i Kere

(1989, Culshaw et . (2000; 2002), and Sinclai (1999),in that i forms ina pos-

collionalbasin, rthr tha behind an ctivly subducting ilnd o ontnenal e
3872 Proposed Model
in four tctonc
i, i
forthe orgin of

the Atk Group,as explained below.

33



mudstone, limestone and dity limestone

of fesser basal

B 1.,2002; Neder et a.

Vine, 1994). B




hyolitc melts (Menuge et a. 2002; Grffiths and Campbell, 1990). I the Aillk Group,

elsic volcansm is much more commonly preserved (Clrk, 1979; Kerr, 1989; Ketchum

etal, 2002; Hinchey, 2007

inchey and LaFlamme, 2009,

aveakening of

the lthosphere,

Tarmey, 1991; Rollnson, .

008) ible

peraluminous *A-ype” thyoltes and assocated ‘co-magmat

* granitic plutons (Rivers,
1997; Menuge et al, 2002; Brewer et al. 2004), The production of fesic magma may also
P

observed inthe Ailik Group (c.g. Pankhurst et al, 1998; Menuge <t al. 2002; Brewer et

al, 2004)

(Brewer et al, 2004). Polymictic conglomerate occurs at Pomiadiuk Point, and a lrge



=

erspoced with mafic and flsic volcaic rocksat Pomiadiuk Point. |

2006

(Brewer ctal. 2004; M 1.,2003

negative Nd isoope geochemisiry, Group A basalts (eNd, = 42.8 0 +4.6), occuring at

Middie Head,

=033t

‘Saunders and Tamey, 1984)



Pomiadiuk

185410 186

Middle Head (s

charsctrized by *A-type’ fesic melts with within plate granite signatures. These

continental cust.

“The presence of“A-type” felsic volcanism has, inthe past been recognized as

P

occur i post-orogenic extensional setings (¢.£., Sylveste, 1989; Eby, 1992; Rivers,

002). Furtherme

magmas with an“A-type” signature. Therefore,*A-type’ felsic volcanic rocks of the

“The enrichment i incompatibl clements and especially LREE of the felsic rocks

Ry i REE as th
Fryeretal, 1990) i o
ifing.
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continental crust and subsequent crustal contamintion.

The

odel

000; Hinche

representd by ages opfknown unis preserved n the Makkovik Province. The Nd model

1994; St. Onge et al, 2000). The Sask C

2 208,




and

2009). Therefore,

Tinkages with the basement rocks of the Ak Group.

36

0}

@

@

CONCLUSIONS

retrogressed to grecnschist faies.

deformed

Characterisic. This sgnature i infered 0 reflcttheir formaton via parial

melting ofa fesi crust

ype”

Neodymium
s
(eNdy=-1.1 0-5.5) formed by the partal meling of a flsc crust. The broad

Fange ofsotopic signaturs s intrpreed as resling from post-magmatic

lteation. Mixing models demonstrat tht the basaltic melt ofthe Aillk Group

the Al Group



mafic (2N

)

felsic

units ofthe Makkovik Province.

©




MAKKOVIK
PROVINCE

Figure 3.1: Simplifed tectonic framework of south-cental Labrador after Wardle et al
(1997) The map shows the thee domains o the Makkovik Province, the Kaipokok,

Al and Cape Harrison domains.
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Legend for Figure 3.4 s



Figure 3.5 Representtive photomictographs of units within the Aillk Group: ) feldspar

® po
felsc uff and ) longated phenocrysts in porphyritc hyolite.
149



Figure 3.6: Rep units within

plagioclas and clinopyroxene in Group A basalt (B-bioite, C-clinopyroxene, -
Homblende); b srictc

homblende in Group B basal;d) mafic tit; ) quartz and fedspar phenocrysts in
porphyritic granite; and § folaton in Cross Lake granite

350



felsic, intermediate, and mafic compositions modifed after Large et l.
e

(o right). Arows demonsirte the common rends. 1: weak serciic

o, 2: intense seicte-chloite  pyrte aleration, 3:chlorit + sricite +
pyrite, 4 chloite-carbonate ateration, S sricit-carbonate aleration, 6
8: epid

calcite  abite alteration, 9 potassium feldspar-albite alteraion, 10
oniic sercte-albie alteation.
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Figure 38,

37:3)THO; b) MgO; 0; ALO, 8 Na0 ¢) Ca0; and D K.O.
152



TR
‘E Alkali Rhyolite 3
E Phonolite
[ royoemacie ]
-3
E .
&
g ]
o
PS
-
o 7 \ o
Nb/Y

Figure 39 Plos X vs. Y (Winchester and Floyd, 1977; Pearce, 1996) or silicic and
mafic volcani rocks and deformed granitc intrusive roeks of th Aillk Group.
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(1989);
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Figure 3.14: Tu/Yb vs. TW/Yb diagram from Pearce (1952), Nomal (N) mid-occan-ridge
i (MORB
values are afer Sun and McDonovgh (1989). The arow depicts crustal
contaminaion (CC). Legend s a in Figure 3.7,
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Figure 3.15: Ta-H-Th tectonomagmatic discrimination diagram after Wood (19580) for

Fieldsare for IAT

normal; CAB -calc-alkaline basalt. Legend for sampls asin Figure 3.12. Arow
showstrend o 0
with N-MORB compositions.
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Figure 3.16: CIPW normative mincralogy fo graitic samples from the Aillk domain
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Figure 3.18:

cHUR 1981), DM~
. 1984) A trend line
(CC) of mafic magmas derived from DM is shown.
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o o
for a) Nd vs. “NA/Nd (b) Nb vs. Y for Group A basaltsand Group B basas and
320.AFC

Helvaci (2009). The proportons ofthe fesic crust endmember in the mixtures are
shown by ick marks along the mode curves
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Chapter 4

Summary and Conclusions

40 INTRODUCTION

ed in Chapter 1,
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are“stand alone” papers,they complement one another inther conclusions and

hapter 2

and 3 are presented in tissection.
421" Chapter 2 - Geology and in situzircon U-Pb and Lu-Hf isotope systematies

" " Makkovik

Province, Labrador ‘

HFLANC- This paper

Furthermore,

Makkovik Province,discussedin Chaptr 3

Middle Head

Sandstone, fesic Wi, hyolie and basalt. Pomiadluk Point is composed primarily of

amphiboliteociesand disceet arcas are retrograded o greenschist fucis. U-Ph

Magmai

range from ca. 1854- When

Volcanis

31 millon years.
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foratleast 115 m.y.

422 Chapter isotopi ik

of the Aillik domain, Makkovik Province

Atk
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o definea tectonic model.
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d mafc
potassic
aleration

Therefore, s paper

supracrustal rocks and foliated granitc inrusions.

profles and are strongly ractonated with marked negatve Nb, Ti and Eu anomalics.
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Appendix A

Al GEOCHRONOLOGY
Samples, 40-50 kg in weight, were collcted and cleaned of their westhered

Wwhere possible. Rocks were crushed and zircon sepaated by raditional Wifly tble and

‘ optically for mounting.

‘ Compston, 1989 0 s . with

with TP age

6 m,and | "

wilzng a Zeis Evo 50 scanning eectron microscrope
Mount surfaces were evaporatvely coaed with 10 nm of high purity Au

07 primary bes 0

K. ysis was 15 m

34600




deadtime of 27 s.

2 software. The I xtema errors of ™*Pb/**U ratios reported n the data table:

incorporate a £ 1.3% or 1.8% eror i calibrating the standard zircon. The change incrror

ired at the

surfce blank (Sern, 1997). Isoplot v. 3.00 (Ludwig, 2003) was used o generate

diagrams and the weighted mean errors are reported t 2.

sample analyses o verify the accuracy o the *"Pb>*Pb calibration. The weighted mean

ppy The

accepied *"Pb/™*Ph age of the 1242 standard is 2679.5 0.5 Ma. Thercfore the weighted

means of the *"Pb™*Pb age of unknown zircon were corrected and th eror propagate.

Scanning Electron Microscope at Memorial Uriversiy

A2 HFISOTOPE GEOCHEMISTRY

P S .

sensites of "H varied between 1.5 and 2.9 V over

Taser ablation. Th typicl signal

3550 inegration eyeles, depending on duration. The "™HY/ " HE, "*Lu/1 Temass and

78

b1 76mass daa were corrcted fo gas blank and normalised o "HE i

Az




(Pathe

i Tatsumoto, 1981), using an exponentialcorrction for mass bia (Slama et
a1, 2008), The signal measured for the 176mass is a combination of "*Lu, "™Yb, "“HE.

"y, band L

T e

ey —

VPHOTHEIS 0282481 +0.000013 2o).

M, = HO ) + (LTHO, (@~ 1)

Where s the lapsed time and & is the "“Lu decay consiant

were used: Age of the Eath = 456 Ga; "*Lu/ M- 0.0388; "*H HE = 028325;

(Grifin c k., 2000; updated by Andersen et al, 2009).

Mante extraction ages were calculated afier: cH ™ = 0.1 + T~ 4 * T+ 16, applied

" i Wasserberg, 1976)

il eHfun = 16 (Mean value of the MORS fild; Nowell et al. 1998); cHfs

1. 1999); OHO'HE =

1992; Vervoort e

0282785 and "L 009

L, = 0.022 and ("™Lo/HI, = 0.0 respecively (Pieranik et . 2008)

A3 MAJOR AND TRACE ELEMENT GEOCHEMISTRY
R ;




Head and 18 from Pomiadiuk Poit (some of which are presented in Appendix C.1). Care

' lesof

sandstones, 2 sampls of calesilcate rock, 4 samples of granit, | sample of granitic

pegmattc and i i

basal, 9 samples of felic pyroclastc ocks and thyolit, 2 samples of granitc, | sample

eochemisty.

‘Samples weighing 3-5 kg were taken from the host rock,cleaned of thir weathered

The
samples were processed at Memorial University where fresh small fragments were
30 grams ofsaid
T
conamination
o Ba, Be, €4, Ce, o, Cr,
Cu, Dy, Fe, L, Li, Ma, Mo, Nb, N, P, P, Rb, Sc, 51, T were analyzed by

001), Fi n




andplaced ins

°C. After 90

and S0 mLof S0

ransfered 0 100 mL volumetri flass. ) Trace element anayses: | g of material is
weighed ino a 125 mL Teflon beaker. Five mL of concenrated hydrochloric acid, 15 mL

mLof1:l The

100°C. When

PES

after Licthe et al. 1987),

spectrometry (ICP-MS) at Memorial University 10 analyze Y, Zr, Nb, Ba, La, Ce, P Nd,

Sm, Eu, Gd 157, Gd 160, Tb, Dy, Ho, Er, Tm, ¥b, Lu, HE, Ta, Th These samples were

3)analysis by €}

o correct for matr and drft effects. Duplicate data was cllected for B, Ce, Dy, Ls,

Nband Y. ce.Dy for



run. Several inter-clement inerfrences ar present i ICP-MS analyss. Th instrument

10 be adequately corected.

A4 NDISOTOPE GEOCHEMISTRY

Paint. University in

Between 100 nd 200 mg

L Resin

1976],
Hel, NS,

5% (20) Ratios of 'S/ Nd and "N&/“Nd were

with precision estimated



) with

The analytical

results are presented in Table 3.2.

picograms; Samples

g

precise 0+ 19, but ""Sm/"“N raos are reproducible 10 0.5%. Sampls ae loaded

1700-1300

e HONGMNG = 0.72190. Analyses of the

USGS standard BCR-1 yield Nd = 29.02 ppm, Sm = 668 ppm, and "“Na“Nd =
0.512668 % 20 (n=4). The international L Jola standard produced: TRITON

1ONGUNG = 0.511847 %7, 0= 26, Ineral b standard = 0.511818 % 8, 0 =28 and

0511819+ 10094,

AS  FCAFCFCA

d Mixing Modeler

AFC-FCA and Mixing.

. foracid,
i of
d fraction K
v wellas Hrto
U and Nd to NN,
in Chapter
n 3.




hase (Kd) for each fractionting mineral re presented n below. To model AFC the

2000)

assimilated with felsic T sample 08CLAS3A-02. To model AFC in Chapter 3 we
requirean r value of 0.8 and an °F" value of 2%.
Olvine _ Cinopyraxene _ plagiocise
02630 0051
v 04380 00300 Foleyetal. 199
00100 Ralinson, 199:

9
N o000 o730 01400 Mackensle and O-Nions, 1991
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