GEQCHEMICAL AND I1SOTOPIC EVOLUTION OF THE
MAGGO GNEISS COMPONENT FROM THE HOPEDALE
BLOCK, LABRADOR: EVIDENCE FOR LATE-MIDDLE

ARCHAEAN CRUSTAL REWORKING

CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’s Permission)

GREGORY CLEMENT FINN, B.Sc., M.Sc.







" Biblioth

l*. National Library e nationala
of Canada - . _duCan

Canadian Theses Service . Service des théses canadienhes - e )
Onawa, Canada . ~ ]

K1A ON4 _

o
¥4
NOTICE ‘ —_ AVIS S

. Theguality of this mscro!orm is heavaly dependent upon the
guamy of the original thesis submitted for microfilming.
very eftort has been madeto ensurethe highest quality of
reproduction possible.
If pages are missing, contact the university which granted
the degree.

Soma pages may have indistinct print especially if the
original pages were typed with a poor typewriter ribbon or
if the university sent us an inferior photocopy.

vermed

Reproductionin fultorin part of this microform is
-30, and

by the Canadian Copyright Act, R.S.C. 1970; c.
subsequent amendments.

NL-339 (1.88/04) C

La quamé de cette microforme dépend grandement de la
qualité de 1a thése soumise au microfitmage. Nous avons
tout fait pour ascurer yne qualité supérieure de reproduc-
tion. ’ _ .

‘S'il manque des pages, veuillez communiquer avec
université qui a conféré le grade.

La qualité d'impression de cerlaines pages peut laisser a

désirer, surtout si les pages originales ont été dactylogra-

" phiées A I'aide d'un ruban usé ou si Tuniversité nous a fait

parvenir une photocopie de qualité inférieure. .
La reproduction, méme partielle, de cette microforme est
soumise a la Loi canadienne sur le droit d'auteur, SRC
1970, ¢. C-30, et ses amendements subséquenits.

i

Canada




' » - ’ B ’ . .
GEOCHEMCAL AND 1SOTOPIC EVOLUTION OF . C

THE MAGGO GNE I SS COMPONENT FROM <y
.7 THE HOPEDALE BLOCK, LABRADOR: EVIDENCE FOR

LATE - MIDDLE ARCHAEAN CRUSTAL REWOR—l;_( | NG

,“

BY

/

" T© GREGORY CLEMENT FINN, B.Sc., M.Sc.

Y . v
. .

A thesis submitted to the Schooil of Graduate -

Studies In partial fulflliment of the

reaquirements for the degree_ of :

Doctor cf Philosophy

Departmeht of Earth Sclences (Geology)
Memorial Universlty of Newfound!and -

——— June 1988

St. John's Newfoundland

>

3 . ﬁ‘;




Pernission has .been granted
to the National Library of
- Canada to wmicrofilm this
thesis and._ to lend or sell

copies of the film.
- ,

The author (copyright owner)

has ¢ reserved other-

"~ publication rights,
neither the thesis

and
nor

extensive extracts from 1t
may be printed or otherwise
reproduced without his/her

written permission.

*

N

L'autorisation a &té accordée

A 1la Bibliothédque nationale
du Canada de microfilmer
cette thése et de prdter ou
de vendre des exemplaires du
film. ' ' ‘

[=] v N
L'ayteur (titulaire Au droit
d'auteur ) se réserVe 1les
autres droits de publicatjion;
ni la ¢thése ni de 1longs
extraits de celle-ci ne:
doivent &tre imprimés ou
autrement reproduits sans son
autorisation écrite.

IEBN 0-315%-50463-3




ABSTRACT

<

-

‘The Hopedale Block, an informal name for the sduthern
.pertion of the Nain | §truct3¥nl Province, Labrador,
‘preserves evidence of a pr&tracted Archasan to ;roterozolc
develoﬁmentat history. Thts study eﬂamlnes the -Archaean
development of a segment of the Hopedale Block, centrédhit-

Hopedale village, as recorded In the Maggoe gnheiss, a

‘typlcal grey  ghelss ) of tonaltltic to trgndhjemltlc
composlition, FolLowl;g fleid mappfng- and  petrographic
examination of all iltho]ogles'-wlthln the study area,
ma jor, trace _and rare earth eteﬁent (;EE) llthogeochem!cal

analyses and Rb-Sr I€otopic degermlnatlons were compieted
\ . 2

1

on the Maggo gneiss.
The geochronological development of the Maggo gnelss,
based' on the Rb-Sr isotopic studles of twelve syites,

ldentifled 2three  distinct Archaean tectonothermal! events.

Isotopic evidence of the'oldest eygnt.'the Pre-~-Hopedal lan,
dated at 3305 +/- 75 Mﬁ (1 slghi) |s preserved at one
locallty, however Structural ev]dehce of this §veht can be
rgcognlzed throughout the stusy area. lncluslbns of supra-
crhstal materlal' SWeekgs assoclat]on) and anorthoslite

within Maggo gneiss, - preserveA evidence of two per lods Of

deformation . prlor\to the Pre-Hopedalian event. The dominant

e

component of the 'Maégo gneiss Is _preserCEa*~wlth)n,the

Hopedatlan domaln. Four sample sultes yleldlng:gages'of

3,140 f/— 95 Ma to 3,025 +/- 165 Ma date this event. The

. / ' ||
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. I Lt
Hopedgllah évent gﬁi;uced a - moderate to steeply dipping,

NW-SE' planar fabric within the gneiss. The Hopedale dykes,

which predate the Hopedalian event were rotated. Into-

~concordance wi!th the Hopedalian fabric at this time.

.The Flordian, a series of events, whlchmharks the last
majsiﬁ Archaean peflod of tectonlsm to affe;t the’ﬂopedale
Block lithologies "occurred between 2,927, +/- 50 Ma and
2,832 +/-~ 2857Ma.‘The Flordl;n ks divided into an earily and
late perliod characterlzed by reworking of preexlisting
6rustal materiaili separated _by ‘a period during which the
Kaﬁ lriktok .intrusive sulte was emplaced. In response to
the Fiordian reworking the Maggo' énelss exhiblts the
following character istics: . g

1) rebrlentaflonr of earller fabrics Into ; NE-SW

"direction, . _ ‘ .

2) iow to middie amphlbol}te facles meéamorphlsm which

retrogressés Hopedallan m ddle to upber amphibollite

facies assemblages,

]

3) large lon {ithophl!le element (LILE; Rb, Ba, K):

' .depletion, nigh fleld strength (HFS) element (T1, zr,
P, Y and V) enrichment and no change in elther Sr or

REE contents,

~

4) resetting of the Rb-Sr Isotoplec systematics of the

L4
gneiss’ in response to Rb depletlion.
Geochemica! reworking associated .with  the Flordian event
occurs Independently of structural rework L.ng.

L J
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v
The appiication of .the concept of areals and areal -

isochrons 43S applled to the Hopedallan and Fidrdian sultes

ylelds ages of: 3,366 +/- 212 Ma and- 2,930 +/- 82 Ma,

respectiveiy. These' ages date  the ¢timing for a common
. . -1

perliod of Sr homogenlzation for each group of suites at a

specific polnt In their past.
_ . . “
Petrogenetic modelling, using LILE, REE and HFS element

and a varlety of possible lithologic compositions has been
carried out to deter?lng the source to the Maggo>gne|ss

precursor. An lntermedléte composition parent, metamor-

~ 4

phosed to granullte and/or amphlibolite facies, on 2£%

melting wl]l ylelg REE HFS element abundsnces In

agreémen£ with those obéerved for -the Maggo gneiss..The

source composlt]ons «modelled all requlire trace .amdunts
¢

(< 0.5%) of minor, residual, phases, é.g.»apatlte. titanlte

and‘ zlrcoa. which control single elements, e.g: P, Tl‘and

2Zr respectively, and REE #Abundances In the résultlng meilts.

The major and trace eLément composltion of the parent used

ls comparable to pubfished resuits for Early Archaean crust

as representedd by the Amitsoq gnelss of. sSouthern West

Greenland; ' ‘.
These results extend the history of the Hopedale Block
beyond that présently recognized. A prc:nséd correlation

between the recorded: dévelopment for ' vither areas of the

North Atlantic braton (NAC) and the Hopedale Block Is

p EN
s prefented. . «
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Chapter 1

I NTRODUCT I ON

High Grade Gnelss Terralns:

Archaean hlgp grade gnelss terrains are presentiy
exposeJ on all continents, comprls‘\ng the cords of stable
cratons. The most extensively studied areas are West
Greenland - (McGregor, 1973; O'Nions and _Pankhurst, 18574;

" Griffin et aj., 1980), South Africa (Anhaeusser et al.,

1969 ; Davies and Allsop, 1976; Condie and Hunter, 1976;

Hunter et al., 1978) and Australla (Wilson, 1968; Gllickson,

- .

1872; Gray, 1877; Rutland, 1881).

«

Two contrasting schools of thought have evolved In

Interpretlnb the orligin of Archaean high grade gnelss
-

terrains (Glickson, 1979). The first, or North Atlantlic
school, suggests that the early slalic crust predated

deve l opment of greenstone belts (Windley, 19873). The
¥

.

Barberton - Plibara school é.uggests that greenstone beits
represent preserved primary crustal material into which
e

granitic and gneissic terrains were later emplaced

(Anhaeusser et al., 1969; Glickson, 1372)'.

06001
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The fundamental dlfference between ine‘two schools Is

| ' .
whether the Earth’'s primeval crust was “basaltic* or

“granitic” in coéposltlon. This quesfion Is related to the
pre-Archaean hilstory of the Earth.. about which Iittle
direct Information exists.

A éommon feafuré of all hfgh grade'gnelss terrains Is

[3

the predominance’ of granltic (seasu lato; s.l.) liIthblogles

accountlﬁb for > 70% of these areas tn combingtlon wlth‘;g

varylﬁg proportions of supracrustai. units and layered

igneous complexes (Bridgwater et al., 1973;' Condle and
Hunter, 1976). The targe volumes of ‘granitic material

observed In hlgﬁ grade gneliss terrains raises an age old
problqm\\ln geofbgy - The Orligin of Granitic Magmas, which
has been debated for the pastﬂzoo years. Knowledgé of where
and how 1 Arge leumes of gr;nltlc magma originate, in the
Archaean, Is eésentlal‘ in Interpreting. the growth and
develqpment of the Earth’'s early continental crust,

Recent woykerﬁ/:ﬁntefpret granitic (s.!.) magmas to be

< ‘
derived by 1) parttal melting (Wyllle, 1977; Huang and

Wyllie, 1981), 2) closed system crystal-ilquid
fractionation (Leeman > and Dgsch, '1978), 3) coup l ed
fractionation-meiting (Hildreth, 1981), or 4) liquid

Immtscibility (Gellinas et al., 1876; Roedder, 19Y8). Closed
system crystai-tiquld fractionation and liquid

.Immisclibliity processes produce relatively minor amounts of

granitic magma, e;g. approximately 10% granitic magma by

crjétal-llqﬁld fractionation (brout, 1926). Whether these

S
.

iy
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»

' «

: processes . played a major role In the growth of the
Aqgtlnental crust In the Archaean remalns unknown. Partial

melting, wlith or without excess H20 present, of a varlety

of parental compositions, may generate sufficlent amounts '
A

of granitic “liqulds (Wyliie, 1977) to account for thelr
. large volume recorded throughout geologic time.
1.2 ReworkIng . -
-~ ‘ " Archaean continental crust may have been derived by
direct melting of basaltic (s.l.g materlal or by reworking
‘ - of preexisting crustal materlal (Coltlerson et al., 1981).
¥ N —_

Both mechanlsms Involve .partla! to compleste meiting and

‘require different parent compositions to yleld the same

3 daughter product. The flrst, Introduces new material Into
the - crust, resultings In an overall Increase In crustal
volume. The second mechanism, while not signiflcantly

enlarging the volume of crust, plays an important role In
+ the development of the ;rust. '

. Reworklilng of crustal material may brovlde an effective
means of contributing «to’ the growth and development of
siallc crust (Colierson et al., 1981). To accouné for the

_ievolutlon of the Precambrlan crust In Greenland, Moorb#th

f/\l L(1975) def | ned reworklng of preexlsting Qlallc crustya:i

"a process of. partiail to complete melting leadlng to
moblillzation and reconstitutlion, as an essentlaliy new

rock, and ho; In the frequentliy sed but Incorrect

sense of Isochemical recrystailllzatton and/or

-deformation. ™ . : T

‘|

o "
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vy
in describing the origin of high grade.gneiss terrains

Wwatson (1973), defined reworklng as:
[}

“reconstlitution of oldarw crystailine rocks ... by
. . -
deformation tn° association with metamorph | sm and, on
occaslon, wlth partlal méltlng of preexisting material

and Introduction of)granltlc matgrlal.“

These (workers are restrictlive ‘n their thinking as ‘to
why reworkling, In any sense, occurs, as numerous factors
e.g. lithologlic composition, prevalling metamorphlg grade
fluld composition and abundance etc., are Interrelated with

the reworking process.

Reworking as deflned In this study Is considered to be

""the . large scale processes which reflecg the ¢
Interaction of metamorphl&nf deformatlo; and
melting as they affect preexisting contlnentgl
crust®, '

The Interrelated processes, Individually, or In var ious

4

combinatioms, may be significant In generating, altering or
recycting siaiic cru§t. The extent to which reworkling can
be efchtlve in generating large volumes of new crustal
matertal Is unknown,. If recycling of breexlstlng crustal
material (s responsible for crustal growth, the cruclal
question becomes, at which polnt In time was‘the original
materlél formed, l.e. when and how did the preexisting
crust originate?

4 . . .
The Archaean terrain at Hopedale (Figure . 1), coastal

Labrador, provides &n \ exceptional " opportunity to examlne




E

Filgure 1.1: Map showling the location of Hopedaie, Labrador
wWith respect to Goose Bay. Other coastal

communities Mehtloned In Sectlion 1.3 are shown.

14
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the metamorphic,. structural and geochemica! affects of
‘
reworking In the generation of continental crustat
material.

1.3 Previous Work

Early work in Labrador was restricted to an examinaticn
of the geology exposed along iIts extremely Indented coast.
Intand reglons rematned Inaccesslblq and Junexamined unt! |

the late 1960 "'s. Lieber (1880) described the rocks

extendling \from Domino (south of Groswater Bay) to Davis

Intet as coarse quartzose gnelisses, which he termed Domlina

gneilss. (The location of geographic locatities mentioned in
the text 'pan ‘be found’ In Figure 1.1.) The unit was
subdivided by Packard (1891) Into Domino and Hopedale
gneiss, the boundary being Kdnalrlitok Bay, southleast of

Hopedate. The terms Domino and Hopedale gnelss endured in

]
the llterature for three quarters of a century (Coleman,

1921; Christie et al., 1353; Doug'as, 1953, Kranck, 1953).

-~ During the 1887, 1969 and 1971 fleld seasons, Taylor

(1969, 1970, 1872a, 1979) carrlgd out the first reqlional

mapping of the geoiogy of Labrador and northeastern Quebec

north  of latitude 55° N. The recognition of ear ly

yve

Archaean gnelsses frem Saglek (3622 Ma, Hurst et al.,

1975), Hebron (3618 Ma, Barton, 1975) and Lost Channel

(3460 ﬁa, Hurst, 1973) led to an Increase in activity

centred on Saglek Bay, northern Labrador. The area examined
‘s

was restricted to coagtaT(hnd Island exposures with | imitea

tnformation from Inland outcrops .(Br idgwater et al., 1975, -
' L

L

-




v 00008

Ryan, 1977; Kerr, 1980). Bridgwater and Collerson (1976)
' " and Collerson and Bridgwater (1979) have Interpreted the
i granitic. (s.!.) gnelsses éf the Saglek area as representing
reactivated polycrystalliine basement rocks emplaced prlor
to .3622 Ma. This age represents the time of |sotopic
homogenl|zation 6f ‘¥ﬂe Ulvak gneiss (Collerson> and’
Bridgwater, j979) based on  the Rb-Sr geochronometer. The

northern Nain Province is now recognlized to contalin an

N

:- early Archaean gnelss complex which has survived subsequent
Isotoplc resetting. )
In contrast to the northern Nain Provihce, the southern
Nain Province or Hopedale Biock has rccelvcd little
attention following Taylor's (1972a) work. Mineral
exploration surv;ys by Brinex (1964, 1970) mappedfportlons
of the Ugjuktok Bay and Florence Lake areas. (Fo} Iocatfons,
_\\\ ' within the Hopedale Block see Figure 2.2.)
. Collerson et al. (1974) mapped the Flowers Bay and Hunt
River areas;l Ryan (1974) and 'Jesseau (1976) provide the

/ .
"only detalled studies of Hopedaie Block geology unti| the

work of Ermanovics and -Raudsepp (1979). Subsequently
Ermanovics (1980), Ermanovics And Korstgard (1981) and
Ermanovics et al. (1982) have completed 1:50,000 scale
mapping of the Hopedale Block. Ryan and Kay (1982) mapped
vthe southeast "margin of the Hopedale Block where It Is In
contact with the“ Mgkkovlk Subprovince. Hill 7(198i) has

mapped the |Intrusive contact between the Nain - lgneous

Complex and the Hopedale Block.
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Following from the work of Ermanovics and ﬁaudsepp
(1979), Ermanovics (1980), Ermanovics and Korstgard (1981)
and Ermanovics et al. (1982), Korstgard and Ermanovics
(1984; _1985) have proposed a model, based on structural and
metamorphic evidence to explain the development of the
Hopedale Block . This model, outliined In Chapter 2, forms
the starting point for the geochemical and geochronologlical

1‘ .
I work carried out in this study. Preiiminary Rb-Sr (Mar zano,

1981; Grant et al., 1983) and U-Pb (Lover idge et al., 1987)
o age determinations Qaﬁe been compieted for Hopedale Block

a

3 ilthologles In support of the Korstgard and Ermanovics

(1984; 1985) model .,

1.4 Overview of the Geoliogy of the Hopedafe Block '

In the Hopedale Block evidence exists for two per{ods‘
of reworking. An older, Early to Early Middie Archaean
event (Time cldssification divisions wlithin the Archaean
are after Stockwell (1982)), derlved the grey gneiss
precursors by reworking of preexlsﬁlng alallg crust. Once
stabllized the Horedale Bilock crust underwent a second
reworking In the Late Middle Archaean. The structurai
aspects of this later reworking have been studied by
Korstgard and Ermanovics (1984; 1985).

The Hopedale Block grey 6nelss component, 1nformaﬂly
termed Maggo gneiss (Ermanovics and Raddse;D.. 1879),

accounts for 65 to 60% of all exposed lithologles. In the

area examined in this»study Maggo gnelss accounts for 85 to

S0% of all lithofogles. Supracrustal material, of varying
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ages, occurs as xenollths and tectonic Inclusloﬁs within

Maggo. . énelss. A sulite of dlabasic dykes, termed the

Hopedale dyKes (Ermanovics and Raudsepp, 1979), have been

i ) Intruded Into fhe Hopedale Block Ilithologles following
empiacement and deformation of the Maggo gnelss.
.

The Hopedale Block Is domirated by two structural
domains. An older domalin, the Hopedh[lan, displays a NW-SE
-trondlﬁg fabric, postdating Hopedale dyke emplacement.
After develop&ent of the oider fabrl;, In Early Middle
Archaean time, Hopedal ian domain Ilfhologles were reworked
Iin the Late Middle Archaean. This event,—the Flofdlan, I's

Characterized by NE-SW trending planar fabrics.

1.5 Scope and Aims of This lnvestigation

Using the Korstgard and Ermanovics (1984; 1985) model
as a base, this study aims to examine ‘the geochemical and

geochronbloglcal aspects of reworklng of the Maggo gnelss

In response to the Flordian event. Using whole rock major,
trace and rare earth element I 1thogeochemistry and RQ—Sr
geochronology, the foliowing aspects of ‘the growth and
development 6f the Hopedale Block have been determlned

1) the age of the Hopedallan and Flordlan events.

2) the affects of the Flordian reworkling on the major,

trace and rare earth element distributions.

v 3) the evolution of the Rb-Sr Isotopl¢c systematics of

Hopedale Bilock Maggo gneiss. ot \ .

4) the nature of the Maggo gneiss precursor and the

means by which the precursor was derived from Its

parent.
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5) the affects of the Flordian reworking on the

chemistry of the Hopedale dykes.

These results provide lnformagion on the geochemical
changes assoclated with Fiordtan reworking and the
Importance of reworking of preexisting siatic crust iIn fhe
growtﬁf development.‘.evolutlon‘ and stabfllzatlon of the
Earth’'s contlnental cruét. |

Fleld and petrographicegelationshlps for Hopedale Block
llthologles in the study area are presented and provide the
first detalled examination of all lithologic units In'tgls
portion of the Hopedale Block. This framework Is essential
before undertaking geochemical studles deallng with the
affects oé reworking..

A comparison of ilthologic units and geqehronologlcni
events In the development of the Hopedale Block w(lh the

features preserved In West Greenland Is presented. This

comparison emphaslizes both simllaritlies and dl fferences iIn

the development of contlinental crust from the two areas.

1.6 Locatlion end Access _ : .
The siudy area’ Is centred on the vlllagerof Hopedal e,
located 230 km due north of Goose Bay{ Labrador (Figure
i.1). The village of Hopedale may be reached by charte,
and/or regularly scheduled fixed wing alrcraft service fr
Goose Bay. Hopedale |Is a'port of call for seasonal Marine
Atlantic (formeriy CN Marine) coastal ant eervlce along
the north 'Labrado; coast. This latter means of

transportation provides an economical and occasionally
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efficlent means of deploying fleld crews out of Goose Bay.

The study area |Is characterized by extensive outcrop,

iIn most cases up to 95% exposure I; common along the

z matniand shore and offshore Islands. An extenslive shorel | ne

zoneg, u to 15 m wide,

of lce scoured outcrop provides

7 . -
excel lent exposure throughout the study area.

4




Chapter 2

REGIONAL GEOLOGY AND STRUCTURAL SETTING

2.1 Introduction

Thl.s chapter Includes the background Information
necessary for the geochemlical and geochronologlical. analysis
which 1Is the malin part of this . study. It Incorporates the
following aspects:”

1) the reglonal geologlic setting of the Hopedale Biock,

and the relationships of the study area to the Hopedaie

Block as a whole;

2) the tectonic model of Korstgard and Ermanlecs

(1984; 1985) for the development and evolution of the

Hopedale Block. This model! formed the basis ’for the

collection of geochemical and geochronological sampies .

used In this study;

3) structural data, collected by the author within the

study area, that document the two Archaean domains

recognlized: reglionally by Korstgard and Ermanovics

(1984; 1985).

DGOYS
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2.2 Reglonalxtieolog_x

The Naln Strugtural Province, deflined by Taylor (1970),

[ forms a thin wedge of Archaean gnelzsps and migmatites
along the <coast of Labrador (Filgure 2.1). The province

extends for = > 500 km from .Kdnalrlktok Bay in the south, to

beyond Trout Trap Fiord l.n the north, reaching a maxim.m

width of 100 km Inland from Hopedale. The Nain Province Is.

J/ ..

) natural ly divided into northern and southern parts,
separafed by the Naln Igneous Complex, which Is composed of
middle Proterozolce gabbroid to granttold intruslions with
Intervening screens of 'Archaean gneliss that demonstrate

lithologic continuity of Nain Province rocks through this

central zone (Hill, 1981).

The presence of Early Archaean gneléses‘(>3.400 Ma) In
the northérn Naln Province between Saglek and Hebron Fiords
was established by Bridgwater et al. (1975), Hurst et al.
(1975) and Bartgn (1975). These old gnelsses have been the
subjJect of a number of studlies (Bridgwater and Col lerson,
1976;" Collerson and Bridgwater, 1979; Collerson et al.,

1881; Collerson et al., 1984) In which correlations between

the Nain P‘r!ovlnce . of Labrador, the Archaear; terrains. of

~Southern Greenland and northwest Séotland were estab | Ished

and elaborated. Together these térrains form the North
- Atlantlic Craton (NAC; Bridgwater et al., 1973).

In contrast to the northern Nalin Province, the southern

Nain Province, informally known as the Hopedale B"Iock. has

been the subject of few detalled studies. The Hopedale
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. Flgure 2.1: Location of the Hopedale Block, .of the Naln
Structural Province (ruled pattern), wlth respect
to other structural provinces of Labrador. ’
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Block has a trapezoidal shape and an area of approximsteiy
12,000 kmZ2. Its northern and western ;oundarles are
Intrusive “contacts with middle ?roterozolcnplutons of the
Nain,6 Igneous Complex (NIC: HIll, 1981; see Flgure 2.2) and
thk  Harp Lake  anorthosite  complex (Emsll;. 1980),
.respectlvely. The northWest boundary of the Hopedale Block
Is 'with gneisses of the Churchlll Province, the boundary
belqg placed where the local NE structural trend In the
Naln Province Is re-oriented Into t;e north-south Hudsonlan
trend and accompan lged by lower greenschist facles
metamorphism (Ermanovics and Korstgarq. 1981) . The
‘Kanairiktok shear (Ermanovlcs-et al., 1882), a zone of Late
Apheblan (1,847 +/- 50 M;; Grant et al., 1§83) reworklné of
'Archaean‘ and Proterozoic llthologles marks the boundayy"
bé?wé}n the Hopedale Block and the Makkovik Subprovince. In
the south, Archgéan gnelssgs of the Hopedale Block have
been overprinted by Grenvililan fabrics (Gower et-al.,
’1980). 9
The spatial dlstrlbutfan of the |Ilthologles and the
relative chronolSQY. of the Hopedale Block were deflned by
Ermanovics® and Raudsepp (1879), Ermanovics (1980),
Ermanpvics aﬁd Korstgard (1981), Ermanovics et al. (1982)
andﬁ Korstgard and Ermanovics (1885). The chronology
progosed " by Ermanovics et &rT. (1982)'&'bear3- many
similarities, at least superficially, with other reglons>of

the NAC. The chronologica! development of the Hopedale

Block proposed by’ Ermanovics et al. (1982) and Korstgard




Figure 2.2: Geology of the Hopedale Block, Labrador (From
Ermanovics et al., 1982). Place names mentioned In
the text are shown (NI'C - Naln Igneous Complex).

The study area Ils centred on the vfllage of

hy
.

y Hopedale.
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,and Ermanovics (1885), Is summarized below and presented In
Table 2.1. ' - #\'_
Supracrustal rocks of thekhunt River Belt were Inferred-
to represent the oldest int wl?hln the Hopedale Block by
Korstgard and Ermanovics (1985). Lithotlogles wlfhln the
Hunt River Belt, |Including amphibolites, meta-ultramafic
rocks, metadiabase dykes and minor metasedlments: are.ln
fault céntact with the enclosing gneisses (Jesseau, 1376)
(see..~ Table 2.1 and Flgure 2.2). Inferred correlatives of‘
o P

the Hunt River Belt, Informaliy referred to as the Weekes

Amphibolite by Ermanovics et ail. (1982), are found

t

elsevere In fhe Hopedale Block, although cgrrelatlon

bet 'en the two units Is tenuous. In this study ppsslble

-correlatives of the Hunt River Group are referred'to by the

non-generic term ‘Weekes assqclation’, which slescribes

sdpracrustal - fragments of varlous- lithologle tyaes withln

the Maggo gnelss (seé below). Gabbrolc-anorthositic rocks

also occur as inclusions and xenolliths within the Maggo

gnélss.. Age relationshipg between thls latter groﬁp of
/7~\—‘\\<|thologles and the supracrustal rocks are unknown.

' The s;pracrustal and anorthositic Iltho|oglés are

‘surrounded by tonalitic to trbndhjemltlc ghelsses known as

the Maggo gnelss (Ermanovics et al., 1982), which form the

p;edomlnant _Jlthology withln the reglon.-Maggo gnelsg shows

evidemce of a protracted history of deformatlion and

metamorphism, but exact age relatlionships between the Maggo

gnelss and older Ilthologlez (Hunt Rlver Belt, Weekes
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ATab!e 2.1. Summary of Archaean and Early Proterozolc events
\ In the Hopedale Block and the adjoining-Makkov!k
Subprovince (modified from Ermanovics et al.,,
1982 and Korstgard and Ermanovics, 1985), as

establ ished before this study.

ARCHAEAN

1) (7) Dgposlt|on of basaltic supracrustal rocks, Weekes
assoclation (= Hunt River Belt?), and Intruslon
of gabbrolc-anorthositic rocks.

2) (?) Intruslion gf tonalite and porphyritic grancdlorite,
Maggo gnelss, fol lowed by Pre-Hopedal lan
deformation and metamorphism.

3) Intruslion of doleritic Hopedale dykes.

4) Hopedai lan deformation and metamorphdism at upper
amphibol lte facles.

5) Deposition of maflc to feisic metavolcanlc rocks,
Florence Lake Group.

6)/Intrusion of Kanaliriktok Sulte (ca. 2,830 Ma).

7) Flordlan deformation and metamorphism at lower
amphlbol lte facles. )

PROTEROZOIC - N

8) Intruslon of doleritic to dlabaslic dykes. Klkkertavg;
dykes (ca. 2,200 Ma).

9) Deposition of shallow-water, basinal sedlments and lava
flows of Moran Lake Group, subaerial lava flows
and conglomerates of ingrid Group.

10) Makkoviklan deformation and metamorphism at lower
amphibol lte facies. .

11) Intruslion of Island Harbour Bay Intrusive Sulte.
Early phases are syn-tectonic to Makkoviklan
deformation; the maln phase |Is post-tectonlic at
ca. 1,810 Ma, but followed by shearing In
Kanalriktok Bay.

12) Intrusion of dloritic sllis and dykes, Kokkovik dykes

(ca. 1,635 WMa).




: ‘ )
asvsociatinn anrd anorthositic rocks) were not W !
3 * .

estabi'shed by Ermanovics et al. (1982).

>

1 ’

Ermanovics et al. (1982) éonsldered that the Maggo
fineiss contalned evidence -cf _the earliest tectonothermai ~
event “that they recognized in thelstudy are;. which they
termed the Pre-Hopedal lan eveﬁt. Evidence for_thls'earty

event Is locally preserved at several localitles réar

Hopedale village. A suite of dlabase dykes (Hopedale.dykes;

Ermanovics et al., 1982) was subsequenrtly emplaced into the
gnelss-supracrustal complex. Discordant contacts betweer

‘Lhe dykes and the Pre-Hopedallian fabric within the gneijss

-

e preserveu in areas of low strain (Plate 5B). Postdating
o .
emplacément of the dyke swarm, Ermanovics et al. (1882) ang

Korstgard and Ermanovics . (1985) recognized a second

reg'orna!t tectonotherma! event, termed the Hopedal ian. which

N i

affected the entire Hopedale Block."

~

The Fiorence Lake Group, occurring In the southern
portion of the Hopedale Block and consisting. of

Intermedlate to felsic voicaniclastic rocks With

3

subordinate maftc lavas and minor | Imestones was consicered
- by Ermanovicsy et al. (1982) ‘to  postdate the Honedalian

event . ;ubiedténtly a third tectonothermat event known as
the Flordlan,v résulted In the reorientation of earlier
(l.a.- Pr;2;;pedallan and Hopedalian) fabrics into a NE -SW
direction. This strugtural event was assoclated wjth the
development of lower amphibollite facies mineral assemblages

Y

and shear zones displaying a sinistral sense of




] 00023
- : . N,

displacement (Ermanovics et al., - 1982). A pre- to
syn-tectonic Intrusive sulte, (Kanalriktok intrusives) was

emplaced In the crust during the Fiordlan event. Contacts

‘between the Kanalr Iktok Intrusives and the enclosing

ghelss-supracrustal terraln are obscure. Ermanovics et al.

’

(1982) reported that the margins of the plutons are
follated and thelr compositions are simlilar to the rocks

N

Into which they were empiaced. Dliabasic to gabbroic dykes

«

(Klkker tavak dykes, Harp Lake dykes and possibly Mesozolc

-

or - younger dykes) have subsequently been emplaced Into the
Hopedalé Block.

A fourth deformation and metamorphism, termed the
Makkovlklan; of Late Apheblan age (Korstgard and
Ermanovics, 1585) overprinted the southern portlion-of the
Hopedale Block in the Makkov i k Subprbvlnce (Ryan and Kay,
1982). It "ls characterlzed by the development of
transehfre;} shear zonds, (e.g. the Kanaliriktok Shear, Zone;
Ermanovics et al., 1982) ana retrogression of the Naln
Province Ilthologles.

As a result of‘\thé present study, the'chronology of
Ermanovics et al.. (1982) has been modifled and a revised
version I's shown In Table 3.1. The major changes (discu:aed
In more detall In Chapter 3) result from the lden:lficatlon

of at least 2 tectonothermal events which predated

emplacement of the Ma?go gneiss protolith. i : .

~




- 00024 *

2.3 Model for Deveilopment of the Hopedale Block

Korstgard and Ermanovics (1984; 1985) proposed a model,

' . based on the ‘regional distribution of planar and Ilneag
structdres, which atﬁempted to explain the Archaean and
.broterozolc structural development of the Hopedale Block.
‘Using all avallable structural information (field data for
planar and |inear élements and structural trends taken from
.aerlal photographs): Korstgard and Ermanovlcg (1984)\
deflined two distinct structural domalhs w]tﬁln the‘Hopedéle
Block. The dominant structural trend, oriented. NE-SW,
paraliellng the major bays and flords, was termgd the
Flordian trend and defines the Flordian Structural Domain
(EFmanovlcs and Korstgard, 1981; Korstgard and Ermanovlés,
1984). In the v}clnlty of Hopédale viitage Ermanovics and
S Korstgard -(1981) ;nd Korstgard and’iErmanovlcs (1984)
recoénlzed &Ider Nw trendlng structures, discordant to the

) " Flordian trénd, that defined what they termed the Hopedale
' trend characteristic of the Hopedalian Structural! Domain. >

Within the Hopedallan domain, NW-SE trendlng'planqr

‘structures' have steep SW dips and are accompanied by
shallow SE-pluAging lineations (Korstgard and Ermanovics, .
‘1984). Evidence for Pre-Hopedalian and older deformational . .
events Is preserved within the Hopedal lan domain in the
A supracrustal‘ rocks (Hunt River Belt and Weekes assoclatlon)’

and |In gabbrolic-anorthositic Incluslions within the Maggo

gnhelss. . T




: 04625

The Maggo gneiss and older l1thologles were irtrudea by
. < o 2

. . r,’tl;‘ﬁ“%'
a sulte of dlabasic dykes, the Hopedale dykes, prigr tg

& -

Hopedal ian deformation (Ermanovics et al., 1982). ' L

[

Py

in passing 'from §he Hopedalian to the Flcfdlan dgmaln,
NW-SE 'trendlng Hopedallan structures become ;eorlentedilnto
NNE -SSw, subvertical Flordian planar fabrics that are
accompanled hy the development of moderate NE plungling

Ilnear fabrics (Korstgard and Ermanovics, 1884). Locally,

Hopedalian structures are preserved in the Filordlan domain,

but generally regiona! NE pltunging Flordian linear elements

% . are weli deveiopes..
| Korstgard and Ermanovics (1984) proposed a simple shearv
mode! for the development 'of the Hopeda!lan and Flordian
structural domalns, based on the fo{lowlng observations:

1) wighin both domains all ilnear structural elements

are panallél and subhorizontal to gently plunging;

2) most blanar structural elements are paréﬂlel and

subvertical, wihere planar ‘structures have peen fbldeul

tinear structures are paratiel;

2) wnere new plan;} fabrlcsvhave developed, geometric

ratationships .Indicate simple shear strain;

4) S5E of Hopedale village, NW~SE planar structures are

T . i ,rotated Into a NNE-SSW orlentation Indicating sinistral

simpi:- shear during the Fiordian.

3

Korstgard and Ermanovics (1984; 1985) interpreted the

‘Flordlar domain to 'represent a portion of a major ducttie .

shear btelt having NNE Strlking. subvertical shear surfaces.




Movem:nt alrection within the shear belt was subhorizontal

wiih a sinistral shear sense (Korstgard and Ermanovics,
)
1984; 1985). On the basls of these observations, these

workers were able to suggest a possible or ilentation for the
paleostress system which gave rise to the sinistral sense
of shear observed In the Flordian domain (Flgure 2.3)

Similarly the ~Hopedallan domaln was Interpreted to

represent the remnants of a wide shear beit, with a Nw

striking shear surfaces along which subhor izontal movement
took place. Korstgard and Ermanovics (1984) assumed a

dextral sense of shear for the Hopedallan domain (Figure

2.3), resulting In an. orientation for the principal stress
system slmllar‘to that obtalned for the Fiordian.
The upper amphibol Ite facies mineral assemblages

develcped during the Hopedalian deformetion are preserved
. ¢ \ " -
within the Hopedallan domain (Korstgard and Ermanovics,

1985). Near the coast the assémblage hornbl ende + garnat

clinopyroxene (+/- bilotlte + " plaglociaze + quartz) Is
. /

breserved In Maggo gnelsf. Intand, near the Naln-Churchi |

bouncary, ‘hernb i ende "granulite facies assemblages

("ornblende + garnet + orthopyroxene or hornbliende + garnet

c! lnopyroxene (+/- bilotlte + plagloclase » quartz)) are

preserved In mafic l1thologlies (Korstgard ang Ermanovics,

1985) . The  higher grade assemblages were Interpreted by
: -

Frmanovics et ai.' (1982) and Korstgard and Ermanovics

(1985) to represent a deeper crustal Il=2vel of exposure.




Filgure 2.3: Orlentation of the principal stress axes in the

)

Hopedale Block durling the Hopedallan and Flordlan

deformational events . (after Korstdard and

Ermanovics, 1984). A NW-SE trending planar fabric,

produced during thg - Hopedallian event was
overpr Inted b‘y a NE-SW trending fabric during the
Flordian deformatlion. . The earller fabric Is

preserved In the vicinity of Hopedale.
RS
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TF tord !LI’\ deformation was L accompanl Qd by metamorph i sm
: )

under ' epldote amphib»oiite facles condlfl‘ons (Grant et al .,
A Y

1983) and r@suttedxln'the subassemblages hornble\nde +
: 5

biotite - and hornblende garnet In felsic and mafic
lithotogles, respectively (Korstgard And' Ermanovics, 1985).

These assemblages resulted from retrogression of the older,

. )

higher grade Hopedallan assemblages.

Preliminary Rb-Sr and U-Pb Isotoplc age determinat!cons

for: Hopedale B8lock l1thologles were reported by Korstgard
and Ermanovics (1584; 1985) which supported the chronotlogy

’ Irplied by" thelr tectonlc model., Litotogles dated Included
. Jra U

the Maggo gneiss within the Hopedalian and Flordian domalins

’ -]

and the pre- to syn-Fiordian,Kanairiktok Intrusive sulte.

The Maggd gneiss wlthin the Hopedallan domain yielded a

Rb-Sr whole rock isochron age of 3,011 Ma (the Uivak Point

suite  of 3rant et al., 1983), and.a minimum U-Pb zircon age .

\Q . .
of 3,105 Ma (Ermanovics, pers. comm., 1986). These ages
werte tnterpreted to date ' the timing of Fopedaiien
) cdeformation (Grant ‘et alf.. 1983). The pre- to syn-Fiordl!an:
- Kana!lriktok Intrusions have ylelded ﬁb-Sr ‘whole trock andg
) U-Pb  zircon ages of 2,832 Ma (Mar2ano, 1981; and 2,83C Ma
! (Err.aﬁovlcs et' al - 1982), respectively, a.nd_ were

Interpreted to date the upper Iimit of Flordian deformatton o

(Grant et al., 1983).

l
’

Grant =t al., (1983) pointed out a discrepancy betwee‘n

Al

th~ -reserved tectonic fabric and the Rb-Sr ages for Maggo

gnelss suitec from tne Hopedale Block. The Maggc Isiand
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sulte (Grant et al., 1983), which ylelded the youngest age

©

(2,704 Ma) for the Maggo gneiss, was collected from an area

La which there is a we!l developed Ho%edalian trend with no

‘ apparent evidence of Filordlan overprinting; ~whereas the

oldest '‘age of 3,226 Ma for the Hunt River: sulte was

-
g

obtalned from samples wfth a well developed Fiordlian trend

and no evidence of relict -Hopedallan structures.

\

- e
- Grant et al: (1983) Interpreted these preliminary
resuits as Indicating that the Maggo gnelss was derlved

from two crustal segments, each wlith sliightly different
k
mantlie extraction times. The two crustal segments were

Intewpreted to date the timing of the Hopedalian and
Flordian deformatlons J(Grant et al., 1983), but these

workers did not consider the role of reworking Iin the

generation of the Hopedale Block crust.

2.4 Structural Geology of the Hopedale Area

2.4.1 Introduct lon

o - The tectonlic model of Korstgard and Ermanovics . (1984,
1985) was wused as a starting point for the collection of

. . geochemical and geochronologlical sampies In thls study, In

which the affects of Flordian reworkig on the Maggo gneiss

are examined. In addltion, the detalled examlinatlion of
several critical localltles permitted a greater N

v i
understanding of the pre-Hopedallan hl%Fory of the area.

Evidence ' for at least slx perlods of deférmatlon

.

affecting the Weekes assoclation and younger {ithologles

has been recognized In the study area (Table 2.2). The

(




Tabl.e 2.2: Amended Structural‘Chronology of the Hop‘daé

Block o

EVENT ' SCHISTOSITY FOLD ING

4

C’ ARCHAEAN

Deposition of Weekes )
association

Folding of SQ
Dy

Folding of Sg/84
D2

Jlbre—Hopedailan
Dyt
Hopedalian (3,200 Ma)
Dns2-

Flordian (2,750 Ma)
On43 Sns+3 -

PROTEROZOIC

Kanalriktok Shear .
On+4 Sn+4

L INEATION
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\
\gelatlve timing of the youngest three of these events; i.e.

N

he Hopedal lan, Flordlan  -and  Makkoviklan  (early
Proterozofc) are known (Korstgard and Ermanov]cs, 1984 ;
1985). The relationship of the remalning three events,
which are recognized In Incliusions and xenol iths wlthin the
Maggo gneiss, to the younger events remains unknown. The
M*;kovlklan event, referred to as Dp,g4. Is associated
with large scalé, reglionat shear ‘zones develioped in the
Makkovik ,Subbrovlncé .to ‘the ‘south of the study area
(Korstgard and Ermanovics, 1985).

In Table 2.2 the break between events <;§ and Dp,q
represents the Ia;k of correlation befween the S; and
S2+ fabrics within the Weekes Qijgflatlon with the oldest
recognizable, Shey1 . fabric In the Maggo gneiss. If ‘N’ =
1, then the Pre-Hopedal lan event would have been
responsible for the refolding of earller fabrics observed
In the-Weekes assoclatlion. !

The structurai data for the study ;rea are shown |n
Filgure 2.4, from which It can be seen that the domlndnt
fabric is NW trending, corresponding to the Hopedallan
domalin, and Is overprinted by Flordlan fabrics, e.g. along

the east side of Pllitiaruslk Bay.

2.4.2 Pre- Pre-Hopedalian

At ‘least two (unnamed) tectonothermal events affected
the Weekes assoctatlion prilor to the Incorporation of this

unit wlthin the Maggo gneliss. The S; and S, fabrics are

observed_j In Incluslons of Weekes assoclation and




00033

Ly

Sl e —]

deer . |'
\ |

! i Haparalli
i |
i .

"_:= e ‘I!NM

Figure 24: Structural geology of o portion of the Hopedale
Block ot Hopedale, Labrador.

T

LEGEND

« Bedditg with dip, tops &~ Minor fold axis, with plunge
A * unkibwn

- Mineral fineation, with plunge

?;lgneoh‘s layering, with dip
[

R Structural trend, from air
¥ Gneissic banding, with d R
"“”\r‘ - ‘ vpr Gnelssic banding, with dip 9 diotographs
o g 7] u Hopedalian foliation, with dip
= P  Lineament, from air photo-\
g o Flordian follation, with dlp graphs |
A?:Shear plane, with dip 4 Faut

* Mylonite zone

Tetarupaiir
ot

fLate igndj

i [ | H Sim
Q% -
o
»
i
’ o
§

ayte r
stedf/
) 5530

o ¥ -/
4 A vited
:
V'is v a
ohE

Ledrador 5ev E lﬁ\’

At aat L LU

@
-

0 \ Diwu& Hsieads 0

20 ,
il
1




anorthosite within Maggo gneiss. The relatlonship bgtween
these two events and the oldest, Pre-Hopedalian, fabric
within Maggo gnelss remains unknown,

.The earllest recognizable fabric wthln the Weekes
assoclatlion s }nterpreted to be rellct primary layering
which was subsequently enhanced by ’ metamorphlc
differentlatlon. Evidence for thils early fabric exists on
Zachar ius (Plate 4B) and Manuel Islands (Plate 10D). At

Manue | Island, composlitional layering In the Weekes

assoclatlion dispiays refolded, isoclinal folds (Plate .10D).

The relationship between the fecond generat lon (Fp) fotds
and the fabric within the encloslng'gnelss Is unknown, as
the F, structure Iles at the centre of the enélave, away
from the contact wlth the enclosing gnelss. At thils
locallty the contact between the supracrustal int and the
enclosing gneiss 1Is Interpreted to be tectonlic. The Weekes
assoclation preserves evidence of Dy structures elsewhere
In‘ the study area, e.g. Zacharius Island, where contacts
wilth the gnelss are marked by recrystalllzed pegmatites.
The dlsrﬁpted contibt relationships between the latest
preserved fabric (52; In the Weekes assocliatlion and the
predominant, Hopedal tan (Sph12) fabric In the gnelss makes
correlation of these two fabrics dlffdcultf

Anorfhosltlc enclaves also preserve evidence of an
early fabric. 1In these rocks the dominant foliation (S2)
Is discordant to the folliatlion (She2) In the host gneiss

(Plate 4D). it Is not known whether the S1 and Sj

00034
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fabrics are significantly older than those wlithin the
gneiss. ‘ h 4

2.4.3 Pre-Hopedal jan

A

In Hopedallan low straln zones, north and east of
Hopedate village, evidence of ,  a Pre-Hopedallan (Spet)
fabric s preserved wlthgﬂ’ th§ Maggo gneliss. The
Pre—HopedaJla; fabric, char‘éterlzed by a NW-SE trending
planar fabric, is known to have been developed prlor to

klntruslén of the Hopedale dykes., The Snet fabric 1Is
preserved as small root}ess Intrafoiial folids within the
Maggo gnelss (Plate 5A) and In Hopedallqn‘low straln zones

*
which preserve the discordancy between Snhe+t and Hopedale

dykes (Plate 5B).

2.4.4 Hopedallan Structural Domain

The Hopedal ian Structural ngatn, centred In the

viclinity of Hopedale village (Korstgard and Ermanovics,

1984) fs characterized by the Hopedalian (Sphe2) fabric,:
which s the most extensive, recognizable fabric within the
study area. It Is characterized by a Nﬁ—SE strlklng, steep,
maitnly SW dlpplhg planar fabric combined with shallow SE
plunging | Inear elements (Figure 2.5). During the
Hopedallan deformation, Hopedale' dykes were rotated into
COncordance- with the Sp .4 fabric Ih_the Maggo gneiss and
in areas of high stfaln, a Second follation In the gnelss
and a first follation (S,h,2) In the dykes was develbped.

In response to Hopedallan (Dp,z) deformatlon, dykes

were folded (Plates 7D and 9A) and boudinaged (Plates 7E

L]




Flgure

2

.5. Orientation diagrams for (a) planar and (b)
linear structures within the Hopedallan domaln of
the study area. (Equal area, lower hemlsphere

projectlion)
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and 8A). The Sh+2 fabric within the Maggo gnelss can be

seen to crons~cut fold closures defined by Hopedale dykes

(Plate 7D).

; It has already been noted that the Hopedale dykes were
‘emplaced after the Pre-Hopedal'Ian and prilor to the
Hopedal‘lan .event., At several localltles w!thl‘n the study

area, " Hopedale dykes define refolded, Isoc!inal folds, with
axlal planes pa(ra'lle‘i to the SpN,» fabric In the gneiss
Plate 10E). |

AnotheAr\ res’ponse‘ of Hope-dale dykes to Hopedallan
déformatloﬁ was boudinage, which accompan|ed fold{.ng. The

“ ! <

-development of boudins is In part a functlon of ductil ity
contrast. or’letnt‘atlon‘ wltg' respect to strain axes,‘vstraln
'rate ‘and' totiail' strain (Ramsay, 1967). Where visible in
three dlm_ens_lor\s the Fopedalé dyke boudins t':gpear as linear
s:trt;}ctures, .p!ungl;ﬂg to. the SE, Aparz.allel to Lns2. on the
SN+2 'su“rfacer ('Plate 7E and 8A).

>The deVelJo;\;ment cf B.oih rectar{gbl'ar boudins (Pilate 8A)
and n‘ec'ked‘ ‘blocks . (Plate 7E), may reflect the variabie

ductility ccntrast batween the dyke and host gneliss,

Rectangy'ar boud I ns appear to have formed where the

ductli ! ity contrast was large, whereas necked boudins may
have resulited from ' a tcwer ductlillty contrast (Ramsay ,
1967). 'Nc regional change In boudin shape was observed In

“the study area.
‘_I’he Interboud!n .ones have heen. Infil led by ductiie

flow of gneissic materlal (Plate 7€) producling scar folds
. + v . 2

D
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(Hobbs et al., 1976) and/or by injection of new mater ial of
granite (s.1.) meit composltl'on. Infervred to be derived

froni the enclosing ‘gnelss.

2.4.5 Flordian Structural! Domain

Three zo'nes of Flordlan overprlnt‘lng 'have. been

ident | f le& within the study area, bﬁsed on structural
.evld_ence (Figure 2.8). WIithin these zones the fabric
defining the Flordian (S,,3) overprint has a N-S
orléntatlon with steep easterly 'dlps (Flgure~ 2;7).
resulting from the progrésslve reorientation of Hobedal lan
| (Spne2) fabr lcs:. Flordian ' 1ineations (Lhy3) are only

weak |y develof)ed In the study area, but are widespread

elsewhere In the Hopedale Block (Rorstgard and Ermanovics,

1984) .

Flordlan overwrinting can be observed on outcrop to map

scale and ‘s characterized by the reorientatlion of

Hopedalian structures Into the Fiordlan orientation. At the
outcrop scale the first effects of - the 'Flordlan
overprinting on. the Maggo gnelss are manlifest by the
deve lopment of small scale, sinistral shears and associated
folds. Where As‘hears deyelope;!. e.g. Zacharlus Istand, the
Hopedllan  fabric Is folded, offset and paylally
reorlenfed_ into zlx NNE-SSW brlentatlon (Plate " 11B). At the

terminations of thése shears the Hopedallah fabric is

folded (Plate 11B), but Is unaffected away from the shear

terminations.




Grean

Figure 2.6. Map of the study showing

area structural
domalns dominated by Hopedaitan ’(H) and Flordlan

| (f:) structLur'es. The . solld and dashed ilnes mark
assumed and:

inferred bopundaries, respectively,

between the two domalns.
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Figure 2.7. Orlentation of‘ planar structures wlt?ln the

~Flordlan domain. (Equal area, lower hem|sphere

projection) T~
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165 poles to planar structures
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'% area, maximum 12%
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On a targer scaie the progressive effects of Fiordlan
reorleﬁtatlon of the Hopedallan‘ fabric can be observed
along the east side' of Plillarusik Bay. In thls case the
cére of a large auge of Maggo gneliss, elongated Jnto‘é
NNE-~-SSW (Flordian) direction, maintains a Hopedallan
"appearance" in terms of preserved structures, mineralogy
and contﬁct }elatlanshlps (Plate 9D). Away from the core of
this auge, the progressive effectS of Flordlﬁn reworkling of
the Maggo gnelss are evident, flrstly as 1 to 3 cm wide,
dextral shear zones which exhlblt a brittle-ductlile

character, across which the Shns+2 fabric in the gnelss |Is

of fset (Plate 11C) & The dextral shears are interpreted to

represent the conjugate shear to the domlinant sinistral

component of the Fiordian event. At this locality there is

No evidence for the Introduction of “new" materlal Into the

™~
gneiss complex In response to thu‘Flordlan reor ientation.

The outer margins of the auge are marked by the

obliteration. of the Sp,» fabric within the_gneiss and all
Iltholédles (Wegkesr assoclatlon, Maggo gnelss and Hopedale
dykes) exhiblit a well devéloped Flordian, Sp,3, fabric.
Where 'Flordlan fabrics predominate, the Maggo gneiss Is
recrystaliized, with evidence of new hornblende growth. In
Flordian 'Iow strain 2zones, blocks of Maggo gnelss with
rellét Hopedal lan fabric are preserved (Plate 11D). These
blocks can be recognized by the dlscordanf re]atlonshlp

between the fabric (Sp,3) In the ehc]oslng gnelss and the

Sn+2 fabric within the xenollth. The Hopedallian fabric

~
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within thé fragments invariably exhlblits -aevideace of
rotation, reflecting the sinistral sheg{ component of the
Flordlan.event.

Two types of migmatites are assoclated wlith th§
Flordlan event. Dliktyonitic mligmatites (Mehnert, 1969)
assoclated with Flordlan shears, which offset the
Hopgdallah fabric, are Inferred to be of local orig]n,
der | ved fzom the enclosing gnelssés. These exh!blt a
sigmolidal form with gradational margins. The Hopedal lan
fabric (Sp,2) Is offse£ across the migmatite zones, and
is folded by movement along the shear zone, providing a
kinematic Indicator of shear sense (Plate 6C and 6D). At
their termlnaflons these shears. become concordaﬁt to the
follation ‘and the hlgmatlteg become nebutitic (Plate 6C and
6D) .

i

.

Agmatitlic migmatites (Mghnert. 1969) Are common In
zones of extenslve Flordlan_reworklng where the preexlstlng
gneiss Is brecciated and fhe migmatitic materlial has fllled
the vold between the fragments. In these areas, the Sp,2

fabric can be recognized in the clasts df Hopedal lan domaln

ghelss.

2.4.6 Proterozoic Events

Proterozolc tectonic events- (development of the
Kanaliriktok sShear Zone and the “thrusting”™ of Churchil

Province gnelisses onto the western portion of the Hopedale

Block) are seen to affect Archaean Iithologies at the

margins of the Hopedale Block. These events are not

recognized Iin the study area and are not discussed here.

g TS 3 W L T MR
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2.4.7 Faults and Shear Planes

Ma Jor faults In the study area (Fldure 2.4)voccur along
the trace 'of the NE-SW trending bays((éllllaruslk Bay and
Kanglluasuakoluk Taganl). The bays are allgned in the
direction of the F“ordlan fabrlc,‘ but sub-paraillei to
Proterozolc shear zones (l.e. Kanalriktok Shear Zone) . At
the head and mouth of Pllilarusik Bay, fault movement can be
shown té have occurred a?ter emplacement of the Kikkertavak

dykes (Plate 11E). Along the east shore of Kanglluasuakoluk

Tagani, all lithologles have been brecclated during
movement along the fault. Movement along these two major
faults Is Interpreted to have occurred during the
Proferozolc. synchronous with the deVelopment of the

Kanair iktok Shear Zone,

Smalier scale faults observed In fhe_study area are
generally assoclated with topographic | Ineaments. These
faults cut the gnelsses as well as Kikkertavak dykqs, again

suggesting movement during the Proterozolc. The nature of

smal | scale shear zones assocliated with the Flordian
overprinting have previously been described (Section
2.4.6).

.

Shear plane orientation data are presented In Figure
2.8. The major shear directlion In the area has an E-W
orientatlon with vertical dips (Figure 2.8). Two submaxima
corresponding to shear planes oriented at 070 and 110,
about the maximum. A third smali submaxlmumg at 030,
corresponds to the orlentation of the Flordian shear

direction defined by Korstgard and Ermanovics (1984).




Figure 2.8 Orientation of shear planes wlithin the study

area. (Equal area, tower hemisphere projection)

.
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88 poles to Shear Planes A
Contcurs - 2%, 6%, '0% per %

creq, maximum 4%
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Within the sthdy area evidence for six ;arlods of !

T T T T

2.4.8 Summary of Structural Data

deformation have been recognized. Two (Dy and Ds) are
preserved In iInclusions within the Maggo gneliss. The older,
D1. I's charact;rlzed by the development of Isoclinal
foids within the Weekes assoclatlon which were subsequently
refoided durlné Ds. This event aiso Impérted a follatlon
to the gabbro-anorthositic roéks. The relatlionship between
these early perlods sf deformation and thé oldest fabric
(Dh+1) observed In the Maggo gneiss Is unknown.

Maggo gheiss preserveg, evidence of three ‘Archaean

deformational events - Pre-Hopedallan, Hopedalian and
Flordian. The earlliest recognizable fabric,: the
Pre-Hopedal ian (Dn+1)’ is preserved In Hopedal lan
(Dn42) Iéw straln 2zones. The predominant structural grain
of the area resuits. from the Hopedéllan event,
characterized by NwW-SE, modetgﬁgiy SW dipping, planar

fabric and moderately SE plunging linear elements. Dur ing
this event Hopedale dykes were rotated Into concordant
contact with the follatlion In the gneiss. This event
produced folds which are recognlzed b§ tracing Hopedale
dykes, and Is characterized by moderately SE plunging, near
vertical axldi'surfaCes.

The effects of the Filordlan gvent (Dnoa) are observed
as an overprinting on older fabrics. Thls_ event is
characterlzed by NE-SW trending, moderate to steep SE

dipping planar fabrics and moderate NE plunging |inear
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elements. = The Fiordian has a sinistral shear sense

recognlzed_ where the eariier, Hopédallan fabric Is rotated
into a NE-SW orlentatlion. Assoclated with the Flordian
deformatlon; is the emplacement of dliktyonitic, agmatitic
and nebulitlic migmatltes. Ma jor shear 2zones developed
auring the Flo}dlan evenf were reactivated - after

emplacement 'of the Kikkertavak dykes, durlng the

Proterozoic.




’

. ., Chapter 3

L!'THOLOGIC DESCRIPTIONS AND METAMORPH | SM ‘

3.7 introductlon

Thls chapter ‘provldes the foliowling Informatlon; on
lithnologles withia the study ar;a: o
1) cetailed IIthoIogic descriptions. of ;il units
recognl?ed (Section 3.2), and
2) data - documenting the metamonrph. > ~ conditicns
- associated with the Hopedallian and Elo}dlan everits
(Section 3.3).

MThe klthologlc descrlpgluns hereln; based on fle}d aﬁd
petrographlcb relationships, aré " the first 'detalied
déscrlptlons.of these Ilthologlficwrom the Hopedale Block.

The last sectlons of this chapter document the observed
metamorphic mlnera! parageneses-for Hcpedallan and Flordian
domalins as preserved wlithin -the Hobédale cykes, and to,a
less=ar deéree thé Maggo gnelss. M!neral assemblagqs
‘developad in the Weekes éssoclatlon are als? presen*ed
(Section 3.4) to point out some BF tre problems with

,

combin'ng ali supreacrustal materlia! into one un!t. .

09051
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As a rejsult of the present“}stu.dy the 'ch'r_onoldgy
‘proposed by Ermanovics et al. (1982)‘ (see Table 2.1) has

been modified and a revised verslon Is' shown In Table 3.1,
' ?

3.2 Description of Lithologies

3.2.1 Weekes Assotlatlion

-

The Weekes assoclatloﬁ, the oldest 1ithologic unit
within the study area (Table 3.1), occurs as widespread

rafts of melanocratic rocks, dom'l?i‘antly amphibolites with a

prominent metamorphlic layering, wlthin the Maggo gnelss

(Ermanovics- et al., 1882). Al supracrustal fragments

within the Maggo gneliss, collectively referred to as the

Week\es a.ssoclatfon. have been interpreted to be
Ilthostrqtlgraphlc equivalents of the Hunt River - ’G-roup
(Jessea;u. 1976; Ermanovics "and Raudsepp, 1579)_, a | though
this ’ has n‘ot' been proven conciusively. Data preséﬁted In
this chapter indicate the bosslbmty that the Weekes

-

assoclation, as deflned previously, is composed of fwo
distinct supracrustal sequences; separable on the basis o;
minera logical, structural a.nd,‘metamorphlc criteria.

In t_hls study the !‘;Week_es assoclatlion has .been
tithologicality .subdlvlded. Jnto 2 classes corhprlslng 8
supunlts. élass | consists of various amphibolite types,
subunits 1 to 4 (below), which are the most abundant
ll.thologles. Class 11 subunits consist of mlnor' amounts‘of
uIt»ramaFIc, meta#edlmentary (pelitic, volcanlclastlc‘ and

marble) .and endoskarn llthologles. The subunits of the

Weekes association are:
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N

T‘able 3.1 Archaean and’ Pratero'zdlc chronology of the
. Hopedale Block as observed wlthin the area shown -
In Figure 3.1. .

EARLY ARCHAEAN ‘7'"®
Depositlon of Weekes assoclation Supracrustals
Deformation’ . .

Emplacement of gabbrolic—~anorthositic rocks
Deformation -

N

EARLY MIDDLE ARCHAEAN

Emp lacement of Maggo gneiss protolith
Deformation and metamorphism (?) Pre-Hopedalian

Intridslion of Hopedale 'd;/kes‘
Peformation and metamorphism Hopedal lan
3,140 - 3,025 Ma (Rb-Sr whole rock)

LATE MIDDLE - LATE ARCHAEAN

.9) Intrusion of Kanairiktok Granltoids
2,830 Ma (U-Pb -zlircon)" o :

10) Deformation and metamorphism Flordian
‘ 2,854 - 2,632 Ma (Rb-Sr whole rock))

PROTEROZOIC

11) lntrusl‘o‘n of Klkkertavak dykes
2,200 Ma (Rb-Sr whole rock)* -
12) Deformation and metamorphism Makkovikian Dn+d

A

* subdivisions of the Precambrian time scale are after
§tockwell (19882). .

Unpublished U-Pb age by D. Lover idge, GSC.
* Unpubiished Rb-Sr whole rock age by B.J. Fryer, MUN.
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* 1) Hornblende (hbl)—piagloclase (plag) amphibdilite

2) Cllnopyrox.en’e (cpx)—bear]ng amphlboil“te
3) Garnet (gt)-bearing amphlibollite

4) Gt, cpx-—bea.rlng amp;wlbollte

5) U.Itramaflc rocks

6) Marbile

“7) Meta-—s'edl'menta‘ry (pelitic and vol)ca"nlclastlc) rocks
8) Endoskarn rocks. )
Tk\weia four-foid mineraloglical . subdivision of -the
amphlbolltp types s slm!llar 40 that Qsed bvaalsb‘ve\ek and
Leake (1970) and Jesseau (1976) for amphibolites from the
lvigtut-Freder ikshab area, SW Greenland and the Hunt River _
Belt, Labradorr, wrespectively. . .

3.2.1.1 Fleld Relationships of the Weekes Assoclatlon

The Weekes assdclatlo‘n inciusions wlithin the Maggo
gneiss (Figure 3.1), wvary In size from mappab.le' units at
1:50,000 scale to small (0.2 m X 1.0 m) enclaves (Plates 1A

”

and 1B). Contact relationships between the Weekes
assoclation and the enclosing Maggo gnelss are-varlable,
but’ nowhere In tvhe study area Vu;as ev'ldence found to
) Indicate Intvruslon of the gneiss precursors into the Weekes

association. At Zacharius Island the contact Is marked by a

band of recrystallized pegmatite, between 0.5 m to 3.5 m

wlide (Plate 1C), contalnling Weekes assoclatlon Iné‘Iuslons.

At other localities a mono-mineral lc reaction. rim or corona

separates Weekes association enclaves from the enclosing

LY

gneiss.
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(Subgmlts 2 and 4) Is only possible In thin section.
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S

The dominant* orlentation of the amphibolite inclusions

Is NW-SE, paratiel with the Hopedallan fabric In the host
] : " —
Maggo gnelss. The prominert layering or banding-within the

Weekes association - has the same orientation as the
) ~ -

folliation In the surrounding gnelss, except locally where

mesoscoplc folds are present in the supracrustats (Plate

1A). The 'chkes association 'Is reor lented aﬁd‘retrogressed
with the host Maggo greiss lé Ereas-of Flordlan reworklng
and as such Is a useful marégr for distinguishing reworked
Maggo ghelss from the younger, follated Kanairniktok
Intrusions.

»

3.2.1.2 Amphibolite Subunits (1-4) ¢

Each of the amphibollite subunits (1 - 4) have similar

fleid chaqacterlgzjcs‘and are distinguished on the basls of
e T~

mineralogy, with &a key feature belng- the presence or

absence of garnet. Quartz Is a common accessory|nFﬁeral In

all amghlbollte subunits, ‘Other accessories Include

blotlte“ titanite, zlrcon and opaque oxides, Secondary’

minerals Include sericlte, epidote, chlorite and
* 4

actlinollte.
Subunit 1 Is the most abundant of the subunlits. Layers
or bands of hornblenae—plagloclase amphiboiite vary from 10

cm to > I m In width, often grading Into other amphibollite

<

. types, The regognltlon of clkeonyroxene Iin amphibolites

-

A

Textures observed In Hé¢pedallan domaln amphibolltes

vary from a granoblastlic equigranular mosalc (ﬁlate 1D) to

4

4
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a lepidoblastic ¥osalc defined by aligned hornblenq:
crystals (Plate 1E). Graln size varies from 0.5 to 1.2 mm,
with hornblende exhlbliting the largést varlation In subunit
1. The ,proportion of hornbiende In the amphlibolites varlies
from 40% to 80% (visual estimates). Hornblende exhibits the
followling pleochrolc schemes within tﬁe amphibollte
subunits:
X = straw brown, light green, green
‘Y = green, light green, green-brown
2 = green, green-brown, d#rk-gfeen brown, ‘

The light green to green pleochroism Is common In Subunit 1

whereas the dark green to brown colours are prevalent In

_Subunlit 4. Hornblende within Subunit 1 may have Ig;fmplete
|

rims (<0.05 mm wide) of biue-green amphlibole th - no

distinct line of demarcation between the two. Where the
blue green amphlibole is present there Is a marked increase
(n the ‘blotlte content of the amphliboilte, suggesting that

some of the blotite may be a product of refrogressl0n, The
seégndary biotite has a rqndom orlientation and iIs spatlaliy
assoc?q;ed with hornblende. Rel}ct blotite elsewhere define
a weak paralle} allignment In the amphibollte. .

Plagiociase (AN ;O to An 65) occurs Interstltla}ly
(Plate 1D) to hornblende, exhlibits dlscont it nuous £WInn|ng
and |s common as Incluslions In hornblende.

The c;lnopyroxene. Is Iight green In —colour, llacks

pleochrolsm and has rounded shapes often embayed by
. .

hornbiende (Plate 1D). Rathdhal grain boundarles batween




clinopyroxene, hérnblende“ and plagioclase are prevalent in (E

1
the Subunlg 2 amphibolite. Alteriflon of the cllnopyroxeﬁe
to a non—pleochrolc; pale dreen actinolitic amphibole tIs
evident at graln contacts and along fractures cutting
Fhrough grailns. .

Garnét. where preSent. occurs as polklloblas¥s, yp to 4
mm AcCross, wlth quartz and opaque oxlide Incluslions, and
exHibits lrregular?shapes with no dl;éernlble crystal faces
(Plate 1F). Plaglociase is partlaliy ;ndlosed b§ garnet andq
forms discontinuous rims amound garnet . In subunit 3.
Subunlt‘ 4, containing the assemblage garnet-cl inopyroxene
Is Interpreted to record the highest metamorphlcvgradexf
attalned by the Weekes assoclatlion In the Study area. in

this unit the amphiboiite has an equlgranular interlocking

mosalc texture, which becomes leplidoblastic with increasing

amphibole content. Equilibrlium textures, In the form of
. i . ‘ !
120° triple point Jjunctlons and rdtlonal grain boundar-

S

les, are abundant (Plate 2A). In subunlt 4 garnet |is i
partFaily to compteteiy surrounded by reactlon rlmé of
plagioclase (Plate 2B; See Section 3.3). |

Within the Flordlan domaln the predominant amphibole

within the amphibolites is actinollte produced by the

retrog[esslon of hornblende. Associated with the actinolite
&17

Ultramafic rocks constlitute approximately 10% of the

is epldote, formed by the breakdown of plagioclase.

3..1.3 Ultramaflic Rocks

Weekes -assoclation within the study area. They have Mgo
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contents of 20 wt% and occur as disrupted layers and B
blocks wlithin other’ 1lthologies of the Weekes assoclation .
(Plate 2C) and< more rareiy within the Maggo gnefss (Plgte
2D). Ultramafic blocks have spheroidal to elliptical shape§
and vary In slize from 0.5 to 10‘'s of m In length.
Ultramafic Inclusions in Maggo gneiss generally form

sollitary elliptical bodles,  elongated In’'the directlion of

the foliation, . b

Due to thelr disrupted state, occurrences of ,the

ultramafic subunlt cannot be traced over great dlstancés
within the amphibolite. As such, the origin of the unit,
Whether tntruslive Into the amphibollite or disrupted
cumulates cut by later basaltic/gabbroic magmas has .ot
been determlnedf

WIghln some ultramafic bodlies, relict Igneous textures,
l.e. harrisitic and cumulate features, are preserved, but
these bodies |ack Igneous mineralogy. Heurlistics textures
have also been described from the Hunt RlIver Belt by

—

Collerson et alﬁ;(1976b) and Jesseau (1976).
Metamorphic assemblages observed in the wultramafic

subunlit are:

1) talc - tremolite

2) talc - tremollte - serpentine

3) taic - tremolite - serpentine - phliogopite

4) talc - tremolite - serpentine - olivine -

( phlogopite

tremolite - phlogopite
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6) ollvine - anthophyllllte-‘-—.splnel
7) oflvine ~ serpentine. -~ pﬁloéoplte

‘Dolomlte. calglte and opaque oxides (magnetlfe and
pyrite) are the most common accessory/secondary mlinerals
found In the ultramafic Ilthélogles.

The mlneralody and texture of the ultramafic rocks Is a

combination of ' the relict lgneous and metamorphic

assemblages. The metamorphic assembliages observed span the
range from féwe; greenschist faclies to upper amphibollte
facles. |

Ollvine porphyroblasts, up to‘1 cm long, are Invarliably-
fractured and variably altered to flbréus serpentine (Plate
2E). Commonly the ’ollvlne‘yls present as smali (<0.05 mm)
relict fragme:ts within the serpentine. Where exfenslve
serpentinization has oc&urred, two generations of
serpentlné may be seen, the younger occurring In fractures
which cut the eariler formed phase (Plate 2E). Asséclated
with the serpentlnlzatlon}oé the olivine Is the development
of very fine grp{ned mégneélte Intergrowths (Plate 2F)

The ul&ramaflc bodlies Invariably exhibit evidence of
reaction wlith the enclosing gneiss (Plate 2zD) and to a
lesser degree with amphlibollite. WI;hln the portion of the
Hopeaale Block examlned here, {%e ultramafic bodies lack
the compiex zonatlion pattéfns observed elsewhere In the NAC
(e.g. Windley, 1972; *~ Mathews, 1967). The nature of the

corona or rim on the ultramafic Inclusion is dependent on

the composition of the inclusion; talc-tremol|te-serpentine
N * )
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Inclusions have tremolite—actlnpllte rims, whereas

carnonate—béarlﬁg _ ultramafic* Inclusions have phlogopite

rims. Ultramafic blocks within the Weekes associatlon do

not generally show evidence of reacilop between the

inclusion and host during later, Filordlan metaﬁoréhlsm.
"3.2.1.4 Marble

Marble Inclusions were s obsarved at‘two locatitles in
the study area within the Maggo gnelss and the ultramafic
unit of the Weekes assoclatnon Just described.

The larger occurrence, \Iocated In West Bay of Manuel
Island, s a slng}e, IayeFed, lens-shaped éody (0.60 m X
2.3 m) wlthln Maggo gneliss (Plate 3A). The lens, which Is
completely enclosed by a phlogopite er, 4 to 15 cm wlide,
consists of alternating tayers of'phlogoplte and doloml£e,
With minor calclite, up to 4 cm thick (Plate 38). The
fé}lbwlng mineral assemblages are present:

1) bhlogoplte - magnetite - dolomite

2) phlogoplite - dolomite - magnetite - calcite - splnel

3) dolomite - forsterite - phlogopite - magnetite -
calcite.
Assemblage 1 characterlizes the corona enclosing the lens,

assemblages 2 and 3 the phiogopite-rich .and dolomite-rich
layers, respectively.

Phlogopite (X = colourless, Y « Z = Jight green brown),
which Is oriented parallel to the layering within the
Inclusion, has a grain size up to 2.5 mm and decreases in

relfative abundance from assemblage 1 to assemblpges 2 and

A}




3. Magnetite occurs interstitially to the phlogopite as
roundedN-lrregular shaped gralns. The dolomite occurs as =

grancbilastic Ihterorqnular mosalic with . Interstitial

magnetite and phiogopite, thé latter exhibiting a preferred

orientation. Forsterite grains, up to 4.0 mm in slze, are

fractured and varlabiy serpentinized (Plate 3C). .

The smal ler marble locality |Is sltuated on the
peninsula ‘separating Pllllaruslik - and Inganlaluk Bays
(Filgure 3.1). The marble |Is assoclated with boudtnaged,

ultramaflic Incluslions within Maggo gneiss. ) ’ .
Calcite ageounts for 98% Of the carbonate portlon of
the enclave with the remainder being pyrite. The caiclte

forms a granoblastic Interlocking~- mosaic wlth serrated

graln bodndacles. The pyrlté forms idioblastic to

subldlobfasﬁlé grains throughout the calclte-rich portion

of the Inclusion, which grades Into an ultramafic-rich
ltthology. (talc-phlogopite- magnetite-calcite) over a
distance of 3 - cm. Inclusions have a mono-mineralic rim of

Ca-rich amphibote (Plate 2D). -

3.2.1.5 Pelitlic and Volcaniclastlic Meta-sedimentary Rocks
Meta-sedimentary ltthologlies form a minor componént of

the Weekes assoctltatlon within the Sigidy area. Clearly

identifiable pel)jtic meta-sediments ocecur on Woodyilsland,

whereas those on iacharlus Istand are Inferpreted to be

voicaniclastic In orlgin (see Figure 3.1 for locatlons).
The meta-sedimentary tithologies occur as conformable

lenses/layers within the amphibolites of the Weekes

association,
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Mineral assembiages recorded In the pelitic 1itholiogles

plagloélase - blfotite - rutlile - quartz

garnet - plagioclase - blotite - corundum

garnet - plaglioctlase - b!otlte - cummlngtonlte‘—
quartz. .

_Accessory» mlnérals include opaque oxides, titanite aﬁd
z!rcon. ﬁetrograde chlorite was observed In all sections.

. Garnet forms Idioblastic to subidlioblastic grains, 1 mm
to 1 cm across. The garnet Is polklliobtastic with
Inclusions of} plaglocliase, blotlte and quartz. Within the
corundum-bear | ng samples, staurolite forms anhedrai
inclusions in garnet (Plate 3D). Within the pelltic
lithologies, garnets are preaomlnantly almandline-pyrope
mixtures, 1In the range 59-72 and 21-35 mole * percent.
respectively. Grossular and spessaftlne form mlnor
components (4-5 and 1-3 mole percent, respectlvely) of the

'

garnet.

Plagloclase (An 34-40) forms equldimensional grains
interspersed with blotlte. The latter displays a preferred

ortentatioh defining a well developed fabric in the pelltic

unilt.

Corundum occurs as I;%h shaped grains, e« 1 X 5 mmin

slze, Interstitil to garnet and biotite (Plate 3E).
. .
Cummingtonite, displaylng rare polysynthetic twinning, was

observed In a single sample from Woody Island (Plate 4A).

The <cummningtonite Is aligned In the fabric with biotite and

’
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deflnes the folliation which can be seen to wrap around

garnet.
Rocks interpreted to be metavolcaniclastic ltthologles,
on Zacharlus Island, occur as a 1.5 to 2 m thick coherent

unit Iinterbedded wlith amphiboiite subunlts. They possess a

domposl.tlona_l layering (Plate 4B) deflined by alternating:
amphibole~-r ich and amphlbole-poor layers, which are.
Interpreted to be a metamorphically enhanceq primary

feature. The melanocratic layers are more competent than
the leucocratic tayers and are boudinaged (Plate 4B) .

Mineral ‘assemblages In the metavolcanliclastic

tithologies are:

garnet - plagloclase — hornblende

< S R
plagioclase - garnet - biotite - anthophyi i |l te
plaglociase - garnet - blotite - hornblende -

anthophy!llte - cummingtonite
Quartz, opaque oxldes, trtanite and calclte are present as
accessory’ phases In all metavoicaniclastic roc«s.

Plagloclase (An 40) and biotite in the metavolcani-

- clastic unit are similar to those Jn the pelltic t1i1thology.
Hornbiende Is abundant In the melanocratlic layers
aséoclat_ed' >w|th plagloclase,i qQuartz and garnet. Garnet
forms euhedral to subhedral, occasionally polkl Ioblastlc'

gralns wlithin leucocratic and melanocratic layers (Plate
4C) . -

Ga‘rhet. within the leucocratic layers, consists of

" mixtures of almandine (61-53 mole percent), pyrope (22-35

e . T ——
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mole percent) grossular (11-15 mole per;ent) and
spessartine (1-2 mole percent). In the melanocratic layers
the grossular and spessartine contents of the garnet (21-23
and 5§-7 molé percent, respectively) Increase at the expenss

of the pyrope component (8-10 mole percent). Garnet

compositions: are thus dvlstlnct from those In the pelitic

unit,

Anthophyllite (Plate 4C) and curmilngtonlte occur
together iIn the leucocratic layers as porphy\roblasts and
matr Ix grains. Incluslions of hornblende, plagloclase,
quartz and garnet are common In both amphlboles.' ‘

3.2.1.6 Endoskarn Lithology

Endoskarn (Bates and Jackson, 1981) rocks occur along
the mainland shore southwest of Napatalik Isiand. This
llthology Is developed .!lealents to various
ampﬁlbollte subunits of the Weekes assoclation. At this
locallty a relattively undeformed phase of the Maggo ghelss,
contalns up A to 15 m2 endoskarn blocks, which exhilbit a

\
tayering Inte'rpreted to represent layer ing or banding
present In éhe original Weekes |Ilthology. Mineratogically
the endoskarn conslst‘g of the» followling assemblage»s;

1) K-feldspar -c! lnopyroxene ~ scapolite - tremollte -

‘blotite - epidote - titanite - calcite
2) epldote - hornblende -~ scapolite - cllinopyroxene
/ plagioclase.

. Garnet (34 to 50 mole percent spessartine, 5 to 14 mole

percent <pyrope and 14 to 21 mole percent almandine) Is
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present In all endo;karn sampies examined. Grain slzes In

the endoskarn vary from O.1 mm to 4.0 mm wlth gratn

£
boundaries often Irregular, displayling embayed and serrated

contacts. The cllnopyroxene s retrogressed to an
aﬁtlnol itic amphiboie. Symplectic Intergrowths between
\\ amphibole - K-feldspar - quartz and epidote - K~ feldspar -

\ quartz are present. In the former, this Intergrowth has the
appearance of an exsolution feature.

3.2.2 Anorthosite and Related Rocks

Anorthosite and related rocks account for a minor

component of Hopedale Block Ithologies. In the reglonal
Chronology of the Hopedale Block, It ca.n ‘be seen that the
anorthosltic rocks were elthdr assocliated with the Weekes
assoclatlion or emplaéed ter &eposltlon of . the Weekes
assoclation. There is a compléte gradation from
'anortrﬁyfTE” through gabbroic compositlons, with the former
Ht—hﬁ’logy being domlinant. The gabbroic lithologies resemble
tpe hlornblende-p\lagloclase amphibollte. subunit 1 of the

Weekes assoclation.

3.2.2.1 Fleld Relatlonshlips

The anorthosite sulte consists of blocks and fragments
Incorporated In the Maggo gheiss. Fragments (10 cm to 4 m
across; ?Iate 4D) are invariably rounded and are easlly
recognizable In the fileld 'because of the presenge of an
Sz fabric discordant to the sS,,2 follation in the

Al

enclosing. gnelss together wlth the dlstlnct"range-brown

weathering colour of the plagloclase. The greatest
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abundance of anorthosite fragments Is found aitong the north

0

shore of Kangl luasuakoliuk Tagani. At this locality a iarge
(3.5 .m wilde) fragment of layered gabbro was observed. The
layering within thls fragment, whlch’ Is parallel to the
foltation within the enclos)ng Maggo gneliss, iIs Interpreted
to be a primary feature w‘hlch was subsequently enhanced by
metamorphic processes. At this same locallty ‘fragments of
the an.orthoslte suite var; In composlition from anorthoslite
with minor hornblende, to hornblendite with Iarbe
- | recrystallized plagiocliase accumulatlo»ns.(Plate 4D and 4E).

Solitary enclaves of anorthosite are present at other

locallties throughout the study area. A l . v
3.2.2.2 Mineralogy ' _ v *
The anorthositic rocks within the Hopeda,lel Bloé_k
possess metamorphic mineralogies. The dominant end member
mineral assemblages are:
plaglioctase - hornblende - titanite
hornblende - plaglociase - cll~nopyroxe.ne -

titanite.

L
Accessory minerals Include apatite, zircon, opaque ox|des

-

N and rutile. Epldote, blotite, sericlite, carbonate and
) alkali feldspar are common secondary minerals.
Plagioclase and hornbl ende form an equigranular,

granoblastic mosalc, exhlblt?ng rational graln boundaries
with 120° triple point Junctions In most samples.

Plagloclase composlitions decrease from An 62 In the

clinopyroxene-bearing lithologies tg An 40 ‘In the
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retrogressed samples. Hornblende I8 pleochrolc (X=ol lve
green, Ywmlight gregen, Z=dark green) In the cllnopyroxene-
bearing anorthosite. In retrogressea éamples of this
Il fthology hornblende Is rimmed by a blue-green amphlbole.
,Cllnopyroxéne occurs as rounded and em?hyed grains wltﬁ

asspclated hornblende bsing coarser grained, up to 2.5 cm,
R - »

than In samples Iacklﬁg clinopyroxene. ;)
It Is hot clear whether the mineral parageneses "
recorded In the anorthosite refiect Hopedal ian

retrogression of pre-Hopedalian assemblages or Fiordlan

(39

retrogressionyof Hopedallan assemblages.

= o In melanocratic layers within the anorthosite the

N N .
retrogresslon produced epidote, blue-green amphlbhoie and
blotite. The epldote forms subldioblastic to xenoblastic j
¢ ]
- gralns ‘In sympiectic Intergrowth with - quartz. Hornblende is
! i )

lrregular in shape, fractured and altered to blue-green or
colouriess amphibole. ‘In the leucocratic Iaye?s, the
plagioclase atters to a matt of epldate- sericite, which

partially to completely replaces plagioclagg.

3.2.3 Maggo Gneiss .

>

The Maggo gnelss |s the most abundant llthology within
the study area (Figure 3.1). It Is a typlcgl grey gneliss,
slmll;r in appearance to the Uivak, Amitsoq, ‘Nuk and

Scourlan gnglsses of the North Atlantic Craton. . ’

3.2.3.1 Field Relatlonships

The Maggq” gneiss consists of a homogeneous sulte of

quartzo-feldspathic gnelisses and migmatites that breserve
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evidence of Pr;—Hopedallan andﬁffaunger tectono-thermat

events. Contact relatlonships be#Ween the Maggo gnelss and T
\

.older lithologies vary from those with a tectonlic origin to
a reaction relationship. Evidence of a Pre-Hopedalfan
fabric (Sn,1f In the Maggo gneiss |Is preserved as
rootiess intra-folial folds ‘(P{ate 5A) , foll;tlons

dlscordant. to the younger Hopeddllan fabric (Sph,2) and
dlscordaqt Hopedaie dykes (Plate‘ 5B). At the latter
localities the degree of discordancy is small, thé dykes
*”havlng subsequently been rotated during the Hopedalian
event. - ) o 1
The  Hopedalian Shs+2 fabric, prevaﬁgnt within the

Maggo gneiss, varles from a weak follatlon (follated
gnels;). deflned by ghe allignment of blotite and to a
lesser extent hornblende, to a well developed banded gneliss

(Plate 5C), “with individual segregations on a cm scale. of
. . Y

s 'Graln size varlation within fhe gneiss s readilly
discerniblie In the fleid. Fo[laéed gneiss Is fine to medium
gralned and generally qcéurs as dlscbntlduous la}ers within -
the medium. grained banded gnelss (Plate 5D and 5E).

"\1 Ermanovics et” al. (1982) Interpreted the follated, finer
grained Ilthology to be the. oldest phase of the Maggo
gnelss which was subsequently Intruded by what is now the
med | um grained, weakly megacrystic, banded gnelss L

lithology. The megacrystic nature of the origlinal lithology

has been obliterated In the study area, but ts preserved

elsewhere in tqe Hopedale Block (Ermanovics, 1882, pers.

~
'

comm. ).

AU ,
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T

For descriptive purposes, the Maggo gneiss s

subdivided Into tonatlitic and trondhjemitic vanietles. The

tonalite contalns algall feldspar as a minor phase witmn

- ’
amphlbole and/or blotite as _the mafic minerails. The
- ‘ .

trondh jemite, which by definition lacks alkall feldspar, is

a leucocratic. rock with amphibole ai the common mafic

mineral (Arth and Hanson, 1972). Contacts between tonatlitic
and trondhjemltlc gneliss are gradational. This subdivision
of quartzo-feldspathic gheisses Into tonallitic ‘and
trondhjemlitic varleties was suggested prtedusly for the
\Mlnnesota River Vvailey quartz-diorite gneiss (Arth and
hanson. 1872). «

Thé refatlve distributlion of the tonal;ie and
trondhjemite phases of the Maggo gnelss Is shown In Flgure
3.1. It Is unlikely that'the observed distribution reflects .
the original disposition of these |Ilthologles. The
difference between the two phases most llkely results frdn
K moblltty during post-emplacement'metamorphlsm, e.g. the
Ropedallan and/ér Flordlan events.

The Mabgo gnelss has undergone at ileast three ma jor
perlod§ of migmatlzation. Clear relationships for the
development a;d emplacement of Hopedallian and Flordian
migmatites can be established iIn the field. Pre-Hopedallan
and older migmatites are recognizable in Hopedallanrlow

strain zones. Terminoliogy for migmatite description is
[t ]

after Mehnert (1968). -
[4 N
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Hopedalilan migmatites are commonly thin stromatic tq
. .
phiebitic structures, emplaced lit-par-i{it lntp a

previousty deforméd. variably mlgmatlzeg gnelss (Ptate &C
and fIA). Contacts between the Maggo gnefss‘and Hopedai lan
migmatites are <concordant, with the migmatites exhrbltlﬁg
pinch aﬁd swell structures developed durling the Hopedallan

' 4
event (Dp42) - Hopedaliah' and eariler migmatites were

folded during the Hopedatllan event (Plate BA), wlth

*

concordant migmatites displayling tight chevron folds (Plate.

SB). Early Hopedalian migmatites were recrystalleed.
follated and folded du;lng later st#ges of the Hopedallan
deformation (Plate 6A). At other localities, the conmcordant
migmatlites wlthln - the Maggo gneiss can be traced along
strike where they ’becoﬁe discordant and develop ptygmatic

ld

structures. In such cases the axlal planes of the ptygmatic
structures paral)el the Maggo gnelss follat[on (Plate 8A).
In contrast to the Hopeqallan'mlgéftltes, the younger
Flordian migmatites are relaflvely undeformed and Irregular
In  shape. Flordian migmatizhtion produces dlctyon7>}c.
nebulitic and minor schileric Structures not only iIn the
Maggo - gneliss, but 'In all I]thologles. Diktyonitic
struétures are easily recognlzed ]n the fleld. They are
associated with a sinistral shear component of the Fitordian
event (Plate 6C and 6D). These migmatites vary in width
from 1 cm to 10. c¢m, with the S,,, follation |In the

adjacent gneiss offset by the assoclated shear. The

dlktycnlth migmatites vary In length from 20 cm to 3 m.

A
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The - terminattions of the diktyonitic migmatites are marked
by. a ductlle response of the Sp,,.» folla&lon to the
sinistfral Qhear. and by the development of nebulitic
migmatites (Plate 6C and 65). Contacts between both

migmatite types and the surrounding gnerges are

-

ve

j gradational,

The deQelopment of diktyonitic and nebulitic migmatites
and as;oclated 'sintstral shears Is the first manlfestation
of Flordlan Eeworklng of the older, Hopedallan; Maggo
gnelss. The relatlionships observed at outcrop scale are

analogous to the large scale Fiordian structures visibie on

a regional scale, l.e. the 1Jong narrow NE—Sw‘trendlng
’
Flords.
In local areas of more Intense Flordian reworkling

agmatitic 2zones are common, however the characteristic

Fiordian shear component may be lacking. In agmatitic zones
. : —
"marker layers" within the Maggo gnelss, e.g. Hopedaie

dykes, exhibit evidence of rotation, recrystallization and
migmatization c;>slstent with Flordlan overprinting. An
examination of the effects of £he progrésslve overprinting
of the Maggo™ gnelss during the Flordian event is given In.
- -Sectlon 2.4.5,

Maggo gnelss may be further subdivided on the bas‘s of
Its migmatitic character. Along the north shore of
Kangllua:uakoluk Taganl and Uivak Polint, Maggo gnelss

contalqs abundant anorthosite xenoliths In an extenslively

migmatized, banded to follated gnelss. (Plate 4E). Away

‘ ¥
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from the anorthosite xenoliths the degree of migmatization
{
affecting the gnelss decreases. The migmatites which cut
the gnelss and anorthoslite are Interpreted to result from

. |
the Flordlian event (Dp,3).

3.2.3.2 Mineralogy

Trondhjemitic Maggo gnelss throughout theAstudy area,
whether from the Hopedalian or Flordian domains, exhibits
the follow!ng(mlneral assemblage: '

plaglioclase - quartz - blotite - hornblende.

Tonalltic gnelss Is character|zed by the addition of altkall

fFIdsDar to the above assemblage. Accessory minerals
Include titanite, apatlte, zlrcon and opaque oxldes*
Secondary milnerals within the Maggo gneiss are sericlte,

epldote group minerals, chlorite and caiclte. Almandine

garnet, a characteristic accessory Tlneral within the
: Hopedalilan domain, Is absent In Flordlan reworked Maggo
ghelss. :

Textural relationships within the Maggo gneiss are
characterized by granoblastic, ‘ Inequigranular grains
displaying lrrationa!l boundaries, commonly as embayed,

Irregular and serrated contacts (Plate BE and 7A). These

relationships are prevalent between plagloclase and quartz

grains having amoeboid shapes. G
r
Quarz Is Invariably strained, with the development of
i subgrains In response to the Hopedalian and Flordian \NTB
- . .

deformatlohs. Plagloclas¥ displays discontinuous aiblite and

pericline twins, developed In response to the deformations.
B L

*

1
i
1
!
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Plaglpclase compositions vary from oligoclase (An 25) to
andes|ine (An 42). Alkall feldspar in the tonalltic gneiss
Is Interstitial to the plagioctase and quartz (Plate 78). A
Flner. gralned equllibrium texture Is present betweéen these
threg phases In the iM®grstices between the larger gralns.
The aikali feldspar content varies from trace amounts‘to
approx imately 5 volume percent (visual estimate).
Antiperthitic, granophyrlé and myrmekitic textures are
common‘ In the tonalite gnelss. The latter Is commonly
assocliated with the.antlperthlte.

The proportion of mafic minerals (i.e. blotite and
hornbtende) Is Ieés than 15 volume percent (visual
estimate) In the Maggo gnelss. Tonalitlc gnelss contains
varying proportlon$ of blotite and hornblende. Hornblende
predominates in fhe trondhjemltlc gneiss, with minor
biotite.

.

Two generqt]ons of Dblotite were observed wlithin the
/

gnhelss (Plate 7A). The more abundant type Iis characterized
by the following pleochroic scheme: |
X = light broWn, pale ol lve brown
Y = Z = red-orange brown, dark brown.

’

This blotite defines the follatlon wlthlhifﬁe gnelss{ with
the crystallographlcv c~-axes of the mineral gralns
pérpendlcular to the folilation. This aligned blotite Is
varlably retrogresséd Ato chlorite. In the banded gnelss

biotite s present in the leucocratic and metanocratlic

bands, . having a greater concentration In the latter.




|
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The second blotite results from reaction between the
more abundant red-brown biotite and garnet. This biotite is
characterized by the foliowing pleochroism;

X = tight green
Y = Z = dark green.
Thils green blotite I's randomly orlented about the

' )
retrogressed garnet.

The red-brown biotite dispiays a .characteristic,

orlented, microstructural Intergrowth of aclicular rutile

needles, - sagenitic texture. Hatch et al. (1972)

o

Interpreted the texture to result from the breakdown of
comp | éx Ti-bearing minerals. Collerson: and Bridgwater
(1978), ' examining the Ulvak | gnelss, carrlied thils
breakdown hypothesis further by suggesting that tﬁe
sagenitic biotite.resulted from the breakdown of high grade
(granu{lte facigs) hornblende. Sagenitic blotite may also
be produced by the retrogresslion of other granuillte facles
mlinerails, l.e, cl Inopyroxene and orfhopyroxene. Evidence
for a granulite facles metamorphism affecting the Maggq
gheiss s tacking In the study area. The sagenltic biotlite
within: the Maggo g¢gnelss Is interpreted to result from the
retrogression of hornblende produced at upﬁer amphibollte

faclies during the Hopedalian event.
T

Hornblende within Maggo gnelss from both the Hopedal | an
and Fiordlan domains deflnes the prominent follation and/or
bandlng together with biotite. Hornblende |s character | zed

by the followling pleochroism;
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‘"X = pale green, straw brown
Y = green
Z = dark green, brown green.

Hornblende varles from 0.5 mm to 1.3 cm grains. The
latter grains are porphyroblastlc, with ldl;blgstlc, to
subidioblastic shapes. Hornblende forms Irregular, rounded
g;alns, ‘dlsptaylng' trrational contacts with plagioclase,
quartz and other hornblende gralins (ﬁlate 6E), Where
hornblende I's  abundant In the gneiss ]t forms a
leplidoblastic texture, most prevalent In Hopedal ian domaln
Maggo gneliss. The ' hornblende Is Irreguilar In shape, often
displaylng rounded edges . and po{klloblastlb Inclusions of
plaglo;Iase and quartz. . N

Garnet, present within Hopedal lan domain Mapgo gnheiss,
occurs as fragmented polklloblast!c grains. Origlnal garnet -
hhaﬁes are Impossible to determine due to post
crystallization changes, l.e. _ deformation aﬁd
retrogression. The garnet proportion in the Maggo gneliss

'varles from trace Vamounts to approximately 15 vo lume
percent in some units of the gnelss (Plate fC). Where

garnet Is least fragmented, Inclusion tralis are

symmetrically positioned about the core suggesting growth

il
K

during times of ffiinimal shearing stress.

Clinopyroxene (salite) was dbserved In one'Maggo\gnglss
sample  (GF-83-162), from Black Head Tickle Cove, as
anhedrai, rounded grains (0.1 to 0.4 mm). The presence of

the clinopyroxene refiects the bulk composition of thls
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particular sample, which chemically corresponds to a

diorite Eemggilflon (see Section 5.2.1). Hopedale dykes at
thls same locality contaln cllinopyroxene suggesting the

area was at upper amphibolite facles during the Hopedallah
deformatfonal event. (see Sectlon 3.2.4, and Sectlon
3.3.3).

Alteration minerals within the Maggo gneiss }esUlt from
re-equll ibration during later stages of the Hopedallan
dpformatlonal event and retrogresslqn assoclated with thg
qurdlan event. Epidote group minerals (epldote,Jzélslte
agd clinozolsite) wvary In abundance In the gneiss, with
epldote most abundant. Epidote within the Mdggo gnelss
occurs as a symplectic Intergrowth with quartz or as

quartz-free porphyroblasts. One possible means of producing
the symplectite may bé' the breakdown of the anorthite

component of plagioclase, e.g.;
anorthite + HyO ===> eplidote + alblite + quartz (3.1).

Epidote often displays both hablts In a single thin

section where quartz-free eplidote rims, with euhedral! to

Wiy
ks

astlic cores with symplectic

subhedral outlines sufround s‘mplectlc epldote. The reverse
of the above, l.e, p‘orph)f{y

rims was also observed. The“’symplectlp lntefgrowth of
epldofe ls not'restrléted to the Maggo gneiss, and Is also

observed In  the Weekes assocliation and the Hopedaie dyke

I1thologles.
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3.2.4 Hopedale Dykes

3.2.4.1 Fleld Relatlionships

Hopedale dykes occur as strengly attenuated,

dlismember ed pods of amphlbo, ise, lacking primary textures

and mineralogy, emplaced 1Ato th& .Maggo gnelss. In the

. Hopedale Block the dyke‘g; represent a significant
time-stratigraphic marker, as they are discordant to the

Earily Middie Archaean fabric (Pre-—Hobedalian; Dn+1)

- within the gneiss, and4 were emplaced prlor to the

Hopedallan event (Dp,2). Contact relatlionships between

the qykes .and hgst Maggo gnelss can be used to Identlfy

Hopedal ian low strain zones where Pre-Hopedallan fabrics

. are preserved. In the Archaean of south West Greenland,
McGregor (1973) 'used the Ameral ik dykes to distinguish two

ages of gnetiss (Amlitsoq and Nuk), although Chadwlick and Coe

R (1976) urged that cautlon be used when subdividing and
correlating tithologles frém varlous areas using the
presence or absence of maflc dyke<s.

Hopgddle dykes are dlstlngulshéd from the Weekes
assoclation amphiboiJtes by: 1) the prominent layering In
the Weekes assoclation amphibollite, 2) the contlinuous
nature of the dykes within the host gneliss and 3) the
absence of garnet in the dykes. The dykes are ubiqultous,
easlly recognizable In the fleld, exhiblt a range of slzgs ’ .
and'a varlet)} of contact relationships with the Maggo

A
J - .
gneilss (Plate 7D, 7E, 7F anp—'e’a)». In Hopedalian low strain

zones, dlscordant contacts between pre-Hopedaliian (Spnet)




| p “ 00079

fabric and the dykes are preserved (Plate 5B8). The degree

of dliscordancy I1s small (<10°) with the dykes exhiblting ;

max imum thickness, up to 2 m. The majority of the dykes are

concordant with the foliatlon In the gnelss, having been

rotated into a NW-SE orlentation during Hopedal tan
deformation (Dn+2)- original dimensions and the
orientation of the Hopedale dyke swarm cannot be_deterrﬁlned
due to flattening and rotation 4assoclated with the
Hopedalian deformation. Within the Flordian domain,
Hopedale dykes were subjected to a second deformation
resul.tlng in further disruption of the d;/kes by shear ing,
recrystallization and retrogression.

In the Hopedaiian domain, dykess can be traced for 10's

of metres along strike, where they are thinned, exhiblit

plnch and swel | structures, are boudinaged and folded,
acconipanied by recrystalliizatilon and assimiiation by the
host gneiss. The Intensity of folding Is varlable, In most
;’ ? areas only fold Iimbs were observed with few hinge zones
exposed. Within the hinge zones the Sn+2 (Hopedalian)
fabric Is discordant to the dyke-gnelss contéct (Plate 7D).
Ermanovics (1982, pers. comm.) belteves the dykes have beer;
Iso;:llnally folded with near vertical axlal surfaces,
parallel Iimbs and rarely exposed hlinge zones. Where hinge
Zzones are lacking the fold timbs could be interpreted to
represent paraliel, distinct dykes (Pliate 7E). In résponse

to the Hopedailan deformation the Hopeda le dykes become

boud | naged, reflecting the competency contrast between dyke
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and host gneiss. The Iinterboudin zones may be filled by

host gneiss or by migmatitic material of minimum me)t

composition. The host gneiss has plastically flowed Into

the Interboudin zone (Plate. 7A) while the migmat i tes have
. . ,

migrated Into the interboudin zone (Plate 8A). (See Sectlion

2.4.4)

The flinal response of the Hopedale dykes to Hopedallian
' - >

3

deformation was recrystallilzation and r‘esorptlon, the
extent of which is varliable and locallzed. Dykes may thin
to « 4 cm In wldth and resorption of the dykes by the
surrounding gneiss occurs (Plate ‘7F). Accompanying
recrystalllzation, Is the injection of mlgmatltlb material
Interpreted to be derived from the hos‘t gneisses, The
in)Jected material forms abophyses, penetrating .1'-6 cm Into,
or completely cutting across the dyke. The Injected
materiail has an orlientation parallel with the Hopedalian
fabric (Plate 7D).

on Dyke and Garnet I siands, rellct plaglocms;e
aggregates are preserved within the Hopedale dyke I 1thology
(Plate 8C), simitar to type B and B° Améral Ik dykes
(Chadwlck, 1981). The plagioclase aggregates aré
Interpreted to °" represent relict glomeroporphyritic
plagloclase tn the originai dyke. Where preserved, the
aggregates e;(hlblt extensive alteration to sericite,.
clinozolsite and chlorite with minor alkall feldspar. This
varilety of dyke, with plagiociase aggregates, |Is not common

within the study area.
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Fiordian deformation further ’dls‘ruoted the. Hopedales

dykes mainly by shearing, with or without the introduction

of S, mlgmatlt‘lc material . Evidence of the Flordlan

deformation Is notlceable In- the dykes due to llthologilc
and competency contrasts between the dykes and gneliss.

3.2.4.2 Mlneralogz

The Hopedale dykes exhibit the foil lowing mineral
assemblages: “
hornblende-piagiocliase (AN 20-22) -eplidote-
actinollite

hornblende-plaglociase (An 20) +/- epldote

hornblende-plagioclase (An 25-31) -~ diopside +/-

epldote
+Accessory minerals Include blotite, quartz, titanite,

zircon, carbonate and opaques.
Hornblende, the dominant minerat In the dykes, may or
may not define a fabric. In thin sectlon hornblende is

A
strongly pleochroic from:

X = straw br-own to patle green ‘
Y = gree.n brown B
Z = green to Srown green.
Hornblende occurs as ‘idlioblastic to xenoblastic prains
with subldioblastic gralins domlinant (Plate 8B).

Subldiobtastic hornblende defines a granobiastic,

equigranular, interiobate mosaic with sharp, rational

Pl

hornblende-hornblende boundaries and embayed, irrationai

hofnblende-plagloc|ase And hornblende-c! | nopyroxene

&
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contacts. Poikliloblastic hornblcndeﬁiwlth Inciuslons of
rounded plagiocliase and cllnbpyroxene Is .cawnon. Zircon
forms small Inclusions In all hornblende types. Hornblende
deﬁ(nes a lepldoblastic texture In follated samples and In
sampTEE displaying a strongly developed follation subgrains
of hornbilende form. Hornblende also occurs In a sympiectic
Intergrowth with eﬁldote, the Iatter'lnterpreted to result
from retrogression of plagioclase.

Plagioclase In the Hopedale dykes, exhlbit alblte and
to 8 lesser extent pericliine twins. rlagloclase composi -
tions vary from An 20 to An 23 In éllnopyroxene-absent

. dykes and An 25 to An 32 in cllnopyroxene—bearlng dykes.
The variation in plagioclase composltlon; Is Interpreted to

reflect 'an iIncreased metamorphic grade for the latter

dykes, - as the bulk chemical composition of all dykes are

simllar (see Section 3.3.3).
. . d '
Clinopyroxene Is pale green, in colour, occurs as
rounded spherical .to lrregular shaped gralns, completely to

_partiaily enclosed In hornbtende (Plate 8B). Garnets within

Y

the Hopedaie dyke {Ithology were observed at one locallty
(Dyke_ Island, Sampie 83-192). These are Isolated from
cllnopyroxene and ﬁornblende In the dyke by a corona of-
‘plagloclase. Thfq textﬁre suggests the garhet Is not iInm
- equlilibrium with the dominant mineralogy of the dyke and is
-~ metastable. As with cilnopyroxene, the garnet Is

Interpreted as a relict mineral reflecting a higher P

assemblage within the dyke. (See Sectlion 3.3.3)

X




Fpldote ls colour less, forms subldloblaBtlc gralné and
commoniy f;rms a s&mp!ectlc I;tergrowth with quartz (Pilate
8E). The symple:ctite texture reflects . the effacts of
Flprdian retrogression GBF plagloclase (see Section 3.2.3.2
and Equatlon.3.1).

Actinolite I8 non-pleochroic, pale green and forms at
the expense of hornblende due to Flordlan retrogression

(Plate 8E) . Biotite appears to be produced by the

retrogression of \Qornblende, presumably with the

1

Introduction of K and Al and liberation of SI and Ca.

3.2.5 Klkkertavak Dykes

Al late, undeformeq. maflic dykes nave been assigneo to
the Kikkertavak dyke swarm. Ermanovics et al. (1982)
suggé&t two Proterozoic dykg swarms were qmplaced Into the
Hopeéﬁle Biock (Kikkertavak and Harp Lake sult-s). Ar
unpubl ished Rb/Sr age of 2,)99 +/- 55 Ma (Fryer, 1083;
pers, comm.) has been determined for a Klkkerfavak dyke
from Crmss, Isiand, southeast of Hopedale. Grant e: ai.
(1983) obtalned ~a Rb/Sr age of 1,208 +/- 120 Ma for a post
Flordlanl dyke erT the head of Kanalrliktok Bay. The
Kikkertavak dyke sg;rm belongs to an ?e-tholel!te sulte of
maflc‘ dykes ‘Intruded 'lnto the North Atlantic Craton In
ear ly Proterozoic time (Brldgwateﬂ(et al., 1985),

3.2.5.1 Fleld Relatlionships

The Kikker tavak dykes have a predominately NE-SW
orientation, with the larger dykes formlng~promznent-rldges

withirl JKns study area. The longest dykef(> 15 km) <an be

. e
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! : traced from Pilllarusik Bay to the NE as far as Tesslujalik
Istand (Figure 3.1). The dykes. have sharp contacts with the
enclosing . Maggo gneliss with dyke apophyses penetrating Into
the gnelss. | |

The KlkkertaQak dykes have been affected by later
’ Proterozolic fadltlng, e.g. the tip of Dead Dog Point (Plate
11E) and the south end .of Pilllarusik Bay. At both

localities the dykés have b¥en retrogressed to, greenschist

—
-

Facléivigsemblages as a result of faulting.
5.2.5.2 Mlineralogy
Mineralogically the dykes consist of the folilowing

Igneous minerai assemblage:
plagioclase - clinopyroxene - ollvine -
orthopyroxene - opaque oxides.

Secondary minerals Include sericlte, amphlbole and

chlorite. Plagloclase forms euhedral to subhedral, composi-

tionally zoned, twlinned grains. Plagloclase cores are of

bytoﬁnlte composition (An 70 to An 75) with edges of

andesine to I;bradorlte " (An 46 to An 51). The plaglbcjase
Varles In grailn size from 0.3 mm to 1.2 cm. Coarse grained
to very  _coarse gralned plagloclase accumulations were
b observed In the lérgen dykes .
Clinopyroxene (diopside) and opaque oxldes form an
angular lnterqrowih Iinterstitial to and surrounding

pltaglocliase and ollvlne: Ophltic to sub-ophitic textures

wlith plaglioclase laths enclosed by single, large olkocrysts
A

of dlopside are common In coarser gralnedldykes. Ol ivine,
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forms rounded, fractured, altered gralns that vary In size

from 0.2 to 2.0 mm. The ollvine alteration varies In
Intensity from minor alteration along frﬂc{ures to grains
with only minor amount? of ollvlne‘préserved. |

Along the dyke margins the'pklmary mlnfralogy has been
hydrated, possibly due to Iaté Proterozolc activity, |.e.’
at the time of development pf the Kanaliriktok Shear zone to
the south. Along the ma?glns of the dykes the dlopside
alters to a blue-greep aﬁphlbole and the plaglociase to
sericite. Rounded clots °f, chlorite - orthogmphlbole -
opaques; similar in slze and appearance ?o the olivine In

&
the fresh dyke are present.

3.3 Metamorphism ° S P

3.3.1 Introductlon

Korstgard and-: Ermanovics (1985) have documented the

prevailing metamorphic conditicns assoclated with the
\

Hopedal ian (Dpn42) and younger tectonothermal events

within the Hopedaie Block and adJacent structural
provinces. The evidence presented In thls sectlon for Maggo
J . _

gheiss and Hopedale dykes Is In agreement with the

el
concluslons of Korstgard and Ermanovics (1985), in
addition, data for the Weekes association amphibolite and
? . ' |
ultramafic subunits are presented, to point _out the ]

problems encountered when ail supracrustal material s

lumped Into a single unlit.

N -
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3.3.2 Maggo Gneliss : ~ . )

The Maggo gnelss exhlbitsya relatively homsgeneous
mlneraloglca] compositlon throughout the study area,
‘regardiess of the structural domain sampled. .

Maggo gneiss |s characterlzed by the mineral asse;blage'
plaglocliase-quartz-hornblende-biotite +/- alkall felbspar.
placing It within the amphibolite facles (Mlyashiro, 1973).
Garnet Is a common accessory mln;ral within Hopedallanr
domaln gnel;s. The presence or absence of garnet may be

used as a broad iIndicator of the prevalllng_P-T conditions

assoclaged with each structural domaln. Ermanovics (pers.

comm.,,/LSBZ) suggested that garnet Is only present within

those areas of the Hopedaie Block where thé Hopedali tan
fabric dominates, Indicating ﬁopedallan metamqrphlsm
occurred at upper amphlibolite facies. Thls general]zat(on
cannot be accepted since the presence or absence of garnet,
In itselif, Is not_a useful Indicator of metamorphic grade,
;s many factors other thin P and T, Influence garnet
stabillity (Deer et al., 1982).

Garnet apbears to be an unstable phase, occurring as
Irreguiarly shaped, fractured grdins, I[nvariably exhlbitling
some degree of alteration (Plate 7C). The retrogression of
garnet results from late Hopedalian and Flordlan‘effects.

Maggo gnéTss underwent retrogress{on wlthln‘ the
Flordian domain resulting In lower amphibolite facles
parageneses. Thls |Is supported by the predominance of

.

?prnblende, with minor biotite, and the lack of garnet In

~
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&
Flordlin domalin gneiss samples within the study -area.
Hornblende occurs as porphyroblasts, up to 1 cm across, In
Floralan domaln Maggo gneliss and assoclated migmatites.

3.3.3 Hopedale Dykes

The Hopedale dykes exhiblt a restrlctéd compositional
range, represented q¥ the shaded reglon on Figure 3.2 and
are Interpreted to have undergone mlnér. post emp]acement
chemical alteration (see Section 5.3).

Thr;e representative samples of the Hopedale dykes,
from ,the Hopedallian and Fiordian domains, can be examlned
to document the prevalling metamorphlic grade assoclated
‘with each tectonothermal event. Mineral analyses for
Hopedafe dyke parageneses, répresentlng the stablé (
assemblages observed In the dyke samples are shown In
Figure 3.2.

Sample 83-192, from Garnet Island (See Figure 6.1 for

sample focations), represents the highest grade assembfage
) \
prgserved In  thRe dykes. In the fleid this sampie Is

chagacterlzed by the presence of garnet In the cores of

* -

plagloclase‘ clots (Plate 8C). Thils locality Is the only one
in the Hopedale Block where garhet was ogserved within the
dyke lithology (Ermanovics, pers. comm., 1982).

The dominant assemblage within the dyke Is hornbfende—

plagloclase-c| inopyroxene (Filgure ,3.2a), with the garnet

-cl lnopyroxene-hornbl!ende assemblage being unstable. A

. " general reaction of the type: B




3.2. ACF dlagrams showing mineral assemblages

observed In the Hopedale dyke lithology from the

/“\
Hopedalian (a,b) and Flordlan (¢c) domalns. Shaded

reglon‘— bulk composition of dykes.
a) 83-192 - highest. grade. assemblage, garhet-
\cllnopyroxene—hornblende‘ (hornblende granul |l te
gicle;) reac}lng to upper amphibollite fac]es.
Garnet-clinopyroxene-hornblende ASsemblage

<
unstable (dashed Ilne) replaced by plagiocliase-

hornblende-clinopyroxene.
b) 82-89A - middle amphibol lte facles (plagtifoclase-
hornbiendey, characterlistic of Hopedal tan

metamorphism.

c) 83-212 -~ lower amphibolite facles epidote-

actlnoll%e—plagloclase replaces plagioolase-

hornblénd%\as a result of Flordlan retrogression.

Cy/
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- Ga - Gagnet

Cpx - Clinopyroxene

Hbi - Ferro ‘Edenitic Hornblende
Pl - Plugiéclase (An 27)

Pi2 - Plagioclase (Ant2))

Ep - Epidote

Ac - Actinohite




garnet + éllnopyroxene + Hp0

==m> hornblende + plaglocliase

The garnet-clinopyroxene-hornblende assemblage Iin the

dyke I8 interpreted to result from the peak of metamorphlsm
assoclated -with the « Hopedal lan (Dn42) event. The same
mineralogical and textural features have been observed In
Weekes association subunit 4 at this locality and one other
locallty In the study area and corresponds to the garnet

granuilte facles.

Based on the textufes and mineralogy observed In the
Hopedale dyke, and the Weekes assoclatlon, the reaction Is
retrogressive in nature and 1requlres the pkesence of a
hydrous fluid phase.

The ¢|IAppyroxene-hornblende-plagloclase assemblage
(Ptate B8B), observed In 6 Hapedale dyke samples, from
widely separated localitles, Is Indicative of upper
amphibollte facles conditions (Figure 3.2a) during the
Hopedal lan event. ' ‘

Subseqguent to the deveiopment of the cpx-hbil-pi
assemblage, clinozoisite forms as a result of retrogression
of plagkdclase, simlilar to equaflon 3.1. The cllinozoisite
forms a symplectic Intergrowth with quartz, as the Si10,
produced In excess by this reaction, does not diffuse away
from the site of the reactlon. This retrogression may
result from élthqrv late Hopedalﬂan effects or refilect

5

Fiordlan overprinting on the dyke. Due to the lack of
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retrogresslion of hornblende, characteristic of Filordlan .

overprinting, and the presencevéfﬁkfable cllinopyroxene, the

NS
epidote Is interpreted  to Xfesult from late Hopedallan

03
4

effects. The fluid phase requlrgd to retrogress ;he stable '
cpx-hbl-p| ‘assemblage In the dykes may be of the same
source which resulted (n the retrogression of the
Cpx-gt-hbl assemblage discussed above (Equation 352)' The
retrogression is Inferred to have occurred under lower to
middie amphibolite facies conditlons.

The dominant mineral assemblage observed In Hopedaie
dykes within the Hopedallan domain, Is plagloclase-
hornblende-quartz as represented by Sample 82-69A (Flgure.
3.2b). This assemblage was observed within 11 dyke samples
from throughoq} the study area and Is Interpreted to have
developed at mld&le amphibol ite facles,conﬁltlons. varylng
degrees of retrogression of thls assemblage to’serlclte(hnd
eplidote, w]th minor actinolite, are Interpreted to have
occurred after the peak .Hopedallan metamorphism, but not
necessarily as a'result of the Flordian event.

‘Accompanylng the  structural reorientation of the
Hopedale dykes in response to' the Flordlan (Dp,3) event
Is the retrogression of Hopedallan mlne(al parageneses. The
dominant FIordl;n mineral assemblage, chafacterlzed by %%e
formation of actinolite and epldote, can be represented by
Sample 83-212 (Figure 3.2c). Based on Retrographlc evidence

~the retrogressed assemblage results from the breakdgﬁn of

hornblende and plagloclase, e.g.:;
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hornblende + anorthite + HpO

==m> actinociite + clinozolsticte + alblte (3.3)

Actlnotlte replacement of hornblende Is seen as a
sharp change In colour and pleochrolsm at the margilns of~
the amphiboie. Symplect,lc intergrowths of epidote and
quartz (Plate BE) are well dgveloped within the Flordlan
domain. Th'e An content of t‘riw‘e plagloclase within the
Hopedale dykes from the Hopedalla‘n and Flordlan domains
varies from An 27 to An 21, respectively. The relict
Hopedal lan assemblage (the dashed 'Ilne In Fl‘gure 3.2¢)
unstable during Flordlan metamorphism Is replaced by the
assembiage epidote-actinolite- plagloclase. The lower An
content of the plaglociase, the stabl | ity of actinolite ar;d

epldote suggest that Flordlan metamorohlsm occurred at

lower amphibollte or greenschist facles.

3.3.4 Weekes Association:

VThe wide range of bulk compositions recorded for the
Weekes associatlon polints to tr:ls unlt as the most useful
Iindicator of preserved metamo’r::;hlc conditions within the
study area. However , the 'supracrustal.rocks are not present
throughout the study area aﬁd each lithology exhibits a
wlde variety of mineral parageneses. .

fhed Weekes assocla_tldn, and Its inferred correlative
equlivalents (Hunt River Group), have been Interpreted to

represent the oldest lithology within the nopedale Block

(Ermanovics et al., 1982). As such this lithology preserves

evidence of two tectonothermal events, Interpreted to -have




developed prlor to incorporation In the gneiss (See Table
3.1). The major. problem ‘In using this unit as an lndlcqtor
2
of P-T-Xy2o conditlons Is that the age of the preserved
a‘ssemblage Is unknown with respect to the Hopedallan event.
Metamorphic parageneses for the amphlbol\‘te and ultramafic
subunits, from the Hopedalian domain, are examined below
and indicate that each subunit displays two distinct
metamorphic assemblages. This Indicates that the Weei(es
assoclation, as defined by previous workers (Ermanovics et
al., 1982; Korstgard and Ermanovics, 1984) consists of two
distinct sequences of supracrustal materlal. It should be
noted tha.t these observations &én the Weekés assoclation
minera! parageneses are of a preliminary nature.

3.3.4.1 Amphlbolite Subunits

Within the amphiboiite subunlt;;v the highest met&rﬁorphlc
grade Is preserved In the garnet-cl lnopyroxene amphibolite
(Plate 2A and 2B). Two sampies (83-64 and 193) consist of
garnet-clinopyroxene which are metastable and can be seen
to be reacting out to produce hornblende-pliagioclase
coronas around ga‘r'net (Plate 2B). The Interpretation of
this reaction and the resulting textures Is similar to that
suggested for the Hopedale dykes (Reactlon 3.2; Section
3.3.3). K

Sample 83-64, . characterized by a fline grained (0.1 to
. 0.5 mm), granc;blastlc. equigranular texture, displays a

wel |l developed equllibrium texture between plag-cpx, Cpx-

hbt, hbl-pilag and pilag-plag, progressing from the matrix

00093
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into the piagloclase corcna around the garnet (Plate 2A and

2B) . There is a progressive Increase In grain size from the

matrix - towards the corona, most evident with the appearance

of hornblendé, up to 0.5 mm, In the corona. This sample

comes from a large (50 to 150 m thick) layer of Weekes
assoclatlion (s'ee. Flgure 5.1 f-or location) whrlch may ha.ve
been Isolated from retrogression assoclated with
Pre-Hopedal i'an and younger events.

| Sample 83-193, taken fr;)m the same locality as thé
garnet-bearing Ho'pedalele dyke (Sample 83-192), displays a
medium gralned (0.7 to 2.0 mm), lepldoblastlc texture
defined by allgned hornblende. Plagloclase Is sericitized
and the proportion ©of cllinopyroxene Is lower, approx. §%
vs. 30 %, compared with Sample 83-64.

.Whethel" the mineral assemb | ages pnresent In these two
samples result from the same metamorphic event has not
been determined. The close field relfatlonshlp between the
Weekés assoclation- amphibolite and the Hopedale dyke"
lithology, samples 83-193 and 83-192, respec.tlvely.
displtayling similar texture:e. and mineralogy, suggests that
the preserved mineral assembla.ges resulted from Hopedallan
metamorphitsm. The lIsolated position of Sampie 83-84, with
respect to the Hopedale c;yke;: makes a C;ear and
unequivocal correlation between the preserved parageneses
and the Hoped‘allan metamorphism tenuous.

The lowest grade assembiage preserved In the

amphibollite subunits, for samples from wWoody and Maggo
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. 1 i N .

lslands. correspond to the almandline ZODO of the i

amphibolite faclies (Turrxer. 19688). At b'oth localitlies the

amphibol I te is c\haracterlzed by the assemblagg ‘hornbiende\ Y

’

plagioclase ('An‘36)-almandlne +/- eplc;ote. Th_ls lower grade
assemb lage is distinctly ,different ‘than that recorded for

. the Weekes association samples (83-84, 193) above.
The Weekes 'a.ssoclatlon amphibollte samples preserving

the low and high grade assemblages exhibit  minimal
K -
differences in bulk chemlical composlition. The sampiles

representing the extremes of metamorphism come from widely

- N A

separated localitlies with ne obvious demarcation lina
3 : .

between the high and low grade assembliages. |If the Weekeas

)

assoclation amphibolite samples do belong to a single

supracrustal sequence than the peak of metamorphism
observed should be much closer than that- recorded.
——, N f
~dlternatively, It Is tentatively suggested that the Weekes .
assocliation amphlbolite samples belong to two distinct
- supracrustal sequences, each of which 'retalns evldencé for
a peak metamorphism corresponding to separate metamorphic

e events.

3.3.4.2 Ultramafic Rocs -

The wultramafic supunit exh|bits a distinct dichotomy of
textures and mineralogy In.the study. area, réf_lectlng
separate Igneous and metamorphic origins. Relict Igneous, .
i.e. harrislitic (Plate 2C) and cumulate, textures are
evident at some locallitles (Station 83-131' and Woody

Island), whereas ultramafic tithologlies from Manue!l Istand
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and Ulvak Point are, follated to banded, dispiayling well

developed metamorphic mineral parageneses.

- |
One means of distinguishing between*lgneous mi

e

neraldgy

and metamorphlc mineral parageneses |Is to examine olivine
AN

composthons. “Collerson et.al. {1976b) have proposed using

the ratio CaO(host rock)/C&O(°| Ilvine) to distinguish

ollvines of Igneous or metamorphdd c origin, Table- 3.2

-
A

presents the results of appiylng this ratio to ollvine from
the uItraMaflc subunit of the Weekes assocliation. Also
presented In Table 3.2 are fhe ratios for otlvines of knowns
Igneous and Metamorphlc' origin (from Collerson et al.,
1976b).\ '

. Using thls criterion, the ollvine from sample BF-82-~4A
Is I gneous In origin. Both the ol‘vlne and qrthopyroxene,
I'n this samplie are Afractured. -ylth serpentine along

* fractures cutting through the - ollvine gfalns. The
ultramafic body from which thls sample »as collected |Is

¢ 5
quite Jlarge (up to 75 m wide) and has becn cut by numerous
anastamosing fractures, resdltlng In Individual blocks of
the /order of 2‘ to 3 m In size. The margins of the blocks
are marked by the dgvelopment of actlinolite reaction rImS.
up to 20 cm thlék, symmetrically distributed about the
cenere of the fracture. Sample BF-82-4A was taken from the
central portion of one of these lndlvlduaf'blocks.

The rema]hlng two samples (BF-82-3, GF-83-51 In Table

3.2) from the study area Indicate a metamorphic origin for

the olivine. These samples, from ultramafic blocks, up to

¢




Y

¢

} -
Table 3.2: Comparison of Cal0 nhoet rock)/C20(o11vine)
ratios for olivine sormed by igneous and
moetamorphic processes.

Locallity C20(host rock)/€20(o | |vine)__Source
S‘Tuﬂyvug'orlgln—“—"“

BF-82-4A 34.00 i This Study
Hunt River _ 11.00 1
Munro Twp. 15.59

Barber ton 61.39 3

/

METEhorphlc OFTaln
BF-82-3 >500 This“Study
GF-83-51 >800 This’Study

~“Malenco (ltaly) 60.00 4
Malenco (ltaly) 115.00 4
Malenco (italy) 195.00 4

References - 1) Collerson et al. (1976b); 2) Pyke et
al. (1973); 3) Nesbltt (1971); 4) Trommsdorff and Evans

(1972).
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10 m thick, within Weekes assoclation aﬁphlbollte are
characterized by:

1) cdarse to ver& coarse graln slze,
2) well developed mineraloglical layering (possibly
reflecting original tayering),
3) strong mineral lineatlion, and
4) elongated, fracturéd and serpentinized ollvine.
Mlneral§ found - in dssocjaiton with the ollvine are
anthophylllte magnetlte and a green spinei.

‘ The ultramaflc sample contalnlng ollvine of@ferred
Igneous origlin comes from Woody Island, where the Weekes

- assocuatlon amphibolite displays the lowest preserved

metamorphic .grade. Where ollvine can be shown to be of
metamorphlic origin (Manuel Isltand; Sample BF-82-3), the
metamorphlc assemblages within the Weekes association
amphibolite correspond to a higher metamorphic grade. These

observations reinforce the concluslon thaf ‘the Weekes

assoclation represents two distinct supracrustal sequences

within the Hopedale Biock.

3.3.5 Summary of Metamorphism

Due to the quartzo-feldspathlc composlition of the Maggo
Gnelss, it Is not a sensitive Indicator of changing
conditions of metamorphism. The gneiss can be broadly
separafed, on the basis of the presence or absence of
garnet, Into two groups corresponding to samp | es

representative of Hopedallan and Flordlian metamorphism,

respectively.
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The Hopedale dykes provide the most sensitive
indlcators of changling metamorphic c¢onditlions within the
study area. This 1.1thology records mineral assemblages

l::::;FSted to resuit from Hopedallan metamorphism which

were subsequently retrogressed durling the Fiordlan event. !
The assemblage gt-cpx-hbi reacting to cpx-hbl-plag, with
the addition of water, corresponds to the boundary between
garnet granulite and amphlibolite facles. The coexistence of
" the gt-cpx-hbl marks the highest grade attained for the
/' Hopedale dykes durlng the Hopedal lan metamorphism. The
predominant m}neral assemblage produced‘ as a result of
Hopedallan metamorphism is hbllplag +/- cpx, characteristic
(of upper amphibolite facles. Flordian assemblages
(actinoiite-epidote-oiigociase) result from retrogression,

at ]ower amphibolite facles, of the Hopedal lan assemblage.

Mineral assemblages presented for the amphlbollte and
ultramafic ‘subunlts of the Weekes associatlon indicate two

&

distinct metamorphic grades for this |lIthology. More

detal led fleld and petrographic work iIs required before the

two metamorphlc grades can be correlated with those
recognized in the Maggo gneiss and Hopedale dykes.
Pretiminary concluslons Indicate that the Weekes

assoclation may consist of two supracrustal sequences of f

dif¥ering ages.




Chapter 4 /W»

GEOCHRONOLOGY

4.1 Introduction

4
Thils chapter presents . the results of Rb/Sr age

determinations foF twelve Maggo gnglss sultes from the
Hopedaie Block,. Fleld descriptions and locations for eacr
sulte can be found In .Appendix A. The géochronologlcaJ
study was undertaken to: 1) date the timing of the
Hopedalian . deformational event; 2) date the Fiordlian
revvorking of the preexisting Hopadaliian Iltthologles; and 3)
examijne the effects on the Hopedal lan isotopic systematics
of the Flordlan rework]ng:

All Isotopic dete;mlnat!ons were carried out on whole
rock powders of Maggo gnelss. lon exchange separation
procedures .,and an estimate of precls'on and accuracy for
the determinations are presented In Appendlx C. Errors
quoted for Rb and S- -concentrations and 87pp/86g,
ratios are +/.- 2 to 5% and < 1%, respectively. Errors for
87Srleasr raglos. ages . and Initiai 87Sr/86'5r railos

are reported at the 1 slgma confldence levei.

' v
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4.1.1 Isochron vs. Errorchron

The fitting of Isochrons to yleld ages and Initial Sr

ratlos was carried out using a least squares regression

) " method slml}ar to that suggested by Brooks et ai. (1972).

The regression .result for an indlvidual suite ylelds a

"date" ‘which corresponds to the "age" at which time the

Rb-Sr‘ Isotbpic systematics for that sulte closed. A measure

of the geological error assoclated with an Iﬁdlvldual

regression ls given by the mean square of the welghted

W deviates (MSWD). The MSWD Is a statistical functlon which
/ ‘ evaluates the relative contributlion of analyflcallerror‘

) )
versus geologlcal error to the age determination.

Brooks et al. (1972) suggested that for an MSWD » 2.5,
the samples used in the regression define an efrorchron
rather than a true Isocﬁron. The cutof( point separating
Isochron and errorchron behaviour for an Indlvidual sulte
of analyses wlll be a function of‘the sampie populatlion
slze: Fryer and Taylor (1985) Indlcat; that a MSWD of 8 fbr
a three-polint Isochron |Is equlivalent to a MSWD of 2.6 for
an elght;polnt isochron, taking Into account the number of
degrees of freedom In each case.

An Increase [n the MSWD Iimplles a greater degree o?

geological error- rather than analytical error for the
. .

regression. In thils work an MSWD of < 5, for small sample

populatfons, Is interpreted to reflect Isochron behaviour

for that particular suite. . {
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The 1location of each sulte analyzed and thelr Hpsultlng
ages are shown onh Figure 4.1. Regression results obtained
for each Maggo gnelss sulte are summarized Iin Table 4.1,

» All ages quoted are based on a decay constant for

87Rb of 1.42 x 10-11 y=1 (sSteigerf and Jaeger, 1977).

4.2 Manuel Island (MI) = =

Nine samples from ;anuel Istand (See Flgure_4.1 for
location) Were\analyzgd (Table 4.2). Regression analyslis of
atl points Qlelds a date ofl2,950 +/ - 93 Ma with an MSWD
of 18.5. The high MSWD for thls sulte can be attributed to
two samp[es which lle off the regression |ine.

At locallt;'§2-78 the Maggo gneiss exhiblts evidence of
weak shearing and migmatization interpreted to resuit from
Flordian reworking. Sample 83-305 Is a recrystalliz2ed, |
follateq pegmatlfe, concordant to the Hopedalian fabric in
the enclosing gneiss. The follation wthin the pegmatite is
discordant to the fbllatlon in the enclosing gnelss,
Indicating a pre-Hopedallan origin Qor thé fabric. Omisslon
of these two analyses and regressing the remalning samples
ylelds a date of 3,125 +/- 43 Ma (Sro- 0.70183 +/—‘
0.00019  (Sr, = Initial 87sr/86Sr ratio)) and a® MsWD

of 2.3 (Figure 4.2). N

4.3 Porphyroblastlc Phase (PP)

Filve samples of medium gralned, porphyrobiastic blotite
tonalite gneiss from three wldely separated localitles are
comblned In this Isochron (Sée.Flgure.A.l for Iééatlons).

o
Results of the Isotoplc determlnations (Table 4.2) are

%




4.1: Locatlion map and regreggUon results for the

twelve sultes of Maggo gneliss examined In this

study.

Abbreviations, . referring to Individual sSultes,
are: BH -~ Black Head Tilckle;, DP - Dead Dog Point;
D! - Dyke .Istand; G -~ Hopedale Gheliss; HH -
Hopedate Harbour; | - Hypothesis Island; MC
Marsha‘'s Cove; M| —’Manuel Island; NBN - Next Eay
North;- PB -~ Pilliarusik Bay; PP - Porphyrobtiastic

Phase; SEDI! - Southeast Double Isiands.
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Table 4.1: Rubldium -~ strontiun- egressicn results for whole rock
data from the Hopedale Bi - N -~ number of samples; ages are

quoted in Ma. ’

-

Suite Age +/- 16~ Inltital Ratio +/~ 16 MSWD

% PRE-HOPEDAL | AN .
Next Bay North! 3,133 +/- 170 0.70259 +/- 0.0009

Next Bay North2

2
it
Manuel Island
Porphyrobtlastiz Phase
Hypotheslis Island
SE Doublie Is]and

Hopedale Harbour
Marsha‘s Cove (SE)1*
Marsha's Cove (SE)z'
Marsha‘s Cove (SW)
Marsha’s Cove (All)

Hopedale Gneliss
Black Head Ticklie?
Black Head Tlckle2
Dead Dog Point!
Dead Dog Polnt2
Pitllarusik Bay
Dyke island

* . Numbers refer to rejression results for all sambles (1) and

3,305 +/~ 75 0.70175

HOPEDAL IAN

3,125 +/- 43
3,140 +/- 95
3,025 +/- 163
3,028 +/- 199

FIORD AN
2,927 +/- 50
2,888 +/- 150
2,894 +/- 26
2,865 ¢/~ 81

2,899 +/~ 116

2,884 +/- 86
2,874 +/- 251
2,854 +/- 83
2,843 +/- 166
2,804 +/- 100
2,632 +/- 285
2,764 +/- B9

.70220
.70188
.70199

0.70271

.70208

.70271
.70298
.70339
.70333
.70282
.70344
.70345

+/=
+/-
+/=
+/=-
+/=-

+/-
+/-
+/=-
+/-
+/-
+/-
+/~

0.00019
0.00086
0.00114
0.00049

0.00014
0.00084
0.00011
0.00036
0.00051

0.00028
0.060070
0.00024
0.00068
0.00038
0.00127
0.00121

1.54
48
1.37
4.53
38

15.6
52

5.66
13.9
3.68
i3.0
4.7C

regress'!on resuits obtained after elimination of discordant samples

(2)




Table 4.2: Rb and Sr Contents and Isotoplc Compositions for
sampies of Maggo Gnelss from the Hopeda!l lan Domain.
Errors are 2 to 5 % for Rb, Sr and <1X for 87Rp/86sr .

The 87Sr/BBSr ratlos are normalized to 87Sr/865r -

0.1194 and corresponding errors, at-1 sigma, are quoted In
terms of 107°, = - sample not used In regression

analysis, D - duplicate analysis of 87Sr7868r ratio,
carrled out on separate allquots of the same powder.

~

' '
sampie No. Rb  Sr Rb/sr 87R5/88sr 875y /865y 1 sigma

Manue!l Island

82-76 49 . .521

82-78" . 43 . .294

83-298 59 . .296
83-299 10 . .145.
83-2990"*

83-300 32 . .262

83-303 63 . , .569

83-304 54 } .422

83-305 70 ; .659

83-305C"*

83-306 50 ) 0.397

.725450
.714162
.714662"
.708274
.708250
.713487
.727308
.721045
.728348
.728333
.719758

[-ReN-N-N-N-N-E-K-X-X-]
NONOWANWNMNOO®
COW=S0WNADON

Porphyritlc Phase

82-46A . 0.445 0.721619 14,
82~60 . 0.506 0.724232 21.
82-63A . 0.559 0.727090 19.
82-70A . 0.916 0.743698 6.
82-70C . 0.782 0.736176 9.

Hypothesis Island

.525 0.725458
.478 0.723071
.648 0.730079
.429 0.720236
. 404 %.719848

_ 0.719783
. 445 0.721632

‘SE Double Island

82-74A : 0.7 0.709488
82-748 . .194 0.70186
82-74C 0. .149 0.708494
82-74D . .145 0.708252
82-74€ . .157 0.708461
82-74F . .238 0.712503
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Figure 4.12: Rb/Sr whole rock isochron for seven samples of
Maggo gneiss from Manuel Island. Isotoplc data used to
constru'ct the dlagram may be found In Table 4.2, o -
samples not used In regression analysis. (Sample

83-305, not wused In the regresslon analyslis, lies off

-
e

.the d ngram. )

Filgure 4.3: Rb/Sr whole rock Isochron for five sampies of
the Porphyroblastic Phase of the Maggo gnetss. lIsotoplc

data to construct the dlagram may be found In Table

. (
4.2. . ’
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plotted in Fligure 4.3, Regression of al\ sampies ylelds a
date of 3,140 +/~ 95 Ma, Srg = 0.70129 +/- 0.00088 with
an MSWD = 2.6. The collnearity, as evidenced by the .low
MSWD, of the samples reflects the homolenlization effects of

Isotopic resetting over a wide area during the Hopedalian

event.

4.4 Hypothesls lIsland (H!)

Six sampies of the biotite tonallte phase of the Maggo

ghelss from Hypothésls Island (Table 4.2) yleld an age of

3,025 +/- 163 Ma with Srg = 0.70196 +/- 0.00114 and an

MSWD = 3.6 (Figure 4.4). The hlgh error on the age and the

Inittal Sr ratio for this sulte can be attributed to the

restricted range of 87Rn/86sr ratios.

4.5 Southeast Double Island (SEDI)

The Southeast Double Island sulte consists of siIx
samples of homogeneous hornblende trondhjemlite. The
restritted ll.thologlcal variation of the sulte |Is refliected
In the 1tow range of 87rp/88g, ratlios (Tablle 4.2). The
date for this suite Is 3,028 +/~- 199 Ma (Sry = 0.70184
+/- 0.00043, MSWD = 2.6; Figure 4.5). The iow 87Rb/86s,
ratios, fhe lowest of ail samplés analyzed, refiect the low
Rb and nigh Sr content of these samples compared with other
analyied samples (see Section 6.2.2).

4.6 Hopedale Harbour (HH)

The Hopedale Harbour suilte’ consists of four samples
collected from the extreme western end of the harbour

(Flgure' 4.1). : Regression analysis of the samples (Tabie




Figure 4.4: Rb/Sr whole rock lisochron for six samples of
Maggo gneliss from Hypothesis Isiand. Isotopic data

used to construct the diagram may be found In

Table 4.2.

Flgure 4.5: Rb/Sr whole rock Isochrqn for five samples of
Maggo gneiss from South Fast Double island area.

Isotopic data used to construct the dlagram may be

found In Table 4.,2.
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4.3) ylelds a date of 2,927 +/- 50 Ma with Sry = 0.70220
+/- 0.00014 (Figure 4.6). The .low MSWD (1.54) attests to
the samples belonging to an isotoplically homogeneous sulte
of Maggo gneiss.

4.7 Marsha‘'s Cove (MC)

In Marsha‘s Cove, Ermanovics et al. (1982) recognized

the progressive effects of Flordian reworking of the Maggo

gnelss, All analyzed éamples‘ (Table 4.3) are from a
recognizable augen of Maggo gneiss wlth preserved
Hopedal ian fabric '(sn+2). Along the margins of this large
augen the foliatlon Is progressively reorlentéd Intola

NE-SW Flrectloﬁ .(Sn+3) Bharacteristic of the Flordian
event. Samp l e locations are shown IniFlgures AL4 and A.5,
and Plates 6D, 9D, 9E, 9F and 10A.

Samples from the SE end of Marsha's Cove (See Appendlix
A, Section A.2.5), come from two localities sl tuated atong
strike and separated by < 100 m. Regressing eight samples

ylelds a date of 2,888 +/- 150 Ma (Srg = 0.70186 +/~-

&
0.00064) and an MSWD of 47.J. Eliminating the highly

dlsg%rdant samplies, 83-202 and 83-203, from the regression
reduces the errors on the age and Iinltlal ratlo and Iéwers
the MSWD to 1.37 (Figure 4.7). The new age (2,893 +/- 26
Ma) and Initlal ratio (Sg = 0.70199 +/- 0.00011) are
within ‘"error of the values obtalned using aill samples.
There Is no recogn-zed gecloglcal gasls.for the eliminatlion

of these two samples.

K




Table 4.3: Rb and Sr contents and Isotopic Composition of Maggo
Gnelss from Hopedale Harbour, Marsha’s Cove and vpxt Bay
North,

Errors are 2 to 5 X for Rb, Sr and < 1X for 87Rb/885r.
The 875r/88sr ratios are normalized to 87sr/86sr w
0.1194 and corresponding errors (1 sigma) are quoted In
terms of 1075, = - sample not used in regression
analyslsx D - duplicate analysis of 87Sr/835r ratlo,
carrled out on separate allquots of the same powder.

«

Sample No. Rb  Sr Rb/sr 87py /885, 875, ,88gr slgma

Hopedale Harbour

0.157 0.708848
0.544 0.725395

0.725458
0.204 0.710695
0.143  0.708321

Marsha's Cove

83-202" 0.335
83-203" ) 0.293
83-204 0.569
83-204 7 )

83-205 - " 0. .546
83-207 . .325
83-208 . .267
83-208

83-210 . .119
83-211 . .674
83-211

83-214 . .181
83-215 ; . 461
83-216 ; .483
83-217° . .482
83-218" . .337

717110
.712229
.726066
.726359
.725191
.715420
713175
.713087
.707004
. 729634
. 729427
.710197
.721394
.723035
.713643

0C0O0000O0OOOO000OCO
VAARNNONANNWWONAN
MRNAWWWROWRND WO O

Next

83-269 . .271 .714639 12.
83-272 . .401 .720943 13,
83-273 . .464 .723573 6.
83-274 . .437 721496 7.
83-293 . .596 .730449 3.
83-294 . .296 .716484 5.




Figure 4.6: Rb/Sr whole rock Isochron for four sampies of

Maggo gneiss from Hopedale Harbour. Isotoplic data

used to construct the diagram may be found In

Table 4.3.

Figure 4.7: Rb/Sr whole rock Isochron for six samples of
L 9

Maggo gneiss from the southeast end of Marsha“‘s

Cove. lsotopic data used to construct the diagram

may be found {n Table 4.3. o - samplie not used In

regression anatysis,.
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The third Iocality, SW end, Marsha's Cove provided flve
samples, four of which have been regressed (Flgure 4.8)
ylelding an age of 2,865 +/- B8] Ma (Srg - 0.70271 +/-
0.0003686; MSWD = 4.5).€The MSWD of 4.5 for this four-point
Isochron suggests that the error may be as much aﬁalytlcal
as geéloglcal In orlgin.

Sample 83-217 was not Included In the regression as |t
clearly crosscuts the remaining gneiss samples In outcrop.
.This age is within error of tﬁaf for the SE end of Marsha's
Cove, however the Initial ratlo for the latter suite Is
higher.

Figure 4.9 presents an errorchron plot for ail 12
samples from Marsha’s Cove. This composite errorchron
ylelds an age of 2,899 +/- 116 Ma (Sro = 0.70206 +/-
0.00051) and an MSWD of 38. This composite plot refliects
what Is interpreted to be the partial resetting of thg
Isotoplic systematics .and the variable Initlal ratlos for
for the Maggo gnelss sultes from the enclave, preser.ved
within an area of Flordian reworklng'-(see Sectlon

4.14.2.2).

4.8 Hopedale Gnelss (HG)

The Hopedale Gneiss locallty (Plate 10B) represents
three distinct lithologic compositions, reflected In the

range of 87Rb/853r ratios (Table 4.4). Regession

resuits for the five samples ylelds a date of 2,884 +/— 86

Ma, Sro = 0.70271 +/- 0.00028 and an MSWD of 15.6 (Figure

4.10). The high MSWD implles that the samples are
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Figure 4.8: Rb/Sr whole rock Isochron for four samples of
Maggo gneliss from the southwest end of Marsha's
Cove. lsotoplc data used to construct the diagram

may be found In Table 4.3. 0 - sampi!e not used |n

regression analysls,

Flgure 4.9: Rb/Sr whole rock errorchron combining aitl

samples of Maggo gneiss from Marsha's Cove.
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Table 4.4: Rb and Sr Contents and Isotoplc Compositions for
Maggo Gnelss samples from the Flordian Domain.
Errors are 2 to 5 X for Rb, Sr and < 1% for 87Rb/86sr. .
The 87sr/86sr ratios are normalized to 87sr/86sr «

/0.1194 and cgrrespondlng errors, at 1 sigma, are quoted In

terms of 107°. * - sample not used In_regression
analysis, D - duplicate analysis of 87Sr/BSSr ratio,
carrled out on separate allquots of the same powder.

Sample No. Ro Sr  Ab/Sr 87ap/88sr B875r/885r 1 gigma

Hopedale Gneiss, Black Head Cove

0.0480 0.139 0.708383
0.413 - 1t1.201 0.755042
0.236  0.684 0.730246
0.232 0.673 0.730484
0.041 0.117 0.707846

Black Head Tickle

83-259
83-261"
83-262"
83-263

.285 0.714238
.166 0.709498
175 0.709182
119 0.708277
83-264 418 0.720359
83-265 264 | 0.714745
83-265 D* 3 © 0.714821
83-266 135 0.708953
Dead Polnt

COO0CO0OOO
DWW b bWWwwW
WROO®AEPNMOODN

[=]

83-238- . . 0.333 0.716484
83-239 . 0.386 0.717363
83-242 . 0.265 0.713330
83-243 . 0.359 0.717498
83-244 . 0178 0.710122

VY ah o ®
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Table 4.4 (continued)

Sampie No. Rb _Sr _ Rb/sr 87pp/88sr 875r/88sr 1.sigma .

Plillaruslk Bay, Fiordlan Mix Samples
83-142 36 262 0.136 0.393 0.718443 5.2
83-177* 15 543 0,02 0.082 0.709366 2.2
83-178 47 397 0.120 0.347 0.716539 1.9
83-179 39 450 0.088 0.253; 0.712733 4.6
83-184 - 69 753 0.091 0.264 0.713936 5.4 .
83-184 D" 0.712823 2.8

Dyke lstand (B.J. Fryer analyst)

DB-81-1A 89 144

0.617. 1.798 0.775930 6.4
DB-81-18 55 199 0.274 0.795° 0.735121 6.3
DB-B1-1C 53 208 0.256° 0.742 0.733403 4.2
DB-81-1D 52 1903 0.270 0.782 0.735165 4.9
DB-81-1E 87 255 0.342 0.994 0.742746 5.6
DB-81-1F 63 192 0.326 0.946 0.740644 3.3
DB-81-1G* 34 188 0.287 0.832 0.735400 30.5
DB-81-1H 50 192 0.305 0.886 0.738624 6.4 _
DB-81-11" 45 138 0.325 0.943 0.742877 3.4
DB-81~1J 79 176 0.443 1.288 0.764587. 5.4

%




Filgure 4.10: Rb/Sr whole rock errorchron for flve samples
comprising Hopedale Gnelss from northwest of Black
Head Tickle. Isotopic data used to construct the

diagram may be found In Table 4.4,

-

Figure 4,11: Rb/Sr whole rock errorchron for flive samples
of Maggo g¢gneliss from™ Black Head Tlckle. Isotoplc
»

data used i:o construct che diagram ‘may be found In

Table 4.4. o -~ sample not used In rcgrésslon

ahalysls.
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| sotoplcally Inhomogeneous. The inhomogenelty may result

from elither an' originally cogenetic sulte having sundergone
an isotopic disturbance, or the samples -do not have a
genetic link. The relationships between the samples: for
thils sulte, out!lined below, WOLj}ld tend to fa\‘/our the latter
possiblilty coupled with some disturbance attributable to
post emplacement affects.

Two samples (83-232, 83-234) represent typlcal Maggo
ghelss (blotlite tonailte), samples 83-235 and 83—23;1
represent migmatitic matertal discordant to the folliatlion
wlthin the gneiss and one sample (83-233) Is a metanocratic
variety of gnelss. Sample 83-235 represents a thin, < 4 ¢m,
Philebitic to  stromatic migmatite Injected Iit-par-Iit Into
the gnelss. Sampie 83-237 Is a nebulltlic migmatite emplaced
along the contact _between the bliotite tonallite and the
melanocratic gnelss. This sulte comes from'an area that has
" been variably affected by Filordlian structural overprinting.

4.9 Black Head Tlckle (BH)

Seven samples of follated blotite and hornbiende
tonalite were collected from the point of land Immediately
west of Black Head Tlck.le (Figures 4.1 and A.6). Regressing
ali sampies (Tablve 4.4) yields a date of 2,874 ;/- 251 Ma,
Sre = 0.70298 +/- 0.00070 and ' an MSWD of 52. The large
error Iin the age and the high MSWD can be attributed to two,
samples  (83-261, 262) which fall below the |ine. Sample
83-262 s a sigmoidal, dictyonitic migmatite cutting the

follatlon In sample 83-261 (Plate 6C). The migm: tite was
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interpreted 29 ‘result from Flordian mlgmatlzatio; of
—Hopedalitan gnelss. ‘

Eliminating sampies B3-261 gnd 83-262 from tnhe data s=at
and regressing  the five remaining samptes ylelds a date =+
2,854 +/- 83 Ma, Srg = 0.70339 +/- 0.00024 and an MSWD of
5.7 (Figure 4.11). As expected, the elimination of the twgo
samples signtflcantly lowers the MSWD, but stiti suggeszts
errorchron behaviour for the sulte. The revised age .s

"within error of that obtained for ali sampies. The majcr

effect of eliminating the dlscordant samplies is to raise

th® Sr, value for the suite. -

4.10 Dead Dog Polnt (DP)-

Flive samples from Dead Dog Polnt (See Figure 4.1 for
locatlon) have been regressed and yleld an errorchron (MSwD
= 14.0) age of 2,643 4/- 166 Ma and Sro = 0.70333‘+/—
©.00068 (Figure 4.X2). Elimination of sample 83-239 reduces _
the MSWD to 3.7, the Initlal Sr ratlo to 0.70282 +/- ’
0.00038 and Increases the age to 2,804 +/- 100 Ma. The"
basis fbr removing sample 83-239 from the errorchron is
Gtuest!onable, it Ils simiilar in mineralogy anq fileld
relatlon§hlps to sample 83-238. The age obtained using a!'t
Jdata points Is Interpreted to reflect‘partlai resett]ng in
response to Proterozolc metamorphism and deformatlon. -

4.11 Pilllarusik Bay (PB}

This sulte of five sampies was coillected along the east
~ "Shore of Pililarusik Bay, west of Hopedale viilage (Figure

4.1, Table 4.4). Regressing al!) samples ybelds an Unllkely




Figure

4.12: Rb/Sr whol!e rock errorchron for five-sampies
of migmatized Maggo gneiss from Dead Dog Point.
Isotopic data used to construct the dliagram may be
found in Table 4.4.) o0 - sample not used In

regression analysi|s.

4.13: Rb/Sr whole rock errorchron for four samples
of Maggo gneiss from within the Flordian Domain,

Plillarusik Bay. lsotopic data used to construct

the diagram may be found in Table 4.4. o - sample

not used in regression analysis.
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age .of 1,781 +/~ 198 Ma, Srg = 0.70710 +/- 0.00068 and an

MSWD of 88. Removing sample 83-177 and regressing the

remaining sampies ylelds an age of 2,632 +/- 285 Ma (Sre
= 0.70344 +/-~ 0.00127, MSWD = 13; Figure 4,13).

The elimination of point 83-177 from t;e regression Is
supported by 'fleld evidence. The sample comes>frqm an area
cut by numerous small scale faults which offset \fhe
Flordian (5n+3” fabric (Plate 11C). The samples are from

the marginal zone of a large enclave of Maggo gnelss which b

. retains Hopedalian mineralogy, but exhibits the progressive
effects of Flordlan reorientation.

4.12 Dyke Istand (DI)

This sulte of ten samples..collectbd by D. Bridgwater

and analyzed by B.J. Fryer, is Included here for the sake
of completenessfv The suite was collected, on the basis of
fleld relationsnhips, . to yleid a Hopedallan age. At the {
sample site therelare no obvious manifestations of Flordlan
N : structural overprinting or the developmént of younger
: migmatites affecting the gneiss.

Regressing all samples {(Table 4.4.) yields 'an age,

Initial ratlo and MSWD of 2,764 +/- 89 Ma, 0.70345 +/-

0.00121 and 4.7, respectively (Figure 4.14), This

regression includes one sahple (DB-81-11) which Bridgwater

(1982, pers. ?omm.) Ihterpets to be a white pegmaflte of

Hopedallan agéﬁ Ellmlnatlﬁg this sampie lowers the age to

2,750 +/~ 62 Ma, within ~error of that obtained for all

samples, (Sr, = 0.70344 +/~ 0.00084) and reduces the MSWD

-




i
Figure 4.14: Rb/Sr whole rock errorchron for ten samples
' of Maggo gneiss from Dyke Isiand. Isotoplc data
used to construct the diagram may be found in

Table 4.4.

"

Figure 4.16: RbD/Sr whole rock lIsochron fof four samples of
Maggo gnelss from north of Kang!l luasuakoluk Taganl
(Next Bay North). Isotopic data used to ‘construct
the diagram may be found In Table 4.3.

© - sample not used In regression analyslis.
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to 2.3. Examlinatlon of Figure 4.14 shows sample DB-81-1G té
be dlscordant 'to the line. Elfmlnatlng this sample, along
with DB-81-11, regression reduces the age to 2,740 +/- 48
Ma (Sro, = 0.70368 +/- 0.000868) ana further reduces the
MSWD to 1.4. All three dates and their corresponding
Initlal ratios are within error of gach other, the sole
effect ‘of delieting the sampies belng the reductlion of the
MSWD for the suite. There 1Is no compelling geocloglcal
evidence for the elimination of elther sample.

4.13 Next Bay North (NBN)

The six samples analyzed (Table 4.3) |n this suite come
from three localities along the mainland shore north of
Kangl luasuakoluk Tagani (See Figure 4.1). Regressing all
samples ylelds a date of 3,133 +/— 170 Ma, Srg = 0.70259
+/~ 0.00097 and an MSWD = 10. Two samples which lle off the
regressloh line can be eliminated from the suite on the
basis of their fileld and microscoplc characteristics.
Sampile 83-274 iIs a mafic-rich layer, within the gneiss,

which In the field was thought to represent a leucocratic

phqse of the Weekes assoclation. Removal of Sample'83—294

is Justifled due to the following criterla when consldered

with respect to the remalning samples In the suite:
. 1) the leucocratic nature of this sample,
2) the presence of Iinterstitial aikall feldspar, which
Is very mlnor to lacking in the other samples, and
3) the recrystallized nature of the sample.

some respects this sample resembles what has been
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Interpreted to represent a recrystaiiized pegmatite, at

i

Manue|l Isliand (Samp le 83—305). which preserves evidence of

a Pre-Hopedalian fabric.

2

Eilmination of these two analyses and regressing the
remaining four data points ylelds an age of 3,305 +/- 75 Ma
and an Srg valué of 0.70157 (Figure 4.15). the resuftlng
MSWD for this régresslop Is lowered to 1.3, indlcating
Isochron behaviour for thls suite. ’

4.14 Discusslon

.

in high grade, polydefor;ed gqelss terrains, 'Rb-Sr
whoie rock Isochrons are interpreted to either represent
the *“age" of the gnelss complex or reflect the timing of

reglonal metamorphic events (Moorbath, 1975a). The l&ttér

Interpretation Impliles Iargé scale, reglonai homogenizatlon -
of Sr isotopes at the Isochron date. For the former, whole

¥
‘rock Rb-Sr Isotoplc systematics observed In grey gneiss

complexes result from Aretentlon of the original Isotoplc
systematics, even If the complex has undergone a tater
intense (to upper amphlbollte facies) metamorphism. The

preservatlion of the lIsotopic ~systematics Is taken to

indicate Isochemical behaviour, on the whole rock scale, of
Rb and - Sr (Moorbath, 1975a). Evidence for later
metamorphism can be detected using mineral .dates. The
Amitsoq gnelss of southwest Greenland preserves a whoile
rock Rb-Sr age of 3,700 Ma, even though the area -
subsequently underwent an amphibollite facles metamorphlsm

and accompanying deformation at 2,800 Ma (Moorbath, 1975a).
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Geochronological results for Maggo gnelss sultes are
subdivided Into those Interpreted to date the older,~
Hopedallian event and the younger, Fiordian event. The ages
obtained for Maggo gneiss sultes, representing the
Hopedallan and Flordfan domains, will be discussed In té}ms
of their slgniflcance to the development of Hopedale Block
crust. The ages and inltial B7Sf/855r ratios quoted are
found Iin Tabte 4.1, | |

4.14.1 Hopedallian Suites

The MI"; FP, Hl and SEDI sultes, all tocated N and E:of

Hopedales ksee Flgure 4.1), exhibit well developed NW-SE
# .

planar and‘ SE plunging linear elements.'characterlstlc of
the Hopedallan (Sp,z) fabric as deflned by E}manovlcs et
al. (1982) and Korstgard and Ermapovics (1984, 1985).
Hopedale dykes, boundinaged and concordant to the Sh+2
fabric |In .the gneliss, afe Ccharacterized by the a#semblages
hbl-pl-cpx and hbl-plt, Indicative of Hopedal lan
metamorphism, at these locallties. The presence of tge

Sn+2 fabric, concordant Hopedale dykes and preserved

middie to'uppér amphlbollte'facles assemblages are taken to

Iindicate that these sultes equilibrated during the
Hopedalian (D,,») event.
. . .
Ages obtained for these suites fall between 3, 140 and
3,025 Ma. The ages, all within error of each other, are

interpreted to date the timing of the Hopedallan

deformational event (Dn,5) within the study area.
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Pooling all the data for the 24 samples from the four -
Hopedat! kan sulf%ﬁh énd regressing themi together yieids a
date of 3,091 +/- 25 Ma and a Srg = 0.7016§-+/- 0.00015.

(Flgure. 4.16). The low MSWD value (2.7) for this regression

I's Interpreted . to signify “that the whole rock Isotoplc

»

systematics equllibrated *“with their -shrroundlngs in

response to the Hopgggllan event, and have remained

unaffected by later events.

érant et al. (1983).Treport Rb-Sr whole rock ages for
Mag#o ghelss ‘of, 3,02f Ma for thelr Kanairlktok Bay sulte
(K@), from south of the presént study area, and 3,01t Ma

/

fér the Ulvak ‘Polnt Sulte (UP). situated within the study
¥}ea. An unpublished, minimum U-Pb zlrcon age of 3,150 Ma
‘(Ermanovics, pers. comm., 1986) has been obialned’for the
UIQak Point sulte. These two sulfes are characterized by a
'wellﬂ developéd Hopedalian fabric (Grant et a}.. 1983). The
resulting Isotopic ages for the sultes are Indlétlngulsh—

1

able from the pooled. age for-all Hopedalian samples from
this study. X

Lgbtoplc ~results, from this study in conjunction with
published data, for the Hopedallan.sdltes Indicate that the
Hopedale Block was stabllized as a craton at 3,090 Ma. The
stabilization of the crust, at least with respect to Rb and
Sr, two highly moblle elements, at this time provides the
Startlng point to begin examining the affects of Flordian

reworking on the Maggo gneiss.
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Flgure 4.18: Rb/Sr whole rock isochron for pooled data from

the MI, PP, HI and SEDI sultes'."“lsotoplc data used

to construct the diagram can be found In Table 4.2
[ : .

Flguré 4.17: Rb/Sr whote rock errorchron for 39 sampleas

from all Flordian Sultes. Isotoplc data used to
construct the diagram may be found in Table 4.3
and 4.4 ’
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4.14.2 Flordian Sultes

4.14.2.1 lptroductien o : _ )

The Flordian domalin has been - defined (Korstgard and

ﬁErmanovlcs, 1984) on the basis of the followlng structural

kY

and metamorphic characterlstlcs

. 1) promlnent NE-SW trendlng, SE dlpplng planar faﬁrlcs

- 2) modenate NE plunging llnear elements
13) lower to middie amphibolite facles mineral
lassemblages In metabasic llthologies.

The :aboge characterlstlcs result ;rom the reorlentatlon-and
! o
rétrogresslon' of Hopedallan domalq IJtDplogles I3 response
to the Flordian reworklng (Sections 2.4 and 3.2. 6).
Pubiished “fleid and geochronologlcal results may be

\

_Qsed to broadly flix the timing of the:Flordian deformation,
The Kanair lktok Intrus}ons of: dioritic tp granodlorlk)c
cﬁmppsltlon are interpreted by Ermanovics et al, (1982) apd
Korstgard ‘and Ermanovlcs (198#) to have been empliaced into
the Hopedale Block_ prlo; to, ;rtln part synchronous with,
the Filordian deformatlon‘ and metamorphfsm. Grant et a’l.
(1983) have examined the Rb-Sr Isotopic systematics of
thr.ee sultes of Kanalrlkték Intrusives. Two of these
sultes, KT and K sultes (abbreviatlions are from Grant et

al., 1983) yield ages of 2,832 Ma (Sro = 0.7017) and

2,763 Ma Sr, = 0.7030), respectlively. The third sulte

&,
(BT) ylelds and age of 2,453 Ma (Srg = 0.7043) whlch\

a’ant et al,. (1983) .Interpret to result from partial

metamorphic résettlng during the Proterozolc. A U-Pb zircon

™~

N oo

-
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-vconcordia age of 2,830 Ma (Ermanovics et al., 1982) Is In

agreement with the Rb-Sr whole rocf ages - for tHe

emplacement of the Kanairiktok intrusives and, based on
estabiished fileld relationships, the timing of the Flordlan
deformation. = A

"The ages obtained for the remalhling eight suites of

.

Madgo gdélés. examined In this stUdy are discusked In terms

of the observed structural “fabric exhlblted at each

bloqpllty and the resulting hole rock age. Sultes whlch
) VA .
exhibit slmllar fleld relatlonshlps and ages are consldered

under the- followlng headlngs L
< 1) Flordian fabrlc and Flordlan age
2) Hopedal lan fabrlc and Flordlan age, and
3) Fiordlan fabr.ic and Hopedailan age.

4.14.2.2 Fiordlan Fabric and Flordian Age

Three sultes (MC, DP.and PB), examined In this Study,
a;e from a clearly recognlzable aggen of Ffordlén
reoriented Mgggo‘ gnelss q*posed along t;e east shore of
Pllliarusik Bay. (Figure 4.1),. Al sultes yleldeFlordIan.
ages. (Table 4.1) similar to those repo;ted by ErhAnovlcs_g&
al. (1982) and Grant et al. (1983).
» MC suite samples were colleéted from the core of the
augen, ‘which on’ the outcrop scale resembles Hopedallan
domaln Maggo gnelss, but exhibitd a Flordlan fabric. The
Hopedalian appearénce Is lacking, away from the augén core,

where \\the gnelss Is strongly reorliented in NNE-SSW

direction. On a microscopic scale, Hopedallan mineral

3

ol N . -
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assembliages within " the Hopedale»dykes can clesrly bLe seen

to . be retrogressed to lower Fmphlbol(re ‘factes assemb'ages
ln.respo;se to Flotdlan mstamprphlsm.(Piate BE). °* ] &
The composite plot for all’ 12 samples from Marsha's
Cove (Tlgure 4.8) reflects the partial resetting of the
Hopedal ian ', IsGtoplc systemafics of the Maggo gneiss enclave
preservgd within an area of Fiordian reworking. The l|ower
initial Srg .raélo *(0.70206) In contrast with tho§6 for
other Flordian sultes, both published (Grant et ai., 1983)
énd “presented. In this study, Ymay reflect t.ms partial
resgtting. There .exlists the posslbirléy that there Is a
coﬁponent of radiogenic Sr,.derived fiom the syQ-F lordian
Kanairiktok . lntruslvés. mixed with HopedaIIQn Sr sti
tgresent 'wlth:n thé MC s3ulte saﬁplés.'The link between the
MC su]te. other Flordtan suites and the Hopeda[iin Sultes
H : .
!s “further discussed in Section 6.4, dealing with the Sr
evolution of the Hopedaie Block.
The DOP sulite ylelds a four polint nsochrOA agé of 2,804
+/- ;00 Ma for Magge gnelgs displaying a wal] developed
Flordian fabric (S,,3). In the fleld the Sne3  fabrie
car be shown to reslUlt from recrientatlon of the cariler
Sh+ (Hopedal lan) fabric (Plate 11C and D). This age,
altfough younger than previously reported Flordian ages
(Grant et al., 1983), Is lnkerpreted to represent the flinai
stages of the Ftordlan Isotoplc resetting at this locality.
The ' age recorded for the PB sulte (2,832 +/- 285 Ma,

.

Srgy = 0.70344, MSWD = 13) Is Interpreted tc¢ represent

&
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the partial resetting of the isotoplc systematics within

this sulta i'n response to Proterozolc actlvliy.

.

Along the length of Pilliarusik Bay, where the samples

for. this suite were coflected. évldence exlsts for movemeq:

along faults assogiated with the Proterozo}c activity (see

v . : '

Sebtlon 2.4.8).\This bflttle,peformatlon results Ir amini-
‘ - g s

mdm dlisplacement of 2.5 km, based on the offset of Klkker-

a . .
tavak dykes on opposite sldes "of the bay. Grant éi al.
(1983) sugpest that an age of 2,453 Ma for é'su!te of the
Kanalriktnk }ntrusions from' UgJuktok Bay (their BT suite)
reflects tho partiai résetttng of the Rb-Sr systgmatlcs In
response to Proterozonilc metamorphic activity. .

~

4.14.2.3 Hopedalfan Fabric. and Flordian Age

c L.

Based on fileid retationships the HH, HG, BH and Ui
sultés were collected with the view that they would g{ve a
Hopeda | lan Or possibly olider age. .Only the BH sufte

-

exhlbits any visible evidence of reorlentatlion In response

to the Flordian event—{PTate 6C). All of these sultes y'e'd

LY

whofe rock ages which date the Flordlan event, as.dcf!ngd

ahove. .~

Tke HH Sulte samplies an area of Maggo gnelss which.

«

a)splays evidence of a ﬁ(;;Hopedallgn fabr iz (Ptate £3),
The age for this suite, 2,927 +/-.50 Ma (Figure 4.8), Is

within error of -the age, obtaindd for ail samptes frcm

Marsna‘'s Cove (Flgure 4.3), placgnd' Lt within the time

frame of the Flordlan event. The’ HH data points exhibit

the best flt( Pine (MSWD = 1.5) of all the sul*es In this

o

(4
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group, Jpdicating that the Rb-Sr systematics of this.sulte
underwent =a ma]or resetting and c%mplete homogenization at

.

2,930 Ma. Even though- this suite ]acks vlslblo-ﬁlérdlan
def&rmatlonal féatures, thé l;ecor&ed age muy be interpreted
to reflect the\ Incipiant chemical affects of .the Fiordian
Few;rklng‘on,the Isotopic systematics of the Maggo gneiss.
‘The HG and BH suites yield ages of 2,884 +/f 86 Ma and
2854 +/¥ 83 Ma, respectfvely. lndl§;]ngulshablevfrom that

obtalned . fcr ghe MC suite and previously reported_Flordlan

- N

ages (Grant et ahk, 1983). The high MsWD values for these
su_f't’es (HG = 15.6, BH = ?'5.7)~ reflect the Iincomplete
.resetting of the Isotopic systemﬁflcs lm response to the
Flordian event at.th;se locallities. 4

The - DI suite, displays a Hopedﬁllqn fbbrlq and records
a Flordian ,age which - is indistinguishable from the other
Flordian. iultes{ The data fqr'thls sulte, when ?epressed,

yield an errorchron (MSWD =~ ' 4.7) again suggesting the

nhomogeneoug behaviour of Rb and ~Sr In response 3? the

Fiordian reworking.

)

. Thea geolodlc setting and the~beochronolog!cal resulits

for this Iocallty\ are incompatiblie. in terms of the

-geologic setting -the Hopedale dykps at Dyke Isfiand exhibit
weli developed relict plaglociase accumulations (<«ee Figure *

21.4a In Ermanovics et al., 1982) and retaln a Hopedalian

minerqu assembiage (hbi-pl-cpx) with no éCTdence . for
: r

Flordjan retrogression. The Maggo gneiss at Dyke Island Is
characterized by the assemblage pl—qtz-blptlte-hbl which
. ’ . . : : N
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has a fresh appearance lnvthansectlon'&nd does not exhibit
any indlications of having béen‘retrogress%d.

‘The DI .sulté on a macro- and microscopic scalé
resemblgi- Hopedal ian domal& Maggo - gneiss, however the
resetting of the (sotopic systematics dur ing the Flordian
did not affect the abpearaﬁce of the gneiss and n:soqlatéd
lltholbgles, | .e@. Qopedale dykes. The actLal ﬁeans ibr

mechanism for the reséttlng of _the Isotobly systematics

. v .
without disturbing . the petrégrgphlc characteristics of the

sulte remarns an - enligma. Thl; suggests that the Flordian
reset(hng does not need to be deflned by a struéthal
change.. Indicating that this event could be~domlnaht|y
thermat In nature and In effect be morilcompllcatéd than

previously thought. , ) L .
The vﬁ]ues In Table 4.3 and 4.4, usediio determlne kg?
age for each of the Fiordian sultes, when pooied and.
‘regressed yleld an errorchron (MSWD w 7.€) age of 2,835 +/-
26 Ma  and an Sro ratic of 0.70257 (Flgure 4.17). This age
and |n|t|ql ratlo are lnd]stlngulshable from those values
for F)ordlan domaln Maggo gneilss and Kanairiktok Intruslves
reported by Ermanovics et al. 1 (18982) and JWGrant et al.
(1983).
% Eliminating the flve most discordant analyses ;rom the
composite prot(ang regressing the remaining analyses ylélds
a date of 2,832 +/- 16 Ma (Sr;o = 0,70267) and lowers the
MSWD to 7.7. Thlé age Is within e rcr.of that obtailned for.

a

all analyses (Figure 4.17). The oval of the alscordant
, ~ T ;
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analyses, based on their gontribution to the MSWD, {owqr;
‘the MSWD, dpéwever. the data stiil exnibit errorchron
behaVviour, suggesting that geoc!oglcai rather than. .
analytical scatter I ros;onslb{e for ‘the high MSWD .
Further removal of discordant points, up ;gwao % of the
togg( analyses," fesyft; In a lower Ing ofgégo Mgwo to;?.5
with no change In -the age or Sro .value for the pooled
data set. ' a

The errorchron behavjour for the pooled data set,
regardiess of the number of dlscordantcSpolints removed, is

N N L fal
i to be expected as each Indlividuat suite exhiblts onily
| ° [

pa?tlal homqge;lzatlop of thg Rb-Sr systematics In respoﬁse
to the'Flor&Ian reworking. - oo ) | .
The  fact that five of six Flordian sultes yleid
errorchrons, In the sense of Brooks'et ﬁl. (ieea); aitésts
to thé perv#slve, Iﬁcomplete resetting affects 'of th;
Fiordian event onr the Maégo’wnelssf The ageas of these  five
sultes (MC, HG, '‘BH, DP, DI) cluster betwesn 2,899 and 2,734

. Ma and are Inferred to represent the7re—equl!lbratlon of
the gneiss In response to the Flordlan rewo?klng: Of these

. SUltes onky- PB and DP exhlibit a weil developédvFlornpan,

Sn+3s fabric.

4.14.2.4 Fiordian Fabric and Hopedal lan Age

" The NBN Suite records an age of 3,305 +/- 75 Ma, the

bldest~ age' reported for the Magdo gneiss within the

Hopedézgﬁwblock. This, age Is older than the pPooled age .for

(» +
aill Hopedal ian Sultes - (see Sectlon 4.14.1) despite.

-
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L%
pcssessing a Flordian fabric Characterized by distorted
. 4, L ; ‘
NW-SE fabric (Sp,2) which |Is reoriented Into & NE-Sw

~

ksn,a), Flordian, direction. ‘The gneiss aliso displays a
minaral . llne;tlon which gently p]unges_ to the NE, again’
characterlst!c7 of. Flprdlan deformation =(Korstgardr ard
Ermanovics, 1985).

‘The relationship of this age with ‘the preserved
Flordlan fabric Is simiiar to that reported for the BR

.
sulte of Grant et al. (1983). Their BR sulte records the
oldest age. (3,226 Ma) of  all sultesh analyzed by these
workers and !l lke the NBN suite displays a Flordfanlfabrlc.'
The }slgnlflcance of the ﬁBN age to the development of the
HopedAIe . Block Is that it dates the timing of an "lIsotopic
event " older than the Hopedal lan.. ‘

- quubllShed U-Pb E}rcgn ton probe aées kSchlotté via
Ermgnovlcs, .pers. -comm. 1988), foé grains separated from a
peiite coilected at the same-~locéllty as the NBN sulté,
fall In the range 3,288 to 3,260 Ma. These age;\lmply.the
presence ‘of “older" ‘source material from which the pei'te'
w:re derlived. The most Ilkely source would bﬁ(the gnelsses
'n the iocal area rather: than derlving the zlrcons from

further afleid, |.e. northern Labrador or west Greenland.
f

4.15 Areal lsochrqns

4.16.1 introduction

Traditionatliy piots of 87sr,88g, vs . 87Rpp/86g,

are. used to present mineral and/or wholie rock Isochron

. ‘ 3, - .
cata. Mineral Isochrons yleld ages whieh correspond to the
. ) . , 4 -
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time the RbB/Sr Isotopic systematics for coggnetlc,mlhe}als
.closed. whele rock isochrons for metamor;hlc rocks are
lnterprbied‘ to .date either the time of metamorphism or
anatexls. In elther case the age records the time when the
: _ \ >
whole rock Rb/Sr ;ystematlcs closed, although Rb and Sr
'exphange, between minerals in a 67vep sample may still occur
(Koehgef and Muelier-sohnius, 1980). In terms of scale,
mineral isochrons reflect' systematics o©on the mm to cm
scale, while whole rock Isochrons generally deal with
samples collected over dm to m Intetvals.

'Koehler and Mueller-sohnlus (1980) enlarge the scale of
Rb-Sr geochronology sambllng by an order of magnltudé
more in consldering reglons 100°'s of m to sg;Qral Km
diameter, wlth'lndlvldual regions separated by dlstances
excess of 10 km. Thils "larger sample size is tqrmed
‘areal’ by these authors. An ‘areal pust cé;slst of
cogenetic samples and at some pofnt‘fn the past the areal

must have. existed as a cfosed .Rb-Sr system} Within the

region defined by ’the areal, Rb and Sr transport between

Individual whole rock samples Is .permitted (Koehier and

Mueiler-Sohnlus, 1980).

To demonstrate the principle of areals the followling
exa&ple, gonslidered by Koehler and Muel ler-Sohnius (1980)
Is presented. These authors examlned the Rb-Sr data for a
~cogenetlc. paragnelss—anate*lte body from the Bohemian

.Masslf of East Bavarla{‘ The paragnelig sequence, derlved

from greywackes and minor amphibolites, collected from five
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distinct " outcrop reglons that were .irnterpreted 'to have

undergone simllar geological histories: sedimentation,
regional metamorphism, ‘anatexls and 'rpglonal cooling.

) . N . ) ~
Mineral Isochrons ylelded cocoling ages of 310 ta 315 Ma,

while whole rock Isochrons gave ages of the anatexls event
ranging from 420 to 470 Ma (Koehler and Muel ter-Sohnius,

1980). '

~
a

The exlsténce of wholé rock isochrons from the fiye o

regtons examined was Interpreted by these  authors to

indlcate total Sr Isotope™ exchange between whole Fock
. o . <

samp les within each reglon. Dlistinctive (ni

ratios, —ranging from 0.709 to O0.711, for the whe rock
Isochrons, were interpreted to suggest that Sr exchange did
ﬁot occur betwgen the wldgly separated reglons'(Kéehier and
Muel ler-Sohnius, 18980). Kv?he lack of Sr exchange was
Interpreted to 'Indlcate that( each reﬁlon existed as a
separate and closed system during anatexls. Taking the
abobé _considerations rlnto account Koeﬁler and
Muel ler-Sohnius (1980) considered each region to represent

’ .
an areal. S -

The mean 87sr /863 and 87Rp /865y values for
each whole rock sulte provide the respective 'XSY'
cocrdinates for each areal, such that wh;n plotted on a
conventional B7Sr/368r vs. 87rp /865 diagram and
regressed yleld a straight Iine. In .the case of the East

Bavarian samples the resulting |Ine corresponds to an age”*

of 544 Ma and an Inttial Srg = 0.7048 (Koehter and
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Mueiler-Sohnlus, 1980). Can this stralght line g> regarded

as an Isochron and |f so, how can .the resulting age be
. N &
Sitnce all sémpleS' used "“to define the areais were.

‘interpreted?

.

sSub jected to thev samé geologlical 'events.' Koehlerf and//l'

&

Mueller-Sohnlus (1980) suggested that the - Inear. array
h R . \ ’ .

*\peflnedi by the areal! points was meaningful and lnterprete&_
? J _—
“the straight Iine 1Is an 1Isochron and term It an lareal

-

- -~

isochron’ . In . interpreting the slgn!flcanch of . the

. N r
resultant areal age Koehler and Muel ler~«Sohnius (19§p)

.-

postulated that ‘a pre-anatectlic event which caused gé

L s

unlform mean 875r/863r ratio for ‘the areals. They were

uncertain of the. nature of the pre-anateétic event, but

9

suggested that It could be retated to elther the origrnal

sedlmentatlon ‘or the subsequent reglonal metamorphlsm
A

Appllcatlon of thg prlnclpa{ of areals‘ and areal

r+sochronsﬁ.to the Maggo gneiss sultes analyze& ln,th|sustudy-
can be Justifled on the followlna_ gfoundsr‘~1) ali the
sdltes repfesent var ious composltfohal.phases of fhe Maggo
c gnhelss;  2) based on regional 'aﬁd-loc&l chronology, each
4 Hopedal ian and Flordian suite éan be shown to .have
;yndergone a combardble sequence rof: deformawional ’and?
met;morphlc developmeqt; 'and 3) the lnltlal‘Sf ratiocs for
each areal are comparable. The latter argument requires
that qxchahge of Sr has notroccurred between the areals at

. PN

the » time recorded for the Hopedal ian and Fiordian events.

The homogenlzatlon gliving rise to the sImilar iInitlal Sr
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.

ratios fo‘i the suites occurred at some polnt In time prior

to the recorded tectonothermal events. The inlitlal Srq
ratios fort the Hopedaitlan and Flordian suites range from
0.7613 toLO\.7019 and 0.7021 to 0.7035, respecthlvely. The
‘range of Sre ratios for each g;ochronologlcal ly siml tar
group of sultes suggests that each group closed to fur ther
exchange and homogenization of Sr ﬁt the same tlme In"'thelr
pqsf. . ' . :
. The con;:ept ‘of areals and areal tsochrons have
prevlousiy been appllied to Archaean lithologies (Marzano,
1981), Grenviitian gnelsses (Mose, 1982) and Paleozolc
granites (Haack et al., 1982; WIilton, 1984).

Areal d;ta' for the Maggo gneliss suites examined In thls
study (Tablie 4.5) and the resultlr:g areal isochrons for the
Hopedal lan and Flordlan domains are discussed in the

following sections.
J

4.15.2 Hope‘fal jan Areal

The mean  B7pp/88sr  and  87sr/885r ratios (Table
4.5') for the MI, HI, PP and SED{ sul tes of Maggo gneliss are
vused to derive the Hopedallian areal Iisochron. The s&ge
(3,059 +/- 83 Ma) and Iinitial ratlo((Sro = 0.70182)
‘resulting from the regression of these four areals |Is
Indistinguishable from the pooled age for al'l Hopedal (an
samples (see Section 4.14.1).

The areai concept requlires that all samples used in
determining the areal lsochrqn closed to Sr exchange in

response to the same event in their past (Koehler and




Table 4.5: Averaged Isochron data and respective errors (A),
calculated using the rmethod of Koehler and Musaller-Sohnlus
(1980), used to constuct the Areal isochrons. '

Sulite .S_Rb/§§8r A §Z§u8_58r

HOPEDAL | AN
Manuel 1sland . 349 0.716933
Porphyroblastic Phase .623 0.730563
Hypothesis Isiand . 480 0.722872
SE Double island 174 0.709584
Next Bay North .393 . 0.721264

FI10ORD IAN

Hopedale Harbour .252 05015 . 715743
Marsha ‘s Cove . 380 0.136 .718741 .0008

Hopadale Gnelss . 531 .123 .726400 .0036
Black Head Tickle .213 .036 .712509 .0016
Dead Dog Point - T .297 .009 .714959 .0013
Pllllarusik Bay . 292 .Q01 - . 715097 .0024
Dyke lIsland . 980 . 052 . 744450 .0028

* - No errors were calculated for the NBN suite as the gradient

angle of the areal Isochron is required (see Koehiler and
Mueiier-Sohnlus, 1980). This sults was not used In the areal
treatment.
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Muel ler-Sohnlus, 1380). The exchange of Sr at this time
results In a homogenization of Sr ratlos_prodt.:clng
equlivalent Sr, t(‘gglos for each sulte defining the areal.
The results for the Hopedal!llan areal sultes imply that this
was not the case. The SEDI suite is enriched In Sr with
respect to other Hopedallan sultes (450 ppm versus 355 ppm,
respectlively; Figure 6.1b). Additional iy ‘the SEDI suite
exhiblits a dJdgpletion In Rb compar'ed to the other Hopedalian
sultes 27 ppm versus 55 ppm, respectively), and thé
correspondling Rb/Sr ratio (0.0B) for the SEDI sulte Is the
lowest recorded ratio for all sultes anatlyzed tn this
study. Based on thesé dlfferencaaé_, compared wlith the
remalning Hopedalian sultes‘. the removal of the SEDI| suite
from the areal Isochron calculation Is Justified.
Regressing the remaln.lng 3 Hopedal lan areal suites
(Figure 4.18) ylelds an age of 3,366 +/- 212 Ma with a
corresponding " Sr, ratlio of 0.6936 “and an MSWD of 0.13.
This age Is Interpreted as the best age for the Hopedalian

areatl . Observations which support this being the Hopedalian

areal! age are:

1) The simlarity of this age to that for the NBN sulite

(Section 4.13). The NBN suite was col lected over a much
wlder area than most conventional Rb~-Sr geochronology
sultes and as such' it may represent an areal |sochron
T = 3

In Itself.

2) Inclusion of the ° mean 87pp/86gr and

87Sr/SBSr ratios for the Uivak - Point sulte of Grant
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4.18: Areal lIsochron: for Hopedalian Sultes. Isotoplc

)

data used to construct the diagram, based on mean

Rb, sr and 87sr/88spr  values for each sulte,

may be found In Tabie 4.5. M| - Manuel isliand, PP
- Porphyrobilastic Phase, HI - Hypothesls Island,
SED! — Southeast Double Island. © - areal not used

In regression analysis. '

4.19: Areal Isochron for Filordian suiltes. Isotoplc
data used to construct thg diagram may be found In

Table 4.5. MC -~ Marsha’'s Cove, HH - Hopedale

Harbour, B8H - ‘Black Head tickle, DP - Dead Dog -

Polint, PB - Pllllaruslk Bay, HG - Hopedale Gnelss,

DI -"Dyke Island.
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et al.(1983; data from Marzano.glsél) with the areai

. data for _the Hopedallan sultes of thls study (M, HL,

PP) ylelds a' comparable age (3,288 +/- 234) Inltial

Sro (0.69983) and MSWD (0.18). »
3) The agreement between the areal |sochron age and the

lon probe U-Pb zircon age (Schlatte, unpublished data)

Y

suggesting that "old" crust was being eroded in the
Hopedale Block prlor to the Hopedal lan event.
The Hopedal ian areal Isochron age Indicates a Sr

homogenlzation event has affected the Maggo gneliss which

¢ -

predates the Hopedallan event. The slgnl?lcance of the age

obtained for the Hopedalian areal- ahd its relationship to
N .

the deveiopment of the- Maggé gneliss within the Hopedale
L |

Block are discussed In Section 6.4 and Chapter 7.

han

4.15.3 Flordlan “Areal

[

The remaining seven sultes (MC, OP, PB, BH, HH. HG, DI)
are consldéréd In derlv]ng the Flordlian area) |sochron.
Regressing the areal values for these sultes (Table 4.6)
ylelds a date of 2,752 +/- 250 Ma (Srg = 0.70489; MSWD '=
0.60; Figure 4.19). The low MSWD for the ;real Isochron |Is
a - function of the large errors a;soclated with the mean
87Rb/aBSr ana 875y /86g, ratios.

\Ellmlnatlng the most discordant polnt (HH) from the
regression analysis Increases the age to“2,930 +/- 82 Ma
(Sro = 0.7027; MSWD = 0.06; Flgure 4.20). Justlification
for the elimination of the HH areal Is based on the lack of

Sr homogenlzation wlth the remaining sultes during the

A e Y 00152
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Figure 4.20: - Areal Isochron for .Flordian sultes after

elimination of HH suite (see text for details).
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older S; éxchange evenf recorded by the Flordian areal. Tﬁe
HH sulte 1Is enriched in Sr (518 ppm) wlith respect to the
remalnlné Flordian areal sultes (mean Sr value = 389 ppm).
fhe 2,930 Ma resuilt |s taken to represent the age for the
Flordlan areal [sochron.

"This age Is Identical to the result obtained for the HH
whole' rock Isochron. The simliarity between the ages wou.ld
suggest that an Valternate Iinterpretatlion, than that
{sugge;ted In Section 4.14.2.3, for the-%H age |Is that this .
sulte records tﬁe final Imprint of the Hopedal lan event on
the M&ggo gneliss at this loc;IIty. Based on the fleld
relatlionships of this suite the latter Interpretation Is
regarded as the more |ikeily of éhe two.

The Flordian areal ‘age overiaps wlth both the
Hopedallan and Fiordian Isochron ages. The slgniflcance of
this age 1Is that it dates the timing of the last Sr

1

homogenlzation/exchange ‘within the Maggo gneiss which has

subsequently .been affected by the Flordlan event and is
lndlsthgulshable from the Fiordian pooled age (Figure
4.17).>;The tnitial Sr, tatlos for the Flordlian pooled and
areal isochrons are ldentical.
+4.16 Summary
An Important result of this study Is the documented
discrepanty between the preserved tectonlc fabric and the
recorded Rb-Sr isotoplc age for each sulte, eﬁg. Hopedatian
fabric and Flordian age, of Magéo gnﬁJss. This dlscrepancy
- was first pointed out by Grant et al. (1983) for sultes\of

Maggo gneiss from the Hopedale Block. . -
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Comblining the geochronologlical resuits - wlth‘ the

previously determined structural and {ithological
chronoiogy (Korstgard and Ermanovics, 1884; 1988) suggests
that physical and chemical reworking assoclated with the.

Flordian event do not necessarlly occur simul taneously.

Visible evidence, 1.e.. development of the Spne3 fabric,
and Invisible affects, |.e. chemical changes especlally In
the Rb-Sr  Isotoplc systematlics, assoclated wlth the

f;|ordlan reworking occur Independently of each other for

‘ythe fndlvldual sulte; analyzed in thlﬁ study. Collgrson anUL
Fryer (1978i polnted‘out‘that lsotopic systems (Sr and‘Pb)
clo;e when large scalie mantle and |0Qer crust degassing
ceases, Irreépectlve ;of demonstrably dlfferent.fleld and
stratigraphic relationships. '

Usling the pooled Isotopic data for the four sultes
analyzed fn this study, the Hopedal lan event occurred 3,091
+/- 25 Ma ago. Results for the NBN sulte jndicate that an
event bpre-datlng‘ the Hopedalian event affected the Maggo
gnelss at 3,305 +/- 75 Ma, The pooled Hopedalian age Is In

. - /

agreement with thé previously Eeported results for Maggo
$

gneiss (Grant et al’., 1983; Ermanovics, pers. coﬁm.. 1988)
‘and supracrusta) llthologlésh(Schlotte, pers. comm,, 1988),
The remaining seven sulte§~analyzed in this study yleld
ages 'between '2,927 and 2,632 Ma with a pooled age of 2,863
/- 41 Ma, defining the mean time of the Flordian

deformation. The Fiordlan sultes are Interpreted to

represent varying degrees of. retrogression and Isotopic
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resetting associated .with the Flordian event. The pooled
Flordlan age result Is In agreement with the resuits of

.

Grant et al. (1983) for\:i:?;ked Maggo gne]ss and the pre--

— »

to syn- Flordian Kanalriktok ntrusives.

Application of the areal concept to the Hopedallan
domaln Maggo> gnels; sultes indicates that these sultes
retain evidence of an older, pre-HoSedgllan. Isotopic
resettlng/homogen{zaflon event at 3,360 +/- 212 Ma. This’
age 18 In Agreement with single sulite Isochron resuits. The
close agréement between the Flordian areal (2,930 +/- 82
Ma)- and pooléd (2,853 +/- 41 Ma) ageé suggests that
Flordlqn reworking has completely rq;et the lsotoplcﬁ
systemgflcs of the gneiss. Thé resetting hAs effectively

obllterated any Isotoplc characteristics of an older event

to have affected the Flordian domain Maggo gneiss.
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Chapter 5

GEOCHEMISTRY

5.7 Introduction

- »

In  recent years the geochemlicat affinities of North
Atlantic Archaean grey gneliss complexes have been
investigated by numerous workers, Including Drury (1973;

1978), Compton (1978a and b), Moorbath et al. (1975; 1981),
Collerson and Bridgwater (1979), Tarney et al. (1979) and
Moorq;th and Taylor (1981) . These detalled geochemical

Investlgations have been carrlied out In regions extensively

studied in the fileld. In each case It was concluded that

the volume of preserved contlnental crust was increased as
a result of elther reworking of ’5reexlstlng material
(Collerson and Brldgwgter, 1979) or by the addition of
Juvenile materlalkto the crust (Moorbath and Taylor, 1981).

' Visible effects of the Flérdlan reworkln§ on Hoaedallan
domaln Maggo gnelss _are the aevelopment o% new planar.and
llnear fabrics wlfhln the gnelss and retrogression. of
Hopedallan mineral assemblageé. In this chapter the major,‘
trace and rare earth elemenf/ (REE) geochemistry of the

<

Maggo gneiss will be presented.

-

’
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The resulfs of the geochemical study will be used to:

1) Define the chemical characteristlcs of the Maggo
gnelss from the Hopedallan domain.

2) Deflne the changes Iq the chemical naiurE.of the

Maggo .gnelss in response to Flordian overprinting,

3) Provide Information on the origin and possibi=a
. - parental compositions of the gneliss.
Data for other lithologles will be presented in a

supporting role.

Methods employed In the Lfleld for sample selection

~

fogether with analytical techniques empioyed in the ma jor ,

Q
trace and rare earth element determinations are glven in

Appendi x B. The relative preclsion and accuracy of the

~

methods employed and the results of determlinations on

standard samples are also llsted In the appropriate

sections of Appendix B. Flgure 5.1 provides the location of
all sampies analyzed In this study.

5.2 Maggo Gnelss

5.2.1 Introduction

A total of 138 gnelss samples were analyzed for major
and trace elements by atomic absorption and X-ray
fluorescence techniques, respectiveliy. Due fo the
relatively restrftted varlation in mineralogy and given the
considerable but coﬁtlnuous range In comaosltlon, the Maggo
gnelss has been arblitrarily subdlivided on the basis of Its
S105 and K20 contents. The followling Cchemical

H

subdivisions of the Maggo gneiss are used:
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Dioritic gnelds "SI0, < 62 wt%

Tonallitic gnelss 5102'> 62 and < 68 wt%
K0 < 2 wt%

Trondhjemitic gnelss SI0, > 68 and <« 74 wt%
KoO « 2 wt%

Granodloritic gneiss Si0; »68 and < 74  wt%
KoO > 2 wt%

<

Slliceous gneliss Si0p > 74

This subdlivision of the Maggo gneiss |Is slmllgr to that
used by McGregor (1979) for the Nuk gneiss of SW Greenland.
Trondhjemitic and tonalitic subgroups are the most abundant
accounting for 52;36 and 25%, respectively, of all Maggo

gneliss samples analyzed.

Al

‘ / .
Subdivision \ of the Maggo gneiss on the baslis of

chemistry Is reflected In the mineralogy. Trondh jemitic
gneiss contains minor to ﬁegllglble amounts of Interstitiat
K-feldspar, displays 'a low mafic mineral c:)ntent, with
blotite > hornbliende. Tonalitic gneiss sampies lack
K-fe idspar, have both hornblende and biotite with the
former being more abundant. In the granodioritic s'ubgroup'
blotlite Is the dominant mafic phase and K-feldspar Is more
.
abundant than In the trondhjemitic samples. The diorittic
gneiss subgroup, the least common chemical group (8

samples) has a higher proportion of mafic minerals, with

hornb lende commonly more abundant than biotite.




The subdivision of the Maggo gnelss Into chemicatly
deflneg gneiss su~bgroups. based on Increasing $10, and
K20 contents corresponds to an Increase In the degreé og
."fractonatlon’. Fractionation is here taken to mean that
san evolutionary link exists between the' var lous subgroups,

with no specl fic 'fractlionation’ 'mechanlsm Impl led. -

r

’

Regardiess of what this process is there is an observed,

gradual change In Maggo gneiss chemistry, |.e., Increasing

-

Si0p from diorlite to granodlorlg; gnelss. . .
This chemlical subdivision \‘Is appllied to all gnelss
samples Irrespective of the structural domain from which
they were collected. The differences in whole rock
chemistry between samples from the Horpedal lan anc;. Flordian
domains |Is discussed In Section 6.2
T During the ‘normal’ crystallization of a primary magma
the absotute abundance of any oxlde or element wil| vary,
i.e. Increase or decrease In ligquid In response to
frac;lonatlon processes, depending on the phases lnvoI\Lg‘;P
However, the ratio betvyeen elements, with simllar partlt'l\on
coefflalents, shouid remain relatively unchanged (Hart‘ and
Allegre, 1980; Zindler et al., 1984). For the MAggo gnelss
any primary petrogenetic trends, b[ased on geochemical data,
must necessarilly be more o'bscure when compared to sultes
which do not exhibit a similar protracted history.
Representative analyses of the chefnlcally def |l ned

gnelss subgroups are presented in Tables 5.1 to 5.4. Table

5.5 presents average compositlions for each gneliss subgrdup.

o
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Table §.1: Representative analyses Tonalite Subgroup, Maggo Gnelss.

-Sample

82-80

83-129

83-169

83-202

83-255

83-296

S|02
Ti0g
Alg03,
Fe,03
MnO
Mgo
Ca0
Na,0
Ka0
P205
Lot

TOTAL

Pb
Th
u
Rb
Sr °
Y
ir
Nb
in
Cu
NI
Ba
v
Cr
Ga

Na0/K,0
K/Rb
K/Ba

67.60
0.34

16.80

0.08
1.486
4.41
4.48
1.44
0.11
0.41

66.0
0.64

15.50
4.47
0.07
1.91
4.27
4.1
1.67
0.12
0.47

100.63

>3
n.d.
n.d.
56
301
10
110
6
53
11
11
311 -
42
22
18

3.1
213
38.4

99.23

10
9
€

64

368
18
144
9

46

12

14

52
24
17

2.5
217
37.8

* - Total Fe as Fezoa
n.d. - not detected

65.70
0.45

15,00

.49
.06
.68
.92
.87
.23
.d.
.92

.32

7

. 6
54
45
36

81
<71
21

3.
319
33.3

.40
.52
.80
.96
.08
.07
.99
.17

65.60
0.62
16.10
4.34
0.05
1.04
3.81
4.68
1.32
0.15
0.27

64.90
0.40
14.60
.3
11
.31
.25
.61
.35
.06
.67

.98

.56
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Table 5.2: Representative analyses Trondhjemlite subgroup, Maggo .

Gnelss. . . -
Sample 82-32 83-26 83-172 83-218 83-249 83-279
S0, - 69.70 70.40 68.80 70.4 70.5 70.4
TI0, 0.42 0.30 0.47 0.29 0.20 0.34
A|2°3- 14.60 14.90 14.70 -\15.60 . 15.60 15.00
Fe,03 3.01 2.58 - 3.81 1.89 1.91 2.38
MnO 0.05 0.03 0.05 0.03 0.02 0.05
Mgo 1.55 0.91 1.43 0.79 0.72 1.52
cao 3.47 J.24 4,34 2.97 3.21 3.05
Na 0 4.04 4.56 3.96 - 5,31 5.23 4.73
K50 1.47 1.49 1.22 1.29 1.59 1.49
P20g 0.09 n.d. n.d. 0.18 0.15 0.12
Lot 0.47 0.54 0.89 0.5 0.24 0.45 '
TOTAL 98.87 98.95 99.47 \ 99.25 99.37 99.53
PO T 5 10 5 > 9 3 8 .
Th n.d. 6 4 n.d. ) n.d
u , n.d. n.d. n.d. n.d. n.d. 1
Rb - 89 45 31 45 45 57
Sr 255 297 . 175 353 464 323
Y 17 2 9 1 n.d. 4
Ir 116 .109 129 . 89 79 112 o
Nb .8 5 4 o2 1 2 o
Zn . 43 35 48 33 33 44 i
Cu 18~ A 23 19 19 15 16 j
NI 19 12 10 4 2 20
Ba 431 294 278 1M 327 381
v 39 41 58 27 22 31
Cr 9 43 19 11 . 5 40
Ga 17 20 20 18 18 18
Na0/K,0 2.8 3 3.3 4,1 3.3 3.2
K/Rb 206 274 327 238 293 o217
K/Ba 28.3 42.1 36.4 62.6 40.4 34.3
* - Total Fe as Fey03 -
n.d. - not detected

\K/ *
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N Table 5.3: Representative analyses Granodiorite subgroup, Maggo
Gneliss, .
Sample B2-44 83-176 83-194 83-197 83-243 83-288
AY

Si0,y 72.80 71.40 73.30 70.60 71.30 68.70
T10, 0.23 0.20 . 0.18 0.45 0.28 0.56
A|203- N 14.70 15.00 13.60 15.00 14.00 13.70
Fes03 - 1.54 1.60 +1.78 2.21 1.99 4.76 -
MnO 0.03 0.03 0.04 0.03 0.03 0.07 N
Mgo 0.50 0.54 0.50 1.01 0.53 2.10
,ca0 2.30 2.60 2.48 2.88 1.81 2.43
Na 0 4.48 4.95 4,37 4.39 3.48 3.49
K20 2.56 2.48 2.32 2.18 4.46 2.54
P20g 0.04 0.08 0.0 0.14 0.12 0.05
LOI 0.67 0.78 0.25 ¥0.57 0.29 0.40
— —— — ————— —

- . Total 99.93 99.64 98.86 99.46 98.29 98.80
Pb _ 8 28 12 7 18 [
Th n.</ 6 10 5 17 1
1] n.d>") n.d. n.d. n.d. n.d. n.d.
Rb 70 45 68 63 90 113
Sr 428 423 192 652 385 179
Y 6 4 1 4 1 2
ir 94 95 102 143 216 136
Nb 2 6 5 5 - 3 9
In 35 58 31 50 36 - 77
Cu 18 12 14 20 14 18
N1 n.d. 1 .2 3 w  n.d. 35
Ba | 608 832 494 699 1626 351
v 20 24 . 15 " 43 21 84
Cr 1 3 10 9 n.d.’ 138
Ga 18 20 15 21 16 20
Na,0/K50 1.7 2.0 1.9 2.0 0.78 1,4
K/Rb 304 458 283 287 411 180

K/Ba 34.9 24.7 39 25.9 22.8 60.1

[

* - Total Fe as Fey03 - «
n.d, - not detected

4
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Table 5.4: Representative analyses of the Diorite and Silica-rich R
Subgroups, Magge Gnelss. '
N Diorite i Sllicecus Gnelss
Sample 83-78 83-162 B3-274 83-297 | 82-698B DB-81-11
Slbz . $8.70 §7.20 €0.20 53.70 75.50 78.40
Tloz ) 0.93 0.54 0.70 0.69 0.14 0.05
Al203. 15.80 18.70 . 15.50 15.10 13.20 13.00°
Fep03 8.51 5.01 6.83 7.97 1.62 0.73
MnO 0.10 0.04 0.12 0.14 - 0.03 0.02
MgO 3.7 3.97 3.73 7.52 0.52 0.25 ]
. Cao 5.72 7.74 5.88 7.8 2.75 2.59 ' ;3
Nay0 4.69 5.12 4.23 3.10 4.34 3.97
KZO 0.36 0.83 1.49 1.72 1.22 1.81
P205 - 0.23 0.18 0.12_ 0.1 0.03 n.d.
1._9__!_ 0.44 0.34 0.471 0.75 0.69 0.70
Total 99.19 99.67 99.21 98.60 100.04 101.52 @
Pb 3 2 2 7 3 8
. Th n.d. 3 2 4 . 5 9 ~
—~ U n.d. n.d. n.d. n.d. n.d. 2
Rb 4 7 37 55 35 47
sr 258 446 | 245 74 151 134
Y 27 -7 14 25 15 3
ir 135 43 77 78 101 T4
Nb 6 1 ‘8 7 6 4 .
in - 52 66 ' 69 78 14 13
Cu 38 31 13 51 28 16
Ni 41 43 42 76 3 n.d.
Ba 51 73 132 166 239 339
v 132 110 117 257 17 2
cr 42 17 69 116 n.d. n.d.
Ga 19 22 21 21 15 14 N\
Na20/K20 13.0 6.2 2.8 1.8 3.6 10.1
K/Rb 747 984 334 260 289 319
K/Ba 58.68 94.4 93.7 86 42 .4 44 .3
J 3
* - Total Fe as Fe,04 .
n.d. - not detected g /




’ - ﬂ 00167

Table 5.5: Average -analyses of the chemically def inad subgrows of the Maggo Glss. ~
1 (m=8) 2 (n=36) 3 (n=68) 4 (n=18) 5 (n=6)
4 X 8 X § X 8 X s X s
r . .
.’ 810, '58.83 2.3 8518 1.7 7083 1.4 7.5 1.8 7472 3.8
Ti0g coon 2 51 3 1 25 a5 .2
Al 1566 1.3 1548 8 1507 .8 14.;;1 f 1?.]72 1.0 .
“Foylg. 7.47 1.2 4.4 .3 231 .7 1. 1
wzos N VI .08 .m 04 .0 .04 02 .02 ﬁ\
MO 442 1.3 2.31 .6 .03 .4 K| ] 39 4 . ‘
Ca0 6.67 1.0 492 .7 3.21 .5 2.59 .3 251 .6 }
Nag0 401 .7 4.08 .3 461 4 4.37 4 425 .2
ka0 .21 .7 1.2 .3 .47 2 2.4 6 1.8 1.0
P05 15 .06 2 .04 .08 .04 07 .04 06 .0
‘ Pb 48 3 63 3 69 3 10,6 7 8 3
. Th 3.2 2 58 3 51 3 6.1 4 . 7.8 3
| U 1.0 1 42 4 23 1 40 15 2 4
1 Rb 8.9 30 . 356 12 9.4 18 69.3 23 28 2 =
sr 235.1 107.,_ 337.5 106 369.9 119 358.3 158 32 m
Y 199 7% 133 5 6.0 4 68 4 7.7 6
Ir %03 36 N1 34 1043 33 106.4 36 M5 4
» 6.4 51 2 42 2 81 3 3.8 1
In# 73.5 13 55.6 8 %4 N 39.6 16 8.5 21
Cu 2719 15 25.9 12 18.5 10 16.4 7 2.2 5
NI 57.6 19 26.6 18 ns 8 9.9 10 3.0 0
Ba 0.1 48 253.9 110 334.3 130 587.5 318  5%.0 614 .o
v 160.6 43 789 20 308 14 IR 7) 154 17 : :
cr 83.6 53 45.8 32 18.1 18 21.7 38 40 2
Ga 189 3 179" 3 7.6 2 176 2 153 2
Nag0/K0! 3.3 3.3 3.1 1.8 2.2
- K/Rb! 37 284 25 295 366 ,
| K/Bal \ 91 0 37 .3 B i
] . {
1. Diorite Subgroup. Si0y < 62 L1¢ 9
Z. Tonalite Subgroup. Si0 62-68 wtf, K0, < 2 wtX.
3. Tronchjenits Subgrow. S10, 68-74 wtX, K « 2 wty.
4. Granodlor Ite Subgrowp. Si0y 68-74 wtX, ',(20 > 2 wiX.
5. Sitica-rich Subgroup. $107 > 74 wtX.
Al
X - Mean value for oxIde/element . !
§ - Standard deviation (1 sigma conf idence |imits). \
® - Total fo as Feg0y '
I — Ratios cafculated using mean values-above.
_/
> ’
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A cgmplete listing of the resulfs for all gnelss sampies

>

analyzed ks given In Appendix D.

5.2.2 Major Elements -

510; contents of the Maggo gneiss vary from £3.7 to
78.4 - wt%. Harker-type .variation diagrams (#lgure 5.2)
relating major'elements to sllica content dispiay a varlety
of relatlonships. The Ziumina content of the gneiss varles
from 13.0 wt% to 18.7 wt%, with the major ity of samples
clusterlﬁg at 15.0 +/- 1 wt% ;Flgure 5.2a). Overall there
Is a weak negative correlation of Al 03 with Increasing
sllica. /

The oxlides 'TIOZ (0.03 - 0.94 wt%), Feyo0,Total
(0.38 -~ 8.51 wt%), MQO. (0.05 - 7.52 wt%) and Cao (1.39 -
7.80 wt%) all exhibit negative corre}atlons with Incred?lng
8llica content In the gneisses (see Flgure 5.2 a, and ¢ to
€). The ‘oxides, MnO (0.01 - 0.15 wt%; not shown) ang
P20y ’(0.01 - 0.23 wt%: Flgure 5.2n) both exhiblt
negative .correlathns with silica, but there Is a wide
scatter in the éjstrlbutlon possibly related, at least In
part, to I ow abundanées and related analyticatl
difficulties.

The remalning two major element oxides (tho and
K20) exhibit weak positive correlations with lncreas:ng
sllica content. NaO ranges from  3.08 to 5.65 wt % and
exhiblts an ° increase in the spfead of values with
Increasing silica content (Figure 5.2f). Ko0 values,
range from 0.36 to 5.15 wt % and exhiblt an even wl!der

Spread at high slilica values (Figwe 5.2¢9)-

)




Figure

N

5.2{/ Harker vartatlon dlaqrams (major elements) for
Maggo gneiss samples, distingulished according to

Chemlically deflned gnelss groups: a) TIOs vs

SI02: (b)) v Alg03 vs  SI103; c) Feyo3" vs
SI102; d)  Mgo vs r5|oz; &) cao vs S105; . f)
Nagd vs  S102:  g9) K0 vs - SI0p; h) PLog
vs S105. '

Symbo s :

dioritlic gnelss

X - tonallitic gneliss
+ = trondhjemitic gnelss
© ~- granodioriyic gnelss

H - slllceouQ\ gneiss (with strongly migmatitic

gneiss samples)

-
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The HNay0/K50 ratloiéﬁﬁor the gneisses v&ry from 0.75
.

to 6.17, with tf-xé* ‘.t;)'AJorlty having Naz0/Ky0 values
greater th&n 2.0 (Ffgure 5.3a). Thére is nb clear
- relationship between the Al»053 content of the gnelﬁsea
and the NaZO/KéO ratfb (Figure 5.3b).
One lnterpretatlén of the varlable' Nas0 and K50
contents and NayO/Kp0 -atlos, deplcted on Figure 5.3,
Is. that these oxldes have -been mobile dur ing
post-solldiflcatlion alteration events, |.e. metamorphl!sm,
affectlng' the Maggo gnelss. The wide spread of Ko0 values
at high silica contents Is especlalily Indlicatlve  of
secondary redistributlon, malnly the Introduction of K, In
response to‘ metamorphism. Some trace elements, e.g. Rb, Ba'
and Sr, show similar patterns. '
The range of<‘compositlon exhiblted for the Maggo gneiss
Is ﬂsuch that lf'deflnes a contlnuous érend, evident on an

¢
AFM dliagram (Figure 5.4). The trend Is |inear and paraliels

Y the trondhjemite trend of Barker and Arth (1976) ° for ">
] Norweglan trondhjemlte, with the Maggo gneiss samples lying 4
within the calc-alkaline field defined by these authors. it
Is also evident from the AFM dliagram that Maggo gnelss
samples overlap the fields for both the Amlitsogq ggnded Grey
‘Gnelss (ABGG) of southern‘ West Greenland (Nutman et al.,
1984) and the Ulvak | gneiss of northern Labrador
(Collerson and Bridgwater, 1979).

It 1Is not possible to qlstlngu!sﬁjbetween trends of

calc-alkaline and trondhjemitic affinlty from .the AFM




\_.A\'/

Flgure 5.3: a) Naz0 vs, K»0. The majority of the Maggo
gneiss sampies Kave Nas0/Ko0 values > 2.

b) NagO/Ky0 ratlo vs, Al2045

Symbols as |In Figure 5.2,
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Figure 5.4: AFM ternary projection for the Maggo gnelss

»

samples. The fields for Ulvak | Gnelss of northern

Labrador (Collerson and Bridgwater, 1979) and

Amltsoq Banded ‘Grey Gneliss (ABGG: ltght stipple)

frofn Sw Greenland‘ (Nutman et al., 1984) are shown
for comparison. Solld line - trondhjemitic trend ;

Dashed ililnes - <calc- alkaline fleld (From Barker

andnArth, 1976) .
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'dlagram. However , 'wnen Maggo gneiss results are plotted on (/

°

a ternary Nag0-K20-CaG diagram (Figure 5.5) two trends,

subparallel to the trondhjeﬁlte and calc—aukallne trends of
- . o
Barker and Arth (1976), are apparent. A feature observabie

In Flgure 5.5 Is that the Maggo gnelss samples are
- displaced away from the K20 apex compared to the trends
defined by Barker and Arth (1976) and the flelds for the

Amitsoq Banded Grey Gneiss and Ulvak .|, Gnelss (Nutman et

al., 1984, Collerson and Bridgwater, 1979) presumably
‘reflecting K20  depietion (see Figure 5.5). The lower
K20 content, reflects el ther the oprimary protolith

composition -of the Maggo gnelss or subsequent depletion In
) \
response to metamorphism (Hopedallan and/or Flordian).

<

) Normative analyses for Maggo gneliss samples, calculated
‘uslng fhe method "of Barth (1959, 1962) are plotfyﬁ on the
normative Ab-ANn-Or trianguiar dlagrah (Flgure 5.6). The
fajority of the ‘'samples plot In the tonalite and

. ] trondh jeml! te fleld; of O'Connor (19 v}, away from the Or

¢ 5
apex. The I ow normaflve Or contents dlrectiy reflect the
l-ow Kéowcontent of the Maggo gne;ss.

5.2.3 Element Mobliilty Studies - Background

Essential to the 'lnterpfetatlon of trace element data
for the Maggo gnelgs Is the concept Jf element mobliility-
lmmoblul‘ty in response to any alteratlon'event, l.e. the
Hopedal ian and Flordian events. Elemgnts of interest
Include - the large Ion lithophite elements (LILE; K, Rb, Ba,

Sr) and the high fleld strength (HFS) elements (Ti, Zr, P,

Nb, Y) and the rare earth elements (REE) .

A
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5.5: Naz0-Ko,0-Ca0 ternary projection for Maggo

gnelss . samples. Ulvak | and ABGG (tight stipple)
f are shown for comparison. T - tholelitlie
trend; C - calc- algallne trend (From Barker and

Arth, 1976)\.
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Figure 5.6: Normative (wt %) Ab-An-Or projJection (after

O’'Connor, 1965) for Maggo gneiss samples. The

majority of analysis plot within the tonallte and

trondh jemi te flelds. Symbois:
\\‘-7 single anatysls, solid clrcles
(¢ analyses.
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Investigations examining low temperature and pressure
changes In metabasaits (Cann, 1870; Pearce and Cann, 1971;
1973; Graham, 1876) suggest that concentrations of v, zr,
Hf, Nb, Ta and the REE remain unaffected auring any
alteration event. Discrimination plots for Iimmobile
elements preduce iiigh correlations with each other and are

useful In ldentifying the source reglion for basaltic rocks.

A similar type of dlscrlmlnatlon diagram for granitic rocks

(Pearce et 2/., 1984) has been proposed.

Hynes (1980) and Murphy and Hynesn(1986) examined the
affects of greenschist facles metamorphism on.high field
strength (HFS) elements (Ti, P, 2r, Y and Nb). These
authors found that under conditions of high CO, contents
tn the accompanying fluld‘ phase that the Hfs elements
become moblle dur ing metamorphism, with T} behaving
Independent |y aad exhlbiting both moblle and Immob | ie
behaviour . ;

At higher metamorphic grades, LILE mobllity studies
have' concentrated on the granuiite - amphibolite facies
transition kLambert and Heler, 1968; Heler and Thoresen,
1971, Green et al., 1972, Drury, 1973 ;. Sheraton at al.,
1973; Fleld and Clough, 1976; Kalsbeek, 1978). Low Rb
contents, produclng high K/Rb retlos, attributed to
granuitte facilies metamorphism, are suggested to result in
enr ichment of the upper crust In Rb relative to iower
crust. Applylng K/Rb ratios, Shaw (1968} suggested upper

crustal llthologlies have a mean K/Rb value of 230, which
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Increases wlth decreasing K content. In several Precambr ian
granulite facies terrains the K/Rb ratio increases to

<
.values > 1000, (e.g. BukseFJorden‘ region, SW G!eenland

(Compton, 1978b)).

The signiflcance of K/Rb ratlo trends is in dispute,

Extreme variation In the K/Rb ratio has been Iinterpreted to
reflect a primary lgdeous ' trend‘ﬂ (e.g. Norwegian
metabasi tes, Field and Clough, 1978). Alternatively, farney
(1976) belleQesA the K/Rb ratio of Precahbrlan granulites
results from secondary processes, a§ compositionaitly
equlvalent llthologies ‘from adjacent amphibolite facles
areas have. normal K/Rb values. Under granulite lf;cles
metamorphism the large Rb lon |s preferentially Jlost,
compared with K, during
1) anatexlé, leaving a granulite facles residuum )
2) the slow removal of hydrous flulds I|h the
formation of an anhydrous assemblage,
3) leaching by' mantle derived flulds during high
grade metamorphism (Tarney, 1976) .
Tarney and Windiey (1977), examining the evolution of

the lower contlnental crust, conclude that K and Rb

.
04

depietion observed In granulites is due to the development
of a non K- or Rb-bear ing mineral as§emblage together wlith
the presence _of a met;somatlc fluld capable of* removing Rb
and K. However, evidence for Polish and central European
granulltes suggests that 1t s equally posslb{e for

granutite facles conditlons to be attained In a closed
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system resulting In I1+tle Rb or K loss (Terney and
Wind'ey, 1977). : )

Compton (1878b) ;uggests the K/Rb trend observed in the
Nuk gnelss,' resu;ted. from igneous processes, with samples
iying off thils trend reflecting element moblllt}. Samptes
of Eqallt 'gnelsg (a phase of the Nuk.gnelas) with and
without orthopyroxene, reflecting amphibollte and granulite

facies metamorphlism, respectively, are thorough!y mixed on

a K vs Rb plot. This conclusion Is In agreement with that

©of  Tarney and Windley (1977) who suggested that Rb

deplietion Is not;dependent cn the formation of an anhydrous
. /

assemblage, but/ that other factors, l.e. closed system,

have an effect. Data presented by Tarney'gwd Windiey (1877)
for Po;!sh high pressu'e granulites display a wide range of
K contents, but<« maintain Ilow K/Rb ratios, even for low K
ﬁontents. These authors conclude that the development of an
anhydrqus high pressure mineral assemblage does not
necqssﬁkl!y lead to remova! of (RE) and K. )

Alternatively, Compton (1978b) suggests all Eqallt
Gneiss sampies were metamorphosed to granulite facles and
on retrogression only lecal cnemical changes occurred. This
Involved either a general depletion In K and- Rb during high
grade metamorphism, with some areas escapling depletion, or
selective additlon of K and Rb during the subseqguent
retrogression.

]
As opposed to LILE, the RFE are considered to remain

relatively immobite during very low grade to low grade
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metamorphism (Frey et al., 1968; Philipotts et al,., 1969;
Frey et ai., 1974; Myuecke et al., 1977). Frey et al. (1988)
and Phllpotts et al. (1869) examinlng mid-oceanlic ridge

basaits (MORB) found no significant differences In REE
;bunuances between fresh and altered basaits.
Palagonitization of glassy basalits results In depletion of
La and HMREE, wlith the HREE showing no relative
fractionatlion (Frey et al., 1974). In this same study LREE
were observea to be enriched during the alteration of
crystalilné' basalt. Studles of | ow grade Archaean
greenstcne belts find these llthologies have REE abundances
comparable to present day basalt types (Arth and Harson,
1875; Condie, 19786).

Less data are avallable on the behaviour of REE during
high grade metamorphism. Culiers et al. (1976) study of a

pelitic schist, metamorphosed at greenschist to upper -

amphlbolite facles, exhiblited no change In REE
concenrtration with increasing grade. Masuda et at. (1971)

and Green et al. (1972) report REE patterns for metagabhros
and eciogltes, respectiveliy, sim!iiar to ocean flocr
bas:its.

Studies of the amphibollte to granulite transition In
grey gneiss complexes show REE dlistributions to be
unaffected by Increased metamorphism (Green et al., 1989,
1972, Drury, 1978§; Compton, 1978a, 1978b.)

In contrast to the above studies Indicating REE

Immobiiity, numerous Investigators conclude that REE are

-
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mobile under specific geologlical conditlions (Collerson and

Fryer, 1978; %ellman et al., ‘1979; Nesblitt, 1979:_Alderton
et al., 1980; Taylor and Fryer, 1980; 198;; Nystrom, 1984).
>All these investigators point to the requirement of a large
volume of fluid w[th dissolved species which |s responslbI;
for REE mobliity. : ‘ 5

Hydrotherma | and Supergene alteration of gfanltlc
(s.1.) lithologles, associated with Porphyry-~type mineral
deposits result In REE . removal (Alderton et al., 1980;
Taylor and Fryer, 1983) . rAn]onlc specles (F=, cCcI1—,
CO32‘) in the fluid phase complex wlth REE providing a
transport mechanism for their removal. LREE are complexed
with CI= under low fluld/rock ratios and nigh pH. With .
Increasing fluid/rock ratios and decreasing pH, F~ and
CO32‘ become Important anilonic speciles, complexing with
and removing HREE from the original llthology (Collerson
and Fryer, 1978; Taylor and Fryer, 1983).

$.2.4 Trace Elements

The preceding discussion indicates that the LiL gnd REE
exhibit wvarying degrees of element mob!ll;y under a varlety
of geologic conditlons, reflecting metamorphlc grade,
fluid-rock interaction, pHZO' etc. For Maggd gneliss
samples the trace elements of Interest, exhibliting evidence
of mobility are Rb, Sr, Ba, Th and Pb. Trace element
concentrations _exhiblt a much wider scatter of distribution

compared with the major element data for the Maggo gnelss.

In this section, discussion wlll be limited to the

»




 —r
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dlstrli)u;lon of these eiements In al! gneiss samples, \-ivhile
Seci'!on 6.2 conslders the response of these elements to
Flordian retrogression.

Figure 5.7 presents Harker-type variation dlagrams, for
Maggo gneiss sampl as, on  which the majority of el ements
exhlblit a scatter of distribution, wlithout any clear
correlatlén‘éwlth slilca content. The chemlical subdivisions
(based on whole rock chemistry) of the gneiss show no clear

distinction between  groups on the basls of trace el ement

, chemistry. Mean ‘trace element contents for the subgroups
. have l!large stancard deviations (Table 5.5).
\ Elements displaying s negative:- correlation with ®
Increasing slilicua content are Y and V (Figure 5.7 g and h).
Cr and NI (Filgure 5.7 1 and J) exhibit a negative
correlation, hovyaver there Is a _ much wider :‘icatter

assoclated with these eiements. Other elements, Nb, Zr and
Ga (Figure 5.7 ¢, f and k), deflne fields of clistribution
rather than [inear trends. The U content' (not shcwn) of the

‘gheiss subgroups Is low, < 12 ppm, with tre majorlity of

_samples having U contents belowﬁdetectlon Ilmits for XRF (<
2 ppm). \ -

The elements Rb, .Ba, Pb and Sr (Figure 5.7 a, b, d and
e) exhibit a wéak positive correlation with lncreaslng.
sillica, although' these elements all exhibit é wide scatter
at high Si0Op values. ‘

variations In the ratios K/Rb, Cad/Sr and K/Ba are

A2 .
shown in Fligure 5.8. .The K/Rb ratio displays the largdest
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Flgure 5.7: r:iarker vartation dlagrams (trace elements) for
Maggo Gneliss samples, dilstlngulshed acéordlng to )
chemlical ly def lned gneiss subgroups, shown In
order\ of I‘??creaslng compatibility. a) Rb wvs
SiI02; b) Ba Vvs Si0p; c) Nb vs S105; d) ‘F‘b vs
SI02; e) Sr vs Siog; f)  zr -vs s;oz; ¢) Y vs

$I02: h) V. vs S103; 1) Cr vs S0 J) NI vs

SI02; k) Ga wvs Si0,. Symbols as In Figure 5.2.
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Flgure 5.8: Element ratio dlagrams.
a) KO vs Rb - The shaded regton Is the fleld
for the Nuk Gnelss, SW Greenland (Compton, 1978b).
The data for the Ulvak | gnelss, northern Labrador
(Collerson and Bridgwater, 1979) Is enclosed by
the dashed Ilne; .///~%“J
b) Ca0 vs Sr

C) K0 vs Ba.
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variation from 165 to 984 ¢(Figure 5.8Ba). sShaw (1968
predlicted that norma | igneous. ; suites undergaing
differentiation would have a hear constant K/Rb ratio. The
wlide range |In Maggo gneiss K/Rb'ratlos Suggests that these
elements have been mobile dur ing development of the gheiss
complex. On a plot of K/Rb vs K20 (not shown) the Maggo
gneiss data exhiblt considerable scatter. The lack of a
good- correlation between K20 and K/Rb I's Interpreteo to
refiect changes In the distribution of these two e}ements
after the gnelss protol ith was formed.

The 'varlatlon In K/Rb ratio of the Maggo gneiss is
simiilar to that reporte&‘ for the Nuk gneliss of Southwest
Greenland (shaded fleld on Tlgure 5.8a, from Compton,
1978b). Nuk pneiss K/Rb ratios, approach 4000 Inlsamples

which have undergone granuiite fadies metams Shism. This

extreme depletion of Fb, and to a lesser degree 4. is not

recorded In the Maggo gneles. The K/Rb ratlios are higher
than those for the Ulvak | ghelss of northern Labrador,
which define a very tight fleld (Figure 5.8a) about a mean
K/Rb value of 230 (Collerson and Br idgwater, 1979).

| The CaO/Sr ratio (40 ¢to 400, Figure 5.86) and K/Ba
ratios (16 to 143, Flgure 5.8c) Ilkewlse’exhlblt a wide
scatter. If the Maggo gnelss protolith chemlstry were
unaf fected by later metamorphic events, i.e. Isochemica!
metamorphism, the CaO/Sr ratlios would vary, however they
should still deflne a smooth trend. fhe wide scatter

exhib| ted for this ratio (Figure §$.8b; Is Interpreted to
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reflect the mobllitty of these two elements in response to
metamorphic events. Simifarly. no correlation exists between -
K and Ba, as evidenced by the vartable K/Ba ratlos, and Ba
and Rb (not shown).

The lack of any Inter-element correlations and the
varilable ratlios exhiblted by the Maggo gneiss are the
opposite of that expected If the element distributlons
reflect some primary crystalllzation or melting process
which gave rise to the gnelss protolith. The element
distributions and ratlios recorded for the Maggo gneiss are
Interpreted then to reflect the mobility of these species
during subsequent deformation and metamorphism. The extent
‘t0  which this moblillity results from the Hopédallan and/or

Flordlian events will be disc ssed In Section 6.2.

5.2.5 Rare Earth Eliement
Rare earth elements (REE) were determlined using the

thin flIlm "X-ray fluorescence method of Eby (1972) as

modi f led by Fryer (pers. comm. , 1984). The retatlve

preclisiod and accuracy of this method are discussed In

(-

Appendix B.

REE dlstrlbutlon; in. the Maggo gnelssﬂ have been
determined Iin order tha£ the parenta}.composltjon> the modé
of orlgln for the gneiss precursors and any primary trends
preserved In the gneiss may be studied. As well the REE are
believed to be relatlvefy immobile during greenschlist to
amphlibollte facles metamorphism. The Hopedale Block, with

the transitlion from the Hopedalian to Flordian domain




provides an opportunity to examine the ef fects of reworking

at amphibol!lite facles on the REE.

REE atundances and chondrite normalized plots of

»

representative Maggo 'gnelss samp les, f rom ghe chémlcally
defined gneiss subbroups. are'.prosented in Tables 8.6 to
5.9 and Fligures 5.9 to 5.12, respectively. The Maggo gneliss
REE data exhibits a rather restricted range of

-

distributions. Another feature of the REE patterns Is the

nature of the Eu anomaly, Overall, Maggo gnelss sampies

exhibit no cpnslatent pattern, i.e. enriched, depleted and
normal Eu contents are al] recorded. The nature of the Eu
anomaly may be used to further subdivide all gneliss

subgroups into two classes;

) *Class | - dlisplay negative Eu anomal ies,

2) Class |1 - dispiay positive to normal abundances.

REE data fcr analyzed samples of the diorite subgroup,
(Table 5.6, Figure 5§.9) display the Ieﬁst fractionated REE
patterns. Typlca'!ly this subgroup has LREE fromn 14 to 75X

e
chondrites and HREE contents at 1.3 to B.7X chondrite. The
two classes o? REE pattern types are observeg for the
dlorite subgroup. Class | diorite pPatterns, repressnted by
sampies 83-25Z and é?ﬁ,rrare Characterized by a markecd
negartive Eu anomaly (mean Eu/Eu® = 0.42) and depléted
HREE. The remaining samples, defining the class ||

dlorites, are charactarlized by near |lnear (83-203, 289,

to convex upward patterns, (83-182).




Table 5.6: Rare Earth Element concentratlons,

t miillon, for the Diorlite Subgroup, Maggo
gnheiss.
Sample 83-182 83-203 83-252 83-274 83-299
La 4.5 23.4 15.8 17.7 8.3
Ce 12.6 54.0 33.8 42,2 19.0
Pr 2.1 6.5 4.5 5.3 2.4
Nd 10.4 25.7 16.5 20.5 10.7
Sm 2.4 5.2 3.9 3.4 2.6
Eu 0.8 1.7 0.5 0.5 0.9
Gd 2.5 6.0 4.1 3.8 3.3
Dy 1.9 5.4 5.3 3.4 3.0
Er 0.8 2.4 1.7 1.6 2.2
Yb 0.3 1.8 0.7 1.0 1.5
/

2. REE 38 .- 132.1 86.8 98.4 53.9
(Ce/Er)n 5.5 5.89 5.21 6.91 2.28
Eu/Eu 1.0 0.94 0.42 0.42 0.92

00197

In parts per




Flgure

5.9: Chondrite normallzed REE distribution pattarns

for dloritic gneiss subgroup samples (Data In

Table 5.4). All REE presented are normailzed using

the values ( given in Appendix B) of Masuda et al.

(1973).
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A measure of the relative degree of fractlonation of
the REE can be obtalned by examining the normal|lzed ratio
of a LREE to a HREE (O'Nlons. and Pankhurst, ;974a). For
example, a sample derived from a chondritic Source. l.e.
the mantle, dispiaying a ~hormallzed ratio of 1 Indicates
that the REE have not been subjected to any fractlionation

affects during formatlion of the analyzed unit. A ratlio of «

» .
1 Indicates that the HREE are fractionated into .the liqulid

o
over the;'LREE. If the LREE are preferentlally Incorporated
Into the tiquid and the HREE retalned In the solld, then
the ratio will be > 1. In this study the (Ce/Er)y ratio

s used to Indicate the degree of REE fractlionation

recorded for the Maggo gneiss.

The (Ce/En)N ratios for the dlorite ~subgroup lle
between 5 and 7, Indlcatlng: the REE have undergone soma
fractlonatlon during the formation of this su;group. One
sample - (83«2992 has a weak ly fractionated pattern
((Ce/Er)Ny = 2.26) representing a low degree of REE .
fractlonatlon for thls sample. :

Representative REE concentrations and normallzed REE
patterns for the tonalitle gneiss subgroup‘are presented In
Table ‘5.7 and Flgﬁre 5.10, ‘rspectlvely. The tonallfer
subgroup can be subdivided on the basls of the observed Eu
anomaly. Class I tonal ltes, (solid symbqls, Figure 5.10)
have moderate, negatlve Eu anomalies, Eu/Eu®* from 0.10 to
.77, are enr tched in LREE (2§-115X chondrites) and

dep leted In HREE (1.6-8.8X chondrites). The (Ce/gr)N

s

5
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Table 5.7: Representative Rare Earth Element
. concentrations, in parts per million,

s e ., Tonalite Subgroup, Maggo gneiss.
Sample 82-55 82-60 82-74A 83-78 83-59
T La 13.7 6.1 17.7 15.7 15.2
(7 Ce 31.8 14.1 39.9 ‘25.8 37.8
Pr 3.5 1.7 4.7 4.0 4.5
Nd 14.2 6.3 18.3 17.8 20.0
o Sm 3.2 1.7 3:3 3.9 3.9
N Eu 1.0 0.61 0.9 1.5 0.8
Gd 3.1 2.0 2.8 3.5 3.7
Dy 2.1. 1.5 1.8 2.0 3.3
Er 1.3 0.7. - 0.5 0.9 1.
.Yb 0.7 o.b 0.2 0.5 1.6
£ REE 74.86 35.5 '90.4 76.2 92.2
(CelEr)y 6.6 " 5.7 22.2 7.2 7.1
Eu/ . 0.97 1.05 0.90 1.28 0.64
Sample 83-142 83-177 . 83-2Q4 83-216 . .83-302
La 10.3 35.3 18.9 23.8 7.1 '
Ce 18.4 70.6 40.8 46.3 11.2
Pr- 2.6 7.6 4.8 4.3 2.9
Nd 10.3 27.0 16.4 17.5 10.5
Sm 1.7 3.8 3.0 2.8 2.0
Eu 0.4 0.5 0.3 0.6 0.3
Gd 1.7 3.0 2.8 2.8 3.2
Dy "2.0,. 2.0 3.8 2.4 2.7
Er 1.0 0.8 1.1 1.4 1.5
Yo 0.3 n.d. 0.7 0.7 0.5
£ REE" 48.7 150.6 92.6 102.6 41.9
-(Ce/Er)y 4.8 23.1 9.7 . 8.7 2.0
EU/Eu 0.75 0.32

0.45 0.32 , 0.68

n.d. - not detected
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Filgure 5.10: Chor{drlte normalized REE distributlion patterns
) for representative tonalitic gnelss samples (Data

in Table/ 5.1). Solld symbols - Class | tonallte,
R (\r\ )

open symb\ols Class |l tonallite (See. text for

discusslion).
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ratios vary from 2 to 23, Iindicating a range |In the
relative ' degree of fractlopatlon for the class | tonalltes.
This enrichment-depletion gfves the tonalltéidé ste:pﬁr REE
pattern ' than the dloritic gneiss samples og average. REE
patterns for class | tonal l tes are comparable 'to
amphibolite facles gnelss samples of the Lewlslan'Complex
(Drury, 1978). 7

Class 11 tonalite samples (open symbols, Flgure 5.10)
exhlblt positive to absent Eu anomalies, with Eu/eEu® from
1.0 to 1.38. The degree of LREE énrlchment (19.5 to 78X
chondrites) ané HREE depletion (0.92 to 4.5x chondrites) in
this class Is ;omparable to that in class | samp]es. There
Is a tendency for lower, average LREE abundances in class
11 tonallites. However, the range of (Ce/Er)N ratlos, 5.7
to 7.2, for this ciass !ndlcaté lower degrees of
fractionation. The‘igegree of enrichment-depletion Oobserved
in the REE patterns for the class || {ghalltes are simllar
to the granullte facles gnhelss -samples of the Lewlslan
Complex (Drury, 1978), but Hopedale Block saqples have a
less pronounced, positive Eu anomaly.

The trondh jemitic subgroup of the Maggo gnélss have
steeper LREE enrlched—HREé depleted patterns than the
previous subgroups (Flgure 5.11, Table 5.8). As with the
tonalites, the trondhjemitic subgroup can be subdlvided

Into two Classes, based on the nature of the Eu anomaly.

Class | trondhjemitic gnelss samples are characterized by

negative Eu anomalles ranging from 0.94 to 0.22 (solld




Flgure 5.11: Chondrite normalized REE distribution patterns

for representative trondhjemftld gnelss samples
75ata In Table 5.2). Solid symbols - ‘Class |
trondhjemite, open symbols - Class I

trondhjémlte.
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Table 5.8: Representatlive Rare Earth Element
concentrations, In parts per million,
Trondhjeml|te Subgrqup, Maggo gnelss.
Sampie - . 82-308 82-31 82-42A2 82-49B2 82-486
La 15.0 10.1 23.5 7.0 19.7
Ce 32.0 22.0 48 .4 186.1 44 .3
Pr 2.4 2.2 3.8 1.9 5.0
Nd 10.5 9.8 14.9 6.8 18.9
Sm 1.7 2.1 2.6 1.3 3.7
Eu 0.7 0.5 1.2 0.8 1.1
Gd 1.9 2.1 2.6 1.3 3.7
Dy 1.7 1.4 1.3 0.72 1.3
Er 1.1 0.55 0.18 0.19 0.5
Yb 0.9 n.d. n.d. n.d. 0.24
£ REE 68.0 50.75 98.48 35.96 98.44
(Ce/E;)N 7.5 10.5 71.0 22.3 22.8
Eu/Ey 1.18 0.70 1.63 1.38 1.04
Samptle 82-77 83-75 83-189 83-218 83-247
La 12.7 36.86 33.7 25.5 31.9
Ce 25.3 . 60.7 66.4 48.4 62.1
Pr 2.3 8.4 6.8 5.2 6.2
Nd 8.0 20.3 27.9 20.2 26.1
Sm 1.0 1.7 4.4 3.0 2.7
Eu 0.6 0.4 1.4 0.3 0.5
Gd 1.2 2.3 5.0 2.6 2.5
Dy 0.2 1.6 4.2 2.1 1.6
Er n.d. n.d. 1.0 0.6 n.d.
Yb n.d. n.d. 1.0 0.3 n.d.
r REE 51.3 130.0 151.6 106.2 133.7
(Ce/Er)N 17.4 20.3 .
Eu/Eu 1.79 0.57 0.94 1.32 0.63
-
n.d.

- not detected




symbois, Figure 6.11), and the degres of LREE enrlch;ent
(204119x chondfltés) Is greater than that of class ||
samples. The HREE abundance distribution for class |
trondh)emite (0.5-4.8X chondr i tes) oven}ap with those of
class |1, v -

Class Il trondhJemites (open symbols, Flgure 8.11) are
character|zed by po;ltlve Eu anoma]los. with a more
restricted range of LREE (22-75X cﬁbndrltes) than class |

- samplies. This trondhjemite class |s depieted In HREE to a
greater degree than class | samp i es Qlth HREE abundances
from 4 to < 1X chondrites. The (Ce/Er)y ratios (20 to
> 71) for the trondhjemitic subgroup are greater tﬁan those
of the previous two subgroups. The Incrgased ratio reflects
a higher degree of fract{onatlon of the REE during the
formatlion of this chemical subgroup.,

The granodioritic gnelss subgroup dispiay the most

fract ibnated REE patterns of ‘all Maggo gnelss sahplus

(Flgure 5.12, ®*> Table 5’9). with (Ce/Er)N - ratios ranging
from 24; to 134. Class | granodliorites (solld ;ymbols.
[Flgure 5.12) have LREE abundances from 125-285X chondr | tés,
HREE abundances fromv 1-10X chondrites Vandi negative Eu:-
anomal i es. These samples exhibit the largest (Ce/Er)N
ratios of aii gneiss samples analyzed..

Class 1| granodiorites show a Ilower degree of LREE
(31-65X chondr | tes) enrichment and are more strongly
depleted In HREE. Er values are less t@an those for the

class granodiorite sggples (Er from O0.886-1.92X




Figure 5.12: Chondrite normailzed REE dlstrlbut]on patterns

samples

for representative granodloritlic gnelss
i/

(Data In Table 5.3). Solld symbols - Class |

granodiorlte, open symbols Class 1|

granodiorite.
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Table 5.9: Rare Earth Element concentratlions, In parts per

million, for the Granodiorlte Subgroup, Maggo
gneliss.
Sample 82-44 82-47 82-48 82-49A2 83-191
La 16.2 18.3 11.5 9.9 48.0
Ce 32.2 37.5 24.5 19.8 81.2
Pr 3.3 2.9 2.5 1.6 9.5
Nd 11.7 12.2 8.8 7.1 33.4
Sm 2.0 2.2 1.6 1.05 2.6
Eu 0.7 1.2 0.4 0.6 - 0.2
Gd 1.6 2.05 1.2 1.2 2.3
Dy 0.8 0.7 0.8 0.5 2.2
Er 0.12 0.4 0.15 n.d. 0.7
Yb ‘n.d. n.d. n.d, n.d, n.d.
€ REE 68.42 77.56 51.45 41.75 180.1
(Ce/E:)N 70.3 24.0 42 .8 30.4
Eu/Eu 1.17 1.76 0.94 2.05 0.19
Sampile 83-197 83-234 83-275 83-285
La 43.2 88.8 20.7 53.2
Ce 84.6 163.2 33.4 95.6
Pr 8.6 14.4 4.4 10.1
Nd 30.1 44 .2 149.2 35.2
Sm 3.2 1.9 1.2 4.1
Eu 0.7 n.d. 0.8 0.4
Gd 1.1 1.6 2.1 3.8
Dy t.4 2.2 1.8 3.7
Er 0.6 0.2 0.3 1.8
Yb n.d. n.d. n.d. 0.4 -
< REE 173.5 306.6 78.9 208.3
(Ce/E:)N 36.9 133.8 28.2 62.6
Eu/Eu 1.15 1.7 0.35

n.d. - not detected
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chongdrites). . The Eu anomaly For.class ] 5ranodlorltes is
positive with Eu/Eu® from 1.17 to 2.05.

5.2.5.1 Discusslion

The Iincrease In the dedree of REE fractlonatlion (s
reflected In the fields of REE distribution for each gnelss
subgroup. The fields shown on Figure 5.13 encompass alf REE
patterns for ali analyzed samples from each subgroup. With
an Increase In the degree. of ‘fractlionation’, 1.e. from
dlorite  to granod]orlte. the REE fields steepen, becoming
more LREE enrliched and HREE depletgp.

The further subdivislion of the gneliss subgroups Into
two classes based on the nature of the ﬁu anomaly lIs
possible. Cilass | samp|és Isplay negative Eu anomalle$ and
have higher total REE corltents, as compared to class 1|
sampies which exhlbit po€itive to normal Eu anomalles and
lower total REE contents. The recognition of grey gnelsses
character | zed by positive and negative Eu anomalies has
been reported for tonalitic gnelisses of southern iIndla
(Condie et al., 1982) and the Lewlislan gneiss of Scotland

(Drury, 1978).

The presence of the two ciasses of REE patterns for

Maggo gneiss indicates that either the two classes
represent two distinct, different lithologies lntlmhtely
Intermixed on the outcrop scate, or an evolutlionary 1 Ink

14

exists between the two classes. The evolut[2nary I Ink may

reflect elther dlffefentlatlon of the original, p}lmary

composition or some means of differentiation under




';dure §.13: Ranges of REE distribution for chemlcany

deflnedv gneliss subgﬁoups of the Maggo gheilss. The
individual groups overiap, however , there s a
progressive enrichment In LREE (La to Sﬁ) and
depletion in HREE (Gd to Yb) with Increasing
fractionatlon. -Symbols:

dloritic gnelsgs mremeo

tonalltic gnelss +:--

trondhjemlitic gneliss

grancdioritic gneliss
N
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‘metamorphic conditlons . Cénv'sldevl"at‘l’on Afd.f 'th\e“’ ' 'f!erld.
relatlonsf\lps and geochemlical ‘results (major, ‘tra.ce and REE
dafa) for .éamplgs.from the Black Head Tick le. geochro;\ology,
sulte are conslqered In‘ docurhentlng the 1ink between the
iwo class types. i : . ‘

Blaq‘k 'Head Tickle sampl'es 83-264 and 265 con‘slstiof
hornb ! ende :t‘“onailte which occurs-\,;és«concorddnt b G:aTnsr
y#ithin the dominant biotite tonalite (Samples 83-—21 and
| 263; See Fligure A.5 and Plate 5E). All samples fall within

the trondh jemite subgroup, with the former displaying -

negative Eu .- anomalles and the latter poslitive (Eu/Eu')

~

values\ (Figure 5.14). On varlious 2-component varl‘g‘tlon
dl‘agrams (.not shown) . all samplies from Black Head Tickle
plot in a single fleld, yvlth no clearvseparatvlon of the two
classes. The results of the Isotoplc  analysis of these

samp les, . when regressed, yleld an errorchron (MSWD = 5.7)
which Is attributed to resetting after the gneiss complex
has stabil | zed. The Black Head Tickle samples are
Interpreted to représent a ‘:sulte of geneticaliy related
samples. . Uslng the same crliter.'la slm'llar results can be
‘obtained for class | and I4I REE analyses for groups of

local l zed samples.

e’
‘With the establ ishment that a genetic |ink may exist
between the two’ classes wlthin each subgroup, what

fractlonatlon mechanlism or mechanisms would produce the

-

observed REE' patterns- for the Maggo gneliss samples? The

3

contrast In REE patterns suggests. that elither 1)
.




S
5.14: REE patterns for the two trondhjemite classes,

as represented by samples from Black Head Tickle.
The dichotomy -in REE patterns for_ the two classes

are Interpreted to reflect varlatlions 'n the

~

source material to the Maggo gnelss and magmatic
. ;

procésses affecting the derived I iquid.
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‘development ‘of the

-

meta@orph]c dlfferéntlatlon during
Hopedale B%oék; or 2) variable source canooslélon‘and/or
magmatlcf'fdlfferentlat]on prilor to metamorphlém and
defofmgtlon may be responsibie for the dlf;erent classes.

5.2.5.2 Metamorphic Differentiatlon

lf "metamorphic dlfferentiation Is responsible for the .

two REE classes, which event, of those recognized, is °

-

fesponsible for the REE patterns recorded for the Maggo
g;elss " samples? Within “the Hopeda! lan (Dn+2i and Flordian
(Dn+3) domains there Is no evl&ence for' two distinct
metamorphic' grades (e.g. granulltevénd amphibolite -facies),
of slmllaq age, which wdlid result_ln fhe separ?tlon of the
two classes. Further! both classes of REE pattérns are
. recorded for localized samples within a single domain, e.é.

Black Head Tickle (Figure 5.14). Discussion of the affects

of Flordian rewor@lng on the Hopedal fan doma lin lltholog1és

~

the resppnse of tg; REE'are éonsldered ]n Section 6.2.
Metamorphlq differentiation seems an unlikely mechanism
Vto produce the observed dichotomy In Maggo 'gnelgs REE
patterns becauﬁe of the .¢9mp tex metamorphic ana tectonic .

history recorded for the Hopedie Block.

5§.2.5.3 Magmatic Differentiation

-

The contrasting REE patterns for class | and 11 gneiss

samples are characteristic of those expected during removal

‘LFA pl:gloclase (class 11) by fractional crystalllzation of

a parent magma, leaving a residual melt (class ). The REE

patterns reported s for the Maggo gnelss are comparabje to

w




Ce T 3 00219 -
those ° reported @ for unmetamorphosed Archaean granitic ©

‘plutons (Condle et al., 1985; 1986). * b

The separation of the two class types aliso reflects, to
some extent,:- mineralogical varlations - In ‘the parent
material to .the .Maggo =<gnelss. Partial melting eof "

< .

mlneraloglcaily different sources can result In comparabie

[ N .
REE patterns, Uisplayling Eu enrlchment» and depletion,

a

cont?olled by varlatlons In sou;ceAmlneraLogy (see Section
6.5.4).

?eeratlon of }he Maggo gnelss from.a var lety of parent
compositions » fo[loweg by magmatic progesses, l.e.
fqactlonatlop. can explain the two types of‘REE.patterns

.
S a3

observed.-

Based on the REE papterng(algurg 5.14) the hornblende

e

H . Se—
tonalite (83-265) represents a phase of the gneiss

precursor. which has 1) accumulated hornblende (refleécted in -
the enrléhed "HREE) and  2) undergone ' .piagioclase
fractlonat ion (negative_ Eu ahoma;y). The daffects of the
hornblende retentlion and plagloctiase reméval are seen in.
the pattern for sample: 83-265, l.e. ‘enr)ched HREE with
respect to 83-263 and the negatlive Eu anomaly, reflectinp

the residual -1iquid composition. The REE patterns for these

~

two samples, from the two*trondhjemlte classes, "appear to

be complimentary to each other.

5.2.5.4 Comparison With NAC Grey Gnelés'Complexes

Maggo gneiss REE abundances exhiblt a restricted range

.

of distribution, similar to those reported for grey gnelss
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complexes elsewhe?e in the NAC. All NACt REE pAtterns
exh’lbit moderate to ‘'strong HREE deplietion, accompanied by
positive, norma! and .negative Eu anomal les (Figure 5.15).,

Compared with two /representatlve samqleswa the tonailite

and granite phases of the Amitsoq gnelss of Southwest

Greenland, the Mézgo gneiss patterns exhlbit similar shapes
(weak ‘po§1tlvé ;Bd negative Eu anomal les) anﬁ (Ce/Er)N
Faths (7.6 - 22). Nutman et al. (1984) interpret these
leucocratic sheets as resulting from local heatlng of the
contact rocks during the Intrusion of the Iron—rich sulte
of Amltsod gneiss. Larger scale studies of Amltsﬁq gneiss
show them to result from elther fractional crystalilzation
of garnet® or, partial melting of a basic source, leaving a
gaﬁné*-rlch restdue (O‘'Nlions and Pankhurst, 1974a) .

" Representative abundances for the early dloflte.

tonalite and trondhjemite phases of the NUK gnelss are

shown In Figure 5.15. Compton - (1978a) tnterprets the mildiy

fractionated diorite and tonalite phases to result from

partial melting of garnet amphlibollte or garnet granulite,

.The trondhjemites are related to the}dlorlte and tonalite

by residual! hornblende. In(’?he partlél melt‘ residue or
féactlonal crystallization of this phasel(Compton, 1878a).
The REE patterns for the Maggo gnelss closely resembie
tihose fo} fhe Lewlsfan granu!lté and amphibolite facies
gnelss.' reportfdiby Dﬁury (18978), In te;ms of the dichotomy
and magnitude of 'chﬁ/Eq anomalies. The granulite facles

gnelss are Interpreted to represent melts derived directly




v

Flgure 5.15: Comparison of REE data for the Maggo gnelss

(shaded field) with opublished REE data for other

. : t :
NAC grey ghelss complexes I} Amitsoq. gneiss

(Nutman- et al., 1984)~x 1) Lewlslan gneiss (Drury,

1978); bi1) Nuk gneiss (Compton, “N878a). The

bracketed values are the (Ce/Exr )y ratios for the
. “a

pattern shown.

‘

.
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. * .
from metabasagtlc (eclogite, garnet amphiboiitd, -and garnet

granullte)_ sources ‘(Drury, 1978) ¢ The amph)bollte facles ,- . 7~

Lewislan gnelss, were produced by elther fractionation of

plagiociase, resulting in . anorthoslites or, the

crystallfihtlon of a branullte facles mineral assemblage
. A

,(DrUry.- 1978). The meits required are the same as those

which give rise to'the granulite facles gneiss.
From the above comparisons with other grey gneiss
comp lexes it Is evident that fhey are all interpreted to be
N 4

derived by some degree of partial meiting of a 'basarltic’
° L]

parent.  Upon dertvatipn, each may then have been sgubjected

to later fractlonatlon mechanisms which further ehrlched~ .

and/or depleted ,the REE concentrations in later phases.
. 1 4

\

These Interpretations as applilied to the Maggo gnhelss are

discussed In the followln apter (Sectlon.6.5). The final

conclusion that all of the abhve studlies have In common Is
that the REE are lnterpnéted to have remalned‘lmmoblle
;durfnﬁ subsqquent metamorphic events which affected the
grey gneilss complex (O'Nions and Pankhurst, i974a{ dompton

1978a; Drury,  1978).

5.3 Hopedale Dykes

5§.3.1 Introduction

The Hopedale dykes, ublqulitous throughout the study
a}ea, ag%»_pfesent @rthln both the Hopedailan and Flordlian
doMaIns;M ;orm an easily recqgnlzable unltvln the fleld. In
appearance and local chronologlc position the .Hoéedalq

‘I
dykes resenible the Sagliek dykes ‘of northern Labrador

/

-~

-

I

P




: 8 aﬂ’ﬂh;dg

(Br idgwater et ai., 1975) .ard the Ameralik dykes of

4

»

sduthwest Greentand (McGregor, 1973).

Thl§ section presents major.xtrace and REE resujts fér
th?i Hopedate dykés. Thé gepcheﬁjcal data pr?sented ar; only
considered In examining the affects of Fiordian reworking -«
onv the Hopedale dykes. -No at¥ p£ Is madé heéTe to work out
a complete petrogene;lc; l.e. the Pre—Hopedallan, hlsfory

for the origin of the dykes.

Represertative anaf{yses of sdiected Hopedale dykes are

' . . - . .
given In Table 6.10. ~The mea composition and standard

deviation for each’ element, given in Table 5;10. is™
‘calculatéd using ali dyke anaiyses (Apbendlx D). Chémlcal
data fqr the Hopedale dykes are ploéted on Flgufe 5.16,
along‘ with the f[eld? for the Ameralik ana Maléne dykes of
Greenland (from Chaawick, 1981) for comparison. These two
dyke swarms, emplaced lnto(thé.Greenland Archaean craton,
ard” slgnlf}cant chronologic markers used In lhterpreélng

the history of this portion of Ehe NAC (McGregor, 1973;~

Chadwick and Coe, 1976). r

5.3.é Ma jor and 'Trace Elements

‘ CiIPY¥ normative calculations show that the dykes can be
Separated ]nto two groups. Four samples are quartz'
normative (o:éz [to 10.31 wt %) with K20 values from 0.92
= 2.8 Wt.X, and lle within the quartz tholelte fleld. The
rem;lnlng samp les are olivine normative (K0 values from
0.6 to 1.7 wt %.), with 6. of these samples containing
norﬁatlve nepheline (0.7 to 4.29 wt %). Gl and Br idgwater

-
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TABLE 5.10. R. preseatitfve analysec and mean cosposliicn of Hopedale Dykes . . -
' Cample Y7-4 30 bz-hnt 2-06Ya §5-192 83-212 82-228 B3-5ta X{ns17)s.d.
510, L BU To51.a0 49.10 £3.30 49.70 48.90 48.70 47.32  (3.56) e
a0y .95 1.08 B9 1.:8 a3 .80 1.06 0.93 (0.22) - ) - ¢
ALy0y 12,60 1.6 -, 14,27 13.6u 15.50 13.00 14.20 13.21 (1.08). |
Fooin r. 70 3.50 4.67 2.96 .51 - 4.05 2 2.20 2.13 [1.07)
Fed 9.04 11.27 8.63 10.29 8.58 8.44 10.68 9.12 (1.49)
Mno .20 .24 .20 .22 .19 .26 24 0.21 (0.03). -
Mg0 5.69 v.87 CT7.69 b.4b 8.1 8.3l 7.4 7.60 (0.89) ! '
Cal 7.84 N 3.56 10,27 9.8fF 10.69 10.08 $.80 9.76 (0.75) *
Naan 2.35 L.85 .00 2.52 2.36 2.57 3.11 2.74  (0.4))
KoU ‘1.01 1.1s ¢ 1.04 1.38 1.20 .98 .83 - 1.10 (0.28)
yUs 13 .08 .03 .1 .05 .08 .o 0.07 (0.03) -
101 C2.0n 1.80 . 1.40 1.5 2.33 1.79 1.68 ‘
TOTAL .99 .40 102,59 wi.a 99.41 ’ 100 61 99.28 99.25 "
-‘ i
Pb 13 B 8 2 6 (3.9) ‘
Th o 10 4 7 7 5 (3.1) |
v 7 7 1 L~ .
Kb 20 1/ B ‘24 a 23 8 20 (8.2)
¢ ' st 238 1% 70 94 136 140 104 134 ¥51)
¥ L7 " 26 23 34 19 - 30 - 28 27 (8.3) .
P B2 55 5. 75 38 46 74 59  (15.5) ] !
Nb 5 5 3 9 7 6 6 6 (3.3) . ‘
Zn 126 106 47 | 1063 9 115 108 105 (z6)
Cu 1! 122 . 70 63 30 144 54 . 64 (38)
¥ 82 an 112 74 86 84 101 ;102 (26) . :
Fa 23 94 76 e 106 40 25 93 (70)
v 223 218 304 33 21 281 281 271 (41)
cr 39 98 Lo 143 221 id3 96 158 (72)
Ga 18 s 17 19 14 15 . 18 TN CY]
.
ia 17.66 13.30 s.12 6.1° 5.20 9.20 7.6
- Ce 5.8 AT, 50 LW 16,80 2.0 22.60 16.70
Pr 3.l 3. b L.aji 7.4 1.20 2.90 3.40 ] S
Nd 13.0¢ 18.00 6.54 12.70 ] 12.80 14.20 .
. 9w 1.8 & 50 244 6,70 2070 2.70 3.70 -
Eu 1.7 1.40 1 .00 1.00 Lsr .90 1.29 Ch
od TR L.eu 1.2¢ 6. v 3,40 5.00 6.50
ov 152 5.5) 1,8 7.00 L.y 5.40 7.40
o Er Te LIy 2. 3.90 .30 2.96 3.30
- Tt 1.7, 1.5 AT 3.0 120 2.10 1.22 .
. “u 2 o 3
TREE 71,72 87.70 54,67 LYW 41.20 €6.2C 64.70 . '
' ‘
gt v 18 " 38 5 . 50 49 . §
\
& <&
" ’
I g - -
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5.16: Selected, var latlion diagrams for the Hoﬁedale'
dyke 11thology.

a) AFM ternary projection with the tho[ellte
boundary\ (solld line) from Irvine and qéaragar

(1971). The fleids for Ameral itk

_Malene I dykes of SW Greenland are

shown for comparison (From Chadwick, 1981).

bf to f) Oxlide and trace element variation with Mg
number. Mg number = (MgO/MgO+FéO).‘MORB ( .
and AT ¢ ) flelds are taken from Gl 1|
(1979). The flelds for the Ameral ik and Malene -~

dykes are shown for compar ison.




200 F
=
00 |
A o]
80
Mg Number
3
p L
i 20}
2+ 1
A
é“' 1 C';’ 16} y
"' - _E\' = :.
I < [ 4
i 2
0 i . = - : 8 i H | i i
80 60 40 20 80 &0 40
Mg Number Mg Number
400 === 200
i - 1 _..:,, '. 3 ;\.\i E 8
300} ot Ak B - !
4,';-—-' d e ':. o® .::
= o B 2 e i
! SV = g -/.."”,..
> WP Y A 100}
100 | d 1 s
o I L 1 i 1 O “obing : g ;
80 60 40 20 80 60 40

Mg Number Mg Number



00228

>(1979), In examining the Amerallk dykes, consider norms to
' \

be too sensitive to changes\\.ln alkali content to provide a

reliable means of Indicating the orlglnai magma type v:lheré
‘me‘tasomatlsm has occurred. Due to the susc:eptlbl ity of the
Hopedale dykes to post-emp!lacement alteration, the Immobile
elements (TiOp, V, Ni, Zr and the REE) are considered In
detérmlnlﬁg the range In primary chemical composltlon'of

. ! <

the dykes. .

Hopedale dyke data, when plotted on an AFM dlagram, lie
above the boundary between thé tholefitic and calc-alkalline
flelds of Irving and Baragar (1971), and within the fleld
of the Ameralik dykes (Figure 5.16a). The Mg number (Mg
Number 100(MgO/MgO+FeO)) for the dykes varles from 38 to
55, spanning a narrow composlitional range, suggesting that
the dykes form ‘a single tr"end. with a common origin. In

~

Fhgure 5.16 tzg%, data for Ti0y, AlIp03, NI, V and Zr
are plotted against Mg number. In all cases the Hooedanle
dyke ‘'data defines a single field which falls within or -
over iaps wlt&\ the flelds for both' the Ameralik and Malene
dykes., Chemically the Hopedale dykes are similar to both
dyke sultes from Southwest Greenltand, butl appear to be

composlitionally more simiiar to the Ameral Ik dykes.

. Also shown in Figure 5.16 b-f are the flelds for
mS

d-ocean ridge basalts (MORB) and lslT: arc tholelltes
(1AT) from Gill (1879). Hopedale dyke data for TiOy vs.
Mg number and Zr vs. Mg number fall within Or near the

fteld. /1,03 contents fatl below while NI contents

2
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above the IAT fleld, when plotted against Mg number. |t

shouTd be noted that on all these plots the Hopedale dyke
data  falls outslide the MORB field. The vartation of
Alo04 and NI with Mg number may reflect fractionation
mechan i sms durling’ thc; formation of the dykes . This
possibllity has been suggested by Chadwick (1981) for the
'Ameral ik and Malene dykes.

Using a plot of CaC/A 1204 Vs K0, QGIII and
Bridgwater (1879) ldentlfl.ed distinct types of Amerallk
dykes. Dykes with ‘Kéo and CaO/Aly03 values »> 0O.85 wt
% and < 0.72, respectls}{eiy, formed a distinct geochemical
subgroup. These authofs attribute the enriched K20 values
and lower CaO/Al303 ratios to resutt from alteration or
a2 distinct magma type. Half of the Hopedate dyke samples
lte within this same fleld (Figure 5.17). ) Jn

The dyke samples exhlvb!t a harrow range of volatile
éontents. as seen in the LOI values (1.05 to 2.3 wt¥),
which are enr ilched over vAolatIle contents In primary magmas
(Sun et al., 1979). The lack of a correlation between
CAO/AIzog and Mg number Is Interpreted to Indicate that .
the variations In the Ca0/Al03 ratio result from
alteratlon) processes. The point here Is that the chemical
composition of some Hopedale dykes has been lnfluen_ced by

alteration processes.

5.3.3 Rare Earth Elements

Rare earth eiement distribution patterns for 7 Hopedale

dyke samples are piotted on Ftgure 5.18/. For comparison the
\

~




Figure

5.17: CaO/Al1035 'ratio
Hopedale dykes. Glll and
that  Amerallk  dykes

CaO/AI203 < 0.72

emplacement alteration.

vs KO0 content In the
Br ldgwater (1979) suggest
with K20 > 0.85" and

have undergon post




00231

1 1 2 i T 1] T Y
. . 0.72
L3 &
(]
i i i 1 1 i [
05 1.0 1.5 2.0




Figure &.18: Chondrite normallzed REE distribution patterns

—
for Hopedale dyke samples In Table 5.10. The
shaded reglon Is the fleld for the type B, C and D

Ameral Ik dykes, defined by Chadwick (1981).

)
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f}eld for groups B, C and D Ameral ik dykes as def|ned by
Chadwick (1981) are also shoWwn. )

All Hopedale dYkes ugxhlblt regular patterns varying
from near ly fiat (83-212; (Ce/Er)N - 1.4) to LREE

enr | ched (83-658; (Cé/EH)N ‘- 2.6), with some having

slightly convex upward shapes  (82-69A; ¢ (Ce/Er)y = 1.0):
F&urteen of the 17 dyke samples analyzed dlspiay a negatlive
Eu anomaly, with (Eu/Eg') ranging from 0.5 to 1.0. The
remalning three samples (82~-43A, B82-58, 82-69A) display
waak po§ltlve Eu~an§ﬁalles. The predomlinance of negative Eu
anomalies 1& éeen In the Group A, Varla;}rl Ameral |k dykes

and the Malene dykes, of Southwest Greenland, examlined by

Gl and Brldgw}fﬁr (1979) and Chadwick (1881),

) . N -
[ :

respectively.

The presence of the hegative Eu anomaly forC;the
Hopedale dykes may be accountéd for by the formatlén and
fractionation of plaglioclase during the crystallization of
the parent magma. The fractionation of plagliociase would be
sufficlent to cause the negative Eu anomaly. Evidence fbr
plagioclase fract“onatlon s 'reflected In the presence of
plagloclase' phenocrysts within thel Hopedale dykes at
var lous Iocalltlgs within the study arealheyg. Dyke i1sland,

and elsewhere In the Hopedale Block.

\
.-

<; Further evidence that the Ho;edaleudyke source magma
underwent some degree of fracttonation ls‘the range of Mg
numbers recorded for the dykes. To account for observed
variation: In Mg number requlré; that a mafic phase ( clino-

pyroxene, olivine, etc.) fractionate from the magma .

' B
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5.3.4 Summarx

Hopedale dyke gecchemical data, |.e, Immobliie trace and
REE,- suggests that the range of original magma chemistry
for the Hopedale dykes Is not as great as suggested by the

normative results. Most Intra-suite eliesment varlation,

especlally K, probably results from post-magmatic
alteration, although - the Importance of crustal
contamination at the time of Intrustion may have been

significant. The REE appear to have been unaffectqd by
aiteration as patterns for sampies from the Hopeda!lan and
Flordian domains are slmllaf. Compare sample 83-192, from
‘ the Hopedalian domain, with Flordian sample 83—21?3{Flgure
- 5.18). ‘
In  summary,” the Hopedale dykes are Interpreted to
‘represent a suite of diabasic dykes, wlth a tholelitic
cpmpogltlbn, emp laced Into the crust. The source magma

underwent some degree of differentiatlion resulting In the

~

Eu anomalies and the ranges In Mg numbers.

The comb | ned affnct of ‘varlable assim!tation and
fractiona! cr;stalllzatlon, although not dtﬁcussed here, to
some extent lnfluencés the chemical composl tion of ?he
Hopecale dyke; magma. After emplacement the dyfe; were
sub Jected to at least two p?rlods of deforhatlon and
metamorphism which resuited In further changes In their
chemical composition.

(%




€.1

meta
My g
thils
hist

gnhei

Chapter 6
LY

DISCUSSION - ORIGIN AND EVOLUTION OF THE

MALGO GNEISS

ol

Nntro

Uctlgg

I

In the previcus chapters, tre geological setting,

morphic history, geochronology and geochemistry of the

b) gireiss we e presented INnuecendent iy of éach other., In
Chapter the data wil] be Integrated to provide a

ory of .the Hooedal!m Blask ag reflected In the Maggo

ss. In particutar the fellowing witl be considered:

1)¢ Examination of %Ythe geochemlical character!stics of

+

‘iorpedal lan domatn Maggo gnelss and the affects of the

Flordlan reworking on the gneiss. The geochemical
Characteristics 'of the reworked Magyo gneliss will be
‘"presented.

2) Examination of the Flordian ovéfprlntlng and

retrogreassion-as It affects Hopedale dykes .
3) Discussion of the Sr evolution of'the Maggo gneltss
as it has been affecteq by the Hopedallan and Fiordian

evants.,

'
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4) Petrogenetic ﬁodelllng, using REE, LILE and HFS
elemen® data, to determine the composition of the
source mater lal to the Maggo gnelss.

6.2 Hopedalian vs Flordian Comain Maggo Gnelss

€.2.7 Introduction

»

Chapter 5 presentad the major, ,trace and PREE
geochemical results for all samples of Maggo gnelss,
e

anaivzed in this study, irrespective of the structural
domajn frcm which the sample was collected. Maggo ghgls;
samples from both strﬁctural domalns. span the range of
Chemically deflned gneiss subgroups (Section' 5.2.1). In
this sectlion twa Geochen!s“ry of ths Maggo gneiss from the
t.opedallian and Flordian domalns I's examined. Only whole
rock cata for sampyles usnd in the 320Chronotogy study are

considered, as the ages of these suites are known. It wii|

be shown that wlithout: knowledge of the Isotopic age of a

Ke

Sulte of’/samples, assignment to a speclfic structurail
domain, purely dn the basis of chemical compositiqn, Is
dublous. .

6.2.2 M Jor _and Trace Elements

Geochemical rasults for the MI, Hi and PP gecchronniocy

sulftes are .Interprectec as ’reoresentatlve of Maggo grelss

from tre Hopedal'an domair. The SEDI sulte yields a

Hcpedal lan age yet disptays a geochemlical slghaturé

dlstlnctly' difterent from ¢tha other Hopedallan sultes,
e

Samples from the MC, DP and BH suiltes ar.- used'to def ine

the yeochemicall Characteristics of the Flordian

)




00238

.

domaln Maggo gnelss. The HG, HH and DI sultes vyie:'d

- -

Florglan ages. However, they ‘dlsplay distinct chemical
differences when comqared with the other four Flordian
suites above.

Tha mean whole.rock ma jor and trace e[emeht composition
for each geochrondlogy sulte s presented in Table 8. 7.
Ma Jor elehent data show minor varlat!on In mean chemlical
compesltion between the \ Hopedal lan and Florditan
geochronology sulites; compare the H! and HG data in Table
€.1. However, It wmust be noted that for Individual sultes

of the same geochronologlcal domain, the major elements

exhibit a srread of vélues. ¢.¢. Fiordian sultes MC and BH.
The oniy major element ox lde wht xh can/be seen to exhibit a
distinct zchemizal vartetlion betweer tha two géochronologic
;

domains Is° K50. Hooedallani sultes are e?rlched in Kp0
wlth respect o the foér Fiordlan sui tes. The K20
enr ichment Is born out by)ekamlnatlon of Table 6.2, where
*he mean Ky0 content of the Hopedallan domain gneiss is
0.5 wt % higher than In samples from the Filordian domalin.

Mean trace elémeut data (Table 6.2) for the ma jority of

elements exhlbit fittie varlatloﬁ. vith a simlitfar range cof
" valyes for each domaln ‘and/or tn; eiements have a large
ctandard deviation assoclate& with them, e.g. Nb, Cr, V. In
Yable 6.2, Rb and Ba ‘exhlblt the vwidest vartation in
content befweep ‘the two domalins. These elemenis are

deplieted within thz Flordian dema:n when compared to the

Hopedal tan average composition. Tne flnal point to b2 made

-




6.1: Average whols rock chemlical composition of each
geochronology suite. The standard deviation for each
oxlde/element s given (n brackets. Total Fe !s reported
as F0.203.

Hopedalian Sulites
Ml (8)" PP (5) “HI (8) SED! (5)

68.72(4.2) 69.38(1.7) 70.89(3.7) 63.48(0.63)
0.39(0.17) 0.33(0.03) 0.27(0.15) 0.54(0.02)
.42(0.84) 15.56(0.86) 14.98(0.68) 18.32(0.23)
3.08(1.84) .86(0.58) . 2.35(1.63) .29(0.19)
0.05(0.03) .04(0.02) 1.04(0.02) .08(0.0)
1.53(0.92) .42(0.1) .31(0.8) .55(0.12)
4.01(1.23) .43(0.689) .18(1.17) .38(0.09)
4.31(0.28) .41(0.18) .55(0.28) .14(0.08)
1.44(0.14) .62(0.18) .86(0.27) .07(0.14
0.08(0.05) .07(0.03) .08(0.05) .15(0.08)

K20
P20s

Pb . 6.7(4.3) 6.8(2.2) '5.1(2.5) 3.0(2.8)
Rb 48.0(11.1) 65.4(13.7) .8(10.5) 24.2(2.8)
sr -7(85.2)  208.8(64.1) .5(35.3) 438.2(11.2)
Y 7.4(5.2) 8.6(3.4) .9(4.7) 12.6(0.6)
1 .7(35.4) 92.4(11.3) .8(11.1) 83.8(7.4)
s

N L 4.3(1.0) 4.4(1 1) .4(0.5) 3.4(0.6)
In .3(16.1) 42.8(9.9) A(11.4) 59.4(2.0)
Cu 21.3(7.8) 18.6(7.8) .6(8.3) 21.8(3.4)
NI 13.4(7.7) - 15.8(11.3) .0(4.8) 17.6(2.8)
Ba .7(161.1)  344.4(116.5) 9(117.4)  372.8(49.7)
v 49.8(37.1) 35.6(9.9) .9(35.0) * 92.8(5.8)
cr 22.8(12.9) 24.0(19.1) .0(12.7) 31.4(11.9)
Ga 17.8(3.0) 17.401.1) .0(2.3) 19.2(0.9)
« 2

* - Number of samples




Table 6.1: con‘inued

Flordian Sultes

00210

HH (4)

MC (8)

HG (5)

BH (5)

.93(1.3)
.23(0.01)
.70(0.81)
.70(0.23)
.02(0.01)
.83(0.13)
.77(0.21)
.08(0.51)
.57(0:26)
.05(0.03)

.8(2.6)

.5(10.9)
.3(176.1)
.5(0.8)
.8(42.7)
.3(0.6)
.3(10.8)
.5(1.7}

.56(258.0)
.5(3.7)
.0(2.2)
-3(2.1)

w

65.64(4.5)
0.49(0.18)

15.0(0.68)
4.95(2.35)
0.08(0.03)
2.28(1.3)
4.67(1.47)
4.26(0.33)
1.27(0.85)
0.14(0.09)

8.3(5.0)
37.5(15.2)
269.3(91.5)
18.98(3.3)
112.1(33.1)
7.1(2.3)
49.8(22.7)
7.2(5.1)
25.4(20.0)
190.6(177.3)
79.5(44.8)
38.8(25.0)
16.8(2.6)

71.
0.
13.

.52(3.
.05(¢0.

80(6

29(0.

76 (1

.12(1
.72(1
.T3(0
.83(2
;.07(0

7

38)
.02)
34)
08)
.91)
.43)
.54)
.01)
.06)

.5(7.4)
.4(41
.8(67
.7(13
.8(88
.8(4.2)
.6(39
.8¢14
.0(26
. 4(802)
.0(80

0(20

.5)
.9)
.3)
.9)

1)
.7)
.9)

.3)
.0

4(3.2)

.72(71,
.32(0.
.82(0.
.32(1
.04(0.
.69(0.
.33(0.
.78(0.
.07(0.
.11(0.

78)
17)
59)

.05)

02)
37)
42)
19)
18)
040

.4€2.0)

.2(15.
.0(48.

1)
8)

.3(1.3)

.8(51.

7)

.3(1.7)

.0(18,
LA4(1t.

)
6)

.5(0.7)

.2(52.
.8(18.

0)
9)

.0(68.5)
2(1.86)
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Tabie 8.1: continued
Flordlan Sultes . .

DP (4) PB (4) Dl (7)
S0, 87.83(3.29) 68.76(1.37) 71.0(0.80) -
Tio, 0.52(0.07) 0.39(0.17) €.35(0.11)
Alp03 15.13(0.43) 15.8(0.57) 14.73(0.18)
Fey03 3.84(1.47)( 2.6(1.28) 3.14(0.44)
MNO 0.06(0.03) 0.04(0.02) 0.04(0.01)
MgO 1.82(0.69) 1.07(0.48) 1.00(0.10)
Ca0 4.59(0.92) 3.59(0.71) 3.68(0.12)
Na50 . 4.18(0.13) 4.77(0.51) 4.15(0.23)
K50 1.23(0.23) 1.65(0.43) 1.28(0.15)
Po0g 0.09(0.02) 0.12(0.02)
Pb 6.0(1.8) 8.4(3.4) 8.1(3.1)
Rb 37.8(13.2) 45.6(13.9) 85.3(17.0)
Sr 359.8(42.8) 424.2(178.1) 189.4(33.0)
Y . 8.3(4.0) 5.8(3.0) 9.0(3.2)
Ir’ 99.5(27.5) 115.2(31.1) 128.9(22.2)
Nb 2.5(1.3) 3.5¢0.8) 5.6(1.0)
In 43.5(12.8) 37.4(19.1) 43.4(9.7)
Cu 32.3(8.3) 22.2(6.2) 13.4(4.5)
NI 19.0(8.3) ~ 13.0(7.8)/ 3.4¢1.4)
Ba 233.0(64.8) 443.0(262.B)  315.1(91.7)
v 71.3(29.2) 43.8%{2?1) 32.1(4.1)
cr 42.5(28.0) 14.6(18.5) 3.2(1.8)
Ga 216.3(2.2) 18.0(2.0) 16.9(1.2)

A




Table 6.2: Mean compositions for Hopedalian and Fiordian domain
Maggo gneiss. For the Hogedallan composition, the
values used are from the Mi, Hl and PP sulteg. The
Flordian composition Is based on dafa from the MC, DP
and BH suites. Total Fe (s reported as Fea03.

Hopedalian (n=18) Flordian (n=18;

Maan S.D. | Range ._S.D. Range

»

57.5-73.8
0.09-0.62
3.9-18.1
0.47-8.74
0.01-0.12
0.20-4.44
2
3
o]
0

69.99 3.06 60.5-73.0
0.32  0.10 0.26-0.58
15.06  0.69 14.0-16.8
2.67 1.44  1.44-7.85
0.04 0.02 0.02-0.13
1.3 0.72 0.83-4.08
3.44  1.10 .3-7

0

2 6-6.86
4.44 . 3.41-4.84

0

0

-13-4.99
.01-2.35
.05-0.21

1.70 .87-2.24
0.01 .01-0.16

OO0 “auwomMmOO N

2-13
5-51
181-480
5-25
40-204
1-11
8-64
6-44
1-583
68-614
5-164,
1-74
13-21

6.5 3-14 6.
55,3 10-77 33.
333 202-541 320.
5-22 13.

65-170 " 1i9,

3-8 4,

28-63 43,

12-35 21.

5-66 17.

122-571 194.

15-169 58.

1-126 34.

14-21 16.

qn:&(»u»Mcomru_.un,u
;;hbbbabab;ab
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with reference to Table 5.2 Is the'similar mean Sr contents
for the two domalins, although this element exhiblts a large
standard deviatlon and a wide range of values.

6.2.2.1 L.Large lon Lithophlle E|ements (LILE)

The mean data -for the LILE (K20, Rb, Ba, and Sr) can
be usedl as a starting point to ldentify the Qeochemlcal
characteristics of the two, _geochronologically distinct
domains. The LILE data, taken with the 87Rp/88sr rat o
and the Initial Sro ratio (Table 4.1) for the Hopedal tan
and Flordian sultes exhibit the most varilabllity.

Variation diagrams for the LILE data from Hopedal lan
and Ffordlan domain sultes are presented In Figure 6.1,

Flgure 6.1a, b and ¢ plot Ba, Sr and Rb contents,

respectiveiy, against K20 for the geochronology sulte
\\nows—/

sanplies, Figure 6.1d s the distribution of Rb with

K20 for all Maggo gneiss samples analyzed In this stuagy.

Filgure 6.1e. f, g and h plot the distribution of Rb vs. Ba,
sre vs.l CaO,. Sr vs, Rb and 8-’Rb/B‘sSr vs. Rb,
respectl"ay. The flelds deflning th: twn domains are shcwn
on all plots. ,\‘

The Hopedallan domalin samples (sc‘ll‘d circles) exhibit a
tight distribution Adlstlnctly different from the Flordian
samples (sotid squarés) on most of the plots (Filgure 8.1),
The SEDI 'samples (inverted trlangies) are notv considered In

defining the Hopedalian geochemical slgrature as these

analyses consistently plot as a distinct group, away from

‘the Hopezdal lan samples. The SED! sampirs alsplay higher Sr

’
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Figura 8.1: varlation, diagrams for selected LILE from the
geochronology grtvs used to characterize the

] chemical composition of the Hopedalian and
Flordian dcmalin Maggo gnelss. The Hopedaltan fletld

(--~.-.) is based on 18 samples from the Ml, HI and

PP sultes. 18 Samples_ fro the MC, BH, and DP

sSultes define the Fiordlan/ chemical compos ! tion

”n
O . a; Ba vs 20; b) Sr wvs. Ké/o; c) Rb

vs. Ko0; d) Rb wvs. Ko0O for all Maggo gneiss

sampl/ef/iﬁeiyzed; €) Rb vs. Be; f) Sr vs. CaOQ; g)

sn/vs. R5; h) 87mp/E8sR vs. Ro.

Symbols - solld circles - Hopedallan domain
. . ’
sampies; solid squarés - Fiordlan domain samp les; )
open trilangles -~ HG sutte; inverted triangtes -

SED! Sulte; open clircles - HH sulte; open squares

- DI suite.
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contents, with correspondingiy l?wer K20 and Rb values
(Flgure 6.1b, g) and higher a0 contents (Flgure 8.1¢)
corpared vith Hopecal!lian sampies. This sulte‘exnlhlts lowar
87R0/88sr ratios compared to the Hopedallan suites. The
depletion In Rb and Kz0, the lower B87Rp/B8sr ratios
combined wlth the Increased Sr and Ca0 contents for this
sujte. resuft from -either 1) moblllity of these elements in
response to the Hopedallan event, as this suite retalns a
‘5opedajlan age, or , 2) this sulte represents a different
primary ‘composition, with a distinct chemical signature,
compared with other Maégo gnelss sulites.

The LILE datea for Flord:an domaln sémples s
consistentiy dlsblaced away from the Hopedalian domain
fleld. ne displacenent is Interpreted to resuit from LILE
mobllity In response to Fnordlan metlamornhlism, at Iqwer to
mYddie amphibolite facles conditt)ng (sge Sectlon\3.3).
L1LE changes during metamorph!sm of the Maggo gneiss is In
agreement with the element EOblllty studies of Tarney

_(1976), Tarney and wtnaley (1977), anb«C:mpton (1978a and
b)-i These LILE" moblility studies, however; deal with the
transition from amphlbollfe to Qr;nullte facles >(see
_ectlén 5.2.3), with the LILE depieted samples
Characterized by granullte facles mineraiogy. This Is not

the case for the Maggo gnelss, which was retrogfessed

during the Flordian event.

' )
The LILE depietion observed In the Maggo gneiss Is

‘nterpreted o result £1om a combination of the development

~
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of a rorn K-beering mlneral.assemb]age In response to the

Flordian me+*amorphism combined with a fﬁgltive metasomat.:®

fluld which was capable of removing these eleﬁ%nts. The

LILE depletion recorded . for the gnelss suggests that

Flordian - metamorphism  took place l? an open system
J

e

environmaent .
The HG, Hi and D! su!tes‘ which ytet!ld Flordilan ages
(Section 4.14) can be utlllzed to document the wvaridus
L]
aspects oOf the Flordian event as seen by thelr chemlcal
composttion. The HG sulte samples (open triangles, Figure
6.1, plot as two distinct groups distinguished by; ’

1) aepletlon of Rb, Ea anc K20, to a degree §Wmllar
to thut observed for the ofher Ftordian samplés.

2) earichment of ‘these elements, compared with other
Flordian semples, "o .abundances greater than those recorded
for the Hoceda'liir. domalin grelss, |.e. Ba up to 1700 ppml
Rb up to 90 ppm anc K0 up to 5.33 wt. %.

The deplieted samples " are Interpreted to represent the
parent material which ylelded the enriched samples in
respcnsé to the Flordlan event. The enriched <samples
consist entirefy of, or contain abundant, discrete layeré
of migmatitic nmaterial (Plate 108) .

Or  the sczale of sampl ing for the HG suite, over a 2 m

width Derpendldulaf tOo strike, the LILE are Iinterpreted to

&a
hcve moved hetween individual samples In response to the
4 \ +
precence of a fluid phase accompanyling the Flordian event.
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Examinat ton o} Figures 6.1&, g and h show that‘thp D!
data, which piots Away from that for other Fiordian Suites,
ekhlblts Hb and Ba ehrlchment. Sr depletion and increased
87Rb/86sr  ratios for  similar K20 values, compared
with othe} Flordian sultes, Oon the remaining plots the
separatlon' of the DI data from the Flordﬁan sulites Is not
®s pronounced.

The Rb and Ba enrichment and Sr deplétlon for the DI

sulte, compared with the Rb depletion and constant Sr for

the other Flordian suites can be used to examine the large

scale transport 6f LILE during the Filordlan event. The DI
locality is inéeroreteﬂ to represent an area of LILE
enrichment .In response t& the Flordlan event. The. source
for 'the Rb Is envisaged to be areas, such as those
represant=2d by the remalriig Flord:an suirtes, which have
been depieted in Rb and Ba during the Fiordian event. The
Rb and Ba removed from threse iocalltleb Is transported via
a fluid pHase, present during the Flordlan metamorphism, to

the DI locat lty, where these elements are no longer soiuble

In the . fiuitd and are removed. The DI samples have biotite

\
L

as the dominant mafic phase, which preferentialiy
Incorporates Rb and Ba. In contrast, the other Floragilan
suites are charac:erlzed‘ by hav}hg "hornblende as the
dominant mafic phaﬁé. The actual mechanism responsible for

the formation of blotite and depositicn of the LILE at

Iocalities such as Di remains unknown.

M~
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-The 87:p/868gr ratios for the gecchronclogy sultes
exhibit ' a varlétlon between Hopedalian and Flordian dom: ins
(Flgure 6.1h), with Fiordlan. sulites exhibiting lower .
overail  B7rp/8Bsr  ratios  with respect to Honeda I an
su;tes. Examination of the mean 87Rrp/86g, ratios (Table
4.5) for the Hopedallan sultes MI!, HI and PP, sho&vthese
ratios vary from 0.633 to 0.349. Flordlan suites (MC,'BH,

. and DP;, have consistently lower values.‘ from 0:.380 to

0.213. The lower overal|l . 87Rb/855r ratlos for the
Filordian —suites result frcm  the Rb depletion assoclated

with the reworking event, whereas the Sr contents remain
’

rear|y constant for tha two domatng,

The $ro values for the geochronotogy sultes (Tabile
4.1; Inalcate that the Hopzdallan sultes nave ratios <«
C.7020. Fioruian sultes eoxhibit ‘nitlal Sry ratios In the
range 0.7021 to 0.7035. The Sr evolut]on of the Maggo
gnelss is discussed in Section 35.3.

b.2.2.2 High Field Strength (HFS) Elements

Examination of +he results for other aralyzed trace

elements, e.g. "high fleld strength (HFS) elem:nts (Ti, Zr,

P, Y, and Nb) can be used to further examine element
mottlity In response to Fiordlan reworking. Piots of 2r ;s.
Ti, F vs., T! and Zr vs. P are shown In F.gure 6.2.

On Figure 6.2a (Zr vs. Tl) all Hopedalian samples can

be seeq to exhiblt a*“ weak positive correlation of

Increas|ng Zr with increasing TI. The majority of

Hopedatiay samples, enclosed by the dotted line on Fidure




Flgure 6.2: varlation diagrams for selected HFS elements

from - thé geochronology sulEes used to character|ze
the Hopedaitan (solld circles; enclosed by the
dashed llne) and Flordian (sotid squareé; enclosed
by the continucus fina) domain Maggo gneiss. a) zr
\
Vs, Ti; The dotted Ilne encloses thg ma jority of
the Hopedalian domaln sampleé, séa taxt for
discussion; b) P vs. T, and c), Zr vs. P. The
regression lines were calculated Uslng the Cricket
graph progran Dacke.gel run cn a Macintosh SE
combuter. The correlation coefflclient (r) Is an
estimate of the fit of the data points "to a
stralght line distributlon: Q- Hopedaiian; F-
Flordian. The open squares fepresent strongly
,mlgﬁatlzed gnelss or leucogpmes Separated firom
Flordian domaln gneiss. The value of r=0,09%5%
s
resulis from the consideration of atl predallan
samplies. The restricted Hopedaiian fleld, enclosad

A

by the 6otted | lne, ylélds an r value of 0.54.
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6.2a, define a restricted fleld and exhiblt a mcderate to

strong - positive correiation (r=0.54). This re'strlcted_ fleld

may result from elther mobtility of these elements in
response to the Hopedal lan event, or reflect an originat

lgneous trend. Without knowledge of the composition of the

-Hopedallan domaln gnelss parental! matenlal lt\ Is not

possible to discern which of these origins might dqominate.
Flordian samples” ar enrilched In both TiI and zr with
. . .
respect to Hopedalian samples and exhiblit a strong negative
correltation of decreasing Zr witn increasing T1I, The

3
Fiordian samples "exh:blt a wider spread of. values wlth

\’
respect to {tre Hopedalrtn'samples.

Trree Flordian domain gnelss sampies (open sSquares on
Figure 8,2), consisting of strongly migmat!zed gneiss or

leucosomes separated from tre gnelss, exhiblt depieted Zr.
and T values with respect to Hopedalian and Ftordian
samples. Due to ‘the strongiy migmatlzZzedq nathe of thesé
samples tney are not considered in defining the Fiordian
fietd,

Hopedal ian samples exhlblt a weak positive correlation
of P with Tla("lgure 6.2b), while Flordian' samples g*hlblt
higher P contents fo eculvalent TI compqréd with the
Hopédallan sampies. he Flordlan samples display ; modera:e
to strong positive correlation for these elements. The
flelds for both domains Overlap to some extent. The
migmatitic Fiordian samples are depleted In P with respect

to othe- Flordian samples. Similarly the Hopedalian and
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Flord:an ¢jel.4s overlap on a plot “or Zr wvs, P‘(Flgurp
6.2c). lSamoles from the Hopecda!ian domain exhibl® a weak
posltlv%: correlation of Increasing 2r with Increasing P,
while Flo;dlan sampies exhiblit a poor negative correlation.
A means of qualitativeiy representing the degree of
relative enr(chmenf and depletion of the LILE and HFS

elements between the Hopedaltan and Flordian domains can be

obtalned wusing normaitzed values for these eiements plotted

against their lncreaslngidegree of Incompatibility (Figure
6.3). With respect to the Hopedallan samples, Flordian
demaln gneiss samples are depleted In Rb, Ba and K,
enriched In TI, Zr, B, /Y and V and exhibit no changs In Nb,
Ce, Sr and Zin contunts. .
6.2.2.3 Rare Earth Elements |

From Figire 6.: and Smr cdntentu o} the Maggo
gnélss appear to be unaffected by Fiordian reworking of the
Hopedailan gomain gnelss Complete REE distribution
patterns for reoresenfatlve Hopeda'ian and Filordian domain
sSamples are nresented In Figurez 6.4 and 8.5, respectively,

Exaﬁlnatlon of these fligu ;'i‘reveals that both domain:
exhiblt moderate LREE'enrlchi'1t (19 to 200 X chond{ltes),
weak to moderate HREE deplelion (1.9 to {1 X chondrites and
(Ce/Er)n ratios which vary from 2.3 (Sample 83-298) to
49.1 (samule 83-278). Enriched, depleted and normal Fu
conténts are present |1 samples from both domalins \ Overaili

th2 REE pattern. for “he two geochronology doma/lns are
. 4 .

Indistinguishablé from e~cn ~ther, suggesting trat the RFE
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Figure 8.3: Norma! | zed values of LIIE and HFS elements for
representative a) Hopedalian and b) Fiordlan
domaln Maggo gnelss samples. The shaded portion of

- each dtagram represents ths fleld defined for wthe

other domaln. l.e. Fiordlan fleld on Hopedallan

date. The normclizing factors are from Sun (13980).
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Flgure 6.4: Representative REE(

Hopedal ian domaln Maggo gneiss

distributlion patterns for

samples. Compara

with Figures 6.5,
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Flgu?e 6.5: Representative gé? d\strlbutlon patterns for,

Flordlan domain Maggo gneiss samples. Compare with

Flgure 6.4.
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have remained Immoblle during the Fiordlan event, despite

.
\\

distinct differences In P and Ti contents.

6.2.3 Quantitative Aspects of Piordlian Rework ing

Fiordian reworking has been' shown to result in the
retative depletion In LILE, enrichment In HFS elements ang
no change In REE cgntents of the Maggo gnelss. Gresens
(1987) proposed a qQuantitative means of determintng
chemica | changes, baséd‘ on comnposition-volume r1eiation-
ships;, which accompgny the transformation of a glven parent
to Its compi iment daughter. Visual {nspectlon and
ccmpar ison  of .;esults for a given parenf-daughter palr

yleld numarous and often confilcting results. By

Incorporating whole rock analyses wlth specific gravity

cate and volume changes accompanying the parent to cdaughter

transition a wunigque solbtlon estimating the quanfltatlve

Cchanges In bulk chemlcal ccmpositions Is possible. Gresens
(1867) mass balance equation may be written in the form:

Xn = 100(fy,[g(D)/g(P)] x,P - x,P) (6.1)

ol
- '
chemical change In component

n

volume factar

g(P) = speclific gravity of daughter and
parent sultes, respectively

welght fraction of component
daughter syite

welght frac“lon of component -

narenrt su.,te
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r
v -
Equation 6.1 has been applied to assess the chemical

changes, In response to Flordlan reworkling of Maggo gnelss
. .
and Hopedale cykes. <
(4

6.2.3.1 Mgggo Gnelss

MajJor and trace element ocata for indlividual samples and

.

mean composlfions for Manuel Isjand and Black Head Tickie

sSut tes, representing Hopeq?lian and Flordlan domalns,

’

respectively, have been used In ‘the mass balance

calcutlations, These two sultes were selected‘for comparison

due io tere geographic proximity and similtar fteld
relationsh¥ps. Three sets of analyses were complied, two
usé Individual analys’'s of 'samples with simiftar malor
element compositlions, from both sgltes (Tabte 6.3).;The

third data set emyioys tne mean compo:s.lticns of thé two
sulites, calculated using a1l analyses from each suite
(Table 6.1).
\5 Foilowing the method of ‘Gresens (1867) composition-
volume dilagrams were used to determine the volyme factor
(fy) for each set of _analyses. The fy, values, based cn
mgjor element data, were determined where composi lon-~
vblume curves for several components Simul taneousiy ~2ross
the 2z¢ero galn-loss llne. These same fy values were
. !

Applied to the trace =lement results.

Using cata for Samples 82,76 and 83—259, representing
Hopedalian and Flordian doma ins, respectively, and arplying

Eq%"tlon 6.1 with an fy = 1.03, i.e. a sllght volume

'acrease, resu'ts tr the relat;ve gains and Ic3ses

.
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y

Table 6.3= Analyses used for mass balance calculations to
estimate changes In composition for the Hopedaiian (H)
~to Flordian (F) transition. The values shown were
calculated using Equation 6.1 (from Gresens, 1887) .

H mmean )y F H mwmw) F
82-76  83-259 XN 83-304  83-263 ™
. - .
§10, 72.8 73.1 1.08
T10, 0.29 0.37 - =0.08
Al,03 14.5 .2 -0.15%
L;ego3 . .gg -3.12
n ‘U .
MgO .52 .10
0
0

~

-
O = aANOO—=AO0O=

71.8 .79
0.23 .01
14.6 .10
2.82 .87
0.04 ,
0.81 .48
3.23 .27
4.98 .43
0.93 .53
0.12 .01

-
f R | IS

cao . .89 .05
Na,0 . .98 .51
K20 . .05 -0.38
P30g . Ry 0.02

-

L ADLO O DN O

- Noo®

Pb 3 : 5

Rb - ~8 53 1
Sr 356 8
Y -4 ' 8 1
ir .44 142 44
Nb 2 7% 2
Ba 285 -33
v . -9 38 10
Ni ' 2 -1
cr , 20 5 -18

[ ]

S.G. 2.62 ) . 2.58°

* - xy calculated using fy = 1.03
! - Xy calculated using fy = 0.95. -

.




-

‘ 00266

presented In Flgure 6.6a. For this calculatior MNas0,

Si0p, P20g, TI10,, Cao, Cr, "~ Sr, _,Zr and iib have
s

positive values Indicating addition to the system in

'response to Flordian retrogression. Elements which exhibit
depletion for th]s Calcuiation are Mgo, A1203, K;O.
Total Fe as Fey03, V, Rb, Y, and Ba. .

Reﬁults of aqglylng Equation 6.1 to analyses for
Samples 83-304 aﬁd 83-263, with fy = 0.95, are shown In
Figure €.6b. This transition Is bharacterlzegﬁgy depletlgn
In Mgo, Alzoa, Ko0, Ba, Cr and NI, with No change in

&y N .
TI10,, Rb ang Y, The remain!ng ox!des and elements are

enr iched for this transi+ion. .

Yy The galns and losses depicted for the two transitiofis

assume the _parent and aaughter szmples were orlglnally
ldent . cal In composition. 3o0th traasitions use samples from
the chem!éally deflined trondhjemitic gnelss subgroup. The
parent sampiles, whlch» fali In the middle of the ;IOZ
range .for this subgroup were chosen with the_vlek that any
suoz mobliilty, durliing the transition, would resuit Ih\a

daughter within fheﬁ\same ‘subgroup. The possiblility stitt

exists that the parent-daughter samples used do not have a

- :
dlﬁfis genetic rélationship.
O overcome the lack of a possible direct genetic

reiationship between the parent-daughter pailrs, the mean

composlition of the Manuel Island and Btack Head Tickte

sultes (Table 6.1} vere used in similar mass balance

calculiat'!'ons. The mean compos!tions for each sulte

=2




6.6: Composition-volume relationships snow\ng
gains awd/or losses » Calculated after
Gresepg's (1967, of ajJor (solid [ijnes) aﬁd trace
elements (dashed {Ines) In - sponse to Flordian
reworking of Hopedalian domalif aggo Gnelss,

values plotted are taken from | Table 6.3.

parent-daughter pair 82-76 and 83-259.

~
barent-daughter pailr 8J-304 and 83-263.
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represent the range of bulk compcsitions of Maggd gneiss at

each locality, displaying similar fieid relationships. The
speciflc gravities used, calculated as the mean for the
Suite, were 2.65 +/- 0.10 and 2.63 +/- 0.12 for Manuel
Island and Black Head Tickle sSuites, respectively. '

A volume Increase s assumed for this change (fy =
1.03). The transition from Hopedallan to Filordian domailns
has beeﬁ shown to be retrogressive in nature, requliring the
addition of water (see Section 3.3). The hydration of
Hopedal tan assémblages resuits In a volume Increase for
thi§ transition, The magnitude of the volume increase |s
dlfflcult to determine from com003|tlon—vofume dliagrams as
the major elements exhibit a range éf‘fv values from 0.90
fo - Nas0 %o 1.3 for Total Fe, with no clear grouping %f
the . Thz vciume factcr usec corresponds to Alo04
‘mmobl ity for this transition.

fhe resul:s of the Compo3 . L. on-volume reltatlionships for
the Hopedaiilan to Flordian transition are shown In Flgure

Fiordian retrogression Involves enrichment In Na o0,
Y, 2Zr, and Nb. depletion In Mgo, K2§{
Cr, Totai Fe, NI, Rb and Ba, with no change
In Sr conten+s.

in Sectlon 6.2. It was cuggested that Flordian
reworking of Maggo gneliss Inxplves depléilon in Rb, Ba and
K20 with no significant crange In Sr. This result was
based on a wvisual exarinztion of the data for Hepedalian

and Flordlar sarp'es.. Compositior-volume resuits, which

o




6.7: Compos | tion-voiume relationships showln§
relative gains and/or losses, calculated after
Gresens (1867), of major (solid lines) and trace
elements (dashed |lnes).

a) Relatlons for chemical changes observed for the

Flordian reworking of Maggo gneiss, uslng mean

composlitions of Manuel istand and Black Head

Tlckle sultes.
b) Reijations for chemical changes Iin Hopedale

dykes In response to flordlan reworkling.
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outJ values on the relative gglins end/or losses for afli
elements during the Florcian reworking, substantiate this
ear jiier conclusion.

6.2.3.2 Hopedale Dykes

Hopedaie dykes have been . subjected o Flordian

retrogression, which Involves the development of an

eoldote-actlnollte~plagloclase (An 20) assembiage from the
f . R

Hopedal lan, hornblende-—plag-’oclase (An 27) assemblage {see
Plates 8B and B8E). Mass balance Caiculations have been used
to examine chemical changes in bulk composition In response
to the retrogression. The dyke samples used are from areas
of Maggoe arelss where geoc \ronology sultes record
Hopedallan and Fflordlan ages. The Hopedallan domaln dyke’
saTple. (B3-2:8; S.G. = 3.086 g/c;:; Is from Manuel Island,
wher=s Maggo gnelss ylelds an age.of 3,125 Ma. A Hopedale
dvke sample (83-212: $.G. = 2.79 g/cc) from Marsha‘s Cove,
fs hosted by gnelss dated At 2,894 Ma, and records ev(dence
of “iordian retrogreSSan.

Compocition-volume relations for the dykes suggest that

a volume Increase (fy = 1.06) ~Is indicated for " this
transition. The relative gains ahd losses, calculated using
Fquation 6.1 and employing chemlcall composltions listed |n
Tabtle 5.10, are presented _g:*aphlcalli; In Flgu‘re 6.7b,
Flordtan retrogression of the Hopedale dykes\ results in
enrichment of kzo, CaO, Cr, TiO5, Rb and Ba, no change
in AloD4 and V and 'deoletlon In all other analyzed

elementsa.
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The Indicated enrichment :n Cr, based om mass bulahc;e.
acs:omoanylng the \retrogr%sslon of the dykes is Interpreted
toe be | an anomalouS feature. The Cr content of the analyzec;
d"yke samples exhlbit a range frcm 39 to 311 Ppm, and are
Interpr eted to reflect varlations In t’he original chémlstry
of the dyke magma resulting from primary fractionation
processes,

The Plements which exhibit enrichment patterns for the
Hopedaile d)‘/kes aere also those elqments which are depleted

-

fn - the Maggo gnelss during the 'Flordlan retrogression. The

\ ° -~

elements  which  are enriched . within the dykes are
‘Interpreted to be deri\eag "ror-n the host gnelssqs In
response to the retiogression. Th’s exchange between the
di<*s and gnelisses lst- here Interpreted to reflect ‘an
a:ten{pt to maintain chemica c:ullorlur.‘ between the
lithologles during the retrogression.
The enr ichrment of JHLE fo-; bas!c dykes swarms,
accomoahylngA prograde metamorphism (o amphibolite andg
\ granutite facles have beecn r¢ported\@r the Saglek dykes,
) nNorthern Labrador -(Collerson et al., 1§B4), the Ameral ik
ﬁykes, Southwest Grerénland (Gil1 and Bridgwater, 1979) and
the Scourle dykes, n%thwést Scottand (We_:aver and Tarne;, "

1981a & b).

6.2 Sro_Evolutlon of the Hopedale Block

5.3 Maggo Gnelrss

Evidence for a genetlc link between Hopedalian and

“*lordlarn domaln Maggo gaeiss car be asscssed with reference

3
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to A‘.Sr_ evoliution olagrah relating age, 'Sr, and mean
37Rb/85/sr rutios  (Flgure 6.8). All ,Hcpedale -Block
sultes display a normc!, inverse correlatlion between age
and 3re. As a referé%ce. the mantle evolution curve

corresponding to a Rb/Sr ratio of 0.025 (Peterman, 1979) is

- shown.
The geochronoiogy iesult; (Table 4.15 for the sultes
. .
analyzed In thils study, with corresponding 1 sigma errors
are pictted In Figure 6.8a. The errors for each suite

over lap to such. an extent that a cliear separation of-fhe

Hoped-lian and Fliordian suites ls‘not possible., The older

sultes, l.e the' Hopedal lan, have lower Sro ratios than

.

the ‘younger Flordian suites. Application of a Student

t-test to cne aje and S/ values, for the Hopédd(lan and
Fiordian suites, Indlcates <hat at thefss% conf idence limit
tﬁe ége and Sr, are slénlflcantly different.

On ° Flgure 6;8b Iindlvidual suites are grouped according
to age and structural fabric (see Sectlon 4.14) preserved
at" each- fleld locallty, l.e. sultes with Hopedalian ages

are shown  with open and closed clrcles representing

local it 'es with Hopedallaﬁ and Flordian ’fabrlcs,
Tespect velv, Sr 1isotope . evolutlion Il%es for mean
€7Rp /86w, ‘atlos, on  Flgure 6.8b, Jepresent the
Incroese In 87sr/865r with time as §7Rb decays for
eagh sulta, The Hopedalian sulites have higher mean J

8."H')/EGSr ratios than the ycunger Flordian sultes. The'

lower mesan 87Rb/855r ratios for the Fiordian suites

N S




.

Flgure 6.8: Sr Evolution diagram, plotting Sro versus
age, for Maggo Gnelss suites analyzed in this
study. a) Iindlvidual sultes ,showfng‘ arrors (1
sligma) for determlnaflons. b) h?dlvldual suiltes
showing the mean 87Rp /885y ratio for each
sulte and their Isotopic evolution with time. The
suites a?e grouped according to recorded age and
preserved tectenic fabric (see sSection 4.14),
Abbreviations for sultes}are given In Chapter 4.
Symoolis: solid’ clrcle - Hopedatlian age and
‘Hopedall lan fabric; . open clrcle - Hopedal lan age
and Fiordlan fabric:; solid square.- Fiordian age
and Flordian fabric; open square - Flordlan age

and Hopedallan fabric.

The PB suite (Inverted trlangte) !s Interpreted to

represent Maggo gneiss which has been effected by

Proterozoic metamorphism.
The solld’ : heavy Il itne represents the mantle
evolution Ilne of Peterman (1979), corresponding

to a Rb/Sr ratlo of 0.025.
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refiect the depletion of Rb, with constant Sr contents (see

———

Filgure 6.1h), In the Maggo gnéiss in response to the
Fi n reworking.
Two sultes, SEDI and DI, stand out as being exceptions

to the above statement. The SEDI suite, ylelding a
Hopedalian age, exhibits the lowest mean °7Rb/855r
ratio of all suites analyzed. Compared wlth'the remalning
Hopedaiian sultes, SEDI exhibits Rb depletion and sSr
enr ichment (See Figuré 6.1f) in response to the Hopeda!ian
event. -In contrast, the Flordian DI sutite records the
highest mean 87Rb/855r ratio  (0.91), Examlination of
\{lgyre 6.1f- and r shows the D! sulte to be enriched In Rb
a‘d hepléted in Sr with respuct to other Flordian and the
Hopedaiian suites. The fb behavlou} (en-lchment) fecorded
for this suite g cppos’. ¢ to that otserved for the
re

Flordian even’. as a whole (scve Section 6.2.%).

6.3.1.1 HooedaLLaq_QgggLﬂ_Sult 3

I8

Hopedaliun sulftes (solid clrcles on Figure 8.8b) (e
above the mantie growth curve (from Paterman, 1979), have
Sro values ranging from O.VOléﬂtb 6.70?0 and define the
Sr evolut:on path for tle Hopedallan domalin (vertica:

I'mg Figure 6.9). The slope of this evolution path,
determlired by least squares fFit, cofresponds to a mean
87rt/88sr  ratic of 0.52. EAach of the Hopadallan domaln
suites closeu ac d'fferent times, as seen by'the dlffere%t

ages, howeve * the Hopeca!lan "evolution” path on Flgure 6.9

represents the mecan charge tn the 87Sr/aeSr ratio with

.
B

time for these suylte:x.




t

8.9: Sr . evolution dlégram for the Maggo Gneiss
Sultes analyzed In thls study. The vdrtical rullng
deflines the evolutlon of ‘ér for thg Hopedalian
domain sultes, corresponding to a mean
87Rp/86s, value of 0.52, Hor i zonta! rQling
defines the evolution of sr for the Fpbrdia

sultes, _co;respondlng to a mean B7RA r
ratio of 0.30. The . Flordlﬁn Sul tes result’from

reworkling of tte older Hopedailan sultes between

2,900 and 2,804 Ma. Symbois for individual sultes

glven In Figure 6.8.
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The age for tﬂe.NBN sulte (3,305 Ma), compared to other

¥

Honedalian domain sulites, Is the oldest age reported for
. the Hopedale Block. Schidtte et ai. (in prep.) report an

lon-probe age of 3,258 +/- 25 Ma (2e) for zZircon

separated from the pélltlc' subunit of the WwWeekes

-

associlatlon, -Thls sample was collected at the same locallty
&8s the NBN sulte samples analyzed here. The otd age of j
Schidtte et val. (In prep.) further demonstrates the
presence - of Early to Early-Middle Archaean crust in the
Hopedale B[ock.

The zlrcon ;ge s lnterpreted by Schidtte et al. (in
prep. ; to represent a minimum 2ge elther of the sediment
source or the recrystalllization of the sediment undér
granulit: facles conditions. A compuaratie pariod of high

' grade metamorphism has not been recognlzed In the NAC.

Fleid relationships’ witain the study area, e.g.
Pre-Hopeda!l lan and older fabrics wlithlin the gnelss ancg
supracrustatls displaying discordant structura) and
metamorphic relationships to the gneiss, are interpreted to
sSuppor+t the possibl!ility that segments of the Hopedale Biock
Crust are older than Hopedal lan. -

Mode 'age calculations ror Hopedat i=n qomaln sultes

(M1 Hl and PP) range from 3,330 to 2,204 Mz !Table 6.4).
b;

These ages Indicate crustai residence ({Iimes of at least 200

Ma ‘for -hese syites, If derived frcm a mantie-like; |.e.

low Rb/Sr, source.
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Tabie 6.4 Model agess, quoted in Ma, for Hopedale Biock, Maggo gneliss
Sultes. The ages, caiculated using the eduations of McCutloch and
Wasserburg (1978), assume an Initlal 87gr/86g, ratio of
0.7039" and a 87Rb/88sr ratio of 0.0729°. The ages are
calculated using N87Rp = 1.42 x10~11.

Sulte Mean Rb/Sr _ Sr ratio E€sr! frRo/sr?  model Aged isochron Age

Ml 0.349 .71693 185. 3.82 3242 3125
PP 0.623 .73056 378. 7.60 3330 3140
HI 0.48 .72287 289. - 5.63 3204 ‘ 3025

SEDI 174 .70956 80. .40 3820 3024
NBN ©0.393 - 0.72126 248. 4.43 3714 3305

MC .38 .71874  210. .23 asis 2899
oP .297 .71496 157, .10 3385 2804
PB . 202 .71510 . 159.1 .10 3502 2632

HH .253 .71574 163.

2 .48 4497 2827
BH .213 Y. 71251 122.3

6

1

2
1.04 4185 2874
6.33 3373 2884
2.54 . 3078 2764

HG .531 .72640 319.
DI . .98 .74445 576. 1
The following equations,“from McCulloch and Wasserburg (1978), are used
caiculating tres model ages:

1) €&sr = [{(Sr Rati0)/0.7039)-1]xi0%

2) fRb/Sr = {(Msan Rb/sr ratio)-C.0729)-1

3) Mode!l Age = 1/$\ln[1+[€SFX0.7039X10"4/FRD/SrX0.0729]

* - These values correspond to a Rb/Sr rat| X 0.025, producing a initial
~ Sro value of 0.7039 for the present day manti (Peterman, 19879),
assuming that the mantl!e represents an unfraétlonated scurce.

"
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Mode!! age calculations for the SEC! and NEBN suites are
3,820 and 3,714 Ma (Table 6.1), rrspectlvely: suggesting
the presence of excess 87Sf In these sultes—;;rlved from
an evolved reser;olr. This evolved reservoir Is Interpreted
to represent a preexlsting crustal compohent, which at
présent . Is | not recognized and/or exposed wlithin the
Hopedalg Block. Such an evolved reservoir |Is Interpreted to
be compSrable to Amitsoq gneiss of southern West Greanland,
which has undergone a perilod of tEarly Archaean granulite
facies metamorphism.

An al£ernat|ve interpretation for the SED| model age is
that It results trom a decrease In the mean Rb/Sr ratio of
this suit2 due to metamorphism. This would reéult In the
beclk 2xtrapolfation -necessary for the model age tp
" correspond with an erroneoys age for the correct crustai
age. At present' It I's not possible to cleariy state which
of these two possibillties Is correct for the SEDI inode |
age.

The (eﬁy;ts of the Hopedallan area! Isochron yields an
age of 3,366 Ma {Section 4.15.2), Indicating a pDetrogenetic
evant which Is older than the last Sr homogenization event
recorded for the whole rocks, 1.e. older than the
Hépedallan event. Koehler and Mueller-Sohnius (1980)
|nterpretv sSuch a perilod of homogenization to represent
‘e ther thé age of formation or the age of metamorgLhism of
the sampies examlined. For the Hopedale Biock this perlod of

Sr  homogenization Is Interpreted -o correspond to the

Pre-Hopedalian avent .
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Collarson et al. (1981; 1982) have identified a syite
of Mliddie Archaean age, quartzo—ferdspathlc gneilssas, tre
Klyukéok gnelqs._ in the Saglek area which consist of 'new’
and ‘relict’ components. Fleld relationships for tre
Klyuktok gneiss, e.g. fragmented and partlally'resorbeq
Saglek dykes, Indlcate an origin of these gneisses by
processes Involving remoblilizatlon 6f the older Uivakx
gneiss (Collierson et al., 1981). Isotoplec results show that
the Kiyuktok gneiss resuits from mixing of agueous flulos,
enriched in 87sr and Pb, with the In situ granitic
mobillzates of the Ulvak gnelss (Collerson et al.. 1982) .

The Hopedallan domain Maggo gneiss is here interpreteg
to .be dersived from Dreexisting sialic crustal matertal In a
manner similar to that proposed for the Klyuktok gnheiss.
Examlnation of possible Precursors tc tha Hopedallan domain
haggo gneiss is preseﬁted In Section 5.5.

8.3.1.2 Flordian Domain Sultes

-

With | the closing of the isatoplc systemat'cs at the enc
of the Hopedalian event, the ARb-S- clsck for the Maggo

gnelss contlnued Its evolution, resuliting Ir tre Increase

in 87Sr/BGSr with time. The Fiordian event, which s<pans

the time range from 2,880 to 2.864 Ma , began with
disturbance of thé Isotoplc svstematics in the Maggo
gnelss. The time perlbd Spanned by the Flordian evant or
events Is .comparable 'to that reported here for tre

Hopedal ian event and that recordad for Archaean orogeni:

rerliods In South Africa \Harris et al., 1987). The Sre




~
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ratios for the Flordian suites (S5rg = 0.7021 to O.7035)
result from evolutlon of the Maggo gneliss from 3,081 to
2,900 Ma. Accompanying the resetting was LILE depletion of
. [ 4
the gneliss, resulting I the lower mean 8-’Ftb/eeSr
ratios for the Flordian suites. The Sr evolution path for
the Filordian sugtes (horizontai rLilIng, Filgure 6.9)

corresponds to a mean 87Rb/88$r ratio of 0.30.

6.3.2 Published Results for Maggo Gnelss and Kanair Iktok
Intrusions .

On Figure 6.10 results of Isotopic analyses of Maggo

gneiss and Kanalrlktok Intrusive sultes examined by Grgnt

t al. (1983) are plotted with the Isotoplc results from

this study. Grant et al. (16$83) suggested that the Archaean

rocks ©of the Hopedale Block separated from the mantie 2,800
to 3,100 Ma ago; forming two distinct crustal segments. The
older s;eément. defined by thelr Hunt River Belt (BR) and
leak Polnt (UP) ~-Sultes, s comparable to ’thg Hopedalian
evolution path defined In this study. The S/ounger crustai

segment Is def |ned by Maggo grelss (KG, M) and Kanalr I ktok

Iintrusive sultes (KT, K, BT). The iatter represert pre- to

Syn- Flordian ‘tonalltic to granodioritic lnfruslons. which -~

) yle}d» a U-Pb dl_scor&la age of 2,830 Ma (Ermanovics et al..,

1982). The Kanalrlktok intrusive sultes are Interpreted
here toc represent the younger segment.
Of the . Maggo gnelss suites analyzed by Grant et al.

(1983) to define the younger crustal segment, the Maggo

Island (M) suite Is here ‘nterpreted to represent 'Flordlqn

S o

<




C .
Flgure 8.10: sr evolution diagram incorporating dats from
thls study with the resuits of Grant et at. (1983)

for Maggo gnelss and Kanairiktok Intruslons from
: !

the Hopeda il e Blockj The Flordian event s
character |lzed by 1) reworking of Hopadalian domain
gneiss and, 2) emplacement of naw material, the
-Kanal'rlktok Intrusions, into the Hopedal‘efalock.

The crustat segment represented by the Ka'nalrlktok

Intrusions 1s shown by the light stipple. See text

for discussion. '
Data po!nts from ‘ Grant et al. (1983). shown iIn
Itallics: BR — Hunt River Belt; UP - Ulvak Point; M
Maggoe Isiand; KT, K and BT - Kanairiktok
Intrusions. The KG suite |s here interpreted to
represent a aeformed, early phase of the
Kanairiktok Intrusions. |
Symbols as In Flgure 6.8, pilus open tr langle -

Kanalriktok intrusions.




02

v'e

ge

(b9) 39V

1

i

0L 0

c0L'0

0.0

904 0

1Sg9g7/1S, g



reworked Maggo gnaiss similar to the BH and D! syltes of
this study. wWithcout knowledge of the fleld relationships of
the Kanairiktok Bay (KG) suite of Grant et al. (1983) l.ts
slgnificance to the evolutlion of the HoOpedale Block s far
from certaln. Based on the littie information avallable,
this sulte may represent an early phase of the Kanalriktok
Intrusions, and not Maggo gneisgs, emplaced prior to the
Flordlan event. The KT and K sultes are interpreted to be

cogenetic and represent, the crustal segment corresponding

to the addition of new material to the Hopedate Block
( shaded pattern, Figure 6£.10). The lower end of the
Kanairiktok Intrusive evotlutiorary path Intersects the KGg

data .polnt and as such this sulite Is Interpreted to be
cogenetic, In terms of Rb-Sr Isotoplc systematics, with the
other Kanalrl\ktok sul tes,

The emplacement of )new material and the reworking of
preexisting crust during the Flordian was preceded’ by the

deposition ot the Florence Lake Supracrustals. This period

of volcanism and sedimentation represents a tirr of
relatively» little tectonic activity between the Hopedallan
and Flofdlan everits resulting In the growth of 87g¢

wlthin the Maggo gneiss.

6.4 characteristics of the Flordian Event

8:.4.1 Introductlon

L

Based on the Isotoplg\resul{s from this study it Is
apparent that the Flordian event ‘compr ises the rework’vng of '

breexlstlng materilal in response to dynamothermal processes




| l lli I
occurring between 2,880 and 2,804 Ma. Accompanying the
‘Flcrdlun rework | ng Is emplacement of t;e Kanair {kKtok
Intrusions Into the Hopedaie Block. In this secticn the
nature of~ the Filordlian event Is considered with emphasis
on: . \ E

1) the role piayed by the Kanalr iktok Intrusions;

2) the éhemlcal' and physicai ‘changes accompany ing

Fiordlian reworking, with emphas|ls on metamorphism ang

Its relationship to the contemporaneous high grade
» . :

metamorphism observed elsewhere In the NAC ;

3) the nature of the fluid phase accompanylng the

Fiordlan reworking, and;

4) how these features relate to the depietlon and

enr ichment patterns observed In the Maggo gneiss.

-2 Role of the Kanalriktok Intrusions

Within the study area No outcrops of tne Kanalrlktok

Intrustons were observed, however to the south and west,
wlthin the Hopedzale .Block, this Ilthélogy accounts for at
least 35 % of ail exposed rock types (se= Flgure 2.2). The
Kanalr iktok Intrusions, bhsed on geochronology results
(Grant et al., 1983; vaerldge at at., 1987) and fieild
relationships (Ermanovics et al., 1982), were emplaced into
the Fopedalelalock cfust durling the Fiordlan event.

The Initiation of Flordlan reworking of the Méggo
gnelss is Interpreted here to have beer the Inaugu?al

mechanism for the derlivation and emplacement of the

Kanairiktok lntruslons. Following enplacement the




o
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intrusions wer subsequ=ntiy deformed and netamorphosed In

response to the latter phases of the Fiordian event. |t Is
hot possibie to state' whether the Kanalriktok Intrusions

represent elther new, Juvenile material or reworked

preexisting "materlal added to the Hopedal'e Block crust in
respongé to the Flordian event. Based on Rb-Sr Isotopie
results Grant et n;. (1983) favour the former hypothesis /\
for the origin of the intrusions. This aspect of Hopedale
Block geology requires further study,

Structural, metamorphic and Isotoplc evidence from

South  Africa suggests that Archaean orogenic perlods begin

with the formation and Introduction of a new crustal
somponent and end wlth the reworklng of oreuxisting
continental crustal materlal (Harris et al., 1987). The

Flordlan event dlffers from the South African case In that

reworkling accounts for a more pronounced effect on the

crustail component at Hopedale.

6.4.3 Chemical and Physical Changes AcCompanylng the

Fliordlan Reworklng

The Maggo gnelss underwent LILE depleticn In response
to the Fiordlan reworking, resuiting In lower Rb/Sr and
higher K/Rb ratlos, compared wlth the, Hopeda!lan domain

gnelss. Low Rb/Sr and high K/Rb ratios are considered to

‘fingerprint- evidence of granulite facles metamorphism
(Heler, 1973; Griffin et 2!., 1980; sheraton and Black,
1883). Granullte facles mineral assemblage; and religt

textures have not been recognlized In the exposed Flordian

or the Hopedal ian domalins of the Hopedale Block.

o
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For Rh depietlon observed in the Flcordian ddmaln"gn:ﬂ_ss
L 3 -

to result from a pre-Hopedaiian (t.e. > 3,091 Ma) granulite
facies metamorphism, comparablie to the 3,800 Ma event
recognli zed In the Amitsoqg gneiss of Greentand (Griffin et
al., 1980), requires;
1) preservation of the depleted \character of the gnelss
‘throughout the Hogpeda'lan event,
2) closing of tr2 Rb-Sr lsot-oplc systematics only as a
resuit of the Fiordlan event, and
3) a strong sampling bias towards these preserved
samples. ‘ x
All of these criterla must be met In order for the dep leteg
gneiss to result from an oid, l.e. 3,600 Ma, granulite
facles event.

6.4.4 Fiordian Metamorphism and the Contemporaneous NAC

V-

high Grade Eveit

In West Greenland and northern Labrador evidence for a
major period of granulite facies metamorphism at 2,800 Ma
has been reported by Wells (1976; 1979) and Collerson et
al. (1981), The LILE depletion and HFS element enrichment
Observed for the Flordian domain Maggo gnelss Is
interpreted to: result from this widespread perlod of
deformat!o>n aid metamorphism.

Metamorphlic conditlons, l.e. P and T esilmates. dur ing
the Flordlan reworking have yet to be examined In deta)|

and are beyoncd the Scope of the present study. Preliminary

data for the Hopedale dykes (Section 3.3.3) iIndicate




retrogression of the Hopedalian domaln ussemblageqiugder
tlow to middie amphibolite facles condlitions in response to
the Flordian event. T, P and fluld composition data for the
synchronous granultfte to amphibol'i te faclies metamorphism
recorded In West Greenland, I3 examinag to'ldentlly the

nature of the fluid phase that may have acccmpaniea the

’

Flordtan reworkling.

Wells  (1976:; 1979) has examined the chemical ang
thermai evolution  of the Greenland Archaean In response to
the 2.800' Ma metamorphism. Welis (1978) has shown that
PH20 accompany ing the ﬁétamorphlsm Is equivalent to
0.5Pge g and <0.3Psg1|g for the amphibolite (Psol 1g
= 7.0 kb; T = B830°) and granullite (Psol1g = 10.8 kbo; T
- 810°) facles, respectively. The major and trace
element redistributlion patterns assoclated with the
granulite facies metamorphism In the Buksefjordan region
resulits from the action of a vapour phase rather than the

removal of an anatectic melt kWells, 1979).

6.4.5 Nature and Role of the Flordian Filuid Phase

The vapour phase accompanying Fiordian metamorphism

must have been a mixture of several species, mainty H20

and CO,, to account for PH20 < Protal- !f the vapour
phase I's a mixture of Ho0 and CO, and provided
Pvapour equals Psolid- which is not unreasonabile

consldering the high metamorphic P and T (Wells, 1979),
then the tow PH2o accompanying metamorphism Implies a Ilow

H20:CO, ratio. The low H20:CO4 ratio has been




Interpreted to résult from a CoO,-rich vapour phase be:ng
bumped Intc the lower crust, from deeper sources auring
granullte facles metamorphtsm, effectively diluting the
H20 fluld phase (Wells, 1979). The relationship between
granul i te faéles metamorphism and a Coz-rlch‘fluld phase
has further been examined b¥ Newton et al. (1980).

For the contemboraneous amphibolite facies
matamorphism, In West Greeniand, the higher PHZO and
H20:C05 ratio resuits from the lack of aeeper jeve!
COz diluting the vapour phase. wells (1979) has shown
that at pressures of 5 - 10 kb the CO2:H20 ratio

reaches a max | mum and at P < 5 kb the vapour phase

CO2:Hz0 ratio is markediy decrsased.

/
The documented/*trace .element enrichment and depletion

patterns for the Flordian domain Maggo gneliss can be
explalned using the fluld composition of Wells (18738) and
the observed-mlneraloglcal changes In the Maggo gnelss.

The Hopedalian to Flordlan tran&itlon observed for th:
Maggo gneiss pblnts to minor amounts of migmatite within
the Flérdlan domain (see P!ate 6D, 106). This feagyre is In
part due to the conditions of Flordlan-metamorphlsm (low to
middie amphibolite facles) which occurred at P and T
conditions below the water saturated granite solidus. The
migmatites developed = during the Flordlan event are
Interpreted to have been derived at depth, l.e. above thé
granite solldus, and subsequentily emplaced into the Meggo

gnelss. The minor amounts of migmatite development recorded
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in the Studv area for the Flordlian oomalt;iA\a‘tho
contemporanecus high grace metamorphtsm iWells, 1979) may
refiect the ;ow actﬂvlty of water at depth, resulting from
CO2 dilutlon. The lack of partial meiting accompanying
high grade metamorphism s .lndlcatlvo of Idw activity of
water (Well§. 1979; Stahle et ;I., 1987). The observed
etement enrichment and deplietion patterns for the Flordian
reworking suggessts that solid-solid reactions occurring In
equliibr tum with a transient fluld phase are mainily
responsibile for the new mlineral assemblages. N

Welis (1979) datﬁ for the 2,800 Ma amphibollte facles
metamorphism (P = 7 kb; T = 830°C) places an upper 1imit
on conditlons for the Flordlan metamorphism. This falls
Iinto the P range (4 to 7 kb) proposed by Wells (1979) ;hlch
corresponds wlith tre decrease In the CO2:H0 ratio In
the flyld phase (Kadlk and Eggier, 1975). The Iimplications
of‘ this are that the Flordian flulq system  was
Characterized as a dry (HyO-poor) system, which was
diluted to some extent with CO2. The depth at which the
Fiordlian event occurred represents the deeper portion of
thils transition zone, corresponding to the chanbe from hlgh

to low COx:H50 ratios. The loss of CO, from the fiuld

phase affects the ablilty of the fluid to transport elemert

specles, e.g. the LILE, HFS and REE. ¥
Various workers (Coltlerson and Fryer, 1976; Welils,
1979; Murphy and Hynes, 1986; Stahtie et al., 1987 ) have

suggested that given high CO2:H0 ratlos a filuld phase




L
would have the ablllity to cause the LILE, WFS ana RES™o
become moblile. Fiordian domaln Maggo gneiss exhibits LILE
depletion, HFFS enrichment and no change in REE ccntents
{Section 8353 when compared with the Hopedallan ;omaln
ghelss. 1The results of »thé element mobility/Immcbility
study suggest that the fiuld phase present dur ing the
Flordian evént wds a mixture of CO2 and H20 and nhad an
Intermedlate’ 210 | ow Coé;HZO - ratio (1.e. CO5 :H,0
< 0.5). The <CO,:H0 ratio within the fluld phase was
. low enough not to cause significant mobi!lity of the REZ,
but was sufficiently high to cause some mobliity of the HFS
elements, e.g. TH, Y, P and Zr (see Murphy and Hynes,
1986) .

The filuld phase present during the Fiordtan rewarking

I's Inferred to have been derived during high grade
metamorphism at depth and with movement upward through the
crust, the CO, content had decreased. The decrease In
COp content could have been due to a decrease In co,
sciubility with a decrease in pressure (Kadik and Eggt'er,
1978). A migrating fluid, dlspfaylng increasing CGp with
depth, would carry the HFS elements necessary to cause
tnelr ohserved enrichment. HFS elements would be released
In response to dehydration reactlions, Invoiving hornolende,
accompanving hligh grade metamorphism. The same fluld D;Zsy
would be capable of removing the LILE, resulting in the
depleted nature of these elements in the Florélan domaln'

grelss. The actual mechanism for the HFS elemerts coiling
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out of solutlon at the ievel corresponding to the Flord!an

s Inferred to be a functlion of tha decreasing coz:uzo

ratlo.

The lack of any significant difference in REE
distribution patterns between the Hopedal!llan and Flordlan
domain gneiss |s taken to indicate that the COz content
of the #filuid phase was not sufficlent to produce a
cozszo ratio which would cause the mobility of the
REE. This conciuslion flits with Wells (1979) data whlcﬁ
shows decreasling CO5 : H,0 ratios with decreysing
pressure equivalent to those .lnferred for the Fi rdlah
reworking.

6.4.6 Observed Mineratoglical Changes

The recorded behavlpur of the HFS and LILE s reflected
to some extent  In the change In minere logy of_fhe Maggo
gnhelcss during the . Flordian reworking. The lack of
K-feldspar, tn  Maggo gnelss from both domains, suggests
that other minerals, i.a. the mafic minerails, are
responsible for controlling the LILE dlstrlbutlon. The
dominant mafic mineral in the Hopedallan domain gneiss is
blotite with mitnor hornblende and garnet. Flordian domain
gnelss Is. character |l zed JY the growth of hornb | ende
{Ermanovics et__al., 1982) which is dominant over minor
biotite and epidote, The repl&cement of a blotite dominant
assemblage by a hornblende dominant zssemblage can be used

to explain the element enrichment and depletion patterns.




Hornb | ende growth Jduring the Flordlan preferentialiy

Incorporated K over Rb, both of which were llberatea by

breakdown of blotite. Hornbiende |Is capable of tak .ng up
some of the K, with the remainder belng iost from the

System, as seen in the lower Ky0 contents for the
Fiordian domain gneiss. The larger Rb lon does not fit the
hornblende structure, resulting In the marked decrease In
Rb from the Hopedalian to Flordlian domalns. The end result
Is that the Flordlan domain gneiss is depleted In K And Rb,
reteased by blotite breakdqwn, but not !Incorporated into
growlng hornbiende. These 'elements are removed from the
system by transport wlthin the Flordian fluld phaée.

The blotite: to hornbiende transltloﬁ takes place at a
static positlon, wlth the elements exchanged between the
sol ids and the fluid phase. The elements, with low
partition ‘coefficlents for hornblends are removed by the

*

filuilg, those elements with high partition cqefflclenté. are
selectlvel; removed from the fluld. Partition coefflclient
data for sllicate-fluid systems are not available at
present mainly due to the number of varlables requlired to
attaln ,equilibrium, The main variables to pe conslidered are
the fiuld composition, eéspeclally the affect of minor
const|tuents, e.g. HoS, F=, Cl;, CO, Hz, 05, the
different mineral structures for the phases invoived and
the solub{ll;y relations éf the sillicates.

The growth of hornblende In response to Ffordlan

reworking can explaln the enr ilchment In Y recorded for the




Flordlan domain -gnelss.,. Thls alcemrant s pr%ferentlally

-~

R L ¢
tncorporated Intc hornbiende over blotite, with the Y

required coming from the filuld phase. The enrichment In P
Is reflected In the increase In the obsaearved apatite

content of the Fiordian domalin gneliss.

6.4.7 Summary

The Flordian orogenic period spans the time range from
s . ¢

s

2,900 te 2,804 Ma with early and late phases character izeq
by reworkling of pPreexlsting crust, sépdraced by 1 period

dominated by the derivation and emplacement of the

Kanairiktox intruslons. Tne time between the Hopedalian anrd

Fiordian events, within the Hopedaie’ Block, is
. ~ .

character zed by the extrusion and deposition of the

Flérenue Lake supracrustals (Ermanovics et a!.’, 1982). 1t

‘Is dur ing this tectonlcally quliet perlpq that the Rb-Sr
Isotoplc systematics of the Maggo gneiss, -estab! (shed

during the Hopedallan event, evoived with time, such that

during tﬁe Flordian reworking the Isotoplc systematics were

reset. : A - .

In response to reworking, Flordtan domafﬁ greiss
exhlblfs LILE - depletion, HFS ‘elemeﬁt enrichment .and‘ﬁo
change In REE content, compared wlth the Hopedallan aoma!n
greiss. The enrichment-depletion pattern§ for the Maggo
gheiss are 1) reflected In the change |In mineraiogy as a
result  of the retrogression associated with the reworking,
and 2) a re?lccthn of the fluld ’ppase composition

accompany:nd the reworking, The Flordlan filuid phase
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composition 1s characterized by PEiuld < Protay &NRd the

CO2:H0 ratio having an Intermediate to low value, (0 <
CO, :H0 '« 0.5), by analogy wilth ‘.‘.’eii‘s’. {1979) Study.
The last point to be made concerning the Fiordian event is
that the geocchemical 'reworklng (enrlchment-depletion( and
I sotopic systerr'natlc:s) océurred iater tr;an and, In the'case

of some analyzed localities, I ndependentiy of structural

reworking.

6.5 Origin of the Maggo Gnelss Precursor

6.5.1 Introduction

fn t'he previous sectlions the evoliution éf the‘ Maggo
gnelss and the evolution of the Hopedale §|ock for the
Post-Hopedallan perlod were examined. Looking In the other
direction, at the pre-Hopedallian history of the gneiss,
l.e. Its or lrgln and 'evolutlon. provides a more cdnolgte
history o.f fhe gneiss, lnformaflon on Its relatlonship to
similar g‘rey gneléses of the NAC and the nature of the.
processes fleading .to fhe growth and stabilization of ‘the
Hopedaie Block. /

Workers are dlvldéd .Into  two schools -of thought to
explaln tﬁe origin of gl;ey gneliss llthologies (Ami tsoq,
Nuk , Uivak' an&‘ Hebron gneisses) within the NAC. The ma jor

di fferences between _‘th'.e two schools .relates to the

" compos!tion of, and the source region for, the parental

material to the dominant grey gneisses In these terrains.
The most contentious point of debate is whether the old

gnelsses display evlidence of'a crustal prehistory prlor to
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metamorphism, which closed the gneiss to further chinges in
Rb-Sr Isotope syétematlcs.

Moorbath . (19875, 1977, ‘1978). among others, believes tne
grey gnelsses are igneous In origin, derived directiy from
2 mantile sourcé. The evidence clted ln} support of this
hypothesis Is that the gnelsses record evidence of
elatively short (<150 Ma) cruétal residence periods prior
t thélr emblasemen_t.

Br idgwater and Coll'erson (1976, 1977) Invoke Inter-
related mechanléms to Interpret the origin of grey gneiss
cémplexes. These mechanlisms I.nvolve long crustal restdence
per"lods' prior to ;ierlvatlon o the gneiss and/or
remobilization ‘of older crust, accompan ied .b/ Rb
metasomat!sm d;.lrlng emp!acefnent. Rb met‘asomatlsm masks
preexisting Isotopic I nhomogenelties vln the gneiss .and
render crustal -.residence time calculatllcmsrh based on ARb
contents, invalld as the Rb content does not represent t'he
trqe concentration In the original parent..

The conclusioM® of Bridgwater and Colterson (197s,

1977) suggest that the model age calculations, presented In

Table 6.4, for the sultes of this study be treated witnh
some scepticism. MﬁCuIlcch and Wasserburg's -(1978)
calculations date the time of addition of new materia! to
the crust. This Is not the case for the Fiordlan sultes. -
Geochemica}| ar.d‘ Isotopic resuits (Sectlons 8.2 to 8.4)

show that Flordian domain Maggo gneiss has been der ived

frem older, Hopedallan doma'n, gneiss by reworking. The




older gnelss component represents preexlstlng- crustal
material ., Grant et al. (1983), based 'von Rb-Sr Isotopic
studies, sugcest that the Kanair lktok Intrusive' *magma
rept esents new mater:lal derived from a mantie source and
added to the crust at this time, however no geochemical
modei i Ing of thls relatlonship has been carrlied out.

The origin and evolution of grey gneiss complexes, not
Just restrictecd to the NAC but In other Precambr ian
Vo
terralns,_ s ‘directly related to the origin of granite
magmas. Of the Processes of granite formation outl Ined in
Chapter 1, fractlonal crystallizatlion and partial metting
occurring llncliependently or In unison are most often clted
to explain granlitic (S.!.) 'llthologles in Precambrian
terra'ns. Fr actlional crystallization of basaitic magmas has

been suggested by Arth et al. (1978) and Smith et al.

(1983) to explain the observed basait (gabbro) - granjte

(tonaiite, trondh Jemite, quartz monzonite) assoclation in

-Proterozolic and Archaean terralns. The majJor probiem with
this mechanism 1Is the small volume of granitic magma
nroduced (Grout, 1926). To account for the observed volume

of Precambrian granitic (s.1.) material requires the

-
-

presence of at teast 10 times as much basaltlic (s.|.)
“material to have been Produced and disposed of cver the
‘course of earth history. I
A more llikely mechanism, which explains the observed‘
Qu.antltles of granitic (s.!|.) Iltho'logles In exposed hign

grace terralns s for partiai melting, of a'varle!/ of
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ll1thologic sources, in the ganeration of gr;y gneiss
complexes. The following lithologlies, which updcr;o vafylng
degrees of partial melting, ha\}e been suggested as 9 ossible
Farents to Archaean grey gneliss complexes:

') Mantie Sources (Moorbath, 1975; Peterman and Barker .
1‘976).
2) Crustal Sources
a) Immature greywackes (Arth and Hanson, 1978) .
b) metabasaltic lithologies
1) ecloglite (Arth and Hanson, 1975)
11) mafic granulite (Compton, 1978a; Orury,
1978)
111) garnet—-rich ard garnet-absent
amphiboli ite (Martin, 1987).
C) Intermediate lithologies (This Study)
I} intermediate granulite fac'es gneiss
i1) Intermediate amphibolite facies gneiss,
Petrogenetic rno‘deIAllng of REE compositions, from
Hopedallan domain Maggo gnelss, has been undertaken to
assess the relevance of the above sources as Iparental

materlal to the gnelss.

6.5.2 Petrogenetic Modeis - Introducticn

REE petrogenetic model | ing provides a means of
estimating parent-daughter compocitions deve toped In
response to evolutlionary processes (Haskin, 1884) .,

Petrogenetic modelling Involves tha consideration of two

concepts In the derivation of suitable parent-daughter

1
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compositions as a _result of complex geological processes.

Ff;gf. that the théoretlcal behaviour of trace elements

during melting and crystallization be known. Shaw (1970)°
proposed equations which consider the dlstributlon of

individual elements, between solid and llquid, In response

to anatexl;.

The second cor.cept tnvolves the avaliabillty of
sultable measurements of' partition coefficients for
elements between ohenocrysts' and matrices for Ilthologies
of comparable composition to the‘paéent being considered
(Arth)$ 1976). The resuiting models are Ilmlféd'as they
attempt to dupllcate’ compl lcated, often poorly underst?od
processes occurring In nature. Drury (1978, p. 247) points

" out the  fallibliity OF attempting’ to model naturail

processes and : trying " to come up with a reasonable
geological solution.

Parent - daughter REE composytlons have been modelﬂ;d
using an unpubiished BASIC progrem, employing the equations

of Shaw (1970). written by D, Furey (MUN). Partition

coefficlent values for the Source materials considered are

| Isted in Appendix E. Parent mineralogicat compositions of

-the various source materlals conslidered to glive rise to the
Hopedalian domain Maggo gnelss are |isted In Tables 6.5 and

6.6.

6.5.3 Mant|e Source

The mantie source used as a parent to the Maggo gneiss

is Inferred to have a flat chondrite normalized REE

’




Table 675: Metabasaltic modal mineralogies, approximating
early Archaean quartz tholelite, used as source
materiais in melting models. Mineral proportions in
volume percent. Mlineral abbreviations are: opx
orthopyroxene; cpx - Cllinopyroxene; hbl -
hornblende; plag - plagloclase; garn - garnet; qtz -

qQuartz; mag - magnetite; |Im - |l Imenite.

OpX cpx hbl plag garn qtz mag iim

Eclogite 56.5 41 2.5
Garnet Granulite | 45 25 30

i1 20 25 35 20
Garnet Amphibolite | 10 40 10
1 30 30

Amphibol | te 50
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Table 8.8: Intermediate composlition, modal mineratogles,

approximating early Archaean granulite (Part A)

and amphlbollite (Part B) facies gneiss, used as

source material In meiting models. Mineral

proportions in volume percent. Mlneral

-abbreviations as In Table 6.5 plus blo - blotite;

kspar - K feldspar; ap - apatite.

Representative bulk chemical compositions for

these source materials are'given In Table 6.7.

»

M )
Part A - Granulite Facles Gneliss"

cpx ho | plag garn blo kspar qtz mag

15 10 60 10
15 10 55 10
4 80 10
5 50 15
20 55 5
20 55 3
20 55 2

Part B - Amphibolite Facies Gnelss

hb | plag garn blo kspar qtz

[2J
ke

20 55 10 . 10
10 55 10 10 . 10
10 50 10 10 . 10
15 55 5 10 . 10
15 50 10 10 . 10
.55 20 . 10
55 5 15. . 10
55 5 8 : 14,

0000
a0 o0

(o]
(4]

(6]
cOo-
(6,76 ]




)

P

cdlstribution, with abundances at 2X chondrites, simiiar teg

Fhat used by Martin (1987). A variety of possibie parenta:
mineralogles were tested with all composlitions ylgld:n;
similar resu!ts. The resuits obtained for a gar net
therzoiite parent (56% olivine, 30% orthopyroxene, gy
clinopyroxene and 6% garnet) are presented as
representative for a mantie source (Flgure 6.11a).
Equilibrium modal meiting of the above minerailcgy
(Flilgure 8.11&) does not yleld REE distribution patterns
comparable to those observed for Hopedailian doma!n Maggo
gnelss (shaded fleld on Flgure €.11). The resuiting REE
patterns for this model are weak!ly fractionated, tack LREE
enr ichment, HREE depletion aﬁd any ievldence of €
anomalles, The affucts of changlng'the modal mineralogy of
the parent and/or the chondrlflc abundance of tha sourée'
affects the RZIE abundance in the mett produced and not tne
general overall ‘shape of the resultling pqtterns. For the
Hopedal lan domain gneliss the mantle s an Improbabie

Source.

€.5.4 Crustal Sources

‘As outlined above three possibie crustal protolith
Ilthologles have been suggested as sources for granitic
(s.!.) magmas by partia]l melting. Arth and Hanson (1975,
suggested that Immature greywackes wll|, on 25~50¥ meiting,
vyield a quartz monzonite composlition. However, this
composition has not been recognized In the Hopedu'e Block,

o In lithologles o©of comparable age within the N/C, hsnce




6.11: Results of equliibrium moda i melting of
composltions shown for a) mantle peridotite and b)
ecloglte 'sources. ;

P - Parent composition. Numbers correspond to the
degree of meliting which thqfﬁhrent undergoes to

yleld the observed pattern. The shaded region |Is

the fleld defined by 9 Hopedalian domailn Maggo

Gnelss samples. N
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this s an Improt'ble parent for the Maggo gneiss. This
leaves two poassibilitlies for the Hopedalian domain Mag 50
gnelss parent.

8.5.4.1 Metabasaltic Sources

Partial melting of metabasaltic sources Is the most
often Clted means of deriving Archaean grey gneiss,
comprised of tonalite, trondh jem!ite and granodiorite (Arth
And  Hanson, 1975; Compton, 1978a; Drury, 1978; Martin,
1987). Parent mineraiogleas, representing a range of
metamo}phic grades, used in médelllng a metobasaltic source
to the Maggo gneiss are Jresented In Table 6.5. The
varltation In mineraloglical content, refiecting a range of
metamorphic grades, represents hypothetical minerails ang
their broportlons developed In a quartz tholeiite Sub Jected
to amphibolite to eciogite facles metamorphlism. The quartz
tholellite parent (P on Flgure 6.11b) exhibits a mlldly LREE

enriched pattern (La/¥b)N = 2.8, comparable to Eariy

Precambr lan tholeiltes from northeastern Minnesota (Ar®h

., and  Hanson, 1975). The REE Source composition and partition
coeffliclent data used are Ilisted in Appendix E.

Parental materfal with REE. abundances comparabie tb
present day MORB (Sun et al., 1979) were modeiled. A MORB
carent to the Maggo gneiss was rejected because of the low
degrees of melting (< 2%) required to yleld '.REE enr ichment
patterns comparable to those observed for the gneliss.

Results of equl!llibrium moda i meltlﬁg of an ecldglte

/ﬂ
parent (Table 6.5), with a sSource composition P (Figure




‘e.nb) for 10, 25 and 50% melting ylield REE pltter—ﬁ whice
exhiblit strong LREE enrichment (175X chondrites), posit|ve
EBu anomalies (Eu/Eu” = 1.5) and HREE depletion (1.3a
chondrites. Al values quoted ars for 10% melting. The
overail slope of the mode! resuits are steeper than the
observed slopes for REE patterns from HopedallaA donair
Maggo gnelss. ' ’ <

For low deé}ees of melting the model LREE and NREE

(middie REE) enrichment s grea;er than that observed for
‘Hopedallan domaln gneiss. With an increase In fhe degree of
melting, the MREE abundances are too great compareg to‘
Maggo gneliss. The HREE depietion recorded for all degrees
of meiting are comparabie to observed HREE depietion. The
: d!étlnctly different model REE patterns compared with the
Maggo gneiss suggests that an eclioglite is an improbapie
source for the gnelss.,

The garnet granullte abhd garnet amphibolite source
mineratogles (Table 6.5) yleld simliar resuits when
model led (Figure 8.12). The model results are character zea
by enriched LREE and MREE and Steeper overall patterns when
compared wlith MHopedalian domain gneiss. The HREE results
are again. comparable to observed patterns for Maggo .gneiss.

The amphibollite source (Table 8.5) yieids a miidty ‘
fractionated pattern with a strong negative Eu ahomraly
(EU/Eu® = 0.6) for a 10% melt (Filgure 8.13), with tne
magnltude of the Eu anomaly decreasing with an Increas ng

degree of meltlng.'The amphibolite source does not produce

Sw.
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Flgure 8.12: Results of equlllbrium modal melting of (a)
garnet granulltg | and (p) garnet amphibolita |1

sources (Table 6.5). The dashed |ine corresponds

to the melt produced after 25% melting of the

g!ven parent, with 1% apatite In the residue. The
dot—dashea llne corresponds to the melt produced
after 25% melting of the gilven parent, with 1%
titanite in the residue: See text for discussion.

P - Parent compositlon. Numbers correspond to the

degree of meiting. Shaded reglon Ils the fleld

def lned by‘ $ Hopedalian domain Maggo Gnelss
v

samples.
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Figure

8.13: Result§ of equitibrium modal meltlhg of

amphibolite (Table 6.5). .

P -~ Parent composition. Numbers correspond to the

degree .of meltling. Shaded regicn Js- the fleld ~
def.l ned by 9 Hopedallan‘ domalpn Maggo Gneiss

samp les.




AMPHIBOLITE
—_—
5C % hernblenae

50 % piagioclase

CE

UNDAN

Ry

~ -




the degree of HREE .depletion observed for: Magge greiss .
- These resuits point to ’:the presence of a resicuai p~ase.
'e.g. garnst, in the source which selective!y retairs t-e

HREE during melting. k -

rd
’

6.5.4.1.1 Trace Mineral Control on_REE COnfents

The Infiuence - of trace ‘Tin"l-‘.nleral ‘ phases (apatite aﬁd
_tltgnlte) on the REE content‘s of coexlisting meits -derives
by partial melting and fractional crystatllzatlonrhave :leer’.r
pPointed out by Simmons and Hedge (1978'),‘He| tman 2~d Greer

. . & .

(i979) and ’ éromet fand Sllve;' (‘\9835 . These aut=~ors a! -
stress the contro! of tr;:ce minerals on- the RE‘;E patterns o¢
de.rlved melts, reflecting their 'rlarge -oaft:tlon
coeffiz=-lents for REE. .

Tne results for 2% meliting of garnet granclite
(Table 6.5) with 1% a;:oatxlte ln_ the residue : s representesn
ov the dashed/llne cn__Flg%:re 6:'}23. For this mode: the REE
have | ower abu.nd‘ances ﬁnd .the pattern havs a shailower s . ope
[(Ce/Er)N‘ = 17] compared with the mode! lackl‘ng avatite
The 'control of apatite on the LREE Is ref!ecteld by a 3§1‘.

decreass In absoliute La abundances for the aDatIte-beari—\g

resldue, resulting tn  the LREE falltng within tre Maggo

.gne:'s-s fleld. The MREE are ailso depleted, compared q!th’ the
apatite-absent residue, however théy are enr iched over Ythe
Maggo gnelss "field. The HREE results are rot algnlflca‘"nt!y
affected by the presence of apatite, their abundance being

[

controlied by cther phases, e.g. garnet.

4




The results for 25 % meiting of garnet amphibotite i1

(Table 6.5) wltH 1% apatite In the residue is represented

by ‘the dashed 1lne on Figure 6.1256. The results are
P

comparable to those outl!lined above.

The presence of 1% apatite in the residue of the garnet
granullte’” .and garnet amphibollte sources requires a

“Po0g content of 0.78 welght percent iIn the source. This

amount of P05 s unreasonqeiy high for this parent

tomposltlbn and suggests that Other phases may play a role

tn controlling the REE content.

Titanite is well known as a 'botedtlal host for REE
(Hel Iman anq,Green, {979)f Gromet and S!lver (198?) suggest
that 80% to 95% of sach REE resides In tltanl£e-and
allanlter which control the . MREE to HREE and .LREE'

respectively.

Titadnite partition coefficient data, for daclitic to

~
.

rhyolltlc composltlons (Simmons and Hedge, 1978) iIs used
here, due toc-the lack of arproprtate partition coefficlient

& : ~
data for mafic parents, to =zxamine the contfo! of this

phase on the REE content .éf derived melts. This seens
sttlflable, as polnted out abové. as tltanfte,has the
abllity - to - incorporate large quantities of PREE and
effectively control thedr distributton durling meliting. The
actual titantte >partltlonA coefficlent data for a
metabasaltlic source will be different from that used here,
;but’ Wae Influence of this phase In controlling the REE

abundantes wil | rémat@ relativeily the same.

- . .
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The results for 25% meiting Qf garnet grandllte i ang

A ~ »

garnet amphibolite 11 with 1% titanite (no apatite) In the
residue are shown In flgure €.12 a and S. respectlvel& The -
mode]A REE patterns are identical 'for: both sources
[(Ce/Er), = 141 .with “the’ LREE, MREE. and HREE abundances
falllng_ wlthlp the fleld for the Maggo gnelss. The strong
potential g¢déntrolling Infivence of titanite iIs clearly
evident frdm the modelling fesUlts and sugbest”that with
Ehls phase present, these metabasaltic sources cou(d give

rise to the.observed REE patterns in the Maégo gneiss.

6.5.4.2 intermediate Sources S T

N ) .
Intermediate ositfon (dlorite, tonalite) crusta!

sources, metamorphosed to granulite and amphibolite facies,

’are considered here as possible parental material to the
. . . S—

Maggo gnelssl | f Intermediate compositions comprise the

Maggo gneiss _parent then this material was in exlistence

\

prior to the Hopedallan event, |I.e. older than 3,09L_Ma. In

the NAC the Amitsoq and Uiwvak gnelsses, at grcnulita and

amphlbolite facles, formed stable crust at thls.tlme, and
; -
provide a possible parent ﬁaterlal frqm which the Maggo

- :
ghelss could be-der lved. . -

6.5.4.2.1 Parent REE'Composltlon

. . > ) -
Norrmaltlzed REE abundarces for Amitsoq banded gheliss

display generally flat to siightiy LREE enriched and HREE

depleted (({Ce/Yb)y = 2.1 - 18.9) patterns with positive
>

and negative Eu anomalles (O'Nlons and Pankhbrst. 1974) .
I

The mater ial conslidered here to  be parental . to the




©

Pre-Hopedaillan Maggoe gneiss exhluits the following REE
] .
characteristics:

«. 1) a LREE enriched and HREE depleted pattern with

(Ce/Yb)N = 4

v
N -

1) a positive Eu anonaly (Eu/Eu® = 1.3).

1 .
This parent matertal Is considered to_be analogous‘to

s;me Am:tsdq gﬁel;;es and as such Is representative, of
intermediate’ composltlon'crustal mater lal in exlsfence when
tFe Maggo \gnelss precursor was derived. O'Nions and
Pankhurst (1874)  present patterns for Amlitsoq gneiss from
Qllangarssu;t and Praestef jord, southern Wwest Greentland, ,
which are comparable to lfhe ﬁar;nt REE distribution used
thre; The ¥ hypothetical- parent Is also VCOmparable .to
unpubllShed .data for granulite facles Amltsogqg gnelss from
the angimut saingmlissogq area, Amerallk fiord, southern West

Greenland (Nutman, pers. comm., 1985).

.

The Amitsoq  .gnelss - has Also been affected by a period
'oF: high grade metamorphizm, resulting In granulite and
amphlb§I|te \facfes mireral assemblages, prior to Intrusion
of the Amerallk Dykes atiapproxlmately 3,200 Ma (Nutman et

gl.h 1984) . The mineral. as mblages produced within the

ghelss in response to this metamorphism are used as

starting mineralogies for possible Maggo gnelss parents

(Table 6.6) .

-

6.5.4.2.2 Granul |te Facles Parent
0 N /

W b/
Intermediate © comesition moda 4 mineralogles,

-

approximating hypothetical granulite facles mineral




Figure

6.14: .Results of equilibridm modal melting of

Intermediate composlition granulite facles gneiss

(Table 66, Part A); a) granulite | _and b)

4
granulite 111, The - results for 25% melting of

granuiite: |1 and 111 “with 0.5% apatite and 0.5%
titanlte are repfesented as the dashed “and codbfe‘
dot-dashed |ires, respectively.’

P - Parent composition, Nﬁmsers correspond to the

degree of melting. Shaded region |Is the fleld

.

defined by 9 Hopedallan domaln Maggo Gnelss

samples. . R
{
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assembdl! ages, US%d as sources for modalll ng Maggo gnel 8s$ REE

. \ . - o .
distributions are gliven |n Table 6.6. EqQuliibrium moda’

.

melting results _for .granulite facles gneisses I | anc 1

\

are shown In Figure 6.14 a and b, respectively.
For atl. mlneralogles' examlned there |s good_agreement
between the calculated ‘abundances and overall slopes for

the REE from Gd to Yb. To account for the concave upward

" shape of the HREE segment of the curves and the depletion

of the HREE from Gd to Yb requlfes the presence of 5 to 10%

a

garnet, and an equci amount of hornblende, In the residue
- L )

»

for wvarying degrees of .meiting. The siope of the LREE-
segment cf thé. curve, wup to and including Sm, Is gentier
((La/Sm)N - 1.7 fPr 25% melting Yersusis.o for the Maggo
gnelss) with the LREE segment displaying A convex upward
shape. |

.

The affects of Including miror amounts (0.5%) of trace

:mlnerals, e.g. apatlte and tltahlte. In the 3source

) mlneralogy. on  the mode! results are shkown on Figure 6.14a

and L. The-convex upward shape for the LREE sedment of the

- mode | resuttsy Is el minated with the Incorporation of the_

. trace minerals. The madel (Lassm)y ratios for apatite-

and titanite-bearing barents range from 2.3 to 3.6 ﬁnd 3.3
to 3.8, resﬁectlve!y. ard are In close agreement with the
obse?ved Maggo ‘gnelss 'patterrs. The Vtrace minerals zlso
cause - th MéEE and HRFE, segments of the model results to
shift to lower abundances; compared with parent
compositions lack Ing these pggges for equlvalent degrees of

melting (Figure 6.14), : " ' ) /




-

The presence of up to 0.5% apatite in the resicue

Al W

requires that at least 0.4 wt % Py0g be present in the
sourEe. Lower proportlons of apatite In the residue require .
fower ’Amounts of Pp0g, ‘whlch s In agreement with the
range of recorded P contents (0.05 to . 0.43 wt % P,O5;
Collerson and Brldgwater, ’1979)~ in grey -gﬁqlsses. The
x

Inciusion- of titanite in the residue does not result 1n the

v

parent réqulrlng an anomalous chemical composition.

6.5.4.2.3 Anphibollite Féclgs Parent

- Equi)ibrium mgda b meiting fresults of Intermediate
composfflon; amphlbollté facles gneilss (Tabie 6.6) are
Qhown in Flgire 6.15. The mineraiogy of the.source Is based
on data present®d by Moorbath et_al. (1972) for amitsoq
basic dloritic gneiss. The variation in hlnefal proportions
results from varylng proportions of mafic minerals, e.g.
hornblende- and blotlte—rich ;hases of the gnelss,
Estimates of "the bulk composition for the ,amp:lbol1te
fac.es ganeiss parent (Table 6.7) show these samp!es to be
comparable, “.n part, to the Amitsogqg Fe—rlch(dlorlte of
Nutman et al. (198<), -

" The .modelllng results for the amphiboiite facies parent

\’*wnnoh ylel% REE abundances comparable to those recorded for

the Maggo gncﬁss are shown |In Fligure 6.15. These mode]|
results requlre minor gar net (5%) along with moderate
hornblende (8 to 15%; to account for the observed HREE

: %
depletion (Figure 6.15). At low degrees of meiting (10 -

s -

25%), for +the composlitions shown, agreement between t.e

.0




Figure

&

~

6.15: Results of equil Ibrium modal melting of

Intermediate composition amphlbollte facles gneiss

(Table 6.6, Part B); a) afphibotite |y, b)
|

amphibolite VIil, and ¢) amphibolite VIiIl. The
double dét—d&shed llne corresponds to the results
for 25% meitlng of the given pﬁrent with 0.5% ~
titanite in the reslidue.

P - Parent composition. Numbers correspond to the
degree of melting. Shaded region Ils the fleid
deflined by . 9 Hopedallian domaln Maggo Gnelss

sampies.
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>" Table 8.7. Estimate of the bulk chemical composlition of
. Intermediate composition granul ite and amphibolite

faclies gneiss used as parent material to the
Hopedal ian domain Maggo gneiss. The parent
mater ial corresponds to modal proportions given in
Table 6.6.
Bulk compositions were calculated using a BASIC
language computer program - GRCHEM wrilitten by
Usdansky (1985).

Granulite Facles Amphiboilte Faclies

N I i1 ° v Vit VIl
Si0j 52.39 52.74 « 55.93 55.40 59.37
Al1504, 17.55 18.1 18.84 18.80 18.43
FeO 13.88 15.50 10.25 10.78 .79
MgOo 2.59 .80 : 1.92 .02 .46
Cao 9.39 .36 6.67 .97 .81
Nao0 3.31 .61 3.56 .56 .64
K20 0.69 .69 -1.861 .15 .10
0]
o

P50sg .48 .46 .47
H50 0.21 .21 .76 .86 .53

NOTE: The effects of tncluding 0.5 % titanite In the parent
modal mineralogy results In the addition of 0.25 wt %
TiOo along with an Increase in Ca0, a decrease In Siop

and minor decreases In all other oxldes.
. ~

J

7

%




orne
LREE , Eu a.nd Gd Is good. However , Sm abundances are
conslsténtly high for the  model compared to the Maggo
gnelss. ~ " )

The tnctlusion 'of- 0.5% titanite In the parent material
resuits In a lowering ‘of the LREE and MREE abundances, for
25% meliting, with the resulting mode! composition being In
close agreement wlt/h the observed Maggo ., gneiss REE
distr ibutions (Figure 6.15),

From Figure ,6.'15 lt Is clear that a varlety of parent
material wmetamorphosed ‘to amphibolite .facles, containing
varying proportions of hornbiende and biotite with minor
garnet and trace titanite, will on 25% metting glve rise ta
REE dlstrlbut!.ons comparabie to those obsefveo for
Hopeda i lan domain Maggo gnelss.

6.5.5 Discursion

Based on REF’ model | 'ng the observed Maggo gnelss REE
patterns can bhe- generated by 25 % meiting of a va-imt, of
crustai source materials. Likely sources are:

basattic compositions, metamorphosed at medlun to

high grade resulting In garnet granutfi‘e and garnat
arphibel lte lithologies, and :
2) Pntermed‘la‘.e compositions metamorphosed to granulite
and amphibholite facles. -

Usling the LILE and HFS element contents of the ‘rarious

sources and modelling thelr abundances In the resulting

meit wouid narrow the list of possible parenta!

compnsitions suygested above.




Tre Maggc gnelss parent has heen subjected to a period
of high grade metamorphism at c, 3,600 Ma (Griffin et al.,
1880). scniotte et al. (in prep.), based on zZlrcon ULPbL
systematics, have hypothesized a perlod of granulite factes
metamorphism affecting the Hopedale Block at ¢. 3,300 Ma.
These two periods of high grade metamorphism, prlior to the
Hopedalian event, would be sufflcient to mask the

‘original’ LILE content of the Maggo gneiss parent.

RIL.E mode !l 1 1ng results must be treatg_d with caution,
|

due to the complex history of the pareﬁt and precursor
l1thologles. The LIiLE are not useful in determlnfngiﬂwhlch
parent source Is domlnant iln the generation of the Maggo
gnelss precursor.

‘he i FS elements (Nb, TI, Zr, and P) may be Immobile or
mobile during metamorphism, depending on the composition of
the accompany ing fluld phase (Section 5.é.3, 6.2. and 6.4),
As wel ! each HFS element may behave Independent!y of the
otners, with the behaviour of Indlvidual e ements
reflectinf the fluid Phase composition (Murphy a:d Hyne.,
1986; Section 6.4). The beha;llcur of the HFS elements
aur ing nartiai meItAlng I's zontroltled more by minor phases
than by majcr phases In the parernt, e.g. Zr In zlrcon, TI
r titanite, P In apatite. I f these elements are
cgmstdelred to be (| Immobi je dur’lng high grade metamorphism

then thelr distribution In the Hopedatlan domaln gnelss may

be useful In Identifying the Maggo gnelss precursor.




The Importance of _trace (< 0.5 %) quantt‘tle‘s of
tltanite and apatlite in controlling the REE content of the
meit was considered In Section. 6.5.4.1,1. These trace
phases In 'effect control the distribution of a singie HFS

element during partial melting, e.g. T! In titanite, Zr 1n

zlrcon. LILE and HF S element mc‘dglllng results for

amphlibol |Ite IQ parent (Tabie 6.6) and thé same paren‘t with
the addlition of 0.05% titanite and 0.02% zircon are
presented In Filgure é.ls. T.he ‘average Hopedalian domain
Maggo gneiss compositlion (Table 6.6) Is also shown,

The additlion of titanite and zircon to the source -does
not affect the abundances ¢t Rb, Ba, K, Nb and sr ‘ln the
resulting melts, compared to the sourc.e lacklng_ these
phases (Figure 6.18). Only the Sr contents are 'n agreement
with the mean Hopedalian domain gnglss composltlon.‘ The
lack of agreement for Rb, 334 K and Nb Is Interpreted to
reflect the mobllity of these elements during early
Archaean hl‘gh grade metamorphism. The_ Cz2 and Sm abundances
are increased and dé’creased. respectt!vely, In the resulting
melt, bringing them into closer agreemen: xv‘lth the average
Hopea-alian domaln gneiss. This Is 'n agreement with the REE
modelilng results (Section 6.5.4).

With the addition of trace titanite and z~lrcon to the
amphibolite IV source the resulting TI ana Zr c&wtents for
th2 melt are Jowered to wilthin the range for the average
gneiss compositlion. Modelflr?g results\uslng Amphibolite VI

and Viil sources (Table 6.0) Including trace amounts of




6.16: Comaprison of LILE and HFS elements for
average Hopedallian Domain Maggo gneiss with the

mode | results for intermediate and metabasalt i'c

source compositions shown. The affect of including

mlnor amounts of trace phaées, in the source, on
_

element cFistributlions is readl!iy vislible, e.g. 2r
abundances In Amphibo!lite I'V with 0.05% titanite

and 0.02% zircon. Similar results were obtalned

for other source 1Ithologles from Tables 6}5 and
€.6. Parent chemical composjtlions used In the

mode for lnterm¢dlate and metabasaltic sources

—

are from Nutman (unpubl ished data) and Martin

»

(1987), respectively. Normallzing factors used are

from Sun (1880).




8@ Averoge Hopedalign Maggo gneiss

INTERMEDIATE SOURCE

O Amphibolite I
® Amphibonte  IY 005 % nhtonste
+O02% zircon

»
METABASALTIC. SOURCE
& Garnet  Granylite ]
A Garnet Gronuhte I ,08 % qpotite

¢J 02 % 2ircon
+005 % titanite

Abundance

Ncrmglized
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-l
titanite ana 2zlircon yteid resulits simitar to those for
Amphibollte v, ' : .

The HFS elements and REE patteirns cbtain=sg for
modet ling Granulite (I and 1] Sources (Table 6.6) are aiso
comparable to the Amphibo!lte IV resuits. Moceiling of the
LILE contents for the granullte‘sources resuit in lcwer Rb‘
(56X) and K (1.2 X), and higher. Ba abungances {115x),
compared with the amphibolite source. This difference In
LILE contents Is |Interpreted to reflect the differing
chem!cal compositions bf the two sources.

The LILE. and HKHF3 elemant modellin5 results for a

v .
metabasaltic source, as represented by garnet granutite 1
(Table 6.5), are éhowp on Figure €.186. Besu!ts for 9theé

metabasaltic sgurce mlner;logles (Teble 6.£) are comparable
to those ubtained for the source shown.

Rb and K results are fn Close agreement with the
average Hopedallan domaln‘gnelgs, while Ba Is depletes over
that expected for ‘the possihie daugrter product. Tha close
agreement for Rp and K fuggests minor post emplacement
mobliilty of these elements. which is unkaely constdering
the protracted history of .th{ Maggo gne]ss.

The model ling results for the remaining &keMerts show

.

them to be epriched over the expected results for the

Ho“%ﬁallan domain gnelss (Figure gﬁls). fhe Incluston of

minor amounts of trace phases only affects those HFs
elements with large partition coefficlents for the minerals
4

Involved. .. Even though REE modell ing indicates the




$

possiblliity that a metabasaltie¢ source may be parental to

the Maggo gnelss precursor, the LILE and GHFS etemeat“

N

mode! | ing does nct egree with this conclusion.

6.5.6 Summarx

A range of possible crustal 3ources representing a
varlety of bulk chemical compositions were examined as

possibie parental materiat to the Hopedailan domain Maggo

o

gneiss.

¢

Based on the model ling results for the REE. LILE and

)
[

HFS elements the Maggo gnelss source must contain:
1) e€ssential phases Iin the residue with targe partition

coefficlients for the HREE, e.g. garnet and hornblende,

to account for the observed degree of HREE_deth;on,

dqd

2) \race phases with a) high partition coefficients for

the 'LREE, which exercise a strong control on the LREE

;nd Sm abundances, and D) high partition coefficlen-s

for specific HFS elemqnts.

Intermediate \composltlon source; metamorphosed to
granullte facies t letn btrace amounts of apa?lte, titanite
and zlrcon In the restdue, wili on 25% or less melting
yileid REE abundances comoarable to Hope;allan domaln Maggo
gnelss abundances. Amphlboilite ' facles, Intermediate
composition sourcés, with minor fltanlte and zircon, resul?

in REE abundances comparable to Hopedallan domain Maggo

gneiss when subjected to approxima&ely 25% meiting.
. :




-The results' for modei REE abundances for the crustal
sogrces display enr iched, depieted and norma | Eu
abundances. These feutires, obServed‘ for the cheﬁica!ly
def |l ned gneiss subgroups, were used to distinguish Classg !
and Class |1 REE patferns (Section 5.2.5). The presence of
the varlous Eu anomalfes In the model melts may further.bé
enhanced by’ subsequent plagioclase fraqflonatlon and/or

.
»

hornb | ende Crystalllzation,

/‘7’/ET6 Conclusions n

Based ™ the results presented In this chapter the

following conclusiors deallhg with the origin and evo'!lution
of the Maggo gnelss are presented.
1) The Flordian even{. spanning <« 130 Ma, is
Chargcterilzed by early and late perloas during which
reworkin: of preexisting crust |s domlinant and an
Interveningi per iod ,durlng which the Kanairiktok

Iintruslons ‘wers= derived and emp laced. ' The Fiordian

domain Magogo gnelss Is derlved by reworklng of the
- N

Hopedaiian domain gnelss.

2) Changes assoclated with the chemical rework}ng cf
the Hopedsllan domain gnelss to produce thé Fiordian
domain grélss aré: a) LILE (K, Rb and Ba) depietion and‘
re}atlvély constant Sr contents resultln% in | ower
Rb/Sr and higher K/RD ratlos' for "Flordian domain
'gnelss,' ) HFS élement (Ti1, Zr, P, Y and V) enrlchmentl
and ¢) no change in REE contents. Geochemlical rework.ing

associnted with the Fiordlan occurs later than ang

independently of structural reworkling.




A

. | .
3) Based on 1) the age obtalned for the NBN suite, 2)
mode! age caiculations for Maggo gnelss suites, a~d 3)
the Hopedallan areal Isochron a crustal hlstﬁry for tne
Maggo gnelss older than the_predallan Is indicated.
Thls suggests that the Hopedale Block has a more
complex history then first indlcated. Th)s history is
Interpreted to be comparable to that recorded for other’
Areas of the NAC. Further detalled Isotoplc studles
Involving the Nd-Sm and Pb-Pb systematics of the Maqdo
gnelss are requlred to substantiate or dlsprove this
point.

4) The Maggo gnelss precursor was der ived predominantily
by 25% melting of an Intermediata composition,
granutite to amphibolite faclés parent Ggrlor to the
Fre-Hopedallan event. Tre hypothesized parent to the
gnelss precursor |Is considered to be preexisting Early
Archaean crust, equivefent to depleated granutite and

amphibollte faciles Amitsoq gnel;s.




Chapter 7

SIGNIFICANCE OF THE MAGGO GNEISS IN THE DEVELOPMENT

OF THE NORTH ATLANTIC CRATON

)
Hi

The Hopedale Block forms the Ssouthwest corner of the
North Atlantic Craton (NAC), as such Its growth and develop-
ment should be comparable to other areas of theﬂNAC. Fleld

relatlonshlps&\and geochronologic results yleld conflicting

A
.

conclusions as to the origin of the Hopedqle, Block. A

7.1 Fleld Relatlionships B

Fleld reiationships ethQZted by the Maggo gneliss are

- comparable to those 6bserved-in southern West Greenland and
northern Labrador (FléuFe 7.1) for Amltsoq and Ulvak | and-

1~ gnelisses, réspectlvely (Collerson et al., 1981). The

Maggo gneliss contalns minor amouwts of supracrustal

. %
“"mater ial (Hunt RIver Belt, Weekes assoclatlion). In terms of

Supracrustal rocks a major difference between the Hopedale
Block and other areas of the NAC Is the Ilack of recognition
of two distinet supracrustal séquences. which in part may
reflect a lack of sufficlent informat lon for the supra-

crustal component at Hopedale.




Reconstruction o7 a portion of the North
Atlantic Craton, showing the locatlon of
geographic features mentlioned In the text. The

dashed |ine encloses the NAC.,

. LEGEND
Tracts contain'ng Earily Archacan Amlitsoq (A)

and Uivak (U) gnelss.

Late Mlddle Archaeanr Magg»o gneliss (M)

outcrops at Hopedala.

¢
Extent of Late Archaean Nuk gnelss,.

.

Area underalin by “Aite Middle to Late

Archaean grey gnelss - Ivigtut gneiss (1).
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Elsewhere In the NAC supracrustal sequences of Early

and Early Middle Archaean ages have been recogqlzed. The
/.' . ' .
West Greentand sequences (the AKkilla association and the

v

Malene supracrustails) have been the sUbject of more

detailed wark (Beech and Chadwick, 19BO; Chadwick, 1981;
! Pt 5 .

Friend et ai: 1981; Gill et al., 1981; Nuthaﬁ, 1988)

compared with the sequences of northern Labrador (Nulliak

<

assoclatlon and Upernavik supracrustals; Bridgwater et al.

1975; Ryan et al., 1983; 1984). The older AKli!ia and
Nulitak aésoclatlons retain evidence of a more protracted
hetamorphlc and structural hlstory compared with the

younger Malene and Upernavik supracrustals. The recognlition
of the two supracrustal sequences In northern Labrador was

not readily apparent during the early stages of the work In

v
.

this area (Bridgwater, pers. comm., 1984). Schistte et
al. (1988), based on Ion probe.U-Pb Zlrcon analyses, have
shown that the Malene supraqrustafs. as previously deflned,
coﬁslsf of two distinct sequences{ which were I;ld down
before and éfter emptacement of the Nuk gneiss.

n the Hopedate Block some Weekes assocla;}on

. . \

Inciusions retaln evidence of two periods of daformaflaz
Prior to thelr incluslion within the Maggo gneliss. The more
Intense}y de formed Inclusions also retain evidence of

“assemblages. Dther Wegkes

relict, higher grade mineral
assoclation inciusions exhibit a weak penetratlvé fabric,
dccompan]ed by low to middle amphibolite facles

metamorphism. Schidtte et al. (In prep.) have carrled out -




an lon / probe U-Pb study of detrital Zlrcon gralins,

separated from Weekes assoclation pelltes, collected along

the north shore of Kanglluasuakoluk Taganl (in the viclinitty
.

of the NBM sulte). Ages for these grains range from 3,260

td 3,280 Ma, placing an ‘upper limit on . the time of

derlvahon ‘of  this pelitic  subunit of the Weeskes

association.

The data presented here for the Weekes assoclatlion are
not conclusive, but may suggest the presence of two \supfa-
crustai sequences at Ho‘pedale. Detal |l ed metamorphic,
structural, geochemical and geochronoliogical studies of the
Weekes assoclatlon are requlred befo;'e this problem can be
resolived. " <

The most obvious, common fe;ature between the Hopedale
Block and other localitles In the NAC Is the presence of a
sulte of early diabase dykes. Ermanovics et al. (1982),
based on fleld relationships, épeculated that the Hopedale
dykes were analogous to the Saglek and Ameral ik dyk,es of
northern .'Labrac{}or and southern West Greenland,
resﬁectlvely. Grant et al. (1983, based on Rb~Sr
geochrc;no.lofgy, concluded that the Hopedaie dykes were not
correlat.lve with ‘the other early dyke swarms in the NAC .

The Hopedale dykes must be older than 3,091 Ma (the
poo | ed Hopednvllan -age; see Section 4.14.1) as'they are
i‘oi‘ded. rotated, boudlnaged and wmetamorphosed during the
Hopedalian ‘event . The time of emplacement of the dykes 1Is

unknown, however they do cut a Pre-Hopedallan fabric In the

Maggo gneiss,




The Saglek dykes, based on field relationships and
geochronology studies of thelr hosts, are interpreted to
have bgen emplaced‘between 3,400 Ma and 3,200 Ma (Col larson
et al., 1981).

Diabase dykes, of mid-Archaean ages, are prevaient
*throughout much of thF West Grqenland portion of the .NAC'.
These dykes are referred to as the Ameral Ik (McGregor,
1973), Isua (Gl and Bridgwater, 1979.) and/or Tarssartog
(Nutman, 1986) dykes. The Tarssartoq dykes, pr‘eserved in
thé Isukaslia area (Flgure 7.1), are betwean 3,400 Ma and
2,550 Ma old als they cut 3,400 Ma old pegmatites and are
cut by 2,550 Ma old pegmatites. Pb-Pb and Rb-Sr Isotoplc
studies (Wagner, 1982) of th.e Tarssartoq dykes sSuggest that
they are older than 3,100 Ma and correlate with the > 3,000
Ma’ Ameralik dykes present In-coastal-exposures (Nutman,
1986) .

Based on the resulits of thls study and comparing the

fleld and wgeochronologic position of correlative dykes

(Sagl_ﬁek, Ameral ik, ¥ Isua and Tarssartoq) In the NAC, the
slfﬁl'larlty of the Hopeda;le dykes to the above as proposed
by Ermanovics et al. (1982; 3appears to hotd up.

The only other major gnelss unit In the _NAC Is the Nuk
gnelss," ldent.ifled in the vicinity of Nuk (Godthab), Green-
land (Filgure 7.1). Correlation of the Maggo gnelss, on the

basis of fleld relationships, with Nuk li1thologles seems

untikely. The Nuk gnelss, as defined by McGreggr (1973),

does not contaln remnants of Amerallik dykes, yet Maggo

|
|
]
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J
gneiss contal‘ns Hopedale dykes. The Maggo gneliss, on the
basis of fleld relatlonsh]p;'.. more closely resembles the
‘

relationships objerved for the older grey gnelss component
(Ami tsoq ‘and Ulvak gneisses) wlith assocliated, early to
middief Arthaean dyke swarms (Ameralik and Saglek dykes,
respectively). ‘

7.2 Geochronological Results

The Rb-Sr Isotopic results from this study, along with
the results of Grant et al. (1983), do not confirm the

cbserved simlilarity of fleld relatlonships for the Hopedale.

Block and other NAC local Ities outl ingd above.

The Hopedallan event, as recorded In the Maggo gnelss,
has been dated at 3,140 Ma to 3,025 Ma, more t_pan 500 Ma
- . /
younger than ages obtalned Amitsoq and Ulvak gnelsses

(Flgure 7.2).- Maggo gnelss Hopedallan ages are closer to

—=

the oldest _ égorded age for Nuk gneiss (3,078 Ma; Baads-
gaard a_sn’d// McGregor, 1981). This Rb-Sr age for the Nuk
gneiss. overliaps the u:\aper limlt of a bracket of AU-Pb Zlrcon
ages (2,800-3,070 Ma) repor-ted by Baadsgaard and McGregor
(1981). An age o‘f 2,300 Ma (Srgo = 0.7014)- for Nuk —type
gnelsses, Incorporatlng sampies"_whlch record evidence of Pb
and Nd contamination, has been obtained by Taylor et al.
(1984) . Also shown on Flgufe 7.2 are Rb-Sr resulits for
elght sultes of Nuk gnelss reported by Taylor et al.
(1980). recalculated from data of Moorbath' and Pankh'urst

(1978) . Rb-Sr results for Nuk gnelsses: Invariab! lle to

the right of the Hopedallan evolutionary path and are hence

- )




7.

2: Comp i lation of Rb-Sr isotoplc results for the

North Atlantic Craton plofted on a Sr evolution

diagram. Hopedallan! (vertical ruling), Flordian:

(hor i zontali rulling) and Kanairlktok intrusion Sr

evolution paths are taken from Flgure 6.9.
Symbtols and data sour‘ces are:

West Greeniand

A -« Amltsoqg gnelss - Hurst (1978)

v Nuk gnelss, townsite Baadsgaard

McGr egor (1981
A Nuk gnelss - Taylor et al., {1984)
AN Nuk gneius - Taylor et al. ('980)
Labrador (data from Collerson et aj.,
unless otherwlise stated)
'U Ulvak gneiss

H Hebron gnelss - Barton (1976)

-

¥

Kl Klyuk tok gneiss
lkurat gneiss

Ka Kammarsuit gnelss

S Sagliek tonallte-granodiorite sheets

.

See text for detalls.
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younger than the MHopedalian domain Maggo gneliss sultes
(Flgu;e 7.2). The Nuk gnelsses genL;ally lla_aloﬁg the
evolUtlonar} path for the Kanalrlktok tntruslions (light
stipple, Fligure 7.2) and are here Interpreted to be chrono-
loglcatlly equlvalent lithologies.

Cleariy, fleid relationshlips and geochronologlical
results for Maggo gneiss do not corre[ate with recorded
relat{onshlps oﬁs?rved In comparable reglions of the NAC.
This tack of correlation szt result from'the Hopedale
Bloé; el?her having formed elisewhere In the Archaean and
then .becoming attached to the NAC, of, more llkely, belng
derived by reworking of preexlstfng NAC Ilthoiogles; This
latter possibility is discussed In Section 7.3.

The geochronological results obtained In this study for
the NBN sulte, the model age calculations and the
Hopegallan areal lsochfon Indicate an event at c. 3,306‘Ma
which reset the Rb-Sr isotopic systematics of the Maggo
gnelss precursor. This age _and- the event It records Is
Iinterpreted to be the Pre-Hopedallan eyent. An event of

-

similar age has not been recognized eisewhere In the NAC.

Schigtte et al. (Iln prep.), using ion probe zircon

results ~ for Hopedale Block ltthologies, support the
uniqueness .of th)js event. These authors infterpret thelir
results as Indicating that the zircons grew In response to
high grade metamorphism.

Isotopic, geochemjcal and fleld evidence, supports derl-
vatlon of Flordlan domaln Maggo gneiss from Hopedallan

domalin - Maggo gnelss, by reworking between 2,827 Ma and

N ,
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2,804 Ma., The inltial Srg ratlos for the Flordlian domaln

i
sulites are higher than Nuk gneiss Initlal ratlos. The devel-

opment of Flordian characteristics (LILE depletion, HFS

’

element enrichment énd REE immobiliity) In the Maggo gnelss

B

occurred during thea time span when the Kanalirlktok

. .
Intrusions and Nuk gne;sses were being mnﬂlaced Into the

Hopedale Biock and southern West Greenland, respectively.

7.3 Proposed Developmentatl History of~the Maggo Gnelss

In this section the proposed developmental hlstéry of
the Hopedale; Block, as recorded by field relatlonships and
geochronological rgsults for the Maggo gneiss, Is pre;ent-
ed. Fligure 7.3 compares fhe growth and development.of the
Hopedale Block wlth ;he documented evolution of the Wést
Greeniand Archaean. Figure 7.4 provides a dlagrammatic
summary of the s&ages of development of the Hopedale Block,
based on the results of this study. -

Hopedalian domain Maggo gneliss was der ived from pfeex-
Isting crustal material between 3,140 Ma and 3,025 Ma ago.
Petrogenetic modelling (Seétlon T B8.5) indlcates that
crustal soprces; metamorphosed to amphlibolite or granulite
facles, will, on 25% partial meltling, yleid REE‘gnd HFS
element. composltlo;s comparable to Hopedallian domain Maggo

gheiss.

7.3.1 Ea?ly to Eariy Middle Archaean (> 2,900 Ma)

The exposed Early Archaean segments of the NActgre a
heterogencous‘ mixture conslst{ng predominantly of grey

gneisses with minor quantlities of other tithologles (meta




7.3: Summary of the Arcnhaean events In the

development. of the Hopedale Block, based on work

carrled out In this Study and the work of
Ermanovics et al. (1982) compared with Crustal
development ) the West Greenland Archaean
(McGregor , 1973, quthclsen and Henriksen, 1975;
Bridgwater et ’al., 1976; Nutman et

NJutman, 12886, .

Solid Dbrackets - span the time ranbé deflined (*)
or Inferred (?) for each event.

No direct evidence exlsts, In the Hopedale Block,

for events which [{e below the dashed | ine.

.
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HOPEDALE BLOCK WEST GREENLAND
Time _4a) -
2,530 Qorqut granite - reworked Amitsoq
and Muk
Y

2,632"

: 2,764"

Flord!an event - Dafermat for and (2.8007- Metamorphlism - amphibo!ite. to

metamorphism (lower to middle | granullte facles

amphiboilte facles) Reworking Matur lan orogeny

of Hopedallan domain Maggo
gneliss.

4 . Nuk gneiss - emplaced from 2,800
Kanairiktok Intrusives 2,830 to 3,076 Ma accompanled by defor-
‘ mation and metamorphism.

' -2,888"
Depdsition of TIiorence Lake Deposition >f Tartogq Group
Group

Hopedallan Evenrt - deformation ,-3,025"l Pre 3,000 Ma Malene Supracrustals
metamorphism (middis to upoer depos | ted

amphibolite facles. Pt-Sr . . .
isotoplc systematics In > 3,040 Ma Anorthosite complexes

Maggo Gnelss closed empilaced

!

3,076'J

3,150 Senellan orogeny (lvigtut greiss)

-3,140"

Depositicn of younger (7) Weekes
assoclation

»

[3,9007—

Empiacensnt of Hopedale dykes - Emplacement of Amerallk, Isua anc
Tarssarfoq dykes

Pre-Honedailian Event - accompan-— -3.366'
ted by deformatiorn and
metamnrphism

T T T T e = = 3700""J

Emplacemant of Maggo gneliss
pracursor der ived by partial
melting of intermediate
composition gnelss.

A
defcrmation and metamorphism Daformation and metamorphism

Intrusion of Amltsoq banded grey
gnelss, accompanied by defor-
. ) : matlon and metamorphism
Depesition of vlder (7) Weexes Formation of Akllia association
asscclat ton ,




Dlagranmmatic representation of the stages of
develcpment of the Hopedale B lock from Early
Archaean (> c. 3,3C0 Ma) through Flordtan (c.
2853 Ma)  time. Tre horizontal axis 18 not to
scale. See text for discusslion. .

LEGEND

Stage 1: > c.3,300 Ma

V - supracrustails A - ancrthosite
(Hunt R'var, weekes)

't - granitic Intruslons =« - mantie
il - deep level metabasaltic composition

The unshaded portion consists of Intermediate
composition, LILE depleted granulite to amphibo-
Ilte facles crust. The dashed |lne represents the
amphibolite to granulite facles transition.

-

Stage 1i: Pre-Hopedalian (c. 3,300 Ma)

Voo

“--x - Maggoe greiss precursor, wlth Pre-Hopedalian
fabric :

Stage 1il: Hopedatlan (c 3,090 HMa)

A )

~. - Hopedallan domalin Maggo gneiss

‘Stage I'': Flordian (c. 2,853 Ma)

A - Florence Lake subracrustals
v Flordian domain Maggo gnelss
+»x4 - Kanalriktok (ntrusions
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basaitlic and metased imentary supracrustal rocks and
anorthoslite; Figure 7.4, Stage 1). Parthl melting of granu-
lite and/or amphibolite facies, Intermediate coﬁpositlon
parent produced a melt with REE and HFS eslement distribu-
tion comparable to that observed for the Maggo Gnelss (Sec-
tion 6.5).

In West Greenland ;nd northern Labrador a pre—s.éoo Ma
high grade metamorphlc event, gocumented by McGrebor (1973)
and Griffin et . al. (1980) could have produced the requlired
Maggo gnetss parent. During this high grade event the Amit-
soq gnelss, present at this time, underwent LILE deptetion.
Parental! material to the Maggo gne]ss predJrsor can be
represented by a depleted, granullite faclés-Amltsoq gneliss.
The Kangimut sangmlissoq gneiss, a phase of Amitsog gneiss
has been 1nterpretedn to represent a réllct granu]lte
facles Amitsoq gne!gs {(Nutman, pers. comm,, 1985). The REE
patfern‘ for the Kangimut sangmissoq gneiss Is simitar to
that used as a parent composition In Sectlon 6.65.

wWithin thek NAC, Early Archaean gneisses have only been
recognlzed in the Godthab and Saglek reglons. Elsewhere,
i.e, the Hépedale Block.and sgp}hern portions of the'Green-
land Archaean, no direct evl&ence exlsts for the p}ea?nce
of these anélent rocks at surface. |In t;e southern portion
of the the Greenland Archaean Taylor ahd Kalsbeek (1986)
have ca;rled out an g%tenslve program ofLPb Isotope geochem-—
!sfry on the grey gneisses. The Ivigtut gneilsses, thch on

-

a pre-drift reconstruction of the NAC Qf’gure 7.1), are
. . p;

-~




. contiguous with the Maggo gnelss, yleld a Pb-Pb date o+
3.170 +/- 65 Ma and have a jow mode | M, value>(7.19;
Taylor énd Kalsbeek, 1886). The lcw model My value
Impiles hat tnis area has been the site of " severa:
episo les of reworking of older U-deplieted continenta:
crust’. These authors estimate a minimum age of 3.330\Ma for
tﬁe source of the crustal Pb comgonent in the Ivigtut
gnelsées. Thls age Is In agreement with the results for the
NBN suite and Hopedalian areal of +this study and the
results of Schidtte et -al. (In prep.). The Pb Isotopic
data are Interpreted as strong indirect evidence of the
cCcocurrence” of early Archaean, U—depteteb» crust,
approximating granulite faﬁles Aml tsoq gnels;. at depth In
voutinern West and South Greenlard.,

After derivat!on, during the pre-3,680C Ma metamorphism,

the high grade, intermedliate composition parent remained at
a dJdeep crustal level, at a high temperature anq pressure
(Figure 7.4, sStage 11). Under these conditicns the parent

behaved as an open system resulting In further mobi |ty of
the LIiLE, especialily Rb. This two'stage deplietion produces
& parent with a low Rb/Sr ratlo, equa! to, or lower than,
the assumed mantie rat|o>(0.025, Peterman, 19fé).

The Maggo gnelss bakent remalned at dep:h anq opeq to
LILE mobl ity until 3.566 Ma. This age, corresponding gb
the Hopedal[an areal, Is interpreted to date the
Pre—Hopgdallan deformation. This event resulted In a thick-

I3

enirg of the crust (due to horizontal (7?) movements) and

»




Increasing pload and temperature on the parent mate}lul~
as It was dfsplaced to deeper crustal Ie:els. This lﬁcrease
iIn pressure and temperature lnducedr partial melting,
approximatiy 25% of a granul lte and/orﬁamphlbollte facies
parent- (Section 6.5). This partial melting eplsode‘ Is
Interpreted to bg responsible for generating the mchrlty
ofvthe Maggo gnelss precursor (Flgure 7.4, Stage If).
-~

Greater or lesser degrees of melting would produce a.
Maggo gnelss precursor with flﬁtter to steeper REé
abundgdances, respectively. The varlable degree of meiting
comblned with the varlable parental compcsltfons combline to
account for the range nof REE: distribution patterns observed
‘or Hopedalian domain Maggo gneiss (See Flgure §f4)..

Tre Meagygo tnelss precursor wasg emp}gﬁcd at alhlgher
level IK the crust under the lnfluenc¢ of a directed
stress, Producing the Pre-Hopedailan fabric In the gneiss.
This maéerlal Incorporates Inclusions of previousiy deform-
ed, older supracrustal material which retalns evidence of a
high grade metamorphism.

Having derived the Maggo A.ff precursor and with |ts
subsequent emplacement," the Sr  systematics I'n the
precursor began to stabilize, i.e. closed Eo further LfLE
mobilltyl After the Pre—Hopédatlan ‘fabrlc developed,i
Hopedale dykes were empiaced intc the crust, between 3.366

and 3;091 Ma, the ages for precursor derivation and the

Hopeda ! lan event, 'respectlvely. This time span corresponds

to that Inferred  for the emplacement of the Saglek,




Ameral ik and Tar ssartoq dykes\ (Colleorsen et ai., 1981 ;

:

Nutman, 19886).

After emnpiacement of the Hopadale dykes, the entire
sequence underweﬁt middie to upper amphibolite facies meta-
morphism, the ;-iopedallan event (Flguré 7.4, Stage ll_l). Up
to thls point the Rb-Sr Systematics of the Maggo gneliss
pbrecursor were |In a state of flux. Based en r;odel‘llng
results, Rb contents of 7 ppm, in the precursor, result
from 25% meiting of the granulite facies parent which
originatly contained 5 ppm Rb. For the amphibolite facles
varent, comparable Rb contents can be attained at ‘Iower
degrees of melting. This 3b tevel In the gneliss precursor
I's maintained, l.e. deplet:on no longer affects the LILE

content of the: gnelss, esulting In the Hapedal fan domain

Maggo gnelss belng enriched in Rb with respect to Its

parent. Furth2r eiirlichienrt uhgéhe gnetss results from the

continued de:_)letion of Ab from the granulite pgrent and the
migration of the Rb up through the crust Into the Maggo
gnelss during the Hopedal !an event. The degree of LILE
enrichment at this tlmé was sufficient to increase the Rb,
Ba and K20 contant o: the Maggo gnelss +to values
combarable to those observed In other grey gneilss ferralns,

]

€.g. Northeirn Light Gnelss, NW Ontario (Arth and Hanson,
Tha sulte Is interpreted to represent Maggo gnelss
In which the Rb-Sr systefatics closed at 3,305 Ma, in

response to the Pre-Hopedallian event. Evidence for the




unstablte nature oOf the Rp-Sr systemitics In the gne:ss
after derlvatton of the precursors can be seen in the SR
sulte of Grant et al. (1933). This su‘lte ylelds an age of
3,226 Ma and has a low Sre value, which overlaps tre
mantie evolution line. The age Is Interpreted to represent
the flrst a¥ffects of the Hopedalian event and closure of
this sulte wlith respect to Rb additton, characteristic of
othér Hopedalian sultes.

7.3.2 Late Middle to Late Archaean (< 2,900 Ma)

After these events  the Hopedal ian domalin Maggo gneiss
was stabllized In the crust &end deposition of the Florence
Lake supracrustal llitro:oglc—:: cc:c;urr‘ed. At c. 2,853 Ma the
Fiordian tectonothermal event began to affect the gneiss
(Filgure 7.4, sStage 1'). The Flordian reworking cccurred at
a time when the NAC was subjected to another compiex per iod

in Its developm=nt. AZczompanyln; the Flordlan event, eise-

where Ih the NAC, was the derlvation and emp lacement of the
A }

Nuk gnelss, In southern West Greenland (Taylor et at .,
1980, 1984), the VKanairlktok In‘rusives coyth and west of
Hopedale (Grant et al., 1983) and ending with emplacement
of the Qorqut grarite at 2,520 Ma (Moorbath _e;_al., 1981) .
Between 2,300 and 2,700 Ma the NAC underwent grarulite
(Greenland and northern Latrador; Colierson et al., 1981
and lower amphlibo!lite facles (Hopedale Block; Korstgard an-+

Ermanovics, 1984 1985; This 3tudy) metamorphism.
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'n response to Flord‘:f_n rewcrking the Hopedalian Maggo
gheiss fabric was reorliented Into a NE-SW orlentation.
Accompanying this physical change iIn the gne'lss was a
chemical change‘ (LILE depYetion a‘nd HFS element enrichment;
Sectlion 6.2; as a result of reworking of the Hopedalian

domain gnelisss The depietion In Rb along with Sr Immobitity

(Sectlian €6.2.2.1) In turn caused the isotoplc systematics

of the gnelss to reset such that 873,3,865,. ratios for

the Flordlan gnelss were lowered.

Metamorphism, at lover to middle amphibol lte facles,
associated wilth the “lord,2n zvent, Caused retrogression In
the gneiss &rd other «lthologjles, e.g. Hopedale dykes. 'n
the Godthab eglon of West Greenland high gradehetamor-
phlsum at thils cl/me resuited in granulite facle‘zs assemb |l ages
In  Muk gnelss (Wells, 1979). Further south, in fhe Ivigtut
region, Berthelsen and Hernr . ksen ("975) recognized a
primary milddle tu upper amphibolite facles metamo{"phlsm and
a seconcary retrogression to greenschist and lower amphibo-
ltte faciles Korstgard and  Ermanovics (1985) corre'!atec
these metanorphlc events, the Senillian and Maturlan ‘oroge-
nias, wilth  tre Hooedellar and Flordian events of the
Hopedale Bi.s>ck. The range In metamorphic conditions at this
time Irclicate that the southern portion of the NAC was at a
higher crustal level than areas further} north.

Reworking of the Maggo gnelss durirg the Flordlan event

does rot reguire the 2ddit'!on of large volumes of new mate-

riaj ten form the Flordlan domain gneiss. However, in the

»




Hopedale Biock the Kanalr!'ktok intruslons were empla_ce~d
auring the Flc?rdlan event .(Flgure 7.4, Stage V). The
’Kanalr?ktok intrusions were derived from elther a mantie °
Source or preexisting crustal material (Figure 7.2)., 1f tre
first hypothesis Is correct, the Kanairiktok Intrusions
represent new materlal! added to the crust after derivation
from the mant'!e (Grant et al., 1983).Alternatwel“y-:ne
Intruslons could have been derived from an older, depieted
granulite Tacles crust, In a manner simltlar to that
proposed for the Maggo gneiss precursor (Section 8.5). in
this instance the parent could agaln be Amttsog gneisc
having a Rb,Sr r&tlo. (0.025) comparable to the mantie
value. Further N so‘topic ’and geochemical work on the
Kan‘étrlktok Iintrusions s necessary beafore this aspect of
Hopedale Block geology can be settied.

The 'Kana!rlktok Intrusions may be chronologicaity
equivalent to the Nuk gneiss, but the former have not been
Lupjected to the post-emplacement .deformation and
metamorphism which has affected the latter sulte.

Reworkirg of the Maggo Gneiss during the Floridlan event
is accompanicd by synchronous tect.onlc, metamorphic and

chemlicc changes gelsewhere In the NAC. Crustal thickening,
P

by thrust%,g\and folding, has recently been identified as a

ma jor feature~\ln/x4ae late Archaean (Brown et al., 1988}

responcible for trhe complex and contrasting relationships

Observed for this ' time Pperiod.

LI
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7.4 Summary \

The Ma995 gnelss of the Hoperiale BIo;k retains evidence
of a protracted Adevelopmental history extending from c.
3,300 té\\g. 2,600 Ma. The.gnelss precursor, interpreted to
be derived from an Amitsog-like parent, was subjected to
three tectonotherma! periods during this time span. The
oldest, the Pre-Hopedalian, event has not been recognized
In 6ther, more studied, areas of the NAC.

The fleld relationshlps for thhe Hopedallan domain Maggo
gneiss qfe comparable to thosé observed In other NAC
lrthologles (Amitsoq and Ulvak gneisses) fepresentlng a

similar time frame, The youngest Archaean tectonotherma

event to affect the Maggo gneiss Is the Flordlian event or

ser|as of events, The Flordiar le ~2sponsible for the
reworking _of the Hopedalian domain gnelss and  Is
correfatlve witn tne Late-Micc ' e Archaean, hligh grade

metamorphism ‘recognized In other areas of the NAC. The

syn-Fiordian Kanalrilktok Intrusions are tentatively

. i M

correlated with the Nuk gnelss of soutrern West Gréqyfand.
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A Gently piung!ng antiformal structure preservea wlthin
amphibolite subunits 1§ to 3 of the Weekes assocliatlon
(WA), Iin Maggo gnelss (MG). The layering reflects
varylhg proportions of plagioclase and garnet. Contacts
with the encliosing -gneiss are marked by follated
pegmatites. Person for scale, ont left (imb of fold.
Station 83-224 - Manuel! Island. '

Plate 1

8 Clger shaped Incluston of Weekes assoclation (WA)
within follated to banded tonaiitic Maggo gnelss (MG).
Inciusions of Weekes assoclation vary In slze between
that depicted here and In Plate 1A. Station 83-129 -
east shore of Pllllarusik Bay. B

C ’ tnclusion of layered metavoicaniclastic unit (V) and
var ious apphibol I te (A) subun.ts of the Weekes
assoclatlonz The contact between the Weekes and the
Maggo gnelsyY / Is marked by a wide pegmatite zone (Peg)
with Inciusions of supracrustals. Plate 4B Iis a close
up of the volcanociastic unit taken to the right of
centre. Hammer on antiformal closure (centre) iIs. 35 cm
long. Statlon B82-50 - Zacharius Isfand.

D Granob'astic equigranuiar texture In clinopyroxene
(cpx) bearing amphibolite (Subur.it 2). Ciinopyroxene is
In equilibrium with .ptagloclase (pf) and hornblende
thbt). Sample 83-311 - Manuel Island. Scale bar Is 0.25
mm. :

E Lepldoblastic texture in amphibolite subunlt 1, deflned
by the allgnment of hornbiende (hbi) with Interstitial
plaglocliase (pi). Sampie BF-82-1B - Maggo Island. Scale \
bar Is 0.6 cm.

F Garneﬁ (gt) polklioblast with Inclusion of plagloctiase
(p!),” opaques (op) and hornbienae (hb!). Clinopyroxene,
in this sample, and garnet were not observed In contact
with each oth;r suggesting Inequllibrium between these
phases., The garnet |Is rimmed by successive zones of

- sericitized plagloclase (pl) and hornblende (hbi)
Inferred to bhave been produced by the Instability of
the garnet and cllinopyroxene. Sample 83-193 - Garnet
Isiand. Scale bar is 0.5 cm,







Plate 2

Equl il ibrium texture betweern clinopyroxene (cpx),
plagioclase (pl) and hornolende_ (hbl) In Weekes
assoclation subunit 4, Garnet and cllinopyroxene were
obser ved In contact in this sample, however these two
specles are not stable and react to form plagioclase
and hornblende coronas on the garnet (lower left
corner). Sample 83~84 - northwest of Camp Island. Scale
bar Is 0.25mm. .

"Coronas of plagloclase (pi) and hornblende (hbt)
surrounding garnet {gt). The coronas effectively
Isolate the garnet and prevent further reaction with
clinopyroxene (gpx). Sample B83-84 - nortbwest of Camp
Island. Scale bar Is 0.5 cm. .

Ultramafic unit of Wweekes associatipn. The ultramafic
occurs as boudins withln _a larger "enclave of Weekes
subunits i to 3. tThe ultramafic displays relict
harrisitic textures similar to those described by
Co!lerson al. (1978). sStation 83-131 - east shore
filtllarustk Bay,

Composite Inclusion of Weekes assoclation In Maggo
gnelss. The long ax!s of the incluslon paraillels the
Hopedalian fabric (Sp,p). The Inclusion consists of
calcite (cc) « Pyrite (py) separated from talc (te) +
tremo! ite (tr) by a narrow translition Zone (dashed
iine). The Inclusion has a mono-mineralic rim of
radlating actinocilite (ac) needles. Station 83-84 -
south of Camp Island. Scale bar Is 8 cm.

Ajéyratlon of ollvine porphyrobjast Iin ultramafic unit
of Weekes assoclation. The olivine (ol - high relilef)
Is being replaced by serpentine (serp) + magnetite
(mag). Tremolite (tr) forms the matrix supporting the
olivine. sSample £3-51 - north shore of Kanglluasuakoiuk
Taganl. Scale bar |s 0.1 mm.







e T

A

&

Plate 3

tncluslon of marble, Weekes association unit 8, within
Maggoe gneiss (MG) from Manue! Island. The long axlis of
tha Inclusion parallels the Hopedallan fabric (Sp,2).

The Incluslion Is enveloped by a mono-mineralic rim of
foliatec phlogoplite (phlog). The core of the incluslon
Is layered wlth varying proportions of doliomite,

olivine, phlogopite and magnetite. Pilate 3B Is a close
up view taken at the hammer. This |Is the largest
Iinclusion of marble material found in the study arca.
Station 83-308 - Manue! Island.

Ciose up of layering In marble Inciusion. The follated
phiogopite rim (phiog) is visible at-.the top of the
photo. The “inclusion proper consists of dolomite rich
(cc), (cc + mag + ol +/- phiog) and phlogopite-rich
(ph), <{phlog + cc + mag +/- ol) layers, Station 83-308
- Manue! isliand. .

Qllvines (olg; porphyroblast, alteran to serpentine

along fractures, In a dplomite-rich ‘layer from the
marble tnclusion (piate 3A and B). Dolomite (cc)
exhiblits a well deveioped cleavage, while phiogoplite

(phlog) Is follated paraliel with the long axls of the
Ingqiusion Samp!e 83-308C -~ Manue! iIsland. Scaie Bar Is
0.5 cm. ‘ ,

Inclusion of staurolite (st) in garnet (gt) from a
pelltic horizon of the metasedimentary unilt of the
Weekes assoclation. Where observed staurolite always
occurred as an Inclusion In garnet. Blotite (bio)

L occurs as Inciustons within the garnet and with

chiorite (chi) iIn the matrix surrounding garnet. Sample
BF-82-4E - Woody Island. Scale bar is 0.25 mm,

Some‘“pelltlc horlzons of the Weekes assocliation are
characterized by - e presence of _corundum (co)
Indicating an . Si0Op-pbor bulk composition. The garnet
In the |ower Ileft gorner contains staurocoiite (Plate
30). The corundum |s separated from the garnet (gt) by
biotite (blo) and chliorite (chi). The latter appears to
be the result f retrogression of garnet and biotlite.
Sample BF-82-4E W y Istand. Scale bar is 0.5 cm."
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Plate 4
A Cummingtonite (cum) - garnet (gt) - biotite (blo)
assemblage within pellte. Chiorite (chl) occurs along
fractures cutting through the garnet and as a

-etrogression product of blotite. Sample BF-82-4F -
woody Island. Scale bar Is 0.5 cm.

B Metamorphically enhanced, primary (?) layering n
metavolcaniclastic unlit of the Weekes assocl!atl!ion. The
more ‘competent amphlbole-rich layers are thinned and
boudinaged by post-peak metamorphic, tectonic events.
Station 82-50 - Zacharius Isiand.

C Leucocratic layers .within - the metavolicaniclastic unit
(Plate 48) are characterized by the assembliage
anthophyliite (anth) - garnet (gt) - plagloclase (pl) -
blotite (blo) -~ quartz (qtz). The anthophylilite is -
sub-poilklioblastic and cuts the follatlion defined by
blctite. Sample 82-50B-1 — Zacharius Island. Scaid bar

ls 0.% cm.

D Rounded to anguiar Incluslions of megacrystic and
follated anorthosite within Maggo gneiss. The foliation
In the anorthosite (S2) Is dliscordant to the
Hopedal lan fabric (Sp,2) In the gneiss. Anorthositic
litthologies form minor but Important component of the
Hopedale Block. Sample BF-81-56. .

E Anorthosite, anorthositic gabbro and hornblendite
Inclustions within variably migmatized Maggo gnelss.
Large, recrystallized plaglociase accumulatlions (1) ‘are
common In the mafic-rich ltithologies. With Increasing
deformation the plagioclase crystals become filattened
(2). Staticn 83-30 - north shore of Kanglluasuako!luk
Tagani.







Ptate 8§ .
<

Root less Intrafol lal fold (arrow) within Maggo gnelss.
These structures are Inferred to have developed prior
X0 Hopedellan deformation (Dhy2). Station 83-303 -

Manue! Island.

Discordant contact between follated blotite tonallte
phase of the Maggo gneiss (MG) and Hopedale dyke (HD) .
The Pre-Hopedallan fabric (Spn+1) In  the gnelss
daveloperd prior to emplacement of the dyke. The
anelss-dyke contact |lles between the two arrows.
Station 83-315 - Hopedale Harbour. X

Maggo gnelss displaying a wel] deveioped Hopedalian
fabric (banding). Thils exposure Is typical of the
weakly migmatized Maggo gnelss (Compare with Plate BA).
Station B83-172 - south of Zamp Isliand.

Filne grained Incluslon of follatad tonallite iIn Maggo
gneliss. The Inclusicon, one of severa! at this locality,
I8 enclosed In a coarser gralned toralltic phase of the
gneiss displaying a well deveicped Hopedal lan fabric.
The Irclusion has undergone some post-Hopedal lan
deformat lon resulting In the displacement and rotation
of the right end of the block (arrow). Statlon 82-39 -

Kernerta'!uk island.

Fine gralned layer of fol lated tonalite within med § um
grained tonallite to trondhjemite phase of the Maggo
gneiss. The layer Is dispiaced by &2 sinlstral shear
(arrov) attributed to the Flordian event.  Station
83-295 - Black Head Tlickle.
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J Pilate 8

A Stromatic, thiebltic and ptyjmablc migmatites developed
auring the Hopedalian event. Individual migmatites
display concordant and discordant relationships with
the Hopedallan fabric. Station 83-130 - Pitifarusik
Bay. ‘

g Hopedal !an llt-par-lit migmatites producing a bhanded
Maggo gnel!ss which subsequent iy becomes folded during

later stages of the Hopedallan deformational event. The
migmatites develop tight chevron folds In the hinrge -
zones and become stretched along the fold ' ! Imbs.
Station 83-~55A - porth of Camp Island.

C Diktyonitic migmatite deveioped along a shear cutting
follated biotite tonalite. The terminations of the
shear paralle! the follatlon In the tonalite and are
chaqactcrlzed . by the development ' of nebulltic
migmatites. Sta“lon 83-261 - Black Head Tickle.

D Coarse gralned diktyonitic migmatite (1) deveioped in
banded tonalltic to granodioritic gnelss_. The nature of
the non-migmatized gnelss at this focality Is shown In
Plate 10A. Samples 83-214 and 215 are used |n the
geochronologlica; determinat lons (Sw .end, Marsha’'s Cove;

. see Sectlions 4.3 and A.2.5). These samples date the
) early affests of Flordian overprinting on the gnelss.
The term!natlions of . the shear are marked by nebulitic
.{Igmatltes. Patchy " nebullitic migmatlites are present as

211 (2). Station 83-214, 215 - Marsha ‘s Cove,.

£ Hornbtende-r |ch trondhjemite phase of the Maggo gnelss
from (he Hopedallan domaln. The gnelss consists of
hornblende (hbt) -plagloclase (pl) -blotite (blo) -
Quartz {qtz) d!splayling a grancblastic texture.

Hornbimnde Is optically allgned defining ihe follatlion,

) with minor amounts of blotite exhiblting the same

| ortentation. Sampie 83-299-1 - Manue| Island. Scaie bar
's 0.5 cm. .

|
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. Plate 7 ) :
Blotlite (blo)-rich, folilated trondhjemit !c.Maggo gneiss
displaying two generatlons of biotite. "Primary (19)
blotlite—~ which_  defines the foitation, withK hornblende
(not  -shown), Is cut by secondary (2°) biotite.
Plagioclase (pl) Is twinned, "with alteration to
sericlte along twin planes visible. Quartz and
untwinned. plagloclase make up the remainder of the
fleld of - - view. Titanite (sph) Is a common accessory
mineral In all phases of the Maggo gneiss. Sample 83-38
— north shore of Kangl luasuakoluk Taganl. Scale bar Is

0.25 mm,

_lntersiltlal K-feldspar (Kspar), displayling tartan
twinning, within the follated blot]te tonailte phase of
the Maggo gneiss. In this sampls the K-feldspar forms a
continuous Interstitial mosalic to the larger
plagioclase (pt) and quartz (qtz) gralns. Sample 83-99
- South shore of Iganifaluk Bay. Scale bar is 0.25-mm.

Garnet-bearing, banded to follated trondh jemitic Maggo
gnelss, Garnet (gt) In all gnelss samples |is l~regutar
in shape_-and forms pseudo-poikliioblastic gralins which
show evidénce of retrogression to chlorite and biotite.
Plagiociase (pt), hornbiende (hbi and quartz (qtz) are
abundant phases |n this 1lithology. sSample 83-78A -
southwest of Camp Isiand. Scale bar Is 0.5 cm. :

Hopedale dyke folced during the Hopeda]lan deformatlion
wlith follated bliotite tonallte (MG) . The Hopedalian
fabric (sp,;), pesraliel to the "hammer handie , s
coplanar with <the axial plane of the folided dyke. The
dy” e contains relict plagloclase accumulations (arrow)
which are atypical of this Iithology within the study
area. To the left and right of the antl form-synform
pair the dyke becomes boudinaged, with the boudins
paralie!l _ to the Hopeda!lan fabric. Statlon 83-192 -
Garnet Is'and. :

Boudlinaged Hopedale dyke with the boudins aligned
baraillel to the Hopedallan fabric (Sphs2) within the
Maggo gnelss (MG). The Interboudin regions (arrow) have
been fil:ed by the flowage of gnelsses material Into
the vold created by the stretching of the dyke (Compare
with Pgate B8A). The amphibolite boudins, above and
below the hammer, are Inferred to represent ad jacent
limbs of a foiced dyke. Station 82-65A - Hypothes!s
Isiand, :

Paraliel limbs of a folded Hopedale dyke displaying two
responses to the Hcpedal lan deformation. At the top (1)
the dyke responds by stretching with recrystatiization,
while tho l(ower dyke (2) ls boudinaged with the

development of, migmatitic material arognd the boudins.
Statlon &Q:Z%;looub&e Istand.







Plate 8

Rectangula. boudins of Hopedaile dyke with interboudin
Zones fililed by minimum meit materiai, of unknown
origin, within follated Maggo gneiss (MG). The
rectangular boudins are one response of the dykes to
the Hopedallan deformation. Station 83-225 - Manual
Islanaga.

Graﬁoblastlc equigranular texture In clinopyroxene

(cpx} bearing Hopedqale dyke. - Clinopyroxene occurs as
discrete grains within a mosaic of hornblende (hbl) and
plagiociase (pl) and accounts for <« 5 volume % of the
dyke mineralogy. Sample 83-314 - Hopedale Harbour.

Scale bar Is 0.5 cm.

Plaglociase (pl) accumulations within Hopedale dykea.
The arrows polint to an accumulation which has a core of
garnet surrounded by plaglociase. The latter mineral
cffectively armours the garnet from further reaction
with clinopyroxene iIn the dyke. The assemblage garnet-
c!inopyroxene represents the highest grade assembiage
preserved In the Hopedale dykes (see Sectlion 3.3.3).
Station 83-192 - Garnet Isiand.

Cl!Inopyroxene (cpx) bearing amphibollite from Weekes

assoclation subunit 2, for comparison with the
cllnopyroxene-bearlng Hopedale dyke lithology. Station
83-311 ~ Manue!l Isiand. Scale bar Is 0.25 mm,

Retrogressed Hopedallian mineral assemblage within the
Hopedale dyke lithology. The retrogression, attributed
to the Flordian event produces s¢mpiectic epldote (ep)
with quartz Incluslons at the expense of pilagloclase

(Pl). The An content of the plagloclase decreases from
27 to 20 with the retrogression. Hornblende {hbt)
reacts to form actinolite (act) In response to the
Flordian event. (see Sectlon 3.3.3). Sample £3-212 -

Marsha‘’s Cove, Scale bar is 0.25 mm.







Plate 9

Hopedale dy kes (arrow) become thinned and Intensely
folded during Hopedallan: deformation. The dyke showr
here (s 200 m, along strike,. from the dyke shown In
Plate 8A, Station 83-223 - Manue! Isiand.

Gently folded follated hornblende tonalite phase of the
Maggo gneliss (MG). Lit-par-i4t pegmatites, displaying
evidence of Plnch and swell structures, parallel tha
follation. The follation and pegmatites are displaced
by dextral shears which Produce the folding. Station
82-64 - Hypothesals Island. ‘

Homogéneous . follated tonailite with tlt-par-tit
pegmatite sweats (beluw |edge) producing a ~ banded
tonaillte. The *“banded” gneiss |s displaced by dextral
shears, arrows show the sense of shear. Numbers refer
to sampies used In the geocchronology portion of th
study. Station 83-312, 318 - Hopedale Harbourd®

.
D to F - Fleld relationships and localitles for sampies
, from Marsha's Cove geochronotogy sulte. Station 83-148.

Locatlions of two samplies (83-202, 203) of Maggo gnelss
which preserve Hopedal lan mineralogy and textures. The
varying shides of grey on the outcrop surfece are
Interpreted to represent Primary features of the gne'ss
protollth. N

The clilipboard (middie-top) Is at the same position as
the pack In Plate 9D. Samples 83-204 and 205 represent
Maggo gnelss I 1thology which Is progressively
reorlented Into a NE-SW orlentation during the Filordian
event. Plate 9F s from the area marked by the arrows.

Samples 83-208 and 209 represent Maggo gneiss which has
been cCompletely reorlented and retrogréssed during the
Flordlan event. The Collectlion of all geochemistry:
samples wused In this study was faciiltated by the use
of a gas powered dlamond dril! shown here.
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:Iate 10

Banaged tonallite phase‘ of the 'daggo gnelss from the SW
end of Marsha‘'s Cove. The banded tonalite Is cut by
dliktyonitic migmatites (see Plate €D) developed durti.g
the Fiordlan event. ihe location of samples 83-216 and
217, with respect to other samples In this suite, Is
shown In Figure A.5.

Fieid locations and relationships between sampies from
the Hopedale Gneiss geochronoloygy suite. Samp'!e 83-232
contains thin blotite follae separated from Sample
83-233, a mafic-rlich tayer, by a zone of medium to
coarse gralned, blotite-poor migmatite (83-237). Samptle
83-234 1s a homogeneous biotite tonaliite, with the
biotite displaying a random orientatlion, cut by
granitic (s.s.) pegnatite, 83-235. Statlion 83-1 -
malnland shore due south of Manuel!l Island.

Fleld location for three samples of the Dead Dog Polint

geochronoliogy sulte., Sample 83-242, collected directly
under the notebook, is banded gneiss. Samples 83-243
and 244 are Individaual bands within the gneilss. 83-243
Ils a fg to mg, follated, hornbiende-poor, band situated
betweaen mg to c¢cg, massive, hornblende-rich bands
(83=-244) . In the latter case the hornblende forms
porphyrobiasts up to. 0.5 cm long. Station 83-4 - Dead
Dog Folint, due south of Manue! Istandg.

Refold~d isocliinal fold wlithin layered Weekes
essocliation amghibolite. The layering, fotlded about
Fq, Is interpreted to bé relilct primary layerirg
enhanced by metamorphic recrystallization. The Fy
structure subsequently becomes refoided (Fp). Note
the paralle!ism of the F; and, Fp fo'd |imbs away
from the Fy; hinge zone. In other outcrops of the

Weekes assoclation recognition of the early folding Is
difflicult because of the lack of F¢{ hinge ‘zones.
Station BF-82-3 - Manuel lisland.

Hopedale dyke displaying evidence of coplanar folding
resulting from Hopedaylan deformation. The refolding of
the Hopedale dykes . abe explalned by a continuum of
deformation where-isoclinal folds are produced early In
the deformation - and subsequently become refqQided at a
later stage of the same event. The fabric vithin the
host Maggo gneiss paraliels the dyke-gneliss contact.
Hinge zones of folded Hopedale dykes are only rarely
pre3crved and exposed, so what Is normally observea zre
ihe 1|imbs of the folds as parailel dykes (see Piate
7E). Station 82-37 - Kernertaiuk Isiand. ‘
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Plate 11

to D - Progressive affects of Flordlan reorientation of
the Hopedallian fabrilc within the Maggo gneiss.

Maggo gnelss from the Hopeda!ian domaln cut by minor
discordant (1) and concordant (2) migmatitic sweats.
Station 83-99 - south shore, Inganiatuk-Bay.

The first manifestation of Fiordian overprinting Is the
development of  locallzed sSinistral shears (Sn+3)
which disrupt the Hopedallan fabric (Sh42) within the
Magjo gneiss., The shears, < 1 m Iong, display evidence
of brittie (1) and ductile (2) deformation aiong their
length. <tation 82-51 - Zachar lus Island. Hammer is 0.9

m long.

With Increasing Iintensity of Flordian overprinting the
Hopedatlian fabric (Spns2), defined by the banding In
the Maggo gneiss, begins to reorient parailel to the
shearing direction (Shsy3)- Station 83-138 - east
shore, Pllllarusik Bay. .

Completely reoriented Maggo gneliss within the Flordian
Oomain. The predominant fabric (Spy3) Is oriented in
‘a NE-SW direction. An enclave of Maggo gneliss with
preserved Hopedallan fabric (Shs2) which has not been
rotated with the Filordian deformation Is shown. A
Kik<ertavak dyke (KD), of Proterozolc age, cuts al|
previous fabrics in the gnelss. Station 83-6 - east
shore, Plillarusik Bay.

A faulted Kikkertavak dyke, cutting Flordlian domain
Maggo gneiss, records evidence of the last structural
event to affect the Hopedaile Block. The faulting is
assoclated wlith Prterczolc deformation. Station 83-5 -
east shore, Pllillarusik Bay.
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“ Appendix A

FIELD LOCATION AND DESCRIPTIONS OF

Rl

GEOCHRONOL.OGY SUITES

A.1 Introduct!on

Twelive sultes of samples of Maﬁgo gnelss were collected
for Rb-Sr geochronclogy. The geological setting and salient
features of each Sulte are ¢escrlbed In this Appendix. The
fleld locations of all Sultes are glven iIn Flgure A.1.
Abbreviaticns are‘used throughout this wprk to refer to the
Individua geochronology sultes. The sultes‘were taken at
localities that had been ‘prevlously mapped and are
representative of the‘ lithologlies at each localtity.
Sampilng was carried out on  a varlety of scales, from
detai lec sampling over 5 - 10 m, to sampies taken over
several kllometres. This variable scale of sampllng.was
undertaken to provide evidence on the extent to which the
‘shtoplc  systematics wzre ‘affected by metamorphism and

deformation associated wl+h the Flordian, and to a le~ser

extent the Hoprda' 1an, events. The sample localities A®re

s0402




Flgure A.1: Fleld locatlons of the twelve suites of Maggo

-

gneiss used in the Rb-Sr géochronology study.
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selected to document Hopedalian Isotoplic characteristics of
the gnheiss and the progressive effects of Fiordlian
overprinting.

A.2.1 Manuel Island

Marue | Isiand (M1), located north of Hopedale vfllabe
(Filgure A.1), samples were col!lected from the large bay on
the west side of the Istand, Informa'ly named West Bay.

The geology of West Bay and sample locations are
presented Ir Figure A.2. Three MI samples, collected from
the south tip of the Island, are not shéWn on Figure A.2.
Biotite and hornblende tonailte, the domlinant lithology of
the Istand, has a wel! developed Hopedatlian fabric
(She2) . Evidence of Pre-Hopedat! lan fabric (Sphe1) Is
preserved as intra- and Inter-foilai folds (Plate 5A). The
Maggo gneiss trondhjemitic phase Is banded. The banding
resuylits from metamorphic dlfferen@latlon during the
Hobedal ian event . Geochronology samples are frcm  the
tonalite and trondh jemite .phases nf the Maggo gne’lss.

Along the north shore of West Bay 1| lltho'ncies have
been migmatized. The degree »f migmatization varies from

smal | diktyonlitic mlgmafltes assocliated with sheur zones

which cut the Hopedallan fabric to agmatitic zones wlth

rare nebqlltlc zZones. Some itlgmatites were emplaced
lit-par-1it Into the gneiss giving the latter a banded
Appearance. Larger pegmatfte segregations in the gneiss are
tollated, with evidence df two follatians. The early fabric

(Spe1) Is reor iented by the predomlinate Hopedalian

(Sphs2) foliation.




Flgure A.2: sSample locality anc local geotog&? Wést Bay

Manue!l Island.
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A-ounrd West Bay, humer ous, variably sized snclaves of

weekes assoc'ation are present within the gnelss.

Cllnopyroxene—bearlng‘ Hopeaale‘ dykes are ‘npmgrous
throughout the area shown In Figure A.2, DurI;g. the
Hopedalian (Dp,5) event the dykes were'b@udlnqged, giving
rise rectangular, blocky shapes (Plate VBA)..Not al)
dykes are boudinaged in response anHopedallah deformation,
some are (Platé 8A) thinned and folded about‘Hopedallan
foid axes (Frs2). The follﬁtlon within the gnelss

paraliel to the fold structure deflined by the dykes.

A.2.2 Porphyroblastic Phase

Samples of the Porphyroblastic Phase (PP) of the Maggo
gneiss were collected from . three wWidely sep&raged
locallities, Kernertaluk (Black) lsland: Kemaktull!vlkgallk
!'siand and centra! Double Island (Figure A.1). The gamples
all display a ‘Hopedallan (Sn+é) fabric deflned by
biotlte. Samples In this suite consist of blotite tonallite
and hornbfé%de trondr jemite. Plaglociase Is coarse grainad
and typicatly porpryroblastic In contrast wl'ﬁ the
reméinlng mlnera;s. These samples vere selected for
geochronological study because they ara simitar In a;l
"espects to each Other, they cover a wlide area, exhiblit a
‘wel | developed Hopedal ian fabric and dispiay no visible
evidence of Fiordlian shearing and migmatization.

A.2.3 Hypcthesls Island

N

Hypothesis Istand (Hi; an Informa| name).ls located

midway between the NE tip of Achvitoaksoak Lisland and




Zachar ius Istand, NNE of Hopedaie viiiage (Figure & 1

Biotite tona:vite,, (Figure A.3) s massive to weak 4 °

- follated, with K-feidspar |nterstitial to the predor na-+

a;ssemblage (plagioclase - ° quartz - biotite - hornbl'eﬂde‘

The gneiss s homBgeneous. ‘ with the proportion of =maf -
minerals, blotite ang hornblende.‘txhlbltlng tﬁe greatest
variation. The gnelss follatlon (Sn,,z)"'ls ortented \w-sI

and Is cut by E-W shears that fold the folilation (Flate
9B) . Boudiraged Hopedaie  dykes are concordant to tre

Hopedalilan fabric.

~
~

Migmati tes, forming a minor component of the grieiss.
are Founc; tn a variety . of environments . Smai .,
recrystali |l zed migmatitic sweats, par"azllel ‘the fol lat.lolﬂ
and. are deformed with the gneiss by E-W shears (Plate 35B).
Nebulltic- migmat | tes, In conjunction with dlciyonl:lc-
migmat| tes, disrupt the follation wlthin the gneiss. The
former - are found along the edges and the terminations o+

shear :ones assoclated with dlctyonltlc migmatite.

A.2.4 Hcpedale Harbour

Four samples were collected on the west Slde of
Hopedale Harbour (HH) (Flgure A.1) from an area exh'!blting

only minor 2ffects of migmatization. Gt this locality a

Honedale dyke |s I'n discordant éontact with the preservecg
pre-Hopedallan fabric (Sn”) Indicating a Hopeda! ian |ow
strain zone. The dyke,” 1.5 m thick, can be traced over e

«

length of 5 m before dlsappear ing under cover. Where the

dyke becomes ccvered Its thickness has decreased to < 0.4 m




e

Flgure A.3: Geology of Hypothesls |sland showing

location of geochronology samples.

the




e
70
4?,&2‘64
i~ +83-275
\\\\\ \\\ \(30)
‘\\‘Q\ N ,83-27¢ 80
5\82:65 (3.0) (30)
\}\\ \\
R &
N
20m
i ]
LEGEND
3a Biotite Tonalite x Sample Location
.--— Hopedcie Dyke .x.;oFolioHon and Dip
o Kikkertavak Dyke ,,‘_;'(')Shear Piane and Dip

Fiv00



v -

comes concordant to the gneissic foilation. The

Y

and

gnelss—-dyke

blotite paraliel toythe contact.

-

The Hopedate dyke host"‘lg a follated piotite tonalite,
. 1

with minor 1itipar-1it pegmatl!tes parailel to the gneissic-

' i

follation.” The sweats efiectively change tine hature of the

gne[ss from " a homogeneous,"ﬂel1ated tonalite to a more
banded' variety (Plate 9C). The samplés of gneiss exhibit a

range of' grain sizes from fine to‘medlum grained tonallte

-

to a caarser, porphyroblastic texture.

) >
A.2.5 Marsha’'s Cove . ,

Marsha’'ds Cove (MC; an Informal name) Is located at the

extreme southeastern end of Plltiarusik ‘Bay, west of
Hopedaie viilage (Figure A.1). Along the east side of
Pllllarusik Bay (Figure A.4) the’ brogresslve effects of

o - -
Filordian reworking of the Hopedal lan gnhelss and fabric can

l

be examired. In Marsha's Cove a large augen of Maggo
gnelss, preserving 'Hopedallan mlnéralogy and‘Fabrlc; has
been rotated Into a ME-SW orlentaflon, 'durlng Flordlqn

deformation. The boundaries of the augen are marked by a

charge in the character ©of the gnelss, reflected In t;;\

mineralogy. Blotlte alters to chror lte, plaglociase to
épldote and serlélté and _the proportion of K-feldspar
Increases. |

Flgufe A.4 presents the geology of Marsha‘s Cove, as

we%l as the locatlon of Maggo gneiss samples used for

~geochrono'!ogical determinations. ’Three separagg areas were

ontact is sharp, marked 59 the ‘growth of minor "~

-

Il




Flgyre A.4: Geology

TA
of Pllllarusik Bay. Sample localltes

/ for . Plitlarusik Bay and Marsha's Cove
} : T -

.

'geochronoiogy sultes are shown.

. »
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campled " for geochronciogy. (Ptate 60, 9D, 9E, 9F'ahé 10A,
Flgure A.5) ) .
\Locatity 1, \riate 9§. 9E " and 9F) consists of Maggo
gneiss' preserving Hobedallan mineralogy, but the Hopedaflan
(Sn+2°‘ fabric has been rotated Into a NE-SW orientation :
dur%ng the Floraian deformational event: (Dﬁ+3). Thqf
relict Hopedalian gneliss Is composed of tonallte with
varlable proportions of biotite and hornblende. Minerailoglic-
atiy thé' gnelss changqs from a sI[ghtly'recrystalllzad,
follated hornbilende tqnallté (right side, Plate 90), to a
compiletely ’ recrystalilzed epldote-chlorlte-seflclte-
K-feldspar rich gnelss (left. side, Plate\so). Ep]do&e I's
5resént in two forms 1) as a symplectic intergrowth with

quartz, and, 2) as thin velns (<2 mm) which crosscut the

foliation. Pegmatltes _become reor iented and recrystalllzeq

(plagloclase -quartz-K- feldspar epldote-serlclte) away from

the augen core (Pilate 9F). .

"

Hopedale dykes In  this vicinity exhibit evidence of
"retrogﬁesslona.‘from hornblende—plagloclase to ep.dote-
actlnollte-plagjpclaSe. .Retrogression andga reorlientatlion of
the gnelss, pegmatiteq and dykes are attrlﬁuﬁed to ?lordlfn

deformation. ’ '

Two samples, collected at’ station 83-147 (FIguFE‘A.4),

come from the extenslon of the augen preserved at the

previous station. The samples are hornblende tonalite, one
: _ 3 . ) .

containing, the other lacking, garnet (83-210 and 83-211),

. The samp ! es show no eVldence of recrystaltization

.
P »




assoclated with = the Fiordian event, with K-feldspar

occurring interstitiatly to Flagloclase-quartz-hornblence

~
A

.and /or garnet.

.

At locallty 3 (Flgu}e A;5) bandéd and follated blot'te
tonaiite predominates, with banded tonal!ite most abundant.
The banding (2 to 10 cm thick) Is defined by alternating
teucocratic (83-217)  and melanocratic .(83-218) tlayers
(Platé 10A). ‘The leucocratic bands contaln relatively more.
K-feldspar, resulting from metamorphic differentiation
which produced the banded gneliss. The plagloclasé in the
leucocratlé bands is vtwlnned, the twins bed ng curved, and
oniy minfy,altered ta epidote and sericlte. ‘

In the mafic-rich layers, . K—feldspar . formé

Interstitially " to the plagioclase-quartz mosaic as a mlnor

consticuent. The blotite In the mafic bands Is opticalty
‘gllgned, defining the follatlpn 'w]thln the band. Epidote
forms euhedral,;, to Subhedral. gralns, that exhibit a
symplectic 'ntergrowth with™ quartz. The gneiss at this
local'lty Is folded babout NE plunging fold axes. Numerous
small scale faults, having a - sinistral sense of
dlsplacement are( parallel to the fold axeg. Thg banding in

the gnelss Is cut by sihistral (E-W), sigmoldal shears with

associated dictyonitic migmatites _APlate 6D). The '

mlgmaélte—gnelss contacts are shar with tHe diktyonitic

migmnatites reaching widths of up 15 cm. Nebulitic

mlgmét!tes thqgn the banded gheiss, are Inferred to

represent the terminations or bouﬁdarles of'dlctyonltlc

4




Flgure A.5:

P
Geoliogy and sample location,

SW Marsha's Cove
geochranology sulite. -

4




00418

Foliated
Biotite
Tonalite

83-218
q
)
83-217
Xng 2.

Banded V[6583 2

Biotite

Tonalite




048

migmatites. The foliated tonal|te (83-218) Is less abundant

than the banded tonalite having a total thickness of I m.

A.2.8 Hopedale Gnelss

-

The Hopedale Ghelss sulte (HG) comes from the mainiand
shore, due south. of Manue! Island (Figure A.1). .Five
sampies ﬁﬁere . Collected over & 1.5 m sectlion of banded,
migmatized gneliss, wlith band -parallel pinch and swei |
pggmatltes (Platg 108) .

The flve samples at this locality represent a wide

var lat ion In buik composition and mineralogy. Sample 83-232

Is characterized by 1) bilotite and other mafic minerals
condbntrated In  wispy 'lenses and 2) the presence of th;n,
lntense!y foided migmatitic maferldl. disrupted by dextral
.shears (Plate 10B). One of khe larger migmatite layers
[(35—237) occurs atong the contact between the'mlgmatlzed
unilt of grey gneiss and a maflc—rlch, migmatite poor unij*
H_J(BB—Zﬁg): Sample 83-233 consists of plagioclase-biotite-
hofnblendg—epldete-quartz. int2rpreteq to bg a relétlv?ly
mafic-rich ho@lzon developed In the protollith of the grey
‘gnelss. The' mlgmatltes. within this semple . parallel he
Contact with the gnel;s, are roorystalllzed and exhiblt a
follation. In Plate 108 the ‘dark band at the lower teft
portloﬁ of the photo appears identlggl to samplie 83-233
except the latter contains  several calc-silicate pods,
congordant éo the F;}latlon within the iayer.

In contrast sample 83-234 Is a blotite tonalite lack tng

extensive migmatites, with biotlte displaying a random




-
.

orientation. Granophyric and myrheklt!c lntergrowths of
felsic minerals . are - co&mon. K-feldspar In this sampile
occurs Interstitially to plagiocliase and’ qQuartz, and as
larger gralﬁs (up to 6.75 mm) . This sample Is cut by
noﬁ—recrystalllzed phiebitic to stromatic 'm(gmatltjc

‘

material (sampile 83-235).
Korstgard and  Ermanovics “(19845‘ lnterpreg ‘these
tithologic assoc]atlons. .\, mlgmatlzgd Maggo gﬁgjss with
amphiboiite lnclusfong_ cuf by ‘Hoéedafe dykes, as
const]tutlng the  elements, which dur ing Hopedatiian (Dﬁ+2)

deformation foirmed the Hopedale GneWFs.

A.2.7 bBilack Head Tlcklé

The Black Head Tickle sulte (BH) compr ises 8 samples of
foltated to banded biotite and hornblende tonaljte. Blotite
tbnallte, ldentical to <that exposed on Hypothesis Istand,

is the predominant |1thology (Flgure A.8) with the follated

.

variety belng the most common. Hornblende tonal|te occurs

as’' boudins wlithin the blot}te tonalite (Plate 5D). The
boudins vary in sl.ze, (0.5 m wide X 1.2-1.5 m long), are’
traceat le along strike and are concordant tc the follatlion
In the biotite-rich tonalite. The blofltg—rlch llitheclogles
from E.ack Head contain sagenitic biotite, (see Section
Hopedale dykes at this locality are clino-
pyroxere -bearing and concordanf to the follatlon withir the
greiss.
fhe deqree of shearing at this locallty Is minor, only

one shear, with assoclated dictyonltic migmatite was
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Figure A.6: Geology and sample Tocation for the

- . »
.

geochronotogy sulte.
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obs:rved (Plzte 6C). The shear, 1.5 m long, exhibits a

sigmoidat sShape with a sSinistral shear sense, The

terminations of the shear, marked by nebullitic migmatites,

are concordant to the follation in the gnelsQ. In at)
respects, this locality 'resembles the MI, HI ang PP samp |l e
sites. The presencé of this shear Is the onty visibie
evidence of Flordian overprinting. Several! follated,
recrystailllized pegmatites paratiel the follation In the

tonaiite at this locallity.

A.2:8 Dead Dog Point

Dead Dog Polnt (DP; an Informal name; Flgure A, 1)
represents an area of extreme F‘o;dlan overprinting of the

Hopedalian Maggo gnelss. The gneiss at this locallty Is

R

well banded, mligmatized, horrblende tonalite. The samples

for this suite come from two localtities near Dead Dog

*

Point, separated by 350 m. Two samples, £3-238 and 83-239,

»

consisting of foilated to bvLanded hornblende (up to 1 cm) .

tonaltlite are inferrod to resut t from Fiordlan metamorphiism.

‘At this locality there a“e massive coarse gratned
amphibolite pods (Weel;es assoclation ?) and softbail sizedy
anorthosite Inclusions.

The remalning samples represent three distinct
lithnologles, separated from a single large block, collected
from the extreme tip of Dead Dog Point (Plate 10C). Sample
é'3—24& A  _wispy foliated to banded hornblende tonalite,
exhibits two generations of hornblende growth. The first

occurs In the thin Nisgcy leyers, has a graln slze of 0.2 mm

-
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and I's commonly assoclated with _bliotite. The s-=2cond
generation hornblende, Is coarser gralned (up to 2.5 'mm)
and occurs |n distinct layers within the gnelss. This iater
nornb t ende is attributed to result from Fiordian
metamor(:)hlsm. |

The remaining samples result from separation éf the
atove distinct llthologies from each other. Sampie 83~243
conslists of the flilner gralned hornblende gnelss and 83-244,
v

contains the coarser grained hornblende.

A.2.9 Pilllarusik Bay

This sulte (5 samples) was collected, along a 2.5 km

stretch on the east side of Pililaruslk Bay (PB) (Filgure
2.7), to document the progressive effects of Flordian
ocverprinting. Samp ies I'n this suite are fo! lated biotite

tonalite, with two sampies having up to 10 % (visuai
estimate) K-feldspar, which reaches 3 mm In sl ze. Samples.
(IR ‘:hls sulte exhib.t vary ling deyrees of .aiteratlon in the
form of epldote and sericlte after plagloclase, ' and
chiorite after blotite. .

Sémple 83-142 Is & tbtanded gnelss, with stromatic and
phiebitic migmatites characterized by the presence of
hornb'ende, produced during the Fiordian metamorphism. At

« .
this locality "tha gnelss has a'granular weather Ing texture

whereas the remainder of the loca!ltl.es JAre more resistant

tO weathering, At other tccalltles, mlgimatH:lcmaterlal

‘emp laced into the gneliss during the Hopedal ian and earliler

events becomes extensively recrys.ailized and follated

during the Fiord!ar. *event.
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A:Z.IO Dyke 1s'and Suitrm

The Dyké tstand ‘?sulte wa: collected -by O. Bricgwater,
during the 1981 fileld sev,,:rson. from the extreme easte-n edge
of “he map area (Figure A.Q. The sample site was vis tec
by the author during the 1982 season. The sampies from Dyke

Isltand (D1) .represent a homogeneous suite of weak |y
foliated biotite trondhjemite to blotite tonai’lteA The
percentage of K-feldspar In the Dyke‘ Istand sampies‘is | ow .
The K~feldspar occurs as small, < 0.1 mm, grains
interstitial to the more abundant plagloclase and cuartz..
Hopedale dykes at this locality are b’b‘!dlnaged, foiaed and
contain accumulat ions of plagloclase ' crysfals. The
deformat {on observed to affect the dykes bhas been
‘attributed to the Hopedallan event (Dn,2), w.th no

visible effects of Flordlan def.rmatlon (Ermanovlqs. pers .

comm., 1883).

A.2.11 South East Double Isiand

This suite of a saméles comes from a smatl isiany at
the southeastern end of the Do'uble'ls!andrs (SED!: chain
(Figure a.1), )

The samples are domlnant!l'y hornblende tronaghjemite with
ninor amounts of blotite trondhjemite. This tithotogy has
beean Interpreted by Ermanovics et al. (1982-) to Intrude the
Dyke Istand | 1thology. The grailn size of the gnelss at this

tccaltity is coarser (0.5 40 3 mm) than at other localities

throughout the study area. Hornblende has a rasdom

orilentaticn and displays lrrational grain boundaries with

r
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other minerat specles., .Blot{te exhlgltS' rare sagenitic
textures anc deflheg a weak follation within the gneiss,
The trondhjemite Is cut by minor amourts of migmatlitic
ieuzosomes +that vary from 0.5 m to 2.0m in length and 5.0
to 10.0 cm In width., The |eucosomas are wispy In places,
form weak nebul itic patches Qlth margins Character ized by
new hornblerde growth, up-to 1.0 em In size. The dnelss IS
also qut by very fline ;o fine gralne&, weékly
recrystal!ized aplitic dykes paratiel to the follation.

A.2.12 Next Bay North

Thre * Next Bat North (NBN) geochronology sulte was

coliected at three localities, over 2 km, along the
]

mainland coast ’southwest of Napatallk !stand along the
north  shcre of Kanglluaksuakolul: Tagani (Figure A.l).fThe 5
samp les were ol lected from within an area of preserveg
Hopédallan dome in (bn42) bordered by zones of Fiordian
reworking (Dpj.2). Sample 83-269. from the Hopedaitan si-e
~7 one regicr of Flardlan overprinting, Is a garnet-bearing
blotite trondhjemite, which hosts abundant enclaves of
anorthoslte and. related lltholégles.

Threa samplaes (83-272 - 274) come from an aree
-clsp‘a;T%g Qell deveioped - Hopedal lan migmatites. These
samples are banded to foliated hornblende trondhjemite,
with hornblende. up to 0.75 mm long, hostlng rounded

anorthosite xenoliths. The final sampile local ity (83-293,

294) Is” §DO m to the north of the previous locatton. The

gneiss consists of banded blotlte trondhjemite (83-2%3)
R / .
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wlith concordant, cllnopyroxene»begring Hopedai e dykes
‘ -
(83-292). Minor amounts of follated biotite tonallte

(83-294) form  concordant sheets within the bandeqg

trondhjemite. This l1thology \yretains evidence of an
’ ]

internal fabric (Pre-Hopedal ian D}+1) that Is mot seean to

affect the banded gnelss hostling It.




Appendix B

. X 4
SAMPL ING _AND ANALYTICAL TECHNIQUES
- .

’ ) "

4

Sampllng

samples were
by

cgtzﬁct?d for all lith>logies present in

{‘

the study area. The majority ofvsamples were col lected by

tme author, these samples have no initials as a prefix.
Samp?es collected by B.J. Fryer and D. Bridgwater are
preflxéd by BF ana DB-respectlvely.

All samples, Whether to be used fer major, trace, REE
or Rb?Sr Isotopic stydies we e collected with the ald of ;ﬁ
Atlas Copco “Cobra Super " gas povered dri ! emnloying the
plug and ‘faather methoa. The drllf facilitated the
collection of otherwise inaccessible samﬁles, Il .e. from
relqtlvely smaoth  surfaces. which wsre geqerally the leéast
Vidgbly effected by late FracturlngE alteration and epldote
veining. These first stage samples, welghing up to 75 kg,
were reduced Fo «< 4 cm size chips ocn tive outcrop to ensure

:

anr adcqu&tg\ squly o( fresh materia) was avallable and to

reduce one possibie source of laboratory contamination. At

- \
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. 204y
the same time a hand sample,/for sectioning uﬁd staln}ng
was corlectedf Upon returning from the field, samples ‘{:e
passed throhgh a Braun Chlipmunk Jaw Crusher {o reduce Qhe
chips to <« 1 cm size. Each sample was thean passed through a
riffle splitter to reduce the sample volume to <150 mi,
priot to pulverizing “In a Slebtechnlk "Tama" swing mii}
using a tungsten carbide bowl! ., Sampies were run in the
pulverizer for 60 seconds or less to prodUc. a h?mogeneou§
powder of < 200 mesh. '
Between e&ch sample the law crusher, after stflpplng
down, and the riffle spilitter were vacuumed , washed(mown
wlgh methanol ana blown Ary with compressed air. ™ The
shatterbox was‘ vacuumed out, washed down with water, blown
dry, rinsed wlth methano! and btown dry betyeen each
sampLg. bur§ng all sfages In the crushing brocaJure a hlgh
level of cleanliness was halntalned to reduce possible
source§‘of-lnter-samole contamination.

\
8.2 Major Etement Analysis

Ma ior elementg were determined by atomic abbsourpt lon

(AA) spectrometry using a Perkin Elmer digitized
P . .

spectrometer. on 0.1 3 allquots of rock powder that had been

sub jected to a hot hydrofluoric acid digestion fol lowed by

ditution in a sa'urated borlc aclid - distilicd water.
:olution (1:3 vol.:vol.). Determination of S, T, A,
Total Fe as Fe3* Mn, Na ang ¥hwere carried out cn tnts

solution, while Ca and Mg were determined cn a 5 mi aliquot

of the boric- acid solutlion ‘plus 10 m| La:Os dituted to




50 mi. Ferrous iron was detgrmlned by tiirat:on with
standard potas#lum dichromate solution (Maxwell. 1968) .
P205 was determined by colorimetry (Maxwel |, 1968 .
"Loss on IgnltlonJi (Loi) values were determlined on aili
samples after heating 1In porcelaln crucibles at 1Q&p cc
for 2 hours in a muffle furnace:. G. Andf%ws, Department of
rth Sciences. " Memorial Unlverslfy performed the AA
analySes. ’ ~
Aécuracy of the ' AA° anatysgis l's détermlned‘ through
repeated anglysis of lnternational standards. The resuits
of repeated analysis of USGS_standard rock powder GSP-1 are
given In Table B. 1.

8.3 Trace Element Analyses

Trace elements were determined with a Philips 1450
B 4 .

X-ray fluoresence . spectrometer, wilth on Ilne ’data
reduction, calibrated against Internationa! rock standards.
Samp!es,? were run as 40‘ mm diameter, Pressed pellets

bprepared from a homogeneous mixture of 10 g of rock_  powder

and 1.3-1.4 g of pheno! formaldehyde subjected to 50 MPa

pressure for 10 seconds. The resulting pellets were heated
in a mufflf furnace for 20 minutes at 209 ©c.

USGS standara powder peliets were run fas  urnknowns
Interspersed with 'samples from this study. AveEage resutts
of 14" replicate determinations on GSP-1, with one standard
devlatlon ‘and the accepted values (Abbey, 1982) in brackets
are; Pb 54, 1 (4.0; 54); Th 107'2'(4.4; 105); U 4.3 (2.4,

2.1); Rb 251.8 (4.2, 250); 'sr 228.2 (2.2; 240Y); Y 29.2




Table B.1. Accuracy anl precision results calculated from -

~

replicate analysis of USGS standard GSP-1

determined by AAS.

Published No. of Mean Standarg’

value® Analyses (wt %) - Deviation

* From Abbey (1283)




(5.2;- 29); Zr 495.2 (8.20; 500); Nb 28.71 (0.9; 23); zn

v

99.7 “(2.4; 105); Cu 44.i (5.7; 33): Ni 10.2 (2.6; 9); Ba

329.1  (75.4; 1300); V 53.5 (¥.3; 54); Cr 7.8 (5.2 12); Ga

20.4 (2.0; 23).

Easton (19582) has demonstrated that the - ef fects of
~/

del iberate >¢ross contaminat lon of samples and both fleid

ang laboratory dup! icates are wlthin the limits of

v
-

anajytical uncertainty.

B.4 Rare Earth Elemants Anaiysls

FRare earth elements were analyzed by the thin fiim
X-ray fluoreéenée mélhoa of Ebi (1972) as modi fied by Fryer
(1977 18984 pers. comm. ). The method empioyedlln this study
ls’outllned In Tabie B.2( » <

Sampl es \‘were calibrated . against International rock
sStandards . Resuits ?or USGS standara\Gfﬁ, a granite, are
presented In Flgure B.1. ThquﬁN determinations are within
30% of the Published values except for Sm and Gd. The

higher error on these elements Is the result ot

fracticnation of these .elements within_the columns and/or

| ow sample ylelds. The estlmafed Breclslon of the XRF'REE
meth?d }s +/—- 10% (Fryer, i977). A me;;ure 6f the preclsion
of this method |s glveﬁ. In Figure B.2, where %0
determinations on a Brazilian basait, supnlied by B.J.
Fryer, agre p}osented. The samplies with lower ylelds (<50%)
failli outside the |imits of preclslop for this method due to

fractionation of the REE In the columns. All samples are

within anatytical uncertainty of one another, excepting Dy
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Table B.2: Procedure for Rare Earth Earth Separation
SampTe Dissolution

1) Weigh 0.5 to 2.0 g Into a 100 m!I Tefion beaker

2) Add 15 ml HF + 2 mi HCI104., evaporate to dryness

3) Add 15 ml HF, evaporate to dryness

4) - Add 15 mi 2N  HCI + 2 mi HCIO4, evaporate to

dryness ) ‘ ’

5) Add 15 mI 2N HC!, evaporate to dryness

6) Add 5 mi 2N HC1I, warm beaker unti | sampls s |n

solution
7) Dllute solution to 1IN HCI with distliled water
lon Exchange separation of the REE

fon . exchange separation Is carried out In glass ceiumns
- 18 X 1 cm fillad to a height of 15 em with a strong
catlon exchange resin (Amber!lite CG 120, Na form, 100-200
mesh) . Prior to placing the sample onto the column, the
resin has been cleaned with BN HCI, repecked wWith distilled
water and re-equliibrated with 2N HC I .

8) Sample solutlon -1s flitersd onto the column, After
addition the fiitar paper Is rinsed with 2N HC!,
elution proceads as foilows.

Remove funnel and wash slides of the columns with 5§

mi 2N HC! to remove droplets and CNsure samplie Is

¥ gdbsorbed onto res!n bed. Repeat

10) Té remove ali cations up to and.including Sr add
105 mi 2N HCI. Discard ejyted solution,

11) Clean stbpcock and column tip with distilied water.
Place clean tefion beaker upder coiumn.

12) Add 5 m! 6N HCI to equllibrate resin with 8N HC! .

13) Add 115 ml 6N HC! to complete elution of REE group
into beaker. : AN

14) Add 1 drop HCI104 to each baaker andg evaporate
solutlon to dryness.

9)
L4

Samplie Clecan Up . .

To ensure a clean sampie a second pass’through'a smal |
glass column, 10 X 0.75 cm, fitled to { helght of 6 cm with
Amberiite resin is performeq. In the sample Clean wup
procedure HNO3 Is employed asa the elutant. The resin |s
cleaned with B8N HNO4, repacked and equliibrated with 2N
HN03 . . » ) i
15) Preparing samples for the columns. Aad 20 ml B8N

HNO3 to the sampies andg evaporate to dryness.

Add 1-2 mP 2N HNOa to each sampie to put them

“Into solution. The sampies are ready to be |oaded

onto the columns. <

Pour solution directly onto the columns, rinsing in

with 2N HN03. approxsirately 5 mj. .

Separation of the REE. Wash down the sides of the

columns with 1-2 m! 2N HN03. Repeat.

[y
VLd




vable B.2: contlnued

Discard.

19) Piace a clean abeiied 30 m! Tefion beakgr under
the columns. Add 14 m) 8N HNO3 and |et drain.

20) Place beakers on a hotplate and evaporate tao
dryness. Dilute the solution to 1IN HC! with
distilied water

18, A3d 21 mI 2N ?doa to each column and let drain.

Loadlng_;amﬁle§ onto lon Exchange Papers. .
Samples are picked Up in <.25N HC!, wusling a 50 |
Erpendorf,. automatic Plpette, and placed In the centre of an
lon exchange paper (Reeve Ange|! SA-2) that has been cut and
filtted onto a cardboard .backing ring. when the paper has
daried It Is stored In a labelied coln'envelope prior to
analysls on the XRF . -




By '
Filgure B.1. REE resulits -or USGS standard sample G-2 as

determined In  tnis Study by the thin ¢iim XRF '

method. Results are compared to publ i shed vailyes.
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B.2: Preclislon of the thin flim XRF method of

determining REE distributions. The sample run Is a

Brazitlan basalt suppiied by B.J. Fryer. The

values accompanyting the symbols refer to the
percent of sample yletld, as determined using a Tm
splke. The samples with lower Tm ylelds resylt tn

higher abundances for the same sample.
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values which &are witaln JO% of each other. REE ., piots are
normalized lto the chondritic values reported by Masuda et
cal. (1973, divided by 1.2. Chondrite normalizing factprs
(in pPom) are La 0.315; Ce 0.813;°Nd 0.897; Sm 0.192; Eu
0.0722; Gd 0.25?; Oy 0.325; £} 0.213; Yb 0.208. 1

in all petrogenetic discussions only samples with
Chemical y'eids >60% are:consldered. The 1ow )Ields,‘ In 20%
of all sampl!es analyzed, are the result of either loss of
sample solution dur it ng processing or fractionation of the
REE on theh columns, l.e. over eiution and loss of Tm and |

HREE. -

t_\.;
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Appendix C <
RUBICIUM - STRONTIUM |SOTOPIC DATING METHODS
.
[ ]
C.1 Rubidium-Strontium Analyslis .
Rubidium - strentium ratios were determined by X-ray

fluoresence on the Same pressed powder pellets used for

trace eilement Jdeterminations. RAubidium and strontium values

and the 87Rb/555r rat!'os are brsed on a minimum of ten
rerilicate aﬁ;lyses ‘and callbrated” agalns% International
. Yock standards. 1JSGS standard sample W-1 was run with ea~h
- set of Maggo Gneiss samples. A total of 120 determinatidns
on  W-t (Table €C.1) yield mean values for Rb and Sr of 22.1
+/-- 0.5 and 188.5 +/- 0.8 ppm, respectively. E;tlmatec
orecisinn of tre rublidium and strontium contents s 1% (.
slgma) or 0.5 ppm, whichever Is lower . The precision of the
ruoidium -~ strontium ratlos Is 1.5% (1 sigma) or befter.‘
Table C.2 presents results of duplicate determinatlions of
Rb and S- and the corresponding 87Rb)383r ratios for

s samples trom this study usgd to define the precislion of L he

detetm-natlons.

00gs0 ~




Table C.1, Resulits of replicate analyses on USGS standarg
sample W-1 for Rb and Sr, In ppm, with the
corresponding 87Rb/GBSr ratio, The errors
quoted ars for 1 standard deviation about the

> mean . ‘ )

ps]

D -BNNGONN WO

Sr 87pp /83g,
188. ' .343
187, .341%
188. .325
188, .341
-190. .328
187. .324
188. .347
189. .347
188, .340
187. .34y

Run Cycles
1 15 . 22,
2 10 22.
3 10 21,
4 10 22.
5 10 21.
6 15 21,
7 186 22.
8 15 22.
9 10 22.
1C 10 22.

WWODmNWWEeomon
CoOooooco0o0o0O0

Mean . 22. 188.
Accepted Values 21 190

.339
. 320

(o Ne)

v
*

- From A»sbey (1982)




of duplicate analyses of Rb and Sr, in -

Table C. 2. Results
ppm, and the corresponding a7Rb/563r ratio
for geochronology samples from this study.
Conten}s are based on a minimum of 10 rep! lcate
determinations by XRF analydis. Errors (s)
Quoted are for 1 standard deviation about <ha
mean.

Sample Rb s Sr s ~87pp,88s, " o

82-76 =

(15)"° 48 .5 0.3 270.0 0.8 0.520 0.003 s
(10) 48 .4 0.3 270.1 0.7 0.519 0.004
82-78 .
(15) 42.8 0.2 421.8 1 0.294 . 0.002 N
(10) 41.7 0.3 418.7 1.2 0.288 0.002
i 83-184
(10) 68.6 0.4 752 .6 2.4 0.264 0.001
(10) 88.4 0.4 75z.0 2.8 0.2¢e3 0.001 -
‘83-216 . : v
(15) 42.2 .2 253.3 0.6 0.483 0.002
(10) 41.7 C.3 250.8 1.0 0.481 0.002
83-238
(15) 9.7 .4 431.8 1.2 0.333 0.002
(10) 49.6 0.2 428.6 1.8 0.335" D.002
B3-2t8 .
(10) 40.5 2.4 643.0 2.5 0.183 0.001
(10) "39.8 0.4 641.7 2.4 0.180 0.002
83-294 - : :
" (10) 35.7 0.4 349.0 1.0 0.296 0.003
(10) 35.¢ 0.4 347.8 -1.7 0.298 0.003
83-315
(10) 45.8- 0.3 649.9 i.3 0.204 0.001
(10) 45.9 0.4 t43.86 1.7 0.2086 0.002
]
[2¥)

&
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C.2 Strontlum Analysls'

Throughout the strontium separation the concentraticn
of HCI used was 2N, (S.G. = 1,035 +/- 3.001) made from
Quartz distilled vSN HCI". Strontium separation was carriea
out on 0.2 fo 0.4 g allquots of rock powder.'Table C.3 is a
summary of the sample dissolution and lon  exchange
procedure emplioyed for strontium sesaratlon.

Strontium from the final solution was loaded as the
phosphate onto a degassed, single tantaium fllament using
H3POg4 . Six samples were loaded 'on each turret ang

analyzed on a vacuum Generators Micromass 30 mass

Sipectrometer, Samples were ‘4run at fllament currents from
2.0 to 2.8 amperes, An blocks of 10 cycles, with 4 to 20
blocks counted for eacn sample. Each cyc'!e Involved

counting backgrounds °“8X, eand the following Sr peaks: 86 ;
11X, 87; 8X, 88; 4X. At the end of each cycle the following
rattlos are ' calculated: 1) 865,885, 2) the raw
87sr,88g, and 3) t e 875y ,83s, normallzed to
885r/88s, ratlo of 0.1194.

\ At the completion of 10 cycles of data collection, the
mean 875r/88s5r  ratic  for trat biock was calculated. The
8?Sr/aSSr ratio for a sample |s taken- as the mean of
the mean valués for each block. Errors quoted for each
'sotopic d&termlnatlon are - at the 1 sigma level. Analyses
of the NBS 987 strontluqﬂ carbonate et MUN‘yleld a mean

value of 0.71030 +/~ 0.00091 (1 sigma) for 28

determinations between Ociober 8, 1984 and Aprii e, 19858

by 3 analysts.




Tabhle ©.3: Prucedure fHr Sr Separation.
L 2
Sample Dissotution .

1) Weigh 0.2 to 0.4 g Into a 100 m! Teflion beaker

2) Add 1£ m! HF + 2 ml HCIO4, evaporate to dryness

3) Add 15 m} HF, evaporate to dryness

4) Add 15 ml 2N HCI! + 2 ml HCIO4, evaporate tco

dryness .
5) Add 15 mi 2N HCI, evaporate to dryness
6) Add 5 ml 2N HCiI, warm beaker unti! sampte Is Tn
solution

7y Dilute solutlon to IN HCI with dlstllleq water

ton Exchange Separation .

lchn exchange separation (s carried cut In gltass columns
- 18 X 1 cm fllled to a height of 15 cm with a strong
catlon exchange resin (Amberilte CG 120, Na form, 100-200

‘mesh). Prior to ptlacing the sample onto the column the

resin has been cleaned with 6N HCI, repacked with distiliec
water and reequltlibrated with 30 ml 2N HCt, )

8) Sanlple solution s fllitered onto the column, the
fu%hels belng removed after the sample has dralned
coihpletely onto tue résin,

9) Elution with 2; 3; 55; 10; 10; 6§ mlI of 2N HC!. Each
Indivicdual aliquot has drained completely prior to
the addition next atlquot. Solution I3 discarded

10; Add 30 m! 2N HCIl, collect and evaporate to dryness.

Sampie Clean Up
TO ensure a cliean sampie a second pass through a smali
glass column, 10 X 0.75 cm. fllled to a height of 8 cm wlth

Amber |l te resin Is performed. The smail columns are
cleaned, repacked and re-equllibrated In the same manner as
‘the farge columns, howaver reduced acld volumes are
required.

11) Add 5 mi S5N-HC) to sample to bring It Into solution
12) Dilute the sofuticon to 1IN HCI with distl!lied water
.13) Pour the sampie directiy onto the resin

14 ElJute with 1; 1;: 6; 6; 5§ ml 2N HCI, allowing each

: ailqgiot to drain completely. Solution i 8
discarded.

15) Adad & + 3 mli 2N HC), collect and evaporate to
dryness '

16) Upon completion of the evaporation the sample is
picked using a 50 I Eppendorf pipette and a
ollute HaPO4 acid solution and stored In.a
labelled, tightly capped vial for analysis on the
mass SsSpectrometer. ;?




The author performed the Sr Separations on al! 1982
samplies. T. Finn, Depar tment of Earth sciences, Memor | a .
University, per formed the sr sSeparations on all 1983

samples.
»” .

c.3 Regression Analysis

All sampdes .analyzed for 87Sr/85$r are ncrmalizes

»

to a 87sr /303, value of - 0.1194, Isochrons were

” .
regressed using a least sSquares fit similar to Brooks et

al. (1968). The . regressions w;re carried out on a Hewiett
Packard system 9845A desktop computer and piotted on a
Hewlett Packard 7470A plotter using programs;wrltten by D.
Press and H. Longerich, Department of Earth Sclences,
Memor ia |l Unlverslty. :

A measure of the geological errorvassoqlated with an
individuai regression is givenhby the MSWD (Mean Square of

the Weighted Deviates). The MswD !'s a statistical function

which evaluates the contribution of anaiytical €rror

‘Mechilne, analyst) vs. the geclogical error to . age

deterrination. The higher the ﬁSWD_ the gieater s the
ceoiozical error., Brooks et a}. (1972) suPgest that for an
MSWD > 2.5 t?e Samples used In the regression define an

v
errorchron rather than a trye Isochron,

v
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Appendix D

MAJOR, THRACE AND RARE EARTH ELEMENT RESULTS

FOR_MAGGO GNE ISS AND HOPEDALE DYKES
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Lic-:ie Gneiss Phase of LLe Maggo Gneiss

e e avaw

Tonalite Gneiws

az-78s 83-1c2 a3z~ 0% = -2%3% 8r-272 83-274 8%-10e
51672 .8.70 ST lu St &l 30 59.20 60.20 o7 .6y
v .74 .5 TN a0l .
1%, 30 5. 6u 15.30 M TN
5. I .17 6.83 J.o8
.1 -1c .12 At
a.52 =.8% 3.73 .oy
1,75 7.3 5.88 Z.9s
.12 4.08 3,23 4.%8 3
2.a0 .96 1.49 2.38
13 .0e 1z .14
.87 + 38 .41 .-
.52 99.52 99.21 3. 472
Elemerits (ppm)
oy 3 2 7 4 9 2 7 11
TH 3 I3 = 2 4 1 2 11
8] i R
b 4 7 16 90 11 38 55 10 i e
Sr 258 445 160 217 269 253 74 02 o8z 718
% 27 7 21 24 19 14 25 22 17 s
Zr iTs 3 144 110 =8 77 , 7’8 77 9 139
~ND & 1 a 11 o s 7 & 11
In 52 b6 43 943 78 &% 789 48 L8
Cu z8 3t . 14 10 44 13 51 22 27
Ny 41 3 &2 41 90 42 76 66
Ba 51 73 &8 181 8g 132 1646 122 68 B60
v 3z 110 133 148 179 117 257 169 168 . 43
cr 2, 17 8% ' 59 L 175 &° 114 126 =
Ga 19 22 14 21 17 21 21 16 18 16 \
Ra{e Earth Elements (ppm)
La 4.50 o 23.30 15.80 17.70 8. 30
Ce 12.60 54.00 33.80 42, 20 19.00
Pr 2.10 6.50 4.50 5.30 2. 40
Na!? 10.4a0 2s.70 15.50 20.50 10.70
Sm 2.40 5.20 5 3.90 3.40 2.60
Eu .80 .70 Y .s0 .50 - .90
Gd 2.50 6.00 4,10 3.80 3.30
Dy 1.90 5.40 5.790 3.40 3.00
Er .60 2.40 1.70 160 2.20
Yb .30 1.80 .70 1.00 1.50 "
Lu
SUmMREE t. 00 za.10 132,10 -1.00 86.80 99, 40 -1.00 53.90 .
Na /K 13,03 6.17 4.13 1.38 4.23 2.84 1.80 3.92 332 1.96
V/Eb 747,09 04.n2 447,22 236.57 724.28 334.20 259.53 656,38 18,52 w279
K/Ba S8, 60 94,34 i18.78 113.71 90.53 93.48 85.99 39.18 1.13 20.u4
ar -
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a5y
100 I
1:032 .50
AT . 1.0
Feroy! 5.9°
Mn0 10
MgO - .27
Cald 2.95
NazZ0 3,69
K20 1.18
P205 o I
LOI t..2
TOTAL F3.09
[
™™
u
Rb 4
Sr 147
Y 17
Ir 118
Nb &
in 62
Cu .Y
Ni 28
Ra cl3
v 5
‘Cr as
Ga 18
La i3,
Ce 31.78
Fr .S
Nd 14,724
S S.19
Eu .99
Got S.10
Dy a.14
Er | )
s et
Lu
SumREE Ta.uH
Na.t K
k. Rt TECNT
k/Ra 35,

Tonalice hasd of the Magge Gnelss

e az-74a 32-Tap 82-74C 82-74ap 82-74€ 82-74aF 82-7a" a3-15 83-59 a3-62
IR 6L 00 HDL 6400 52.90 63.8G 61,5 61%. 80 64.30 62.80 6%, 60
a4 et LSt .55 .53 .55 .63 .53 .88 .60
{o. v 16. 1 16.460 le. oU 16.50 &, 20 16.60 15.30 16.10 15.40
<. =4 5. 4,98 s,A% 5.4 5. 7a &.32 5.02 6.18 5.23
S . .08 .05 .08 .09 .10 .08 .09 . .06
s IR 2.39 2.72 2.9 2.6¢ +3.30 3.05 2.42 2.16
a 3y 5. 50 \ 5.7 5.5 5.44 5.3 6.01 5.58 6.16 S.17
3. a4 4.1 3.2 a.10 " a.1s 3.99 .99 3.08 3.85 3.72
1.44 1.17 1.0 .87 1.04 1.25 1.37 1.38 1.01 1.14
L 11 10 .17 .2 .16 16 .13 .17 .12
33 A ) .78 .65 .80 <72 . &2 1.53 - 25 .46

.6 100, 03 .59 100,15 9,32 100.58 989.17 10C. 76 99.95 95.91 99. 66

Trace Elrments (ppm)
9 7 1 1 3 8 2 10 s 9
& ]
q 2 ! 9 ) 1
T} o7 0 24 2X 2 34 43 X6 26 41
Iz s 48 467 467 448 441 422 384 200 282
1o iz 1z 13 12 3 16 16 a8 24 3
110 27 8 93 3 81 91 sd &4 120’ 131
& 3 4 3 3 'y 3 s s 7 4
53 S 58 &0 &2 &0 61 64 59 59’ &0
11 U 25 25 b 17 26 37 41 27 28
11 20 14 ie 20 14 21 26 33 27 21
31 o 360 I36 57 347 53 397 262 131 208
az CY <7 a8e 100 92 92 119 98 102 78
~2 3% 44 27 ity 15 2 44 70 37 47
1 18 19 20 20 19 2% 2 24 18 17
Rare Earth Elomert- (ppm)
o
6.12 17.467 17.48 23.9% 18. 38 14,85 18.7% 1S5.74 9.20 15.20 27.70
14,12 37.89 40.56 50.71 42.13 35,467 42.87 2s.77 19.70 37.80 53.90
1.63 4.7 4.78 .23 4,40 4.1y 4.78 3.97 2. 4.50 S5.10
& 3T 19.34 18.97 21.93 19.63 17.54 20.02 17.8> 14.10 20.00 22.5%0
1.7 3.23 3019 4.2 3.81 .09 b 3.74 3.86 2.30 3.90 3.10
.8i L7 1.54 1.52 1.30 1.2 1.51 .60 .80 .20
1.97 2.79 2.88 3.62 3.z 2.82 X. 11 3.45 2.70 3.70 3.10
1.39 1.73 1.76 1.9: 2.15 1.78 2.02 1.96 2.30 . 3.30 2.60
L& a7 72 1.1¢ .96 .81 .52 .94 .80 1.40 .89
L2 .15, L2 .88 .85 .73 .27 .47 .50 1.60 .70
IRV .24

.32 ~ Y-} 1.7 116,84 9U.43 B83.14 7.97 ;6,19 “56. 00O ?2.20 119.70
N zosT TL.Ta 4.:2 4.71 .99 Z.19 2.9 2.2% J.81 3.24
Lan iSe e 574,99 388.%4  * 300.34 411,00 318, e 3. 89 318.13 322.38 230.7%
Y ‘e, @F 22,01 2%5.44 20.11 24,73 29. . 8. 64 42.71 63.98 46.38




. Tonalite Phase ot the Maggo Gneiss
83-11o N >-i47 . o 83-17? |I-202

6s. "

8

ib6

s

63

22

V4

3465 Je%
55

44 16

16 13

Rare Txrth Elements {ppm)

35.80 33.30
66.90 79.60
6.10 7.60
29.20 27.00
2.90 X. 80

- 30 . .50
3.10 3.00
2.4¢ 2.00
1.00 .80

130. 60

335,13
82.21  1i2.49
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i Tonalite Fhase of the Maggo Gneiss

i ‘ 52-21% R-Z16 ‘83-2.8 e R e |83-255 83-272 a3z-273 83-29%5 83-294
=02 67.80 KT, 202 b6 bu [N 65.460 &6.00 66,90 &5.80 64,90
T .45 .40 i .44 .62 .43 .44 . 16 . 40
F 14 '.l;'of-T 190 15, 00 1%. 70 14. 70 16.10 14,0 14,50 16.00 11,60
Fe™x kP .02 Ao 3,70 §. 24 5.489 4.69 2. 34 5.3
. MNO L, 7 YL Y .04 .11 .10 . 0% 1
MgQ 1.4 p.2n .0 3.é6 1.64 2.60 2.52 2.63 3.1
Ca0 3.94 4. 08 3,7, 3.90 5.88 S.14 . 4.68 4.92 5.25
Naz0 4.5 A tH .05 3.7 3.3%9 x.89 4.10 4.40 z.61
20 o 1.49 1.8 1.46 1.98 A 1.%6 1.33 1.2 1.35
P20%5 .06 .14 .02 I U Sl - 10 el .02 - Db
LOI .s7 .68 .53 .70 .16 .55 .42 .55 .67
TOTAL 99..30 8. e YR, O 7e.1Y 99.44 79.97 99.76 6. 463 99.56
-~_--.--,_____‘_..:,.x__ﬁ-_,_>, e e et S S .
Trace Elements (ppm) "
Fb 13 8 8 & 7 = 7 4 5 3 7
B Th 14 < ,ﬁ‘ = > a 1 & P
u 7 S I 2 3
Rb 50 47 S Sk 9 i 40 3 33 32 44 54
Sr 1 252 LR 435 274 239 25 459 199 353 407 as%
Y 16 13 = o ) 19 18 6 16 7 12 14
Ir 146 152 108 127 261 7 92 Exd a9 94 111 92
NG 2] S 1 = a o} 9 L} 7 3 2 : [
in o2 EIVE o a3 &4 &1 .- x5 49 s7 o) L ¥4
Cu 19 a3 47 5 2% 18 19 35 18 36 14
N1 L 21 b b htal =4 96 S6 12 23 16
Ba 215 179 264 o9 4 1.1 144 216 <07 343 398 328
. v 52 57 61 84 56 o0 0 3 71 62 100 56
Cr 59 o7 4t 121 S50 74 54 175 12 3 22
Ga 21 ) 3 < 19 20 22 17 17 15 17 19
s Rare tarth Elemente (ppm)} ‘
- La 23.80 18. 20 25.70 22. 40 4.10 7.60 14.10 7.10
Ce 4520 Z5. 50 49, GO 46, 0N 4.90 15.70 26.00 11.20
Fr 4.30 J.su 4.6 7.3 . 1.10 2.20 3.60 . 2.90
Nd 17.50 12.60 19,50 27.90 , 4.80 9.70 12.90 16.50
Sa I 2.80 1. 40 3.10 7.60 2.20 1.60 2.00 .
Eu . 6O R .60 .70 .30 .30
Ga 2.80 t. 40 3I.90 8.90 : 1.20 2.a0 1.50 3.20
Ly Z.4c¢ - 1Q 3.50 9.30 1.30 3. 40 2.20 2.70 -
Er 1.130 =0 . 1.20 2,30 .8O 1.60 .60 1.30
Vi .TO . .90 .60 .50
Lu »
131.70 ~-1.00 17.80 LY T8 £.40 -1.00 41.90
2.86 “3.08 .64 2.47 3.29 © o 2.8s 3.16
.. 7. ? i Q18,04 424, 27 376.272 290,47 304,79 23v.T1 X13.5 271.460 228.99
~"Fa Ve al.6o - IS 44. 4z, 954,62 101. 69 75,60 46.49 oL D N 32.91 30.03 37.70




Tronoch ) ea1te FPhase of the tagge Gnelws
87-22 82-42A H2-41,. 82-4°F H.- 454 82 498 82-51B 82-&7A
71.10 70,60 69, 8¢

.40 .40

15.70 15.50

2.83 2.49

- 04 .0e

1.4% .21
.42 2.91
4,27 b 4.86
1.49 1.94

T1.50
.18
15 40
1.4%9
(UhY

« o

N Od DL iy
L ANV

ey

434
9
123

-~

4]
18
25
4135
35
14

16

¢
v o

3]
u~
‘e
-
B TU (T~ =

INNDONDC Db aas

- N
Q A~
(L RPN € ]

o
A

(3}

12

10

66 X%/
a1 M

X 7

i 7

-

Rare Carth Elements (ppm,
.27
82.60
1.71
7.64
1.97
- 63
2.46
.70

.15

i78.14
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Trondhjem.te Phase of the Haggo Gneiss ~N - ” '
2 4 do-k48 “r- A 87 oA 72-70A a2-70c 82-76 82-77 83-24 8I-75 83-964 8%- 121 i
. - e S T e e
\ N si0? 35 2R /2.0 71030 T0.50 70,00 71.90 72.80 73.00 70.40 69,20 70.20 71.00
| T-a» T o0 .8 =3 .28 .31 .29 .16 .30 e .38 . X4
‘ “ fiTON 15, 7w LSRN 14 Hu 135, T 14.90 14, 50 14,50 18,60 4,90 15.80 15.¢D 14,20
L — W oo O 1.5 RO 1,04 2.74 7.71 2.73 {.%a 2.5 2.89 2.2 2.96
Mn{) .08 S04 PEER .03 .02 .0n « 0% LOX .03 .02 Ok
MgQU 1.3 9 121 1.2 ~1.446 1.54 A5 .55 .91 1.72 BUANY .96
Ca0 TLan 2. 65 R .98 2,95 2.86 2.87 2,72 3.24 3.30 3.2 3.47
NaZ0 . 4,87 LIRA 4.49 4,79 .35 4.3 4.7 4.3 4,.%¢ 4,29 4.3 4.06
LI0 1.6/ 1.61 1.51 1.5 1.67 1.87 1.40 1.72 1.49 1.62 1.9% 1.19
F205 Sy L0 RRaY S .08 . .04 .03 .0 .0t .10 .06
LoI .S .44 .55 .45 - 74 . &0 .34 .52 .54 .70 .50 .35
TOTAL F9.45 1GU, Q8 e, 8.8 98.75 100,25 9.9, 99.18 98. 95 98. 80 99.71 8. 65
Trace Ciements (ppm)
b & 5 4 5 8 5 4 10 13 11 10
‘ h q 1 6 12 8 2]
u 4 1 2 2 1
Rb a0 &2 55 =5 77 77 49 36 45 47 55 41
Sr 41z 340 333 363 243 28s 270 352 297 282 355 183
% 3 9 b 7 7 4 1 2 2 1 1 14
Ir 86 71 170 &7 2 8% 162 99 109 79 140 i1
Nb 4 4 7 4 S 5 ) & S
In 49 35 34 - o4 8 28 as 25 S - 37 h2)
Cu 8 14 17 7 11 24 35 2 23 &b 11 18 -
* N 7 13 I i0 23 32 . 12 32 1. 4 i
Ra 548 325 LR ST 279 b VS| 513 679 294 a37 698 . 259
© a5 15 33 bed 23 27 19 16 » 41 sS4 29 33
cr ! 5 31 1 a5 42 1 43 = 9 9
Ga Vi I 17 17 17 16 14 19 20 14 15 17
Y o4 - . k
i Rare Earth Elements (ppm) .
___________________________________________________________________________________________________ S —_—— .
La DRI ¢ 11.048 12.58 1;55 15.51 16.07 12,67 18. 60 36.60 51.20 33.80
Ce X3, 8> , Tl.76 25.98 X3.65 28.85 z2.08 25.29 3%.70 60.70 81.80 66.1C ‘
Fr .95 2013 c.87 2.70 1.96 2.94 2.27 4.40 6. 40 8.00 6.60
Nu 14,46 8.79 - 9.61 11.54 9.79 11.89 B.01 14.00 2C.20 28.30 25,70
Sm 2. 86 1.7¢ 2.32 1.93 1.42 2.24 1.01 1.40 1.70 2.00 3.90
k. .92 . b .71 .60 . &5 1.03 .62 .40 .40 « T
6d 2,40 1.53 2.01 i.58 1.39 2.0s 1.19 1.50 2.30 2.%0 3.40
Dy 1.74 .86 1.00 .5S .87 1.58 .22 1.60 1.00 3.0
Er LS Lo .35 .04 .24 .64 .01 .30 .80 1.%0
b -53 P Y=Y} -10 1.00 .
Lu .24 LG8 !
S7.79 —1.00 70.11 &0.67 71.7¢& 51.29 76.70 120.00 175.%50 146,00 )
5 2.97 ’\ Z.01 2.560 2.3 3.01 ©2.51 3.06 2.69% 2.3 3.41
3% 227.8% 237.92 192,49 201.55 258. 19 396,51 274.79 286.03 294,24 240.87
G& 29.01 34.87 47.68 59. 44 22,45 21,03 £2.06 30.77 23.18 z8.13
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—-— Trondh;emi1te Filase ./ the Haggy 6ol xs
. 8z-17a 8T-172 8T-17x #X-179 .  A3-179 I-i8o er-182 a3-184& 83-188 83-189 83-20¢ 83-217
. [T ke o 88 .61 bf 10 LS. 8 nN.53 71.40 70.10 69. &0 700 70,350 68,50 73.50
D .~ .15 a7 . R iy .79 C Ty .x8 .30 N .x8 .22
] - ala b L0 .o Lo LeLdu 15.%0 15,70 15,%0 14,50 15.80 18,20 <. o0 14,00
. Fe2u™' 1.1 JLET 1. F .39 1.79 2.19 RS 1.76 X. 46 3.60 .89
Fn0 ey od oL oo .22 03 oo ~a .03 .05 .05 .02
mgC i 1.4% .77 < -5 . .67 1.15 <65 1.39 1.42 .27
Cal 2.10 3.3 4. 1¢ T.e 2.30 .84 3. 49 3 75 3.866 .83 3. 00 2.92
NazO 5.97 ML 1.0 5,73 5.39 4.89 4,98 4 .28 a.57 3. 73 PO A a.53
ron 1.37 .22 1.4 1.74 1.60 95 1,06 T 1.7 1.46 1.00 1.84 1.30
PLOS -0 . Q5 .08 .12 P XX .02
[We)! .79 .69 . 8- 1.04 1.02 .32 .44 1,19 1.06 1.33 . &2 .84
TOTAL 93.4, 79.47 97.8%5 106,73 79.01 9.98 98.76 99.18 9.7 99.99 99.04 9B. 51 N
Trace Elements (ppm)
“ & N Y 5 13 6 13 8 6 8 a 8 7
| Th = 3 4 7 3 z 6 "3 2 5 ¢ 4 2 .
L 2 .
i Kb h&d 31 =9 47 3¢ 22 37 29 5 23 B84 , 28
‘ Sr 491 175 7S 397 . 450 59%. 510 29X 339 270 405 315
v 9 10 2 1 z & 1 9 . a
Zr 59 129 98 73 79 av 84 11 79 133 10S 65
NE 4 o] 3 q 3 1 s 5 7 z
Zn 4 46 w8 8 17 PR =9 46 2 a1 &7 135
Cu 17 19 23 5 15 21 & 13 13 35 13X 17
N1 10 19 L R 1 -} 10
Ba 281 278 43y 5353 317 .. 187 248 276 293 206 292 5
) v 9 59 64 19 17/ 24 o S0 5 60 54 13
cr 19 32 2 . 5 19 2 11 6 18
Ga 1a on 21 19 2 . 22 15 12 19 19 16 15
»
Rare Car*h Elem nte (ppm) -
La 21.20 19. 60 33.40 33.70 ° 2.30
Ce : 38.10 34.00 66,90 £6.40 1.60
Pr 4.50 4.70 . 6.80 &6.60
Nd 14.70 18.00 27.10 27.90 1.40
Son C.00 2.3¢ .10 4,40 -
L Eu .70 .70 .80 1.40 .70
3d 2.00 X. 10 i.80 5.00 .30
Dy 2.70 .40 1.48Cm 4,20 . &0
Er N .an .70 - 460 1.00 o .
Yt .70 % .10 1.00
Lo .
$ .
___________________________________________________________________________________________________________________________ B
SumREE £1.00 Q5,70 87.20 1.00 -1.00 -1.00 141.60 -1.00 -1.00 151.60 -1.00 6.90
i Na/F. 4.19 3.25 2.94 .01 3.37 S 75 4.57 3.68 <13 3.73 2.46 3.48 )
K/Rb 7448 DhH.61 b 43 379,19 348.84 320.464 224,07 334.82 46, 15. 3460. 83 191,79 372.02
¥./Ba T3.28 642 27.22 26.79 42.29 37.72 36.73 ase 41,35 40,29 S2.30 41,66
]
- L




Py p
t R .. N . . - © b h ot ———
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Trondh jemite Phasc of the Maggo Gneises )
- tx-218 3z2-129 Bo-242 8x-24a3 8X-247 8X-24%9 83-250 ‘83-253 e3-258 83~2%9 83,-2560 83-261
oo 7O A0 71‘.10 72.00 £ 50 71.60 ~0.50 70.10 70.10 71.60 73.10 72.00 71.80
o 0 LY .24 .54 .36 .76 .31 .34 .23 .23
®!) i 1. &0 14,50 15,50 iS 70, \5. 4 15.40 1%.70 15.60 15.70
- Feznx! 1.89 2,37 .41 1.88 1.91 2.70 3,50 1.46 1.82
MO .03 Y § .05 .03 02 .03 <08 O3 <. 02
MgOD .79 . 110 1.61 . Al .72 1.04 1.32 .48 .53
Cavl 2.7 ToL.99 . 3.82 4.2725 3.31 2. 21 3.3 .92 2.50 2.70
8 Nazp 5.7 4,40 4.18 4.%4 4,79 5.23 4,80 4.35 5.47 5.4
K20 - 1.2 1.4 1,13 1.38 1.36 1.5 1.48 1.40 1.54 1.41
P2 .18 .04 .07 il .00 1S .10 .09 .0L .07 .
LCI1 .30 Mg &0 . bu .12 .24 .31 .41 .26 .28
= TOTAL G 99, 30 106,25 100,77 99.94 97.37 99,08 100.49 99,23 99.63
o ——— o e e e e el a i Smbaind —_— ——— —_— ._—_—_.‘.._4,_-__...—_._.-___" ____________________________________________________________________
! Trace Elements (ppm) -
_________________________ A e e e
D 9 4 s 8 3 13 s 5 8 6 . A
Th 15 7 3 & 6 hd 2 <Q L
U . 3 2 1 1 2 .
Rb 43 S0 33 a6 48 as =5 ag 41 34 sa 30
s 372 Tas 61 367 437 464 962 33z 643 374 6346 ~ 400
¥ 1 1 7 7 2 3 S 2 7 7 2
Ir 8° 0 103 126 BLs 75 120 93 74 204 : 54 81
N 4 2 q 1 1 2 2 3 2
n b 3t 42 , 36 2 41 47 26 42 23 31
Cu 19 2 25 17 1= W, 20 14 16 12 13 ‘
Nt LI L 9 17 5 o 9 10 : 2
Q Ba 17y 248 . 2q) 203 236 =27 44 t 21w 287 139 190 272 '
v _ 2 21 S 66 23 .22 28 =7 14 15 21 ‘
- Cr /’ 11 S5 18 29 1 5 /2(1’
2




-

T‘T.rndh_jecx te Phase of the Raggr Greiss

83-2<3 BX-27¢ 8I-277 83-2702 83-177 83-281 83-282 B3-293 a3-294
72.50 70,50 72.10 L 71n 70. 82 72,10 72.10 70090 71.60
L33 .2 .22 Miget .34 -a9 . .38 .16
14,00 14. 40 14,90 14,7 15,00 1. 80 14.60 15,00 15.90
1.75 2.22 1.76 i.8s6 23R 2.1% 2.5” .17 1,05
SOa . .05 .03 . .O% 05 .02 .04 05 .ol
1.04 1.37 B T s 1.14 1.52 .29 .82 1.19 .81
e z.43 2.89 3.02 o.8x x.05 3.02 2.87 3.5 3.17
. 4.0 8, 6¢ 4.8a 8,72 473 4.87 4.30 4.44 4.93
1.26 .58 1.47 1.57 1.49 1.8% 1.36 1.30 1.80 -
Y .07 .16 .10 12 .09 .10 .08 .04
.58 .72 .37 .26 .4 .2 .72 .29 .29
79.18 99.94 97_a9 92 52 99,53 100.27 99.93 100. 30 99. 34
Trace Flenents (ppm) \
e o TTT R IS N B S
| Pb 'S g 10 & 10 3 7 a & & 10 7
i 6 z x 4 K] 2 2 7 5
U . a -3 1 " 1
ke 1 Rb * 15 5 29 28 49 S5 57 50 53 41 44 b
Sr 367 x73 314 387 3Z0 393 & 372 335 319 281 220 349
' 1:3 8 8 2 4 2 3 4 2 10 2 1
Ir 197 143 150 157 9 %0 85 2 85 143 7 56
Nb & 7 5 3 4 s ] 2 ] 8 'S 2
n az o7 45 22 3 34 35 a4 40 38 2 13
Cu 4¢ 13 14 25 12 2 15 16 12 16 15 18
™ 2 1 20 18 12 20 16 7 17 1
Ea 163 265 196 415 419 64 374 361 268 s0a 180 L4
v 1o 38 Lh) 23 24 23 23 X1 2 39 52 16
Cr 5 1% . 1 17 13 21 40 21 27 59 8 .
Ga 15 16 19 /A 18 1S i 18 19 17 19 18
_J_ Rare Earth El cmer.t - {(ppm)
——— e e T T T e e e P —— e e e ot e e e e
La 42.40 22.%0 41,20 43.90 14.70 15.10 v 29.50 25.90
Ce 7%.20 42.80 73.40 80. 10 24.30 20.90 50.70 43_460
ero 5.40 3.80 &£.80 . 8.60 2.70 3.20 6.60 S.90
W 23.5% 15.00 27.90 31.30 9.70 10.80 21.90 16.10
Sm 3.00 2.50 4.00 M0 1.30 1.10 2.80 2.00 ¢
ku 1.20 .30 .20 [ .0 .70 .10 .10
cd 3.0 e, 1.30" 4.60 2,30 .90 1.60 2.90 1.70
Dy A .00 1.40 3.00 : f.s0 . . 80 1.20 1.40 1.30 .
Er .60 1.10 1.70 . 40 .20 . 60 .40
Yb 1N .80 .20 .10 N
“u .
< r -
________________________________ e e e e e e e e ———————
[RUMPEF 154, 40 91.%0 162. g0 -1.00 173,10 54,26 54. 70 116.5 97.00 -1.00 ~1.00 -1.00
Na /K 5.3% 3.55 3.88 3.36 2.95 3.29 3.05 3.17 3.36 2.76 3.42 2.74
K/Rb S14.5 206,69 391.71 269.16 242.92 206.77 214,29 216.94 218.79 315.77 243.20 481.89
| ~/Ba 47,35 41.34 49,94 24.00 31.29 42.94 34,39 35.25 83,90 21.36 59.94 34.18




Trondhjemite Phase of the Maggo Gnei.s

83-303 843-304 83 duo 83-312 83-313 83-313 83-314
) 71.20 71.50 71,40 70.50 © 73.00 71.10 73.10
L3 .74 A .24 .23 .24 02
g 14, 7. 14.80 15.00 %. 80 t4.0n 14.80 14.20
<021 L.97 1.9 1.72 1.98 1.67 1.81
.04 .04 .03 .02 .ua .72 .01
1.3% 1.07 1.04 . .66 .77 A2 .45
TgA2 2.98 2.93 2.84 2.86 2.92 2. 48
4.49 4.38 4.%6 3.65 4.41 - 5.20 Jor
1.37 - 1.47 e 3.a& 1.5¢ 1.886 1.2 1.60
L a7 .11 LD .0Y 07 .04
.40 - 49 - 18 «2b .18 37 -« 30
P29.70 9,25 8.9 .26 PY.42 98. 74 98.8X -
Trace Liements (ppm) .
. Fb I3 14 9 & .S 10 11 9
“Th 4 % 5 6 T 15 3 1
u 2 .
Rb =9 . &3 54 sQ 38 6 a5 32
Sr Sa1 319 88 364 703 301 650 642
¥ . - 5 7 & 2 3 3 2
Tr 170 65 100 95 Bo 152 92 63
Nb 3 / s 5 2 he p
Zn . 31 31 34 33 3 ’ 47 29 22
Cu 17 17/ 19 15 13 146 16 3
Na 5 11 13 14
Ba S71 275 3I07 309 275 771 248 244
v 53 - 36 28 28 25 2 24 17
cr . 13 2 . 21 2 5 4 ) 1 ’ ,
Ga .o 21 13 17 18 23 2( 235 19
Rare Farth Elemeits (ppm) )
La 61,20 21.10 25.70 T. 20
Ca 104, 10 35. 60 41.70 2.90
Pr 12.90 S5.10 4.70 RN
N 36.10 15. 60 16.5¢ 2.20 . /
Sn 3.30 1.20 1.8 .10
Eu 1.2 .70 T.30
Gd 2.90 Z.10 2.40 .80 ’
Dy 1.80 1.80 ° 2.20 )
Er 1.00 .50 .90 .40
Yt .30
‘Lu Ld ..
SumREE 224,10 83.70 6. 20 -1.00 -1.00 -1.90 -1.00 9.98
__________________________________________________________ e 7
Na/k 2.94 .28 312 3012 3.65 2.35 4.19 3.18
K/Rb 205,27 180,47, 225.92 247,70 338.79 279.68 °25.77 415.05 : .
K/Ra 19.77 31.34 39.74 39.21 46,79 200 .4 41.53 54,43




bre-odiorite Phase of the Maggo Gneiss
8r-48 a2-49a 32-%1C HI-S1E Bex-174

AR nle 7 71,10
AR 8 4
15. 20 5 s.0 1S5.%0
.37 -7 0 2 1.96

; .04

1.0%

2.79

3.49

2.20

.C9

231 238
BV 9
ar 53
3 6
36 7
11 10
16 12
433 210 484
., 235 <8 Z
8 q
1€ 13 16

%]

i o

2

55
22
-9

8

-

37. 49k 24.48
2.92° 2.51
12.18 8.80
2.17
1.18
2.05
.72
.41

1.74 ; < 1.80 2,10
J03.51 450.22 354,92 244.87 230. 06 225.41 346.27
34,94 St.47 a7.0¢ 43.82 44,34 37.73 22.62
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Grar\odlor:te Phase of the Maggo Gneiss
63-203 H3-234 a3-273 a3-283% i 83- 208 g85-2839

Si0 v, 73.09 1.30 75.00 ¥ /3. w0 68.70 68.10
TG s .28 .20 .20 -, .56 .2
Al 15, Do 14.00 13.60 . 13.90 13.70 14.50
Fero! PR 1.99 1.44 .8 ’ 4.76 4 38
M. .02 s h .03 .04 .07 .08
Mgl .29 .53 .92 1.00 2.10 2.35
Cal 2.562 1.81 2,30 2.25 2.43 3.35
Na220 4.89 3.48 4,7 4.2 3.49 Z.72
*20 2.3 4.44 2.248 2.0 2.54 2.10
PIOS .0x .12 .07 .04 .CL .10
LOI .66 .2 .55 .96 .40 .83

TOTaAL 99.88 98. 29 100,08 99.07 0.00 $8.80 99.78

° Trace Elements (ppm) ‘
Fb A 16 . b =} & a
Th 17 1 7 1 10
U
Rb 35 5 71 44 112 104
Sr 490 502 316 253 179 . 33
U 1 5 Y 2 8
Ir 40 216 73 134 136 97
Nb 3 s & 9 9
n 10 36 L33 2 7 &8
Cu 14 14 14 17 16 268
N1 3 17 4 3= 2 <
Ba 614 1626 421 667 51 i41
v 11 21 1% 38 84 21
cr 1 23 43 138 54
Ga 17 16 14 16 20 18
.Rare Earth Elements (pg.a) ™ t ~
La .oV 88. g0 20.70 S3. 20
Ce 153.20 33.40 95.460 .
Fr .40 14,40 4.40 10.10
Na 1.00 43,20 18.2 35.20
Se- 1.90 1. /\ a.10
.30 .80 .80

Gd .80 1.60 2.10 3. 80 T

v .70 2.2 1.80 3.70
E .20 .30 .30 1.80
Yh .40
Lu .

/\

SumRE € .80 36, 80 78.90 208.3Q 0. 00 -1.00 -1.00
Na/K 2.08 .78 2.11 1.935 1.37. , 1.77 ’
K/Rb 447, 04 411.25 265,57 418, 9= 189.91 ~ 169.30
K. Ba 31.7¢ 22.76 a4_15 27.37 &0.08 123.6%
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C. Braidgwater 1981 Sauples of Mag,c Bnerss from D,.€ Islang
GB-81-14 [D-5!-1B "™B-81-iL DBE-61-1D ["-R1-1E DB -81-1F DB-91-1G D3-81-1! DR-8i-24
70 ;_;Cl
14.60 . HE I
.96

101.20

-
A &
LUbmiddNHN SO

- L]
e (LR

-

-

-
-

1

51

>

5 4
&

A

7

N
e
jelil~*
A
2]
N9

201,78
62.05 32 nAN 35.47




. D. bridgwater 1981 Maggo Grneiss Samples
bpa1 rn np8t-5B BBL-21A HBI-21R 2881 -22 B81-235A BA1 PBO1-24

71.40 ) 2 5 &5 70
7 ' .51
18. 560 AN . R 1,.50 15.20
e - 5 .40 .30
2,560 C2.30 4.10
.05 : hd .08
.89 1.9%5
.75 5.25
T.50
1,346
.10

3

[ 8]
—

NRWLOUMY

Py

&

3
35
22

«

3

]
Q-
N
S}
-
OoN

[}
<
kb

5 £g
28 24,
1e Sy
15 16

-

o
-
NN

Element Rat.ous

171,05 197.i2

36.54 35.54




D. Bridguater 1981 H.aqqo Cherss Sa-pies
LB -30 CBR1 31 DBR1-TT DFA1 -9/ DuB1-98B DB81-9¢C DP81-/0. DBoi-SE DRE 1 -9F DBA1-9G B81-10A B81-108

Tt T e e e e e e e e e e T
.o 5. 30 . B 59.40 82,70 61.80 69.50 87.9¢ v 7200 67.9¢ 72.70 7230 £9,60
“ T -9 ot o2 LAA .49 <35 .41 - S - .29 .Q7 A"y 32
A b to.a 17, 60 iS.o0 17,00 16.3C 1~. 7o 15.466 15.80 15.7 16,20 * 1_..40 15. 00
g Fe2r. 2.7 2.50 .70 .80 .70 L0 . 30 .60 .20 .
fF e &. G T 5.50 Pale) 4. 0w 4.40 2.8v .70 1.0 2.3Q .70 2.30 X. 00
"o .14 .14 U4 .09 .10 L0 .o .Q2 .06 .01 .0 .04
g Mg0o a.36 5.5 .99 2.a7 2.40 1.07 1.71 .42 1.48 .23 .71 .93
Cap 3.41 3.54 4.53 J3.96 6.11% 4.18 4. 44 3.51 4.13 3.65 3. 463 4.28
Naz0 .99 2.60 3. 40 4.10 1,00 4,00 3.30 4,00 4.10 5.20 4.40 3. 90
v 1.3 .97 1.15 1.23 .21 1.75 1.32 1.42 1.20 .84 1.2 1.2
F 205 .23 12 A7 .11 2 R V) .12 .04 .06 Q2 .09 T B
101 .80 .7 .50 v .20 .9 .20 .40 .40 .70 .30 .10 .20
TOTAL .26 99.71 99.00 99,50 9833 59. 20 99.77 99, 40 98.%52 100, 22 100,70 °8.78
i . Trace Elements (ppm) .
Ft 3 & 4 a ‘= 5 7 8 8 10 . 6
Th 3 1 by 3 s B} q, 5 Iy 3 & d 5
U . .
Rb 30 16 40 . 8 37 S a9 45 44 - 18 : a3 49
N Sr 280 213 268 253 55 74 283 328 437, 553, 186 222
v > 23 17 6 il —14 -7 16 2 6 4 8
r 103 B3 140 84 108 135 126 90 82 59 113 116
Nb 8 -3 4 ) 4 AY 4 2 2 4 X
. n 54 = az 72 74 49 64 29 50 12 51 52 °
Cu 47 3 2 14 z c & 3 10 2 2 &
N1 =0 126 7 o2 oz 2 18 2 17 - 2 2 ks
La v S 14 13 7 bIRY 24 <5 4 8 1 14 13
Ba X1y 147 285 265 X 789 30X 263 285 159 2rg 2
v 166 137 23 [y} u8 / 3o S 14 50 4 22 35
Ce ! = 33 8 19 v oS LAY 9. 9 16 2 20 15
cr " 100 212 10 41 = 20 42 © 10 34 8 10 17
- Ga &£ 17 13 T 20 /e 16 _ 18 15 17 13 15 17
Element Rati s - A *
’ Na /K - 2020 2.68 2.96 . X3 7.31 3.20 2.95 3.0% 3.42 6.19 3. 46 3.20
K/Rh D465, 24 503.25 238. 65 268B. 69 271.47 188. 44 223,62 261.94 226.37 4335.90 245.17 06,68
K/Ba 34, 3% 58,78 35.50 38.53 31.89 35.90 36. 16 44.82 34,95, 43.85 36.61 42.91
LI [ 9
\
‘ ‘
4
A




V. Bribgw.ter 1541 Megas Gneiss Samples

R8! -10C BB1-10D REPES F e H 881 -1 OF BH1-354 BB} -3Sk B8, -3¢ BB1-3%D
$102 3N 00 0. 80 71.80 72.20 71.30 71.00 72.40 71.99
o0 Ti02 .73 .33 .26 .27 .25 .24 .21 .28
° A0S 21.80 1507 1S. 20 14,59 13.9Q 15.00 15.10 15,10
FelQ> 3,00 & .40 )
| ‘ Fed 3.00 2.90 2.70 Z.40 1.40 ..80 1.40 1.90
| MnO .07 .04 <OX v FAL ) .09 .03 .03
Hg0U .11 .47 o .70 .57 1.10 1.09 1.02 1.16
Cao 17,60 3.79 3.82 3.27 3.0 3.12 2.83 2.98
Naz0 Z.90 3.80 I AT 3.uC 4,30 3.2
K20 I.44 1.43 1.22 .52 .50 1.52 1.45 1.5
F205 .10 .10 .10 .09 e .09 .09 .12
[§a) L 70 .20 .10 10 . 4G .40 .50 . 50
TOTAL 99.15 ?9.26 $9.83 98.85 98.38 28,30 99.84 9. 65
_________________________________________________________________________________________ -~
Trace Elements (ppm)
. Fb -~ 23 s 5 . IS i 1z 11 12 )
- Th 9 4 7 4 5 Q 5 2
U N
Rb 73 S3 47 LY 5% 59 62 &2
Sr 202 ' 204 186 203 Re3e] YY) 273 297 ,
Y 5 & 4 5 ; 7 7 q
r Q4 131 102 114 95 I8 101 110
=) q [} 4 z 1 2 7 L]
n 108 55 2l 4. 34 34 49 47
Cu 9 3 > 2
Ni - 3 4 & 18 2z 19 18
La 17 15 2 17 1 A 3 10
Ba 225 318 281 400 3.4 257 161 169
- v 71 30 ’ 26 1y 21 1 15 20 - 1
Ce 2 14 =7 1: e = X 12
Cr 15 13 13 1. 23 -7 3 36 '
Ga ha! 16 17 113 3 13 \5 16
Element Ratios
Na /¥ 2.7X% 3.11 2.57 Y 2.63 3.03 2.76
N/Rt 277.484 223.97 215,47, 284,76 226,70 21%.86 194,14 203.5 .

K/Ra GO0 37.33 36.C4 31.54 38 3 4Z.98 78,78 74. 66




8- 82--7A
49.10
LYy . Q9
15,60 1450
1.0% 4.7
3.61

“ay

S6.10

7.6%
i 07

2]

-~
-

Hopedaie Dyl es
-70B B2-65R
$2.50

LH8
P70

S1.80
1.00
Li.en
3.5%0
11.27°
.24

17
FYeis)
26
& 53
-
107
186
J0v
S40

1Cs
127
s
Q4
185 2c3
Mo Qty
5 8

ar-113

83-170

A5, 60

B83-192

49, 50
1.18
13.46¢C
Z2.98
10,2

.22
&.44
¥.80
.52
1.38

83-199




Honedale uvkes

83-228 83-245 B3-246 83-so7 Hi-292 82-31 .

si102 4d. 90 48.70 47.60 47.60 47.40 48, 20

N2 .80 1.08 F P .73 .l i.v4
R120% 12.00 14.60 14,20 13,90 13,30 14.20
Fe20x 4.0%5 3.70 a.01 3.5 .ba 2.2
FeD .B. 44 9.87 9. L T.oha 11.%6 fu.68
MNnO AT .21 S .15 .20 LX2
Mgo 8.31 7.23 7.36 .39 8.08 7.i4
cag 10 08 Q.88 10.27 i1.u4 10. L2 9.30
Na20 2.57 3.01 ZF.12 T.06 2. 69 3.11
K20 .98 .58 .60 1.04 1.29 .93
P20S .08 .11 .11 Lud .04
Lot ! 1.79 1.73 1.43 . 1.RD 1.63
TOTAL 99.26 | 100.65 99.95 8.27 99._2%
_______________________ _1‘.__»_‘__-___._..-_____.._.___.-V‘—_.___. - - ——— - ————

Trace Elements {(ppm)
o
Fb 8 , 1 a2 1 i 2
Th 7 2. s ad
u 1 i 1 1
Rb r . 23 “22 16 19 14 e
Sr 140 100 .90 <3 108 104
¥ 30 23 27 27 fate) 28
ir L] &2 &1 a6 5 74
Nb &N 4 3 9 -3
In 115 101 97 £ 107 108
Cu 144 96 82 6 i =4
N1 84 107 110 128 152 1¢4
Ba 40 1t Si < =
" 281 288 285 30 274 231
cr : 183 76 92 230 2172 S8
Ga 15 19 17 1S 7 18
Rare Earth Elements (ppm)

La 9.20 4.90 3.10 4.0u 7.10
Ce 22.60 '10.40 . &6.40 9.%0 167G
Pr .90 1.20 1.60 1.30 .40
Nd 12.80 8.30 5.350 7 «n 14,2
(o, 2.70 2.60 2.10 2.2¢ .76
Eu - 90 -70 « 50 . B 1.20
&d 5. Q0 4.60 3,10 3.10 6.50
Dy S.40 5.20 4.90 5. 10 7.40
Er Z.90 2.60 2.860 2.0 3.30
Yb 2.10 1.80 1.90 1.6¢ 1.20
‘u
SumRE 66.50 42.30 ~1.00 32.0¢ 37.90 68.70
Moe 40,75 35.48 36.13 43,70 . 9% 36.06




frortiwsite Enclaves

B3-50 8I-101 83-241 8I-Iu4 83- 768 83-270 83-271
¥ ] 5102 58.%20 7z.70 A0 74.70 49.90 44,30 50.:0 .
; T102 LT3 L14 ] L ew2 LT S V'S .44
3 A1 203 17 00 1750 13,460 13,90 24.30 19.00 16.70
e203 3.5 1.54 7.07 ~e 3.84 8. 40 a7
8 FeO
‘ nno . 0% .03 13 .07 Y .14 .07
[ 1¢] 2.9¢6 .90 8.4} .05 Z.°: 3.08 3.79
Cea0 7.57 4.02 11.%7 1.0 13.03 11.23 7.02
- NaZ20 3.43 4.08 2.66 3.93 2 5 1.63 4.1
¥20 1.53 - 1.48 4.7 a 2.32 .95
P205 .08 .01 R .02 .08 .10
Lo 1.70 .47 1.98 .33 1.45 2.89 .44 3 R
i TOTAL 99.20 o8, 78 98, 70 99.714 99.23 98.23 98.72 0. 00 “
i T O
* Trace Elements (ppm)
Pb 11 it i ' 1es 13
Th & a ] s 3 i .
u 2
Ab == & a7 14 20 101 11 -
sSr 255 365 240 171 1/6 174 369
Y [ 3 it 11 & 7 . 2]
Ir 42 12 < 52 13 15 Q0
Nt 3 2 H 4 2 3 Lo
* In sa 17 &8 = A1 e 41 . .
Cu 11 2s I o0 1 < 34
N1 60 2 170 Iy 177 37
{a 3 4 ) 9
Ba 253 124 =4 500 =S [ 42 IS
v 37 22 < 73 76 fapg 113 -
Ce 16 29 32 3 70
cr 74 4 756 b4 123 73 147
Ga 17 14 1S L4 19 13 18 .
Element Ratius - hd
Na/K 2.37 7.03 .80 Geid .70 4.5 .
. ¥ /Rb 239.463 802.43 251.39 ‘ 361.09 190.68  71&6.91

¥./Ba 50.20 38.83 146,26 131, 130.12 6Q. 20 ' .

i

<




00486

74,30
- 05
14, J0
e 31
.01
AL
1.99
3.99
4.1t

.02

1083

72,99
.Co
14.70
.40
.01
.13
2.16
4.235

334

- 21

- Q2

1.22
550.33
435.86

N
N (L]
DM O O »

SN

[

~
9]
[2 L]

.92
.23
.42

-
Pty

<07

Pegir tites from the Haggo Gneiss !
87-42¢ 82-6%C 83-94B 83-183 U3-235 a3-23 d3-251 83-198
72.90 72.30 7G.50 74,30 7£.00 75.90 73.60 73.00
.06 .20 ) W12 .03 . 0B e .01
14,20 15.20 15.00 i4.20 12,90 13.50 13.10 13.80
.48 1.9} 1.09 . .90 .34 1.03 .48 .51
.01 .04 .0 .01 .01 .02 . 00 .00
.10 .61 .44 .11 .09 .20 .18 .11
1.18 2.56 2.45 3.09 1.206 s 2.76 2.77 .8on
3,36 4,27 .97 4.77 3.16 4.44 4.38 3.39
.99 2.70 3.48 .66 S5.32 .98 .69 6.96
.05 .03 .09 .03 .04 .01 .02
L7 .55 1.16 .32 .4z .44 .24 .22
99.06 100.37 « 98.79 98. 11 .42 99. 36 ?5.352 98.80
_____ ;r. I
Trace Flaments (ppm)
3] a 12 24 14 9 16
R S RS i3 9 2
b) 1 1
71 &8 o9 11 8y 11 10 144
396 2946 351 ‘ 481 362 312 316 ‘ 269
2 14 3 ] 1
&8 66 81 144 63 70 15 70
a 4 2 1
27 24 alal r & =» 4 S
- 17 ° 33 15 13 13 p: 46 24 12
4 .
e24 607 T 1549 125 1677 216 119 214%
15 - 19 15 4 N 10 L} -]
9 3 3 11 3 24
22 17 13 1z - 13 14 3 14
Rare Earih Eiesents ‘ppm) - )
14.88 .27
31.2¢ 18.15
13,42 6.56
2.5% £ 35 -
.74 .31 //{L_;
2.3 1.29 -
1.01 1.27
12 .78 .
.12 1.05 >
56.50 4023 -1.0C -1.00 -1.00 ~1.00 -1.00 -1,00
.56 1.58 1.14 7.23 .59 .53 6.3% .47
700. X2 325. 60 489. 62 498.06 497,13 739.54 S572.77 401,22
60.34 . 36.92 13.6% 43.83 76,38 37.66 48.13 26.93




Fega_tites from the Magqo Gnziss

! 3-266 6.-260 wi-2a7 83-287 83-307 Higmat i ze0 Gre:ss :
T e e T mem—- 2 8r-S1a A’ -.9C a3-118 83-171 53 18%
3102 3,80 5. W T3.50 73.50 74.7C e e e b L N
¢ T 2 .0 O - .0d S I, 0 “Ti.X0 7020 o4. 30 TI.5a
8 Al203 14, g0 18.2¢ °  13.80 1..10 13.7 Lox .08 .3 .36 .19
Fe203 .87 .23 .83 .44 .40 1.0 14.80 15.30° 15.5%0 ta. %
o LGl ,-00 .02 .08 .01 .91 2.70 2.85 a.22 1.12
. .09 24 .07 .2 .ax .07 .u3 .07 O
- 'c‘gg - 2.32 1.79 1.36 1.5% 1.860 .30 .ax 1.30 2.25 &
. Ma20 4,99 4.21 3.49 4.2 3.2 T 43 2.89 3.35 T 8.8 .12
%20 .88 3.82 s.5 2y =.18 3.%7 441 4.25 4.z 5.0:
P203 .05 . 0% 03y L7, 515 1.73 2.ail .87 1.27
LO1 .68 .27 .32 .33 .29 L0z . L0 .07
-------------------------------------------------- Fomm—e— L2 .42 .48 .09 T
TOTAL 98.96 99.81 99.26 100,06 B i O
————————————————————————————————————————————————————————————— 98.66 99. 43 99.74 98.86 99, s
Trace Elements (ppam) B
------------------- -- e Trace Elements (ppm),
[ Pb a 14 . 15 20 16 —————— e e T T it R,
‘ TH 7 e 3 PL 2] 14 5 9 12 11
v * Th 4 3 2 & 7 2
R - 21 67 107 %48 82 u 5 °5
P - Tz Rh 71 112 67 S7 14 o)
c 5’ 33 250 27: 2:? 2 - S 396 242 278 378 349 Se8
r LN 73 32 96 38 bt % : o ° T e 4 14
ND A 1 ) 4 3 Ir 68 135 117 82 120 &7
In 8 i 12 7 5 NB 8 9 2 s brg
Cu 14 17 18 19 o 2 02 10t ‘ 34 38 40 12
Ni Cee 17 . 24 23 14 43 20
Ba 143 1239 1833¢ T43 210+ N : & 20 25
v —_ = 3 11 5 4 Ba 824 1149 15 707 211 260
* Cr 13 1 9 11 v 15 14° 30 39 76 15
Ga - 16 17 18 18 'Y Cr 9 1 35 . 48 ‘o
Py B a Iz 14 : 15 19 13 18
. Rare Earth Elements (ppm)
T T T T T e Rare Farth Flements (ppm)
ca e Rere Farth Elements T s e e =
‘Ce La 7.82 24,68 23.03 ~
Pr Ce 20.68 47.48 48.19
Nd - 7 rr
Sa Nag a.52 1L6.79 165.17
Eu Sm 1.7 3.01 2.59
64 . Eu .68 ,'1.10 .57
Dy Ga i.49 2.52 2.59
. Er , Dy .68 1.28 1.67
Yt i .53 1.08
Lu b .99
R A e ~u -
' SumRE -1.00 -1.00 -1.00 -1.00 -1.00 e A
------- == - T T e e e - SumRE 13.74 97.75 96.38 -1.00 -1.00 -1.00
| Na, ¥ S5.6% 1.10 .6X .91 T e I
‘ K/®Fh 347.85 , 473.28 470, 28 409,75 528,38 Na/K ) .95 .63 2.55 2.11 4.87 3.94
K/Ba S1.08 ~  2%.59 75.00 70.93 2¢. 42 K/Rb 487.%4 381.70 214,34 292.72 515.8% 351.41
: L +/Ba 42,11 37.21 a5.59 23,60 34.23 40.55
- - -»
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: m Recrystallized Pegmatites within the Ha?;qo Gne) s Discordant Leucosomes ’ |
“ 8X-175 3-231 83-2138 3-T00 83-.:2 3-213 93-.448 83-214 83-767 :
.y s102 72,40 72.70 78,20 o, vo T Lne 77,10 sy 02 64,20 68. 20 2.0
f202 .13 13 .09 .12 10 .04 T102 .62 .18 .18
8 A1 2203 15.40 14,30 13.10 . 5.43 Lau10 13.00 Al1203 15.70 14,80 14 %0
Fe203 .38 .29 1.07 2,14 wr Y s Fe203 s.87 z.80 i.80
"0 .01 .C1 .07 .n4 .02 . 00 MnD .10 .01 .02
hgO .08 .12 .36 1.82 .8 .13 Mg 2.74 1.06 .41
Ca0 1.12 1.19 1,31 2.10 2.8¢& 2.36 Cal 5.92 4,12 2.5%0
. Nalo 3.53 3.59 J. 18 .72 4,17 S5.12 Naz20 4,03 .76 S.40
K20 7.13 5.76.-»—>> 5,83 .30 .72 .59 K2 .96 1.06 1.36
p205_ .01 .01 .10 .02 -u4 F20% .09y .08 .05
LO1 .35 <4 .43 .08 .74 .48 . LOI .S £73 1.20 .
. TOTAL 100.00 98. 44 98. 68 99.55 99 .14 95,23 10TAL 100. 29 97.80 99,94 9 .90
s e G P ™ g
Trace Elements (ppm) Trace Element - ppm)
Pb’ 1t 21 19 9 9 .1 P~ 7 7 &
Th 3 2 10 8 & 3 Th 21 2
u ) 2 =) ‘u 1 2
Rb 144 120 109 2] 15 5 Rb . 21 16 S ito
Sr 315 200 ‘368 33 WOS 167 Sr 319 28 =71 220,
Y 3 3 4q 2 Y 14 25 S
Ir 6 9 40 13 L0 17 r 61 a7 72 32
Nb 2 3 2 3 Nb 3 3 4
In 2 & 13 10 3 n 61 32 27 17
Cu 1S © 75 32 5 21 = Cu 28 & 19 25
Ni 4 2% z M1 29 PR 17
Ba 2914 1066 1380 167 . >8 Ba 154 135 196 90
v 4 1 -] 48 s & v o 113 b 11 57
Cr 4 S B &0 6 14 Cr . g2 =8 10 3
Ga 9 4 14 & 1% 18 Ga 15 21 17 1&
Rare Earth Elemerts tppm) he
La
Ce
Ir
Nd .. !
Ce \
Eu \
&d . N .
Dy . <
€r
Yb ~
Lu ~
SuaRE 1.00 -1.00 -1.00¢ -1.nQ -1.00
Na/k a7 .62 .66 2.40 4. =53 g.68 Na /K. 4.20. 4._4a9 4.01 6.1
| V' 411.02 398.45 367.83 311,29 469,75 979.52 ¥/Rb 379.47 549. 78 322.%% Si8. L6
¥/8a 20.31 44 .85 29,05 A2.20 128.383 ¥/Ba 51.73 65.18 w7 &0 S7.°5




Appendix E

PARTIT Ig.; COEFFICIENT DATA

Table E.1: Partition cnefficlents for REE In hypothetical
mantle source minerals used In partial melting
calculations. The chemical compeslition of the
source Is also gliven In ppm. Data from Martin
(1987). '

’

ol cpX garn source
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Table E.2: Partition cosfficients for REE In hypothetical Archaean tholel|te
Bource minerals used in partialmglting calculations. The chesical
composition of the source Is given in ppa. Data is complied from the
following sources: Arth and Hanson (1975); Frey et al. (1978); Pearce and
Norry (1979); Nichells and Harris (1980); Shillzu (1980); Martin (1987).

Opx__ Cpx hbl plag garn  mag ‘zirc  apat ilm - tit source
La 0.0005 0.1 0.2 0.13 0.04 0.22 245 135 0.005 0 -9.14 -
Co 0.0009 0.2 0.3 OMN 0.08 0.28 228 18.0 0.006 55.3 21.5
Nd 0.0019 0.4 0.8 0.07 0.2 0.3 197 27.4 0.008 88.3 13.13.
Sa "0.0028 0.8 1.1 0.05 1.0 0.3 314 62 0.01 102 3.4

Eu 0.0036 06 1.3 1.3 0.88 0.26 3.14 30.4 0.007 101 1.3
Gd 0.0045 07 1.8 0.04 3.8 0.32 12 56.3 0.017 1102 4.0
Dy 0.0074 0.7 20 0.031 1 0.28 4.7 50.7 0.028 80.6 4.4
Er 0.0130 08 1.9 0.0%6 16 0.22 13 37.2 0.046 58.7 2.3
Yo 0.02886 08 1.7 0.04 21 0.18 210 23.9 0.077 37.4 2.4
tu 0.038 06 1.5 008 20 0.18 3 2.2 0.10 269 0.3
K 001 002 033 0.1 0.02 © 0 0 0 0 3070
Rb 0.02 0.03 022 0.06 0034 0 0 0 0 0 20
Sr 0.02 6.2 0.3 2.0 0.013 0 0 ! 0 0 666
‘Ba 0.02 0.02 0.09 0.16 -0.02 0 0 0 0 0 50 ’
Y 003 1.9 06 16 0 0 0 0 0 25
T 0.25 04 3 0.05 0.5 34 0 0 0 10000 7807
Zr 0.08 025 1.4 003 0.5 0 10000 0 0 0 85




Table £.2: Partition coefficients for REE In a hypothaetical Intermedlate conposélon source
lithology used.in partial meiting calculations. The chemical composition of the sourcs
Is also'glven In ppm. Data Is compiled from the following sources: Arth and Hanson
(1975); Frey et al. (1978); Simons and Hedge (1978); Pearce and Norry (1979);
Nicholls and Harris (1980). ’

opx__Cpx  hbl plag  garn  blo  Kspar apat zirc mag  tit  source
la 0.028 0.25 0.4 0.35 0.28 0.034 0.054 23.7 2.8 0.098 400 6.3
Ce 0.038 0.3 0.5 0.24 0.35 0.037 0.044 347 264 0.1 533 w8
Nd 0058 0.49 1.2 0.17 0.53 0.044 1.025 57.7 2.2 0.3 . 8.7
Sa 0.1 0.7 - 2.6 013 2.66 0.058 0.01 62 .14 0.15 2.2
Eu 0.01 079 0.87 2.1 1.5 0.145 1.3  30.4 304 2.1 1.0
Gd 07 0.9 2.5 0.09 10.5 0.082 0.0} 56.3 3.12 0.12 2.5
Dy 0283 1.2 3.5 008 28.6 0097 0.006 50.7 45.7 0.14 ; 2.47
Er 048 1.2 2.75 0.084.42.8 0.162 0.006 37.2 135 0.155 . 1.32
Yb 067 0.9 2.0 0077 39.9 0.179 0.012 23.9 210 0.17 . 1.04
lu 0.84 08 1.7 0062 29.6 0.185 0.008 20.2 323 0.19 . 0.09

K \9}31} 0.02 0.3 0.11 0.02 2.5 1000 11508
Rb B 0.02 0.05 0.07 0.01 3.3 0.034 87
Sr 002 ,o08 0.2 1.8  0.02 0.12 3.8 %3
Ba 0.02 0.02 0.09 0.16 0.02 6.4 6.12 199
N 035 0.3 .3 0025 0.17 1.8 0.006 . 5.7 8

Tl 025 0.4 005 05 1.5 0.04 10000 4963
“Ir 0.08 0.25 1. 003 05 1.2 0.1 0 169










