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ABSTRACT

The region around Jefusalem-Harbour in northern Labrador
is composed of a suite of metamorphic rocks of various ages’
and origins. The Uivak gneisses, containing Saglek dyke and
pre~Uivak inclusions, are the deformed and metamorphosed
equivalents of an igne;us suite emplaced into the crust over

3.6 b.y. ago. Tectonically intercalated with the Uivak gneisses

are belts of metasedimentary\and basic gneisses known as the
. | ]
Upernavik supracrustals.
Both the Uivak gggisses and Upernavik supracrustals have

been .variably migméiized during a period of crustal instability

3.1 b.y. event was marked by the generation of a new series of
gneisses, herein termed the Iterungnek gneisses. Thesée younger

tectonites are a composite, he#erogeneous, suite derived both
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from the remobilization of the earlier Uivak gneisses through
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' manifested by metamorphism and deformation 3.1 b.y. ago. This

a mechanism of structural and metamorphic reconstitution and

in situ anatexis, and synkinematic granitic intrusions. In

areas where' structural reworking has been dominant, the Uivak

gneisses can be shown to have undergone progressive trans-

position until the earlier layering has been completely

reoriented and gradually obliterated &t the expense of the

-

imposed (Iterungnek) foliation. Where anatexis has been the

dominant mechan¥sm, the gneisses show a gradation from lit-par-lit
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migmatites with Uivak characteristics intb lterungnek

P

nebulites having a granular aspect. The rejuvenation of the
Uivak gneisses was synchronous with the intrusion of wé&akly

foliated granitic bodies which gave rise to megascopic

agmatite zones where they were emplaced into or adjacent to
) N

the Upernavik supracrustals.

Detailed petrological studies of all the major rock units
in the area has shown that-the reworking of the Uivak gneisses
occurred under granulite facies conditions, which were super-
imposed on rocks with upper amphibolite‘faCies assemblages.
Mineral reactions observed in thin section indicate P-T
conditions for the granulite metamorphism to bé in the range
of 10 kb and -825-850°C, implying a cruétal thickness 3.1 b.y.
ago on the order of 30 km. .

Regional folds produced during the Iterungnek event are
dominantly isoclinal about moderately plunging axes and nearly
vertical axial planes. Mesoscopic structures indicate that
shearing along the axial planes of tight folds of Uivak
gneisses was an active mechanism in the production of the
Iterungnek banding. The regional distribution of rock-types
is suggestive of refoliation of the Uivak gneisses in synfbrmal
zones which have been "pinched - in" between more stable border
massifs in which little feworking of the older gneiss is

evident. It is postulated that this pa®tern resulted from




"collapge” of the crust 3.1 b.y. ago along narrow parallel

shear zones due to a softening effect from the build-up of

radiogenic heat.
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Even though initial Sr ratios from reworked gneisses
Labrador aéree with present theories on Sr systematics
crustal rocks, such is not the case in Greenland. It
suggested that more research i§ needed into suéh areas

reconstituted early Archean sialic crust like that in

Labrador in order to reconcile the inconsistencies between

the observations of the field geologists on one hand and

the isotope geologists on the other.
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FRONTISPIECE QUOTATION

% .

"The Labradon Coast is stilf one of the most
bold and rugged in the whole wontd ... . ThevbaieneAA
04§ the nocks, thein fneedom éﬁow obscuning forest and
tunf, helps the fong coast to telf its own geological
stony. Mother Nature has thene taken 04 more than
the usual amount 0f clothing which she is wont to bestow
on the Land efsewhene; and the autog&apéed stony of the
ages (s s0 imprinted on hen naked bones that those who
;un may nead its thnitﬂing pages, and the wayfaring man
can enjog the concedit of being for a while a venitabfa‘
Sheh%ock(Holme¢. To know Labradon is to hnow hen
geofogy. Sefdom elsewhere is the explorer's mind s0 forced
to think to the veay beginning of things. One day the
scientifdie 5tudy‘oﬁ Lab&ado; will bring a nich store to

our knowledge of the whole eanth.”

from "The Romance of§ Labradon"

Sin Witfred Grengett, 1934
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CHAPTER I

INTRODUCTION

I.1. Preamble: Polycyclic Gneiss Complexes.

Pretambrian crystalline basements of metamorphic
rocks have always been considered to be an entity vastly
different from the younger sedimentary and volcanic
successions which overlie them. They were long considered

to have evolved under geoclogical comditions which existed

only at that specific time in earth histo\{y‘,\\ and conse-
J
quently all metamorphic rocks of this type were considered

to be " fundamental complexes" or primitive crust of the
Earth. S&ch views were held by Giovanni Arduino in 1759
with regardse to the Alpine schists, by Abraham Werner in
1787 for all schists and granites, by Adam Sedgwick in 1835
for the pre-Paleozoic %ocks of Wales, and by Sir William
Logan in 1842, for the metamorphic rocks around the Great
Lakes of Canada (see Geikie, 1962). It was not until the
discovery of Jurassic belemnites in schists of the Alpine
system by Albert Heim in 1888 that it was realized that
metamorphic rocks were not restricted to the 1»7'1_'ecambrian.l
At the turn of the century Lyell's principles of

uniformitarianism were applied to a sequence of metamorphic

rocks in the Fennoscandian Shield by J. J. Sederholm. He

1 A fascinating account of the controversy arising from

this discovery can be found in Bailey (1968, p.104-28)
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interpreted metasedimentary and meta=-volcanic rocks in

this region to have been initially derived by processes

similar to younger rocks, having attained their present

form from widespread pervasive metamorphism and deform-
ation. Later Wegmann (1929) applied procedures utilized
in Alpine structural studies to Precambrian tectonics,
showing that basement/cover deformational styles were
interrelated, the Alpine type structures being the higher
level manifestations of more complex structures in the
crystalline basement at depth.

Once these principles and observations found accept-
ance in the geological community, investigations began to
show that the complex structural histories exhibited by
many Precambrian basement gneiss terranes could be i
unFavelled by the successful demonstration of the super-
position of several distinct folding and metamorphic
episodes. From such studies developed the foundations of

structural geology, brought to the forefront by Bruno Sander

.\.
T —

in 1930 with his classic Gefugekunde der Gesteine, which was

introduced to English-speaking geologists by Knopf (1933).

e

One pioneer study involving the application of Sander's
principles was that of Weiss (1958) during a structural
investigation of the base&ent gneisses at Turoka, Kenya.
During the 1960's the application of structural geology in

elucidating the evolution of polydeformed regions became

more widely employed because of the theoretical and field-
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oriented discussions of Wilson (1961), Flinn (1962), Turner
and Weiss (1963) and Ramsay (1967). An important obser-
vation arising from such studies was the recognition that
re-deformed or polycycl%c gneiss complexes commonly exhibit
only the effects of the most intense deformation(s} which
may or may not obliterate all evidence of earlier structures.
Such features have been admirably demonstrated from gneiss
compléxes in Scotland (eg. Sutton and Watson, 1951; Myers,
1970; Cowarg, 1573 a, b, ), Greenland (Berthelsen, 1957,
1960; Windley, 1966; Watterson, %968), and the Pyrenees
(Zwart, 1960) to mention a few. From these studies there

»
has arisen a number of criteria which may be used to access

the processes by which polycyclic terf;nes evolve. The
mechanisms of re-deforming and reconstituting previously
gneissose regional metamorphic rocks has recently been put
into a crustal context by Watson (1973).

The purpose of this thesis is to describe an area of
Archean gneisses in northern Labrador, Canada, which shows
evidence of polycyclic evolution, and to discuss some aspects
of the deformation by which an early series of quartzo-
feldspathic gneisses is refoliated and transposed by wide-
spread reworking. 7¥%he term reworking is used in the sense
of Watson (op. cit., p.455) to mean the "reconstitution of
older crystallige rocks within the crust .... by deformation
in association with metamorphism and, on occasion, with

partial melting or introduction of granitic material."
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I.2. Location of Thesis Area. ’ " !

The area studied is located at the southern extremity ;
of the Torngat Mountains on the northeast coast of Labrador,
and consists of a peninsula bounded by Hebron Fiord (58°10'N)
i to the south, Iterungnek Fiord (58°15%5'N) to the north, and
the Labrador Sea (Atlantic Ocean) to the east (Figure 1). :;
No inhabitated settlements occur within the map area; the
abandoned Eskimo wvillage of Hebron is situated in the south,
on the fiord of the same name. Hebron was founded by ‘lthe
Moravian missionaries in 1830, but because of its remote
location was abandoned under the Newfoundland Provincial
Government resettlement program during 1959-60 and its

Eskimoc inhabitants were moved south to Nain, Hopedale and

Makkovik. \

4
I.3. Field Work in Northern Labrador.

The remoteness of the northern Labrador coast makes

. . ———

access to it a major problem. Individuals engaged in any

form of activity in the far northern part have to depend
heavily on chartered aircraft for transportation to and from
the region. However access by boat becomes feasible

following the sprir;g break-up of the winter Arctic ice-pack.

. The geological team of which the writer was a member

gained access to the field on July 7, 1975, by charter

flight on a twin-engine Otter of Labrador Airways from Goose

Bay to the International Telephone and Telegraph (IT &T)
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Figure 1. Location of the study-area on the northern coast of
Labrador. Dotted pattern on insert shows area described in this thesis.
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communications installation on the United States Airforce
BMEWS (Ballistic Missile Early Warning Sy:stem) site at
Saglek. Field equipment was transported from Saglek to

a base camp at the head of St. John's Harbour, 12 km to
the west, by two 17ft. (5.5m) Zodiac inflatable boats. On
July 18, the writer and his assistant Geoff Martin set

out from St. John's Harbour by rubber boat to the study
area, accompanied in a second craft by Dr. K. D. Collerson
and Mr. Robert Vocke. A field camp was set up in a small
sheltered cove on Jerusalem Harbour 50 km due south of

Saglek.

I.4. Physiography, Vegetation and Exposure.

The map-area is situated at the southern-most tip of
the Torngat Mountains, a range of rugged peaks which stretch
for 250 km from Hebron to Cape Chidley on the northern
Labrador coast (Figure 1). Maximum elevations are on the
order of 1800 m, these being found in the central and
northern parts of the chain. No extreme heights are present
in the map-area; rounded hills generally reach 250-350 m.
Mt. Johannesberg, just outside the study area, is approx-
imately 700 m, the highest point in this part of the Torngats.

The topography has been noticably affected by the
glacial activity of the Pleistocene. Hills are rounded,

polished, and in many places display a roche moutonnée form.

Bt~ g~y R ———
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A broad U-shaped valle? trending northeast across the map-
area and forming the western arm of Jerusalem Hr. owes its
form to glacial sculpturing. A large lake occupies a
glacial depression in this valley. The narrow strip of
land separating Jerusalem Hr. from Hebron Fiord is a raised
wave-cut terrace, suggesting that Mt. Jerusalem itself was

an island in early post-glacial time. Remnants of raised

beaches several metres above present hig?—tide mark, also
attest to higher sea levels and/or i§psdatic rebound of
the region following de-glaciation. \

The map-area lies north of the treeline (as defined

on government forest inventory maps) which passes East-

West through Hebron fiord. No coniferous or large

decidious trees are found in this area; the most common
type of vegetation is the low-lying Arctic willow.

The lack of vegetation and glacial debris leads to

widespread exposures of the bedrock, and ~90% of the area

exhibits such exposure. Unfortunately inland outcrops are '
cloaked with lichens which often makes subtle changes in
lithology difficult to detect. Shoreline exposures however,
annually scoured by the southward movipg AFctic ice-pack,
offer a great source of information, and most of the data

presented herein have been gleaned from such areas.
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CHAPTER 1I1I

THE GEOLOGY OF NORTHERN LABRADOR

IT1.1. Geological Setting.

The Labrador peninsula forms the greatest exposed area,
and the eastern most extension, of the Precambrian Shield of
North America in Eastern Canada. It is dominated by
crystalline igneous and metamorphic rocks with local regions
of mildly deformed sedimentary/volcanic cover seguences
(Pigure 2).

It was recognized by Wilson (1939) and Gill (1949) that
the vast region covered by the Canadian Shield could be
broken down into a series of structural divisions or provinces
based on the general trend of rock units within the complex,
possibly indicative of different orogenic periods during its
geologic evolution.

The advent of isotopic dating by the Geological Survey
of Canada (GSC) in the 1960's, made it apparent that there
was a great diversity in ages within various parts of the
Shiekﬂ, but overlap in broad regions formed distinct clusters.
These groupings of ages, seemed to indicate distinct orogenic
episodes within the Precambrian, and led Stockwell (1961) to

propose a preliminary time-stratigraphic division of the

Shield (Figure 3). These isotopic age d;BErminations augmented

the earlier structural divisions. Seven provinces and

several sub-provinces were defined to cover the Canadian
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Figure 3. Time-stratigraphic classification table for the !
Canadian Precambrian Shield (from Stockwell et al., 1970,

p.51). Numbers in parentheses following the orogenies refer

to the mean k-Ar mica age in millions of years.

Note: Most geologists now agree that the "Elsonian cluster™, !
wvhich applied to Labrador, can be attributed to widespread :
heating of the crust in this region during anorogenic intrusion .
of the anorthosite-adamellite plutons. It is probably better i
to think of the Elsonian as an "event” than to consider it an 5
"orogeny” in the strict sense of the word.
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continental Precambrian nucleus.
Stockwell (1963) recognized four geological provinces
in Labrador - the Superior (Archean), Nain (Archean),

Churchill (Middle Protegozoic), and Grenville (Upper Protero-

\

. [ . . . .
zoic), an obsenqatlon which was a major contribution to the

understanding of ihe geological evolution of Labrador. We
later subdivided the Nain Province into FEastern and Western
Nain sub‘proyinces (Stockwell, 1965). Reconnaissance mapping
of Labrador By the GSC in the late 1960's and early 1970°'s
led Taylor (1971) to (i) redefine the boundary between the
Nain and Churchill provinces, (ii) \P propose that the
subdivision be dropped and the Western Nain be included in
the Churchill and the Eas§ern Nain ;ub—province be raised to
structural province status (retained as Nain), and (iii) that
a narrow wedgé oF the redefined Nain composed largely of the
Aillik (meta) sedimentary.and (meta) volcanic rocks be desig-
nated as the Makkovik sub-province. The structural framework
(Figure 4) outlined by Stockwell and Taylor is currently
employed by geologists working in Labrador, although Taylor's

nomenclature has sparked some discussion of its validity

(Douglas, 1972).
4
{
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Canadian Shield in Labrador (from Greene, 1974).
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II.2. History of Early Geological Investigations of
Northern Labrador.

The forbidding nature of Labrador north of Nain and the
difficulty of accessability has resulted in the geological
investigations of this area being somewhat backward. The
early reports of the geology are largely of reconnaissance
nature, but several important geological relationships were
observed.

The first mention of the rocks of northern Labrador
appears to be in the account of two missionaries Benjamin
Kohlmeister and George Kmoch who made an overland journey
from Okhakh to Ungava in 1811. They observed that the rocks
were dominantly grey, but streaked with black layers; slates
and soapstone were encountered at several places on the trip
(Kohlmeister and Kmoch, 1814).

Robert Bell was one of the earliest geologists to report
on the bedrock geology of northern Labrador. He hoted that
the rocks were similar to the Laurentian of Ontario, being
"micaceous and hornblendic schists and bedded gneiss" (Bell,
1884, p 14).

Professor E. B. Delebax;re trekked overland from Hebron
to Nachvak in 1900, and reported gneisses and slaty rocks
near Ramah Bay (Delebarre, 1902).

The famous igneéus petrolegist of the early twentieth

century, Reginald Daly was by far the most important
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contributor to the early geolbgical investigations of
northern Labrador. He observed that the "crystalline schists"
of the ancient Basement complex at Hebron were "common biotite
gneiss and amphibolite intersected by trap dikes" (baly, 1902,
p.225). The metamorphic rocks between Saglek and Nachvak

were seen to be similar to this, but at Nachvak he encountered
"coarse, friable, hornblende gneiss with abundant lens of
segregated hornblende and biotite" [(op cit , p.§34) with cross-
cutting sheets of purple-grey rock similar to the anorthosites
and gabbros of Nain. He also noted the presence of ferruginous
and siliceous schists, graphite gneiss, and "a peculiar breccia
of angular quartz fragments embedded in a black corneous
matrix" at Nachvak, Daly proposed the names Ramah and
Mugford series for the volcanic/sedimentary successions of

the Torngat and Kaumajet Mountains respectively, and noted
their unconformable relationship to the gneisses. He also
interpreted the "Nain gabbros" as being younger than the
surrounding gneisses, and commented on the abundance of "trap"
dikes cufting the old basement rocks.

Coleman (1921) summarized and extended the known

N

geological knowledge of northern Labrador at the end of the
second decade of this century. His observations and conclu-
sions are interésting in light of recent work. He considered

that the (Laurentian) quartzofeldspathic gneisses were largely

derived from igneous parentage and proposed that many of the
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amphibolite bands in the gneisses were older than the
surrounding granitoids, and shquld be classed as equivalents
of the Kewatin of Ontario. Metasedimentary rocks associated
with the gneisses were considered by Coleman t,‘o be possibly
equivalent to the Grenville Series of Ontario, a view held
widely by other geclogists of this time. He seems to be the
first to note that none of the numerous diabase dikes cutting

the gneisses continued up intoc the overlying Ramah or Mugford

cover successions.

Coleman observed granitic gneisses with discordant
pegmatites cut by later diabase dikes at Saglek, and near
Hebron he noted that the rocks were "grey igneous gneisses
streaked with green schist". He postulated that a "wide belt
of rusty weathering rock" behind the mission house at Hebron ;
were of sedimentary origin (op. cit., p.45).

Odell (1938) made observations on the geology of the
northern part of Labrador, as a member of the Forbes-Grenfell
expedition there in 1931. He noted pyroxene and hornblende
bearing gneisses at Nachvak, as well as areas of hypersthenite
and charnockite. He described a 'pseudotachylite” veined 5
rock from the same area, probably equivalent to the "peculiar
breccia" noted earlier by Daly.

One of the most detailed early studies done on the gneisses

of coastal Labrador was that of Kranck (1939a) who attempted

to subdivide them into broad groups. He proposed the name
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Domino gneiss [as used by Leiber (1860)] to include those

basement rocks from Domino Run in southern Labrador north’

to Hopedale; the gneissose rocks from Hopedale to Hebron he
termed the Hopedale gneiss. The latter he described as being
a migmatitic microcline-rich granitic gneiss characterized by
inclusions of "greenstone and skarn-like lime-rich schists”
north of Nain (Kranck, 193§a, p.4) .

Kranck (op. cit. p.28) also presented a tentative history

* of intrusion and deformation for the coastal belt. He believed

that the gneisses were variably granitized equivalents of the
Aillik meta sediments, those from Domino Run to Hopedale having
been dominantly sandstone, while those of the northern coast
formed from lime-richAand alumina-rich protoliths. Basic and
ultrabasic rock types in the gneisses were postulated to have
been derived from intrusives into the sedimentary pile.

Kranck proposed that the term "Labradorian folding"™ be used to
designate the orogenic phase which produced the observed

gneissic layering, but pointed out that this overprinted

structures of a still older orogen.

Tanner (1944) prepared an exhaustive treatise on the
people, customs and natural history of Labrador in which -he
examined some aspects of the geology. He clasiified the
coastal gneisses as being migmatitic grey gneisses, amphi-

bolites and vein gneisses transected by pegmatites within

which were belts of metasedimentary and metavolcanic rocks.
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He noted that the metamorphic rocks of the northern Torngats
were pyroxene granulites, often rich in garnet. Like Kranck,
he postulated that the gneisses were largely granitized sedi-
ments because‘rafts of metasedimentary gneiss could still be
recognized within them. Tanner considered that the original
sedimentary pile was downwarped into the crust during orogenic
compression. The level in the crust that these sediments
reached dictated whether they were "remelted or changed by
stress and metasomatic processes"” into mineralogically banded
rocks (Tanner, 1944, p.86). The zone of granitization, or
migmatite front, migrated upwards, and he bélieved that the
different gneiss types found on the coast of Labrador corre-
sponded to erosional levels exposing different depths in the
cld mountain chain whidﬂﬁthe orogenic stresses had produtced.

Christie (1952) also studied the coast%l gneisses and
divided them into granitoid, intermediate;and metasedimentary
gneissés. From Hebron, north to Nachvak he described highly
garnetiferous light colored, strongly foliated granulites,
whose association with recrystallized quartzites and carbonates
suggested sedimentary protoliths. The gneisses at Saglek were
described as a series of intermediate, brown-weathering;banded
rqcks 1oca%ly rich in pyroxepe.

Douglas (1953) visited several areas of gneissose rocks
between Hebron and Nachvak during his evaluation of the

(V)

economidc potential of the coast during 1946-47. He sampled
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pyritiferous gneisses at Hebron and graphite bearing garnet-

biotite gneisses at Saglek. North of Saglek he observed

medium-grained greenish white gneisses and dark colored

migmatites, both of which he believed were sediments "prior to

[T -

granitization.".

-~

In the 1960's the GSC isotopic dating program contributed

greatly to the interpretation of the regional geology of
Labrador, as outlined previocusly, and the recognition of

Precambrian metamorphic rocks ranging from >2500 million to

<1000 million years old was a major breakthrough from this era

VRO i

of geological investigation in Labrador.
The reconnaissance mapping of Taylor (1970) did little

to contribute to the knowledge of the Archean rocks of northern

Labrador. He saw the gneisses as "a great diversity of rock
types” which could be described collectively as migmatites
whose leucocratic components were granodioritic, aplitic and

pegmatitic, containing hornblende, biotite and locally,

pyroxene and muscovite. Amphibolites, rarely garnetiferous,
thought to be derived from igneous and sedimentary parentage
made up half of the foliated rocks in some regions. Quartzo-
feldspathic granulites were found to be abundant in the northern
part of the Archean terrane. Other rock types delineated by
Taylor's broad~scale mapping included metasedimentary gneisses
(lime silicates, quartzites) and ultramafic bodies.

In a recent publication, Morgan (1975) has reported on

i
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field work carried out in northern Labrador in the summers

Q of 1971 and 1972, and has presented descriptions of the
gneisses between Saglek and Nachvak fiords, rocks which form
the peneplane unconformably beneath the Ramah Group.

Although he has defined several distinct gneiss types, no

details are given of the relationships between them.
East of the Ramah Group the rocks have been mapped as
acid gneiss, banded gneigs, migmatite and granulite, with thin
units and inclusions of basic gneiss, paragneiss, calc silicate P
and ultramafic rock. The mineralogy of the rocks indicates
a granulite facies assemblage which has been largely affected ‘;

by an amphibolite facies retrogression.

Morgan (op. cit.) has described the acid gneiss as a \

"fairly homogenecus™ rock of granitic to granodioritic compo-

* . sition, cut by numerous granite and pegmatite sheets of

several ages. Migmatization has led to "chaotic" minor ’
structures in the gneiss. The acid gneiss and migmatites

locally grade into paragneiss, thus leading Morgan to postu-

late that they (acid gneiss and migmatites) may be sedimentary
derivatives.

Pyroxene-bearing hornblende gneisses ané amphibolites
were delineated as mappable horizons in several areas of the
pre-Ramah complex. The basic gneissgses locally have associated
paragneiss and ultramafic rocks. Paragneiss also forms thick

mappable bands intercalated with the other gneisses. The meta-
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sediments have a varied composition (pelite, quartzite,
iron-formation) and are considerably migmati:zed.

Me tamorphosed ultramafic rocks were found to occur

scattered throughout the area, as conformable lenticular
pods up to 2km long within leucocratic and basic gneisses.
On the south shore of Nachvak Fiord, Morgan (op.cit. p.5)
has identified a stock-like body of orthogneiss, a foliated
rock of quartz monzonite to granodiorite composition.
Morgan also recognized the existence of several equiva- ;
lent units west of the Ramah Group, where they have been

reconstituted by the Hudsonian orogeny.

II. 3. Recent Development of Ideas.
Geochronological investigations in southwestern Greenland
in the early 1970's revealed that the region contained the

oldest rocks known on Earth -- metamorphic rocks which were

probably vestiges of the early crust of the earth in existance
three and one-half billion years ago, (Black, Gale, Moorbath,
Pankhurst, and McGregor, 1971). Detailed mapping by V. R. J
McGregor between 1963 and 1970 culminated in the establishment

of a long and complex history of intrusion, deposition and

deformation for the early crustal segment around

-

Godthabsfjord (McG{’bor, 1973).
More than 35 years ago, Kranck (193%a, 1939b) was

impressed by the similarity between the gneisses of Labrador
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and Greenland, so much so that he commented that there was
" a good corre§bondence as regards geological evegts'during
Pre-Cambrian time on ?oth sides of the Labrador Sea."
(Kranck, 1939b, p.80). More Irecently, Bridgwater, Escher,
Jackson, Taylor and Windley (1973) similarly compared
Greenland and Labrador using the structural provinces of
Eastern Canada and their equivalents in the Precambrian
block of Greenland. This eventually led to the definition
of a North Atlantic Archean craton, encompassing the Nain
Province in Labrador, the pre-Ketilidian in Greenland and
the pre-Laxfordian of northern Scotland (Bridgwater, Watson
and Windley, 1973). (Pigure 5).

One of the implications of the definition of an old
cratonic nucleus to the continental regions of the North
Atlantic was that if the Nain province of Labrador was
equivalent to the Archean block of Greenland, then very
early crustal rocks‘might also be preserved in northern
Labrador. This was confirmed by Hurst (1974) with a zircon
U-Pb age of circa 3400 million years for metamorphic rocks
which underlie the Mugford Group at Lost Channel, 150 km
North of Nain,

Detailed investigation of a small area of the gneisses
at Saglek Fiord during the summer of 1974 (Bridgwater,
Collerson, Hurst and Jesseau, 1975) revealed that the geo-

logical evolution of this part of the Nain Province in
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the North Atlantic craton (from Bridgwater et al., 1973 b).
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Labrador closely paralleled that of the Godthabsfjord region
of west Greenland (Table 1).

The evolutionary model for the Saglek area may be
summarized as follows (Bridgwater et al, 1975; Collerson,
Jesseau and Bridgwater, 1976; Hurst, Bridgwater, Collerson
and Wetherill, 1975). The oldest recognized lithology of
areal extent consists dominantly of foliated tonalitic to
granodioritic rocks (the Uivak gneisses), locally rich in
pre-Uivak inclusions. These gneisses include at least two
chemically distinctive igneous intrusive suites, demon-
strably geparated in time, but both cut by\i‘izgrm of
porphyritic diabase dykes, now amphibolites (the Saglek dykes).
[It is curious to note that even though field relationships
indicate the Uivak gneisses have been clearly deri;ed from
more than one intrusive series, and the Uivak I portion was
me tamorphosed and complexly deformed prior to the injection
of Uivak II, the suite as a whole gives a whole-rock Rb-Sr
age of 3622 + 72 million years with both Uivak I and II
falling on the same wéll*defined isochron. Hurst et al.
(1975) have interpreted this feature to be a result of
isotopic homogenization during metamorphism, rather than a
primary igneous age. More recently Bridgwater and Collerson
{1976) have advocated a major period of K and Rb meta-

somatism at 3.622 m.y to explain the homogenization of the

two suites.] Although the Saglek dykes occur largely as




PO SR

disrupted pods rotated into parallelism with the Uivak
foliation, undisputed discordant relationships can be

rarely observed. Tectonically interleaved with the Uivak
gneisses are a series of metasediments, amphibolites, layered
meta-igneous basic intrusions and ultramafic rocks known
collectively as the Upernavik supracrustals. No Saglek
dykes have yet been recognized within the supracrustal series.
Younger quartzofeldspathic gneisses derived by remobilization
of the Uivak gneisses ~3133 + 156 million years ago occur

as foliated sheets within the garlier gneisses and supra-
crustals. Lensoid, white-grey granite masses possessing a
simple anastomosing fabric are believed to have been
emplaced late in the 3.1 b.y event. Later events in the
area include emplacement of granites in shear belts trans—
gressing all earlier structures, intrusion of post-tectonic
diabase dykes, and movement on the Handy Fault.

During reconnaissance geochronological sampling of the
Labrador coast in the summer of 1973, Barton (1974) collected
a suite of rock{ from Hebron Fiord, from which he has recently
reporteéd a whole-rock Rb-Sr age of 3618 : 106 million years
(Barton, 1975). This age is equivalent to that of the Uivak.
gneisses, and indeed, the rocks sampled by Barton have been
shown to be part of the Uivak suite (Collerson, Ryan and

Bridgwater, in prep.), even though at Hebron the Uivak gneisses

<
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occupy restricted enclaves in dominantly remobilized and
refoliated quartzofeldspathic gneisses.

The work carried out in the Saglek region during the
past-field season (Collerson, Bridgwater and Vocke, in prep.)
has included extending the mapping to the east and west along
the fiord, a study of the structural evolution of the
gneisses west of the Handy Fault, and refining the estab-
lished relationships. Newly discovered areas of low intensity
deformation within the Uivak gneisses offer possibilities of
"seeing back" to the very early structural evolution of the

region.

IT1.4. Purpose of Present Study, Field Techniques and Weather
Limitations on Project. '
The present study was carried out in an area approxi-
mately 50 km south of Saglek, o(rer a period of 17 days

between July 20 and August 22, 1975. The xpapping has revealed

that the rocks of this region are dominantl¥ the "undifferen-

tiated gneisses" of Bridgwater et al., (1975) erein termed
the Iterungnek gneisses), ie. those foliated rocks ich have
been derived by remobilization of the Uivak suite ca. 3100
milliJén years ago. Although small areas of the earlier Uivak
gneisses have been identified, they all exhibit effects of
intense deformation which has rotated discordant Saglek dykes

into conformity with the Uivak foliation and disrupted them

to form boudinaged horizons. The presence of a well exposed
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region exhibiting the superposition of another period of
de formation and "gneissification" upon the Uivak migmatites
has provided an opportunity to study deformation patterns
and processes of refoliation in Early Archean gneisses.
Mapping of the thesis-area was carried out by over-
land traverses, plotting data on acetate overlays of
vertical air photographs on a scale of 1 inch to 0.25 miles
(1 cm = 0.16 km) . Access to regions .directly adjacent to
Iterungnek and Hebron fiords was greatly facilitated by the
use of a 14 ft. (~5m) inflatable, heavyduty rubber boat.
Lithologies were differentiated on a gross scale, and

structural data recorded at each station during approximately

two weeks of hit—and-run mapping. It was the intention to

follow up the lithological distinction with de tailed
structural mapping by tracing-out individual marker units ,and
recording as much structural data as possible to enable a
plausible structural picture to emerge. Unfortunately,

the weather during the field‘season was far from co-operative,
with fog, rain and high winds for the greater part of the
summer. As a result, many of the objectives of the study
were not accomplished to such an extent that they can be

used conclusively in accessing the structural evolution of
the area. Regions for which the writer has little informa-
tion, except of a reconnaissance nature, include the supra-

crustal gneiss relationship on the North side of Hebron




Fiord at the western margin of the map-area, and a large

block of gneisses in the central part of the area on the

South side of Iterungnek fiord. Traverses in these two
areas indicate probable fold closures, which are indicated
on the accompanying geological map {in back pocket) for
Hebron, but data are oo s¢anty to define these on
Iterungnek fiord. More detailed mapping is required to

delineate geological patterns in these areas.




CHAPTER III

LITHOLOGY AND PETROLOGY

III.1. Nomenclature.

The lithological subdivisions of the Archean gneisses
between Iterungnek Fiord and Hebron Fiord correspond to those
of the Saglek area (terminology following Bridgwater et al,
1975; ,Collerson, Jesseau and Bridgwater, 19Y76a ) namely,
Uivak gneisses containing pre-Uivak inclusions and Saglek
dykes, the reworked equivalents of these early gneisses with
associated syntectonic granitic sheets, and elongate basic
gneiss and/or metasedimentary belts probably equivalent to
the Upernavik supracrustal series. .Other rocks within the
study-area include ultramafic lens, several ages of pegmatites,
and lpos!:--tectonic undeformed diabase dykes of (late Archean?-)
eardy Proterozoic age. The southerly extension of the Handy
Fault, defined b! a broad valley with outcrops of pseudo-
tachylite-veined mylonite, forms the western boundary of the
map-area. Only one day of reconnaissance mapping was spent
on the rocks west of this fault, and therefore they will not !
be considered in this account.

This section of the thesis describes the fiéld appear-

ance and petrology of the major rock units in the study area.

The rock-units treated in detail below are (i) the Uivak




gneisses (ii) the Upernavik metasediments and basic
gneisses, and (iii) the Iterungnek gneisses, a younger
series of tectonites formed partly through remobNization of
the Uivak suite. Although the field characteristic

several other rock-types (eg. ultramafics, pre-Uivak inclu-
sions) are described, and specific localities cited, a
detailed petrographic treatment is beyond the scope of this

thesis.

II1.2 The Uivak Gneisses
This lithology, the oldest group of quartzofeldspathic

rocks so far identified on the Labrador coast (3.6 billion

years, Hurst et al., 1975), and widely distributed at Saglek,

has not been identified as being of great extent in the area
covered by this study. The Uivak gneisses are most easily
recognized in clean, ice-scoured, coastal exposures where
they appear as grey, biotite-rich foliated rock; of limited
extent, usually enclosed by a pink to brown-yellow weathering
K-feldspar (microcline)-rich gneiss which can be demon-
strgted at several localities to be formed by the remobili-
zation and localized partial melting of the Uivak suite.
Inland, in the lichen covered outcrops, it is usually impos-
sible to distinguish subtle changes in lithology as on the

coast, and areas of Uivak gneisses are not easily delineated.

The early gneisses are all intensely deformed as is
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demonstrated by their strongly foliated and banded appear-

ance. The best exposures of Uivak gneisses in the map area

are found in coastal stretches on the south shore of
Iterungnek Fiord, in a small cove on the western arm of
Jerusalem Harbour, and in the cove on the west side of Cape
Nuvotannak.

The Uivak gneisses vary from massive light to dark-grey
weathering, biotitésfoliated fine- to medium-grained rocks
with minute whisps of quartz + feldspar(s) concordant veining,
to banded migmatites tonsisting of grey, biotite~rich layers
from 2-50 cm wide intercalated with a medium to coarse-
grained quartz-plagioclase-microcline fraction of similar
thickness. The granitic pegmatoid parts frequently display
a pinch and swell aspect, and the grey component often
exhibits a streaky laminated appearance (Plate 1l). Locally
these white stripes may be seen to be derived from the extreme
attenuation of feldspars [phenocrysts of the porphyritic
Uivak II adamellite phase of Collerson et al., (1976)]} or
by the intense flattening and stretching of quartz-feldspar
clots derived from the disruption of rootles/s intrafolial
folds. These may have originated as synkinematic cross-
cutting veins which (ptygmatically?) folded, later undergoing
dismemberment and extension in response to the changing

strain'comp:ments. A possible evolutionary sequence is shown







in Figure 6.

The alignment of biotite and the streaky character

of the grey gneiss defines the dominant foliation, which at

many localities has been overprinted by a new growth of
biotite. The second foliation crosses the primary schistosity/
gneissosity at a very low angle, and only when this discord-
ance is on the order of 15-25° is it easily detected. 1In
such areas it is also possible to detect rotation of lozenge-
shape§ quartz-feldspar clots occasionally present in the
gneisses, into the plane of the superposed foliation.

In certain areas (eg. on the west side of Morhardt Point,
58°16'N; 62°40'N1) the grey gneiss occurs as rotated,
randomly oriented blocks with dimensions of a meter or more,
brecciated and externisively net-veined by a system of granitic
pegmatites believed to be due to the remobilization of the
Uivak gneisses. These pegmatites are foliated parallel to
their margins, and commonly follow trends mimicking the axial
traces of folds in the gneiss (Plate 2a). In such exposures
the Uivak layering is complexly folded and a new biotite
foliation is developed, parallel to the axial planes of such
folds (Plate 2b). In other areas (eg. west side of Jerusalem

Harbour, 58°14°'N; 62°37'40"W) the superimposed foliation is

1

Latitude and longitude determined from National Topographic
System map-sheet 14L, Editidn 1 MCE, Series A S01 (Hebron).
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attenuation of quartz-feldspar veins in Uivak gneiss.
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defined by a series of dark-green elongate "blebs” of
amphibole, replacing earlier pyroxene.

As a result of the highly strained nature of the Uivak
gneisses in the map-area, it is very difficult to determine
whether the rocks belong to the Uivak I or Uivak II suite
described by Collerson et al., (1976a) and Bridgwater and
Collerson (1976). There are a few areas where it appears
that relic phenocrysts similar to those of the Uivak 11
adamellite are preserved, and in other regions (eg. Hebron
Village; Jerusalem Harbour, 58°14'40"N; 62°38'10"W) dark-
green to black monzonitic, ferro-dioritic and hornblenditic
rocks occur within the grey gneissées. At Jerusalem Harbour
a ferro-dioritic rock of this type appears to have been a
narrow sheet intrusive into the grey gneisses enclpsing it.
These mafic portions of the Uivak gneisses have character-
istics of the more iron-rich members of the Uivak II suite
as described by Bridgwater and Collerson (1976, p.52). Most
commonly howeﬁer, the Uivak gneisses are nondescript,
migmatitic, light-grey, tonalitic rocks whose primary origin,
whether Uivak'I or‘%ivak II, cannot be ascertained {(cf.
Collerson et al., 197éa ). Grey gneisses of thi$ type are
typical of vast expanses of the Precambrian continental crust
(cf£. Tarney, Skinner and Sheraton, 1972; Marmo, 1971; Wynne-

Edwards and Hasan, 1972; Viljoen and Viljoen, 1970;
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Glikson and Sheraton, 1972; Hunter, 1974).
Pas d
The foliated, homogeneous-looKing, grey portions of
the Uivak gneisses studied display the following mineral

assemblages:

Quartz-plagioclase-biotite
Quartz-plagioclase-biotite-microcline
Quartz-plagioclase-biotite-hornblende
Quartz-plagioclase-bjotite-hornblende-microcline.
“ The more mafic members, probably of the iron-rich
Uivak II suite (cf. Bridgwater and Collerson, 1976) contain
Quartz-plagioclase-biotite-clinopyroxene
Quartz-plagioclase-biotite-clinopyroxene-hornblende.
d Accessory phases in the Uivak gneisses are invariably
apatite, zircon and allanite. Granular epidote is sometimes
present as a late-stage alteration product, especially

affecting plagioclase, and monazite was observed in one thin

R

section.

1
The microstructure of the gneisses is generally a

) 2 . -
granoblastic mosaic of interlocking inequigranular grains
(Plate 3). This is more pronounced in thin sections cut
normal to the mineral lineation (N-section) than those

parallel to tis lineation (P-section). The mineral fabric -

LY

1
"Microstructure® is used to describe the spatial
distribution of the mineral grains in these rocks.
"Texture®, in metallurgical terminology means preferred
orientation (see Vernon, 1968).

2
Microstructural terminology follows the system of Collerson (1974)
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(cf. Watterson, 1968, p.38) in thin section is gdefined by
an alignment of biotite flakes and lenticular grains of
quartz,

The actual amounts of each mineral in the gneisses
is variable, especially the proportion of plagioclase to
alkali feldspar. The mineralogy of the grey and pink
Uivak I gneisses therefore gives rise to rocks which have

igneous equivalents in tonalites, quartz diorites, grano-

1 ® '
diorites and quartz monzonites. There is evidence from the

petrological work that the wide variations noted may be
attributable to additions of silica and potassium, there-
fore increasing the modal quartz and alkali feldspar. Thus
the above compositions may not be indicative of such vari=-
ations in the protoliths. The more mafic rocks studied,
which are interpreted ags being part of the irdn-rich Uivak II
{suite have asse%blages characteristic of ferro-diorites.

The Uivak gneisses described herein are both from areas
which have escaped tectonic reconmstitution, and also from
enclaves in the Iterungnek gneisses where they have been
only partially refoliated.

The general petrographic characteristics of the major
minerals are degpribed below. Since the region has under-
gone three periods of deformation of varying intensity

subsequent to the formation of the Uivak gneisses (see

l .
According to the IUGS Subcommission  on the Systematics of -
Igneous .Rocks (1973)

TR e NP | Tl




Ch.vi), some of the microstructural features observed in

these rocks (eg. that of the quartz) may be late-stage
developments. However where the relative ages of the
microstructural patterns are known (eg. biotite reorien-
tation) they are noted, especially those features which
are present in Uivak gneisses from zones of re-foliation.
The quartz present in the Uivak gneisses shows twd
chief modes of occurrence, namely as small rounded pools
< 0.2 mm in diameter surrounded by a more granoblastic
aggregate of feldspar(s), or as ameboid, irregular equi-
dimensional (up to 3 mm in diameter) and elongate grains
(>1 cm in length), the latter helping to define the
foliation. In all cases it has undulose extinction (i.e.
strain shadows); highly birefringent fluid inclusion trails
are common. 'i‘he larger grains display well-developed deform-
ation bands. The boundaries of these bands;, being zones of
high strain, are loci for the generation of new grains within
the farger grains (cf. Wilson, 1973). The recrystallization
process of these new grains is "arrested”, for their
boundaries are coitunonly strongly sutured, instead of the
straight 120° array expected for complete equilibrium
following recovery (Smith, 1964, Vernon, 1968). The serrated
: /

boundaries alsc indicate grain boundary migration, i.e. an

enlarging of the newly formed grains (Bell and Etheridge,

1973).
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Deformation lamellae, at a high angle to the béundﬁries
of the deformation bands (Plate 4a) have been observed in
the quartz grains, especially in the Uivak gneisses from
zones which are re-deformed (155c).1

In regions where the Uivak compositional layering 1is
folded, and overprinted by the younger (Iterungnek) biotite
foliation the quartz tends to recrystallize, or develop
deformation bands and become elongate due to intra-
crystalline slip, such that it forms an incipient foliation
following the younger schistoéity, even though the earlier
banding is still conspicuous. .

All microstructural features of the guartz in the
Uivak gneisses can be thought of in terms of deformation
largely by a dislocation mechanism. The deformation bands
and lamellae, for example, indicate a slow strain rate
(White, 1975a) or a creep type of deformation during which
recovery has been an active process (cf. White 1975b; White
and Treagqus, 1975). "

The quartz grains generally have curved, straight or
scalloped grain boundaries against itself and the feldspars,
but straight against the micas (see also Wilson, 1973;
Vernon, 1968)., However it has been observed to embay and

corrode the feldspars, containing inclusions of them and the

) 2

1 ,
Numbers in parentheies refer to thin sections in the
Memorial University |Geology Department ™Labradér Collectiofi”,

All have the prefix BR~75- ). .
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other mineral species present in the rock. These features
are interpreted to\\'r‘\hdicate that there has been some intro-
duc‘tion of quartz into these rocks following their initial
crystallization or alternatively, there has been some
remobilization of the quartz. The small pools between the
other constituents may be interpreted in a similar manner.

Plagioclase commonly forms equidimensional grains with
an average size of Ixlmm, with the composition of —~
oligoclase-andesine (.An25_38) in the felsic rocks and ~—
oligoclase (Anze) in the more iron-rich types. The degree
of twinning - the most common of which is albite - varies.
Many grains are untwinned, others have "faded" twinning,
while others have been very sharp twin planes. If the criteria
of Vance (1961) and Vernon (1965) are applied, then the
forms of theseh twins indicate that thé majority are pro-
duced by deformation.

The feldspar is very susceptible to alteration;
sericite is pro'fuse.ly developed, especially along twin
planes a;-xd grain boundaries, and granular epidotg and carbon-
ate are not uRcommon. Many grains.show strain effects -
undulose extinctic;n., the development of kink bands, and
secondary (mechanical) glideu Vtwim.,_'rhe lﬂack of distinct,
-optically determinable fracturin§on the kink band bound-
‘aries indicate they formed by plastic rather than'“Bri\ttl_e,

processes (Borg and Heard, 1971; Vernonm, 1975). (In the kink -
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bands primary lamellae are obliterated, and mechanical
albite twins parallel to the kink bound‘ries are developed
(Plate 4b). 1In other grains, single primary lamellae
become narrow muitiples within the kink band, and then
continue on the other side of the kink with the same initial

dimension.

The grain boundaries with other species vary frofm

R RNREEY S

straight or slightly ¢curved to embayed, the latter especially

The plagioclase/microcline

against quartz and microcli

interfaces are also sites off bous myrmekite growth, the

e akiritn

"worms" of quartz penetrating the plagioclase (see below). 1
Alsco when plagioclase is in contact with microcline, the

former may show A narrow halo ( ~0.1 mmwide) which is in

slightly different optical orientation than the rest of the

grain (23a). Inclusions of quartz and microcline in plagio-

structural equilibrium between the feldspar and its inclu-
sions (Vernon, 1968; Kretz, 1966). | .

Pour varieties of biotite are recognizable in the thin
sections of “the Uivak gneiues_’g‘ssudied, viz. that of the
original Uivak foliation, the t;w;-riarinting (Iterungnek) fabric,
randonly oriented” aggregates, and a very late "shredded”
‘variety.

The biotite which forms the foliation in the Uivak

gneisses is intensely pleochroic (X = straw yellow:

) clase are rounded, indicating a close approach to micro-
.
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Y = Z = greenish brown, dark li:rown, greenish black), and

is characterized by the presence of inclusions of crystallo-
graphically oriented needles of acicular rut:.:Lle1 (sagenite;
Hatch, Wells, and Wells (1972)). The mica occurs as
subidiomorphic and xenomorphic grains up to 4 mm in length,
parallel to the compositional banding. (Plate 5a).

A second variety of biotite forms the axial planar
foliation to folds of Uivak gneiss in the zones where the
gneisses are reconstituted; it cross-cuts the Uivak composi-
tional banding and its schistosity. 1It is similar in size
to the earlier mica, but has a different pleochroism
(X = buff, Y = 2 = reddish brown), and genei:'ally lacks the
rutile needles of the earliér biotite. 'rhé sagenitic biotite
in the folded grey gneisses (125c) is largely reoriented
parallel to tHe new mica foliation. '

A third variety of biotite occurs as stellate aggregates
up to 1 ¢m in diameter which displays a needle-like or
skeletal Sppearance, and is larger than the fabric forming
varieties. The pleochroism is X = pale yellow, Y = Z = blue
green, grass greon.’ It is devoid of inclusions, except
’.ircon granules giving pleochroic haloes. This green mica
é‘)ccurl either associated with gquartz and magnetite, app§rent1y

having no relation to the other minerals in the rock (3la),

. ,
Thi% cannot be used as a diagnostic feature of the Uivak
gneisses however, since Collerson (pers. comm.) has found
sagenitic biotite in late, foliated granitic sheets at Saglek.

.
PRy







or in association with a blue-green amphibole (125c) which
is replaced by symplectites of qpartz4green biotite (see

below). The unoriented aspect of the green biotite suggests

that it crystallized essentially under static conditions, ;////

S’

i.e. is probably largely a thermal transformation of the
amphibole. |

The fourth form of biotite is a green and brown "shredded"
form, rarely in well-defined grains. It occurs as secondary
overgrowths on the earlier micas, as coronas on opagues, and
penetrates along mineral grain boundary and into fractures
in feldspar and hornblende {Plate 5b). When this bictite ’
does /form discrete flakes, these usually nucleate perpen-

dicular to the (00l) of the earlier mica, but some do over-

grow in the same crystallographic orientation. All odécurrences
of this mica indicate that it is a rather late-stage mineral
in the rocks.

The only potassium feldspar detected in the Uivak

gneisses is microcline. In contrast to the variably altered
aspect of the plagioclase, microcline is fresh and unaltered.
It has a xenomorphic form varying from minute grains to a

maximum of 3x3 mm. The characteristic spindle-shaped cross-

e e i g . M ko, e 8B

hatched twinning is ubiquitous, and a variety of perthitic
forms (Plate 6a) have been observed in this feldspar e.g.

ribbon, flame, patch, stringlet (see Spry, 1969, p.182).







Grain boundaries with itself and other constituents of the
rock vary from straight to embayed, the latter most common
against plagioclase, accompanied by vermicular quart:z
penetrating the plagioclase (Plate 6b). A similar pheno-
menon is seen within plagioclase inclusions in the alkali
feldspar. Myrmekite is not observed at all plagioélase/
microcline interfaces, but its presence does indiéate that
at least some of the microcline probably formed at the expense
of plagioclase,:either by introduction of xzo to the system
(eg. Hunter, 1973) or else by exsolution caused by deform-
ation (Phillips and Carr, 1973). However, other mechanisms
may cause similar myrmekitic intergrowths (for a review, see
Phillips, 1974).

A green amphibole is present in the Uivak II ferro-
diorites, and to a lesser extent in the grey gneisses of the
Uivak I suite. The hornblende is considered to be of two
ages, namely (i) that present in the compositional bands in
the Uivak gneisses and (ii) that in blotchy zones in the grey

"gneisses. .

The amphibole in the fetrodiorites, and more rarely
in the gr:e’y gneiss, has a maximum size of .3 x 2mm , arﬁl
has a xenomorphic to subidiomorphic form. 1Its pleochroism

is pronounced (X = buff, Y = greenish brown, 2z = grass-green),
X

and optic angles determined (on the order of 40°) indicate




a composition towards the ferrohastingsite end-member of

the hornblende series (Deer, Howie and 2Zussman, 1971).

In some examples this hornblende has been observed to over-
grow sagenitic biotite, but more commonly the two co-exist
as discrete phases. However, there aré numerous examples
in thin section where this amphibole has been overgrown by
later clinopyroxene in which it remains as relics.

The second hornblende has been observed only in one
thin sBection (125c), where it forms xenomorphic, porphyro-
blastic grains, often granular but in optical continuity,
in plagioclase-quartz blotches found in small Uivak enclaves
in the Iterungnek gneisses. These blotchy zones are
relatively free of the brown Uivak biotite, suggesting that
it may have been involved in the hornblende-prébducing reaction
(Mehnert and Bisch, 1966, p.254). These blotchy zones,
with the green hornblende blebs, are interpreted as areas
where melting has been initiated within the older grey
gneiss, under later high grade metamorphic cohditions.
(Busch, Schneider and Mehnert, '1974; Wooden, Goldich and
Ankenbauver, 1975). The hornblende of these irregular blotches
is larger (ub to 1 cm. in size) than that occurring in the
compositional bands in the gneiss, and has the following
pleochroic scheme: X = yellow, Y = blue-green and Z = greén.

J

It is commonly replaced by stellate green biotite-quartz

symplectites as noted earlier (Plate 7a). Similar stellate




arrays have been found replacing garhet in blebby granu-
lite facies gneisses at Saglek (K. D. Collerson, pers.
coﬁﬁ.). However, the PT conditions may not have been such
that garnet would crystallize in the rocks under study
here, and hornblende crystallized instead (cf. Biisch et
al, 1974, p.366) which gave rise to similar biotite-quartz
products on retrogression (see also Schneider, 19745.

A pale-green weakly pleochroic clinopyroxene (hedensy
bergite) is present in the iron-rich dioritie!gneisses. over-
growths on hornblende, and the presence of hornblende inclu-
sions indicate that it is a prograde dehydration trans-
formation of the earlier ferrohastingsite. In areas of
tight folding, the clinopyroxene forms an axial planar
fabric, overgrowing the Uivak banding, and giﬁing the rock
a pronounced blebby aspect. It typically occurs as relic
grains or "islands"” surrounded by a massive-looking pgle
green actinolitic amphibole, although all stages of trans-
formation have been observed, from slight marginal alter- 7
atioh to complete pseudomorphs. In some thin sections one
can observe hornblende (ferrohastingsite) overgrown by
clinopyroxene, surrounded by a corona of actinolite which
penetrates fractures and cleavage traces of both (Plate 7b).

The clinopyroxene to actinolite reaction appears to have

occurred in a non-stressed environment, an indication that

conditions of metamorphic recrystallization outlasted the

S
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deformation.

Another variety of secondary amphibole is also
present in the clinopyroxene-bearing rocks., It is colour-
less, has a bladed form in conﬁfast toc the massive
actinolite, has parallel or nearly parallel extinction
(very low 2\ C), and never retains any relics of what it
has replaced. It is possible that this bladed amphibole
is pseudomorphing criginal otrthopyroxene, none of which

remains. This however, requires further petrographic

investigation.

III. 2f1. The Saglek Dvykes .’

The Uivak gneisses were identified and delineated in
the field on the basis of numerous inclusions of poxrphyritic
amphibolite, believed to be the remnantslof a diabase dyke
swarm intruded into the Uivak gneisses at sométime during
their evolution, both rock types being subsequentl& deformed.
The effect of such deformation has been to disrupt and
rotate the Saglek dykes into parallelism with the resulting
gneissosity. Alternatively the dykes may have been intruded
parallel to the original gneissic laye}ing. Rarely are
intrusive relationships preserved. On the south sh?re of
Iterungnek Fiord (58°14°30"N; 62°41'30"W) there occurs Uivak

gneigses in which a few of the Saglek dykes show discordant

contacts with, and small apophyses into, the surrounding

-
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Uivak migmatites. However features such as these are
uncommon; the dykes usually occur as dark-green to black
coloured pods and lensoidal amphibolite bodies, from

< 20cm to>5m in length and <5 c¢m ‘to-l m in width,
forming linear inclusion trails parallel to\the gneissosity
in the country rocks.

During the field study the use.of the name "Saglek
dykes" was restricted to those amphibolite inclusic:ns which
displayed relic phenocrysts of plagioclase feldspar, or
their deformed equivalents. The ‘-plagioclase usually occurs

as well-preserved megacrysts (up to 5 cm in diameter) or

aggregates of megacrysts in an equigranular, granoblastic,

fine to medium-grained hornblende-feldspar matrix (Plate 8a).

The weathering of the undeformed feldspar megacrysts in a
few dykes gives the impression of ori‘g:fnal igneous zaqning
preserved. In areas of high finite strain the megacrysts

" are extremely elongate giving rise to a discontinuously

banded amphlbollte {Plate 8b).

T™wo thin sections of deformed Saglek dykes were studled.
The chief minerals are hastingsitic hornblende plagloclase.
actinolite and guartz, with abundant accessory opaque oxides
(magnetlte)-. granular ep:.dote and minor muscovite.

The hornblende has a xenomorphic to subldiomorphic
form with a streng pleochtoism (x = pale browm Y = grass
green, I = bI:owms_hl g»reen)‘“. The plagioclue (Anzs) .
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forming lenticular aggregates, i8 invariably twinned and

deformed. Sericite and epidote alteration are widespread.
A pale-green, weakly pleochroic actinoclite, predominantly
confined to the plagioclase-rich portions of the rock, is

interprete‘i as replacing clinopyroxene. None of the

r N
clinopyroxdne remains, but the habit of this amphibole is ] 1
reminiscent! of that observed in the mafic Uivak gneisses [
‘described e%rlier (p.51). The actinolite is characterised \

by rims of g“):anular and acicular epidote,most pronocunced

where the a.m?hibole is in contact with plagioclase, and
generally absent at contacts with the other phases. This -
relationship indicates that the epidote coronas are gener-
ated as a res&}t of a reaction betweeh plagioélase and
actinolite. Minor greenish shredded biotite may occur with
the epidote. The quartz in the Saglek dykes occurs as
large, commonly elongate, grains (>5 mm in length) /through’-
out the rock, but predominates in the plagioclase-rich zones.
Smaller ameboid quartz is. alsq present, which encloses and/
or embays other phases giwvin -some (eg. hornblende) a

resorbed appearance..

III. 2.2. Pre-Uivak Inclusions. 7 -
Also occufri_ng within the early grey gneisses are

numerous inclusions of metasediments, massive amphibolites

and v;ariably textu.red ultfmﬁ.c rocks, all of which are

considered to pre-date the igneous suites which were the

.l.
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precursors of the Uivak gneisses. These inclusions are
generally several meters in dimension, although larger

bodies may be present, as is described below. 1In areas

where the Uivak gneisses have been remobilized, it is

- difficult to decide whether the inclusions are pre-Uivak
or not, especially those found adjacent to the intercalated
metasedimentary and amphibolite belts in the area. It can

be demonstrated however, that many inclusions in such

P ..‘,‘4,,,.‘,1.(%‘_4‘&‘:.‘ PR il e b

settings have been derived locally by a process of "stoping'

from the supracrustal belts during remobilization of the
surrounding gneisses. However several outcrops of Uivak
gneiss with pre-Uivak inclusions have been recognized

(Figure 7); two such inclusions are described below. .

On the south shore of Iterungnek Fiord (58°14°'15"N;
62°30'42"W‘_)‘-Uivak gneisses contain a lens of tightly folded,
dense, foliated ultramafic rock, and several pods of |
cumulate'-‘textured meta-melagabbro. The melagabhro texture
consists of irregular, snowflake-like patches of plagio--
clase * garnet in a hornblende-plagioclase matrix (Plate 9a).

\A In another part of the same outcrop, this cumulate t.exture is
deformed, folded and cross-cut by an undeformed Saglek
dyke (Plate 9h). Such relaf/i..onships demonstrate the activity’

of very early deformational/metamorphic and intrusive

processes duripg the evolution of the gneiss complex, which

in this case indicate a period of folding either after the




Location of
pre-Uivak inclusions

Figure 7.
map area.

Legend:

Sketch map showing locations of pre-Uivak inclusions in the

solid black - basic gneiss ,

stippled - metasedimentary gneiss

unornamented - quartzofeldspathic gneisses (undifferentiated
on map) :

large solid dots ~ various pre-Uivak lithologies.

1
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inclusion was encorporated into the Uivak protolith or prior
to its incorporation, but certainly pre-dating the intrusion
of the dyke.

In reworked gneisses on the west side of the entrance to
Jerusalem Harbour there are numerous mafic, ultramafic and
metasedimentary inclusions which are interpreted as remnants
of pre-Uivak lithologies. One such disrupted lens of pre-Uivak
metasedimentary rock is ~75 m in length and 1.5 m at its maximum
width. It is in the form of one limb and part of the hinge zone
of an isoclinally folded sequence, slightly discordant to the
surrounding gneiss. The rocks of the inclusion include grey-
brown granular impure quarti'ite, a pale green mafic rock
(possibly a metabasic tuff), semipelite, and dense quartz-iron-
stones (quartz-amphibole-magnetite * clinopyroxene *+ garnet rocks).
Inclusions,mineralogically sfpmilar to the latter found in the
Amitsoq gneisses of Greenland ax'.;e believed be derived by
intense silica contamination of banded ulgofic rocks
(McGregor, 1973). However the association wj,ith metasediments
here and elsewhere in ‘the map-a{ea (see belal;d) suggest they
may be sedimentary derivative.s, for: example :metamorphosed iron-
rich cherts. Also occurring within the abowfre-mer_ltioned
inclusion is a concordant porp'ﬁyritic amphibolite resembling a
Saglek dyke.

. i
Quartz-ironstones also ocecur as thin leyers in a large

metasedimentary inclusion (?) in the gneisse\u\ on the south

\\.
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side of the west arm of Jerusalem Harbour (5#°14'25"N;

62°38'30"W). An isolated amphibolite showing a pronounced
interfingering pattern with the gneisses, and marginally
intruded by a foliated granite sheet is present approximately
S00 m to the west. Such large isolated units in the gneisses
may be pre-Uivak in age. However there is no unequivocal
evidence to suggest that indeed they are pre-Uivak "mega-

xenoliths” which have withstood the later recongitution of the

——

Uivak suite.

A detailed discussion of the petrology of these rocks is
beyond the scope of this thesis. Only a few thin sections of
these rocks have been examined, all exhibiting mineral assem-
blages diagnostic of the amphibolite facies. It should be
noted however that similar inclusions in amphibolite facies //
gneisses at Saglek have assemblages which suggest an early
period of granulite facies metamorphism, probably pre-Uivak
in age (Collerson, et al., in prep.) Further descriptions of
the various types of pre-Uivak inclusions from Saglek will be

presented elsewhere by Collerson and Bridgwater, 1976).

III.;J. The Upernawvik Supracrfistals.

Intercalated with the Uiv neisses at Saglek are a
series of meta-sediments and layered amphibolites which
Bridgwater et al (1975) termed the Upernavik supracrustals.
The equivalent rocks in the present study area are discussed

below under two headings, viz. (1i’;he metasedimentary belts,

T YR ewt g e \D 3

e




- 62 -~

with associated (less abundant), basic gneiss and (ii) the
layered basic gneiss belts, since both occur as individual

map upits in the area.

IIX. 3.1. The Metasedimentary Rocks.
Metasedimentary rocks,. with associated bands of basic
gneiss, form three sinuous belts in the map-area. These supra-

crustal rocks are easily identified by their rusty weathering

character, attributable to the presence of abundant biotite -

and disseminated pyrite in the metasediments.

The p&ragneisses~are predominantly semi-pelitic and pelitic
composition, but minor dark-~brown, graphite-bearing marbles,
green, banded calc-silicate rocks, and grey, impure éuarfzites
occur as lens or pods up to.15 x5 m in size within the
successions.

The pelitic and semi~-pelitic rocks are characteristically
light rusty-brown or grey in colour, and cdntain interbanded
discontinuous, concordant units of white, saccharoidal,
jarnétﬁferous granite (Plate 10 a). The metasediments fre-
quently diéplay a streaky appearance due to overlapping,
elongate, lensoid clotﬁ of quartz and feldsﬁhr within'a more
homogeneous, f§liated biotite-rich host. The banding in fhe
paragneiss varies from a few centimeters to more than 2 m in

thickness, and forms units from 5-50 m thick, interlayered

with basic gneisses of similar thickness. Garnets, pale'pink -

LY L T !
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PLATE 10
UPERNAVIK SUPRACRUSTALS

10a. Grey and rusty-weathering semi-pelitie gneisses
with intercalated white, sugary, garnetiferous.
granite displaying a pinch and swell aspect.

10b. Amphibolite units interlayered.with the meta-
gdediments. Note thick unit in hillaide at center

of photo.
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to dark-red in colour, and up to 20 cm in diameter, are

ubiquitous in the metasediments and have an apparent increased
concentration in zones near the contact with the granitic
fraction. Pinitized cordierite occurs as disseminated blue
blebs up to 2 cm in diameter, and also forms distinct

cordierite~rich horizons; recognizable sillimanite needles

R s ch ol

are associated with biotite in many outcropé of pelitic
compositions. ‘

Basic gneiss units interlayered with the metasedimentary
rocks are on the order of 5-50 m in thickness (Plate 10 b), and
vary from massive isotropic bodies to well-banded fissile
rocks. They are dominantly hornblende-plagioclase rocks, but

garnet is locally present, and in places gives rise to garnet-

hornblende rocks with traces of feldspar and biotite.
Although no primary structures are preserved in the basic
gneisses associated with the metasediments they are interpreted
;o be derived from volcanic horizons (eg. basaltic flows,
mafic tuffs) or early mafic intrusions in the sediments. Such
an origin for the basic rocks at :Saglek has already been
\ postulated by Collerson et al., (1976) , and similar occur-

y rences in Greenland hage been shown to be derived from extrusive
volcanic rocks (cf. McGregor, 1973; Anderson and Friend, 1973},
There is no field or petrographic evidence to indicate an origin

< L of the basic gneisses from argillaceous or calcareous rocks

. (cf. Smithson, Eikkan and Houston, 1971; Naha and Ray, 1970;




Winter, 1970, 1974). )

Only the petrology of the metasediments is presented
below. The mineralogy of the basic gneisses in the meta-
sediments is similar to that presented later (IIIX.3.2) for
the large basic gneiss belts.

There is very little variation in the mineralogical
composition of the metasedimentary rocks studied. The semi-
pelitic and pelitic members are strohgly foliated, with mica
and sillimanite having pronounced preferred orientation
between more granoblastic aggregates of the other constituents.
Mineral assemblageg observed are -

Biotite-quartz-plagioclase-garnet-cordierite
Biotite-sillimanite—quartz-plagioéiase-garnet—cordierite
microcline
Biotite-sillimanite-quartz-plagioclase—microcline-garnet
2ircon, chlorite, opague oxides, and muscovite may be present
in accessory amounts.

The psammitic members of the paragneisses contain

Quartz-plagioclase -biotite~garnet

chlorite, opaque oxides, carbonate and epidote are also

present.

Several of the massive and banded calc-silicates were
studied, having the aasemblage
Calcite—diopside-zoiéite-microcline—quartz'

Sphene, pargasite, tremolite and pale green spinel are the
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chief accessory phases.

In the pelitic dnd semi-pelitic gneisses (semi-schists

in some cases), biotite is the chief ferromagnesian mineral. "
It occurs generally as subidiomorphic blades up to 4 x1 mm,
concentrated in sgecific bands in the rocks, thereby giving

them a strongly foliated appearance. The biotite has very

pronounced pleochroism from X = straw yellow, pale brown, .

T T ]
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colorless to Y = Z = foxy-red, orange-brown, dark rusty brown.
\

Zircon inclusions with pleochroic haloes are commonly‘p;eéent,
and there is minor retrogression to a pale green or colour;
less chlorite. |

One rusty pelitic rock from Hebron (48b) displayed a very
unusual relationship between biotiéé and muscovite. 1In
N-section the biotite occurs as. somewhat stubby crystal forms
in a groundmass composed of very fine muscovite/sericite (most
of which pseudomorphs original sillimanite) and fracfured
irreqular quartz. Discrete flakes of muééovite are best
developed when it replaces_ the elong#tevsillimanite needles
or the diamond-shaped basal sections; radial growﬁhs bececur on
pyrite. The muscoviée/sericite also replacés biotite, growing
pérallel to the cleavage traces, and ”foréeably expanding”

the brown mica, such that individual mica grains become alter-

~ ,

nating intimate parallel growths of biotite and mmscovite
(Plate 1la). 1In sections parallel to the sillimanite

1iqeation however, sillimanite is abundant, even though there

3 +







has been considerable replacement by muscovite, and the
biotite rarely shows the intergrowth of muscovite observed
in the other orientation.

Elongate sillimanite (up to 5 x1 mm) also defines the
foliation, and forms a lineation in the metasediments. The
siilimanite occurs as needles, and aggregates of diamond
shabed basal sections (normal to the lineation), associated
with bioéiter, and commonly in pinite which has pseudomorphed
cordierite. In some rocks sillimanite aggregates have been
partially replaced by muscovite, as mentioned above (Plate

11b). 1Inclusions of the aluminosilicate in plagioclase,

quartz and garnet are smaller than that which defines the

foliation, and may be nucleated grains whose further growth

. was restricted./ ~

Garnet occurs in all the pelitic and semi-pelitic com-

pogitions studied. Two ages are tentatively identified on

the pasié of microstructural criteria. Well-formed, massive,
subidio_morphic to ovoid garnets, up to 1 cm in diameter and
with very few inclusiops, occur as a pre-tectonic phase,
predatting the sillimanite-hiotitg foliation which forms augen -
aroﬁnd them (Plate 1l2a). One such garnet contai‘ns ah inclu~-
sion of green tburmaklix"i_e, an 'exotiq' mineral not accom-
Vﬁpanying thl; -p;eae;it_ assemblages in any of the, rocks stt‘zdied.
This is i‘rite'r'preted.’to be a reiic from an earlier {lower grade?)

paragenesis, the tourmaline having formed as a result of boron

.
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[ ] in the clays of the original sedimentary protolith. Biotite
and sillimanite are the most common inclusions in garnets
of this type.
In contrast to the relatively i'nclusion—fre; Aspect of

the pre-tectonic garnets, a more widespread variety in the

pelitic rocks is characterized by a poikiloblastic or seive

texture which is interpreted to have resulted from late syn-

tectonic or post-tectonic crystallization, during which the

garnets overgrew the other phases in the rock. These garnets

o

form large xenomorphic grains or granular clusters up to 1 cm
p .

in diameter. The internal foliation (Si) of the inclusions

-l

is generally parallel and continuocus with the external one

(Se) , but Si tends to be somewhat finer grained than Se {Plate

12b) . Possible explanations may be that the garnet encroached
on lts internal constituents, there has been post-garnet
coarsening of the exte::nal fabric, or the inclusions have

been involved in the garne,;-forming reaction.

In one rock (38Be), a psammitic gneiss, the garnet occurs
as xenomorphic, var}ably-sized poikiloblasts which have been
largeiy replaced by an association of chlorite¥magnetite-
quartz : carbonate. These minerﬁls occur in patchy distribution
between the othgr constituents, similar to the granules of

garnet, and are therefore interpreted as a retrograde product

" of the garnet, although no relic garnet remains in either

clot (Plate 13a).
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Cordierite occurs both as large xenbmorphic poikilo-
blastic porphryoblasts, and as aggregates of interlocking
subidiomorphic grains in cordierite-quartz-feldspar layers.
It is variably altered to yellowish pinite (muscovite
and chlorite; cf. Schi‘eyer, 1958), Trom minor marginal alter-

ation and penetration by dendritic networks to complete

replacement.. The' least altered grains preserve twinning and
vyellow pleochroic haloes around zircon inclusions (Plate 13b}.

In several instances slightly altered cordierite porphyro-

blasts overgrow the sillimanite-biotite fabric. In others
. .pinitized cordierite follows the folia;:ion wrapping around
the pre-tectonic garnets. These features of cordierite habit
' sug;;est that its growth began during the formation of the
regional ;foliati\on, but the crystallization outlasted the
' defo;:mation. .

The quartzofeldspathic componedt of the metasediments

occur's as grancblastic inequigranular mosaics between the
oriented g‘rowths of biotite-sillimanite which define the
foliation. Grain boundaries are straight to sutured; quartz
contains deformation bands and misoriented subgrain structures.
The influence of mica and sillimanite on grain shape of the
quaftz-feldspar -portions is easily seen when the fabric-
forminé species are present in significant amounts in the

more dranoblastic portion of the rocks. Grain boundary

growth perpendicular to the foliation is inhibited, the

xs =
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resulting configuration being composed of somewhat rectang-
ular grains of feldspar and quartz with their long dimension
oriented parallgl to the schistosity.

Twinning in the plagiocclase is commonly diffuse, although
some grains show wedge-shaped albite twin lamallae of deform-
ation origin.' ‘Potassium feldspar (microcline) was observed
in two thin seci:ions (L1b, 48b) of the pelitic metasedimentary
rocks studied. It is not abundant, forming xenomorphic
micro-perthitic grains, partially altered to muscovite,
between the other constituents. v

The calc-silicate rocks have very complex mineral assem-

blages dominated by calcite and microcline. The carbonate
occurs as interlocking xenomorphic grains with straight to

- :
sutured boundaries. In contrast to its absence in the pelitic

rocks, microcline is ubiquitous: in these impure carbonate

rocks, forming fresh, polygonal, well-twinned grains averaging

associated with zoisite ”.‘d tremolite; calcite is a minor
component in such layers. | '
The calc-silicates contain abundant xenomorphic grains
of zoisite, ranging in size from smll blgbs, to porphyoblasts
>1 cm in dimter'. It d;iplayl a very intense 'Borlin}‘blue'
ahomalous biréfringence‘,' and contain; ‘4nclusions of all other

phases in the rocks, as well as numerous relics of muscovite,

a Y £ 21 22 £

\ . .
1x1 mm in size. It also forms individual bands up to 1 cm thick,




‘polysyntheiic twinning, and narrow coronal overgrowths of°
clinoioisite are present on some gra;ns-

Diopside forms xenomorphic, weakly pleochroic granules
(averaging 1 x1 mm), often surrounded by a rim of tremolite
or pargasite. The latter also .forms ragged porphyroblasts
up to 5x 2 mm, with the following pleochroic scheme: X =

yellow-green, Y = grey-green, 2 = dark green.

III. 3. la. Metagabbro Sills in Metasediments at Hebrdn.

On the coast southwest of Hebron village (58°11'10"N;
62°37'40"W) the supracrustals.contain iptercalated-
porphéritic, basic rock lqyers‘which'appe;r.to have been
derived from one, or a series of, porphyritic gabbroic sills
injected into the metasedimentary/metavolcanic succession.
-The ro;ks contain abundant megacrysts of plagioclase up to
5 x2 cm, some of which appear to retain their origina;'
euhedral forms and relic igneous zoning (Plate l4a), and in
several exposureé there appears to be primary igneous layering
preserved due to varying concentrations of coarse feldspars
(Plate 14b). These rocks are quite ibectacular, and are
easily distinguished in the field. Their porphyritic’
character is a distinctive feature, and they.may be usefnl as
marker units for tracing out structures in the supracrustals
at this locality. Unfortunately, theﬂinclemnnt weather of the
field season prevented the writer from Qisiting this coastal:

seqt;on other than once, and therefore could‘not'follow—up
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the preliminary mappinq:

In thin section it can be seen that the feldspar mega-
crysts which give the rock itg‘distinctive appearance ar;
recrystallized to polygonal agéregates (Plate 15a): the
overéll microstructure is a graﬁbb;astic inequigranular
assemblage of hornblende—plagioclaSé-clinOpyroxene-ortho-
pyroxene.

The hornblende occurs as variable sized xenomorphic
grains attaining maximum dimensions of 3 x1 mm, having a’

strong brown component to its pleochroism (X = buff, Y =

greenish brown, Z = brown). Grain boundaries are straight

to curved, and its only inclusions are plagioclase and small

ragged grains of biotite. ’ _
Plagioclase forms very regular polygonal grains with
curved to straight grain boundaries, from f0.5 to 3 mm in
maximum dimension. Twinning is present in nearly all grains.
Though mostly of deformation origin (eg. lenticular wedges)
there are some which terminate abruptly within the grains,
and according to Vernon (1965, figure 7) are growth twins;
very bréad simple tyiné are also interpreted to be¢ of the
latter type. The feldsparsare more calcic than those from
other rocks in the area, being near the middle of the plagio-
clase series from An54 to Anso. Many of the plagioclases
display a discontinuous patternrof very fine lines whosel
actual disposition cﬁnnot be resolved with the petrographic

microscope, but which are tentatively identified as







microantiperthite. However they may be very fine dis-

location structures. In many gdjacent albite twins, these
lines Have different orientations such that a herring-bone
pattern develops (Plate 15b).

Colourless or very pale green xenomorphic grains.of
clinopyroxene; up to 3 mm in diameter éccur throughouﬁ the
rock, some having narrow rims of actinolite. Its ~relation—
ship to'the'hornblendevis_difficult to access; commonly it
occurs on the marging of it, and ﬁppears to replace it.

Orthoproxene, very weakly pleochroié{(pink to pale
greén), has beén largelylaltered to a fibrous orthoamphibdle,

but alsc occurs as relatively fresh grains up to 5 mm in

diameter. It has a xendmorphic, somewhat ameboid, poikilo-
blastic form, and enclosed both hornblende and clinopyroxene,

indicating that it crystallized later than these othey two
7

B
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ferromagnesian mingrals;
YI1I. 3. 2. The Basic GneissfBelts.

ITII. 3. 2a. Nonenclatrreﬁ

Basic gneisses of_the Upernavik supracrustal series havé

-~

two principal modes of occurrence in the study area. The

first is an association 6f reIatiQely thin units Within an

bordering the metasedimentary.rocks as described in the previous

section. A second mode of occurrence of basic gneisses is as

thick mapéable units in the quartzofeldspathic gneisses,




qpmmbnly‘with numerous lenticular ultramafic bodies..

Two large units of the latter type occur ‘in thé map—area,
one on Mt. Jerusalém, and a second stretching from the west
arm of Jerusalem Harbour northward to Morhardt Point (See
Pigure:ﬁ).

The term "basic gneiss" is used to cover a suite of
metartxrphic rocks in which mafic minerals predominate 6ver the
felsic constituents. The presence of hornblende, clinopyroxene
and orthopyroxene in the rocks has necessitated the use of
the following terminology to describe the basic gneisses in
the area: ) ‘

a) amphibolite = hornblende + plagioclase
b) pyroxehe - amphibolite = hornblende + plagioclase +
clinoﬁyroxene {(cpx < hb)
clinopyroxolite = clinopyroxene + plagioclase
hornblende - clinopyroxolite = clinopyroxene +
plagioclase + hornblende
(cpx > hb)
6rthopyroxolite'- either of the abové‘assemblages +
orthopyroxene (opx(:cpx) > hb)
£) hornﬁlende'- orthopyroxolite = same as (e) but
- - opx (tcpx) <-hb.
The terms "orthopyroxolite®” and 'Elinopyroxolite' are

new terms, introduced to cover the range of rock-types

formed by ‘various combinations of plagioclase, horﬁblende

and/or pyroxenes in the basic lithotypes of the map-area.
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brief discussion of their use follows.

Orthopyroxolite is a term used to define any meta-
morphic basic roéck with)orthopyréxene as a constituent
mineral, such that any ho;nblende preserit does not exceed
the total pyroxene(s), i.e. the hofnblende to orthopyroxene
(+ clinopyroxene) ratio is not greater than 50:50. If
hornblende does exceed the total pyrogené(s), then the rock
%s termed a hornblende-orthopyrgxolite.  Assemb1ages therefore
which may be encountered are orthopyroxené-plagioclase, ortho-
pyroxene-plagioclase-clinopyroxene, orthopjroxene-plagioclasef
hornblende and orthopyroxene-plagioclase-clindpygroxene-
hornblende.

The term clinopyroxolite is used to cover metamorphic
rocks composed of plagioclase and clinopyroxene.‘.Bornblende
may be present, but not exceed the hornblendé/clinopyroxene
ratio of 50:50; if> it does the rock is a pyroxene-amphibolite
(see b;pr). 1f hornblende is present Qithin the limits (i.e.
less than clinopyroxene), the rock is termed hornblende-clino-
pyrqxolite. Assemblages covered by this defix}ition are
clinopyfoxene-plagioclase and 91inopypoxene*plagioclase-
hornblende.

Am@hibolite is defined as any basic iétamofbhic rock "
lacking orthopyroxene, ané in which Fhe hornblende"tg clino-
pyroxene ratio is not 1e$5'than 50:50. If‘clinopYroxeﬁe i;

c07?1ete1y absent the rock is simply termed amphibolite; if -

’ . / .
.




clinopyroxene is present within the limits above (ie.

hb > cpx), then the rock is a pyroxene-amphibolite. If

clinopyroxene exceeds hornblende then the rock is a hornblende-
I ‘\ .

clinopyroxolite (see above). Assemblages ericountered are

-

thus hornblende-plagioclase and hornblende-plagioclase-
clinopyroxene. ‘

‘It can be seen from thev above that if orthopyroxene
appears in either the amphibolite or clinopyroxolite assem—
blagés the rock' "automatically" becomes an orthopyroxolite
(or hornbleAde-orthopyroxolite depending on the pyroxene(s)/
hornblende ratio). Tt_{\ese definitions have &he advantage that
both amphibolites and clinopyroxolites may occur in both
amphibolite and granulite facies terranes, bui: ortho-
pyroxolite can o}xly occur in areas of granulite facies.
Therefore by definition, the first occurrence of an ox¥tho-
pyroxolite within aﬁ area of progressive metamorphism indi-

cates the onset of PT conditions of the granulite facies, a

direct analogy with the \criterion of the first appearance of

N

orthopyroxene (Turmer, 1968; Winkler, .1974\, p.254).
; o~

There has been much discussion over the past few years on
rock nogenclature in high-grade gneiss terranes. Some of the
arguments (pro and con) for various classification schemes
may be found in Behr and others (1971) and de Waard (1973).
The terminology applied by the author avoids some of the

problems involved in orthopyroxene-bearing combinations which'




are either pyriclasites, hornblende-pyriclasites or pyroxene- - .

amphibolites (Berthélsen, 1960). Under the classification
outlined above the presence of orthopyroxene in any amount
defines the rock as an orthopyroxolite. Rocks of this type .
have also been called basic charnockites (Parras, 1958;" |
Cooray, 1962), pyroxen;a granulites (Subramanium, 1959), basic.
charnockitic granulites (Evans, 1965%5), and basic grdnulites
(Singh, 1966). In this thesis the -term "granulite" .is used
in the sense of a metamorphic minefal facies as defined by
Eskola (1952) and orthopyroxolite is by definition a granulite
facies rock. -

It has been pointed out by some authors (cf. Skjernaa,
1973 p.6) that in metamorphic terrains there may occur basic
rocks in which clino-pyroxene is in excess of hornblende, but
hypersthene is absent. These rocks have been variably
refeered to as "c1inopyroxene—plagiocias_e rocks”", "clino-
pyroxene—plagioclase-hornblende rocks" or "pyroxene-amphit:;o—'
lites™. It is for these rocks that the writer has proposed
the term clinopyroxolite, a name which may be also applied

to diopside-plagioclase rocks derived from the metamorphism

of calc-silicates, as well as basic tuffs.

IIT. 3. 2b. Description.

The Mt. Jerusalem and Jerusalem Harbour - Morhardt Point

basic gneisses are described below; the contact relationship




. v
of the latter with the gneiss is treated in detail. Othar

variations in the mesoscopic and microscopic character of
the basic gneisses are noted briefly by referencé to an
ultramafic—mafié rock association in Jeyusalem Harboﬁr and
an orthopyroxolite from Hebron. These descriptions broadly
apply to all rocks of this type in the area, including minor
units in the gneisses, and con;inﬁous units associated with
4

the metasediments. For instance, on the point at the
entrance to Jerusalem Harbour an eloﬂgate unit of pvroxene-
amphibolite occurs, which quickly pinchés out northward_along
strike. This unit and several other small fragmented bodies
at this locality contain small pockets or pods of calc-silicate
(calcite-diopside-scapolite-sphene) and zoned epidote-garnet-
calcite "skarn" rocks. Some of the numerous lens of basic
gneiss wi;hin the area may well be pre-Uivak in age, but this
could not be, established with certainty in the field.

(i) The Mt. Jerusalem basic gneiss unit is approximately

0.5 km wide, and can be traced continuously along strike a

~distance of 2 km. It varies from weakly banded to well-banded,

the banded appearance being due to the alternation of bands
)

with varying mineral content (see below)., It contains coarse
. —

granitic pegmatites forming sligﬁtly discordant intercalations

on a megascopic scale, but which extensively net-vein and

brecciate the body locally. Numerous small ultramafic pqds

are scattered throughout the central part of the basic gneiss

P




. unit.

~ The weséern contact with the Iterungnek gneisses is
sharp, and the gneisses contain numerous variably sized mafic
and ultramafic inclusions derived from the basic gneiss.
These inclusions are disrupted and commonly extremely atteny-
ated. ' A

The Mt. Jerusalem basic gneiss body interdigitates with

heavily remobilized Uivak gneiss and sheets of syntectonic,

) -
white weathering, weakly foliated granite which it abuts along

s%rike. Large, oriented?basic gneiss and/or ultramafic inclu-

sions form easily mappable "méga—xenélithic“ zones within these
gneisses/granite sheets. A tight synformal closure is present on
the coast to the East of fhe southern extremity of the basic
unit. It is fault—boundéd, but appears to represent an original

hinge zone of the body which has, been transposed by later '

L~

faulting. v/f' v

Tﬁe mesoscopig Q;riation in the character of the Mt. Jeru-
salem basic gneiss hﬁs its counterparmt in the mineralogy. The
assemblage hornblende-plagioclase-orthopyroxene-clinopyroxene
is present in thé massive rock, whereas hornblende—blagioclase-
clinopyroxene dominates the banded portion. In thin section
the banded appearance is seen to be due mainly to bafids of
clinopyroxene-plagioclase alternating with bands of clinopyroxene-

plagioclase-hornblende. The banded portions are devoid of ortho- .

pyroxene, which is surprising since the massive portions 'ontain

-
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orthopyroxene far in excess of clinopyroxene.

is

a hornblende orthopyroxolite,

The massive portion,

" characterized by a granoblastic microstructure. Hornblende

anf/plagioclase are similar in size (av. 1 x1 mm); ortho-

Orthopyroxene

pyroxene and clinopyroxene are generally smaller.

tends to form subidiomorphic tabular .grains, elongate parallel
to the weak foliation in the rock<™  Its average size is

0.5 x0.2 mm, but some grains are greater than 1 mm in length,

The hornblende (X =.pale yeilow; Y = browgish green, 2

greenish brown) is xenomorphic to subidiomofphic; elongate grains

dominate, having a maximum dimension of 3 x1 mm. Grain bound-

aries with all species including itself vary from straight to

smoothly curved to gently embayed, ‘the latter against feldspar.

The plagioclase (An32_36) is comparable to hornblende in

size and form. It is twinned, with wedge-shaped, lenticular,

needles (glide twins) being most prevalent. Fven though albite

twinning dominates the feldspar, combinations according to the

albite-pericline laws are not uncommon. These combination

twins show many features described by Vernon {(1965), eg..albite

twins impinging on wider periclines and not appearing on the

other side, twins tapering into each other. By analogy with

Vernon's investigation, these are considered deformation fea-
tures. Hornblende and orthopyroxene inclusions occur in plagio-

clase, the former bef%g ovoid, the pyroxene being subidio-

morphié with a few straight crystal faces.
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The orthopyroxene, as stated above, is‘present as tabular
grains parallel to the foliation. It is a pleochroic palg
green to pink hypersthene, whiéh displays sharp straight or
curved interfaces with the other phases present. Sharp
boundaries of this type against the hognblende indicate that the

two are microstructurally compatible in this rock; there is no

evidencé that one formed at the expense of the other.

Clinopyroxene is present in the massive rock but is more

of an accessory constituent than a major rock-forming mineral.
In the banded rock however, it exceeds hornblende, and the rock ¢
is a hornblende clinopyroxolite. The banded rock is character-

ized by plagioclase-clinopyroxene horizons alternating with i

clinopyroxene—plagioclase-hornblende zones. The bands, . !
averaging Z-Q_Sm in thickness have a granoblastic ineguigranular
microstructf;g, the feldspar having the laﬁgest grain size.
Hornblénde in the banded basic rock also has a xenomorphic
form, but rather than having smooth grain boundaries, it has a
more ragged Lppearance. Also, in contrast to the massive rock,

the amphibole has a2 more ‘pronounced pleochroism exhibiting the

following absorption scheme: X = gold, Y = dark green 2 =

"dirty" greenish brown. There is no evidence to indicate

I
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unequivocally that the hornblende has resulted from previously
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existing pyroxene(s). It rarely p&rtially encloses clino-
pyroxene, and contains small inclusions of the same, but grain

boundaries are sharp and well-defined in most instgtfes.
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The plagioclase is microstructurally simjlar to that of
the massive rock except that it is slightly more calcic, in
the range An3ﬁ.to Ang,. ‘

Clinopyro;gke is abundant in the banded rock. It is a
pale green, weakly pleochroic diopside(?) with a xenomorphic
form. The average grain size is <l mmin maximum dimension,
but a few larger grains are present up to 2.5 x2 mm.

(ii) The basic gneiss unit stéetching from the western
arm of Jerusalem Harbour to Morhardt Point has intercalated
with it a long, narrow sheet of quartzofeldspathic gneiss and a
thin wedge of metasediments. Both of these narrow units within®
the basic rock pinch out southward along strike from Morhardt
Point,

The basic gneiss is a black, equigranular, fine to medium

grained rock. Its appearance varies from massive granoblastic

to well-banded. The banding is commonly streaky, as a result of

the presence of discontinuous "stringers" of feldspar in the -

plane of the foliation (Plate 16a). - Although hornblende and

plagioclase are easilyAidentified in hand specimen, irregular
granular garnet and pale green clinopyroxene are also unevenly
distributed throughout the rock. Under the terminology outlined
previously, the rock is termed a garnetiferous pyroxene-amphi-
bolite. Locally, especially on the shore of Jerusalem Harbour
the basic gneiss contains irregular,ébds and discordant veins

of quartz-feldspar-orthopyroxene pegmatite (Plate 16b) . These
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PLATE 16
BASIC GNEISSES

16a. Streaky banding of quartz-feldspar stringers in
pyroxene amphibolite. North shore of Jerusalem Hr.

16b. Irregular pyroxene (brown) -bearing pegmatites.
locality as above.







. ..»«,.a-u.v""’"

pegmatites were found in the quartzofeldspathic gneisses

- 89 -
/
pegmatites are restricted to the basic gneiss at this locality, ;
. . . E
and may be “sweats" expelled during high grade metamorphism, g-
N %
- or else the result of some metasomatic processes. No such g
:
:

e

adjacent to the pyroxene-amphibolite, and no orthopyroxene has

-2 M

been observed in the groundmass of the basic gneiss except

directly adjacent to the pegmatites themselves.

L]

Petrographically, the basic unit contains hornblende-
plagioclase-clinopyroxene-garnet; adjacent to the orthopyroxene-
bearing "sweats" orthopyroxene appears in the groundmass of the
basic rock and clinopyroxene disappears. Ovegall, the morpho- . g
logical characteristics of the constituent minerals is similar ;
to those described for the Mt. Jerusalem basic gneiss.

The chief mineral is a brownish hornblende (X = yellow
green, Y = green brown, Z = brown) forming xenomorphic grains
averaging 2x2 mm in size. Triple-point junctions are developed
at the interfaces between itslsE;éIQﬁi to gently curved grain
boundaries; plagioclase is its only inclusion. d

The plagioclase in the rock is andesine (An36_40). It has
the usual twinning features, but in addition has narrow marginal
zones which are untwinned. It is locally altered to carbonate;
pyroxene is its only inclusion. x

Clinopyroxene occurs as pale green, non-pleochroic gran-

ular grains, usually <1 mm in dimension, but up to 2.5 x1 mm.

Its grain boundary relationships with the other constituents




e o AR ST

- 90 -

~

~

vary from curved to serrated; narrow coxronas of actinolite
are locally developed. ,
Garnet has a poikiloblastic porphyroblastic form, elongate
(up to 5 m&) within the foliation. '
Adjaceht to the pegmatoid patches, clinopyroxene is absent, -
and orthopyroxene appears in the rock. This could either be

due to a breakdown of hornblende (and/or clinopygbxene?), or

be a metasomatic growth. The orthopvroxene forms xenomorphic

and subidiomorphic tabular grains up to 3 mm in length enclosing

L

hornblende. It is commonly altered to a very fine-grained, 5

- st e

highly birefringent mineral (sericiﬁe?)i The hornblende in
thesg areas changes slightly in pleochroism to X = buff, ¥ =
bfoﬁnish green, Z = brown.

The pegmatite patches in the rock are composed of coarse- -
grained, intensely pleochroic hypersthene,lameboid quartz and

polygonal plagioclase.

The northern extension of this pyroxene amphibolite unit

has been studied along the coast approximately half-way between

»

Jerusalem Harbour and Morhardt Point (Figure 8). ‘The western
contact with the gneisses is very irregular (i.e. undulating)
on a small scale, but the banding in the gneisses follows tHe
conéact and with only one exception (see below), is not discor-
dant to it. The basic rock is brecciated and is net-veined by
leucocratic veinlets from the gneisses, and later granite
peémaﬁites. In the banded gneisses a second biotite foliation

crossing the main fabric can be demonstrated, and an intersectiorn
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Figure 8.

Sketch-map to show relationship between pyroxene-
amphibolite and quartzofeldspathic gneiss on the
coast of Morhardt Point.

Legend a)

b)
c)
a)
e)
f)
g)

wavy lines and crosses = gneisses and
granite sheets, somewhat diagrammatic
broken lines = pyroxene-amphibolite
dots = metasediments

crosses = pegmatites

cross—-hatched = ultramafic pod

solid thick lines = diabase dikes

SD = Saglek dyke remnants in gneisses

Insets show relationships described in the text

1l. Cross-cutting foliations in reworked gneiss

2. Anastamosing biotite fabric in pegmatite

separating amphibolite (upper left) from gneiss
(lower right)

3. Discordant contact between banded gneiss (left)
and pyroxene—amphibolite (right).



lineation plunging vertically ;s visible on some gneissosity
planes. The gneisses, which céntain thin homqg?neous cbncor—
dant granite sheets, are regarded as slightly reworked Uivak
gneisses. The veinlets which penetrate the amphibolite from
the gneisses display a fabric which parallels thé second
foliation in the.gneisses, This fabric is nog seen in the basic
gneiss because of thelmineralogical characte{‘of the rock,

The contact betwean the céh\;al gneiss unit within the
pyroxene amphibolite.and the basic rock is locally followed~Qy
a coarse, augen-textured pegmatite up to 0.5 m wide.: The
augen texture is the result of biotite flékes’wrépping around
lozenge-shaped "eyes” of.feldspar. The foliation thus formed
is obiique to the margins of'the pégmatite but ;é parallel to
the second foliation in the gneisses described above. The
central gnéiss unigyis a grey, piotite foliated rbck,_lacking
an extensive interlayered pegmatite component. It resembles the
Uivak gneisses; howewver no Sag}ek dykeg were recognized within
it. f . | . 9 .

A thin wedge of metasedimengé within the basic gneiss,
(Figure 8) is composgd of rusty weathéring garnetiferous semif

pelites, cordierite-bearing pelitic units with blue,~pinit{éed

coxdierite porphroblasts up to 1.5 cm in diameter, .garnet-—

sil1imanité—quartz-bidtit:hroéks,~fine—grained biotite-quartz-

feldspar-graphite semi-pelites, and very thin lens ( < 30 em thick)

of well-banded light to dafk‘green amphibolite (meta-tuffs?).

’
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The banded gneiss sheet within the pyroxene amphibolite
can be shown to be in tectonic contact with the amphibolite
near its northernmost extension on Morhardt Point (Figure 8).
The contact between the amphibolite and the gneigses is markedly
discordant, but this relationship only exists for ~5 m along
strike, with concordant relationships between gneissosity and

amphibolite banding elsewhere. At the locality in question
il

the banded amphibolite (which strikes 020 and dips steeply to
the NW) contains very tight isoclinal intrafolial folds whose
axial traces have been warped by later open folds. A foliated

biotite pegmatite (biotite alignment striking 012) separates the

J T P U U P BV

amphibolite from the gneiss, the banding in the latter nearly

[

paralleling that in the pegmatite (strike 018; dip 85 NW). ‘This i
relationship is interpreteé as representing a contact along

which a previously foliated amphibolite has been tectonically

transposed against the gneisses. It is/not possible to state

with certainty at present whether this discordance is a relic

from the early interleaving of the Uivak gneisses and the

Upernivik supracrust'als, or whether it developed during the
remobilization of the gneiss terrain 500 million years later. g
If the grey gneiss sliver in the amphibolite is Uivak gneiss,
then it may be remnant of the early tectonism which has been

preserved.

(iii) Approximately half-way into Jerusalem Harbour

{58°13'S0"N; 62°37'40"W) there occurs an ultramafic/mafic rock

I e ot e et RS FRS WA 1 v e TOCT T RN ¢ e




- 94 -

assemblage in which ultramafic rocks (to be described in III.4)
apparently have a transitional contact with orthopyroxene-
bearing homogeneous and foliated basic rocks. The rock types
and relationships have led to the conclusion that the seqguence

represents part of a layered complex which has been modified by

SR PR T

metamorphism and deformation. The basic rocks, orthopyroxolites,
have probably been derived from gabbroic parents. They vary
from dark-green to black in colour for the most mafic-rich, to
pale brown and green-grey in the felsic varieties; garnet is ‘

conspicuous in nearly all rock types, occuring as granular

oMt L ¢

aggregates in pladioclase-rich clots. The basic rocks locally

display textures which resemble deformed cumulates, in which

the feldspars have been streaked out in .the plane of a fabric
which is axial planar to tight folds in the nearby gneisses.
Features interpreted as primary igneous textures modified by
deformation also occur in the ultramafic rocks (II1.4).

Several basic rocks regarded as being derived from gabbroic

protoliths have been studied petrographically. The assemblage
hornblende-plagioclase-clinopyroxene-orthopyroxene-garrft

( +quartz) is common to all. The microstructure is granoblastic
inequigranular; the shape of the grain boundaries between

adjacent grains depends on the forms of the two constituents,

L
¢

and varies from straight to sutured.
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Hornblende is the chief mafic phase. It occurs as

pleochroic (X = pale brown, buff; Y = green; Z = greenish brown,




dark brown), xenomorphic grains with a maximum size of 3 x1 mm.
Grain boundaries are dominantly curved, and some marginal
alteration to a greenish blue amphibole has been noted,
especially where it is in contact with actinolite (after clino-
pyroxene).

Fresh plagioclase (An34_42) forms polygonal grains up to.

4 x4 mm, with curved to straight grain boundaries, except

against quartz, which embays it. It may show high dispersion,
twinning is as usual, and amphibole and guartz are its major
inclusions.

Both clinopyroxene ‘and orthopyroxene occur together as
xenomorphic granular clu\;ters throughout the rocks; individual
grains rarely exceed 1 mm* in size. Both show minor alteration
to green hornblende and actinolite, but microscopic evidence
indicates both pyroxenes are in stable co-existance with the
brownish hornblende.

Garnet occurs either as ovoid grains up to 8 mm in diameter
surrounded by a narrow mantle of polygonal plagioclase {Plate
17a), or as shall irregular granules in plagioclase patches. It
is in direct contact with all other phase except orthopyroxene,
suggesting that garnet and orthopyroxene are incompatible in
this assemblage. The significance of the garnet-plagioclase-
orthopyroxene relationship is considered in the next chapter in

the discussion of the metamorphism of the basic rocks.
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{(iv) The final basic gneiss to be described is an ortho-
pyroxolite from the-supradrustal succession on the shore near
Hebron village. It is a foliated, brown-weathering rock
consisting of orthopyroxene, plagioclase, and hornblende.

Colourless orthopyroxene forms elon;éte grains up to a
centimeter in length defining the foliation. It has curved
grain boundaries, and contains ovoid inclusions of hornblende
and plagioclase. It is locally altered to a fine-grained
matted colourless amphibole (?).

The plagioclase grain-shapes are controlled by the
larger pyroxene and amphibole,.therefore characteristic
Whapes are xenomorphic with rounded boundaries, rarely
ex®eeding 1 mm in size. Microantiperthite is present similar
to that of the feldspars in the meétagabbro éills, but not
as well developed, occurring as patches in individual grains.
Although compositions between Anso and Ans4 dominate,
more sodic varieties (e.g. An36) have been observed. Some
grains show reverse zoning, from a sodic core (An46) to a

more calcic margin (An a feature common in some metamor-

60
phic rocks (cf. Phillips, 1930; Misch, 1954; Barth, 1956).
In these zoned feldspars the sodic center is antiperthitic,

the rims are devoid of it.

Hornblende forms strongly pleochroic (X pale vyellow,
(\ rly colourless, Y = light greenish-brown, Z = yellow-brown)

Rbmo;pth\elongate grains up to 3 x 1 mm in size,
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which, with orthopyroxene, defines the foliation. Even
though pyroxene contains inclusions of hornblende, the con-
verse is not true.

The orthopyroxene-bearing fabric in these rocks has
been isoclinally foided,but generally these folds lack
any axial planar schistosity (Plate 17b), except for the
reorientation of a few grains of accessory biotite, which

otherwi'se follows the foliation around the nose of the fold.

I1T.4 The-Ultramafic Rocks

Rocks of ultramafic composition ( < 30% felsic minerals)
are scattered throughout the study area. They have three
modes of occurrence, viz. within the basic gneisses, at the
margins of the basic gneisses separating them from the
quartzofeldspathic gneisses, and (rarely) as bodies com-
pletely surrounded by the granitic gneisses. Although most

contacts are considered to be of tectonic origin, there is

one occurrence where there appears to be a gradational contact

between the mafic and ultramafic rocks, as pointed out in the

last section. The ultramafic rocks of this association are
described below. The petrology and structural setting of
some of the ultramafic rocks provided the basis for an under-
graduate honors thesis by Martin (1976). The following
descriptions are aggmented by his project.

The ultramafic rocks occur as linear lensoid bodies

-

rarely exceeding 300 m in length and 75 m in width; the

o
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majority are sub-rounded pods and lens on the order of
50 x20 m. They commonly form megascopic inclusion trains
devoid of contact aureoles, confined to narrow horizons and

concordant with the surrounding gneissic banding. This

- g . el T

suggests that they represent the secondary expression of

e

tectonically disrupted primary continuous sheet-1like intru-

sions. The present boundinaged form is probably due to the

e o st

ductility contrasts between the ultramafic and the surrounding

rocks during deformation.

r The ultramafic rockg are easily identified from a
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distance in the field by their orange, brown, and rusty-red

weathering colours (Plate 18a) which in turn is governed by

PET RN

the mineralogy, e.q. presence of pyroxenes, amount of serpentin-

ization.

Rocks which preserve indications of théir primary
mineralogy are rare, although there is evidence to suggest
that some compositions are recrystallized primary constituents.
The present mineral assemblages suggest that the primary
lithologies were dominated by dunite, websterite, pyroxenite
and possibly wehrlite (classifi;ation of IUGS Subcommision,
1973). A pale green pleochroic amphibole (edenite?) is the
most common hydrous mineral found in these rocks.

The mesoscopic structure of the ultramafics is varied.

Some are massive, dense, fine-grained rocks, lacking any

planar or linear fabrics; others are porphyritic, or consist of

e
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numerous clots or aggregates of pyroxenes up to several
centimeters in diameter in a finer groundmass, which when

deformed and streaked out give rise to a finely banded rock.
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Still others are very coarse-grained, have a "knobby" appear-

ance and strongly resemble accumulations of pyroxene (and
olivine?) found in undeformed differentiated ultramafic
intrusions. An irregular blotchy appearance exhibited by some
of the ultramafics also resembles .a cumulate texture, and in
others there ‘appears to be a systematic variation in grain
size of the mineral constituents of individual bands.

The ultramafics are occasionally transected by coarse-
grained veins, up to 5 cm in width of talc-actinolite :
pyroxene. Where gquartzofeldspathic pegmatites from the
adjacent acid gneisses intrude the ultramafics, a narrow zone
(up to 30 cm wide) of biotite, formed by metasomatic alter-
ation of the ultramafic, is developed.

The above descriptions give the main field character-
istics of the ultramafic rocks. Although most bodies are
isolated pods having tectonic contacts with the surrounding
gneisses, one ultramafic body on the west shore of Jerusalem
Harbour, as mentioned before, has a gradational contact with
the associated basic rocks, and the complex is interpreted as
part of a layered intrusion.

The ultramafic rocks in this association are somewhat
unique in that they are interpreted to have retained some

aspects of their original textures despite deformation and

o
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metamorphism. Coarse knqbby rocks are interpreted as recry-
stallized pyroxene cumulates consisting of bronze-coloured

— orthopyroxenes in a dark hornblende-biotite groundmass
(Plate.lﬂb). Spinel-rich layers, crossed by a biotite
schistosity, also appear to represent a primary feature. Also
(the base of?) one layer shows the existance of a branching

"birds-foot” array of platy olivines similar to harrisitic

textures reportéd in some cumulate-textured rocks (Plate 19a;

-

cf. wadsworth, 1961; Donaldson, 1974). Collerson, Jesseau and
" Bridgwater(1976b) have recently described ultramafic rocks

from near Hopedale which they consider may exhibit modified

harrisitic growths. dther textures preserved which are

reminiscent of a primary igneous origin are small scale folds

.

within layers which appear to be slump-folds, and a coarse
blotchy texture similar to that found in other cumulate roéks
(Plate 19b; compare with leucogabbro texture in Windley, Herd
and Bowden , 1974, Figure 22). The ultramafic rocks appear

to have a gradational contact with the associated orthopy-

oS X

roxolites, the transition zone consisting of flattened
cumulate textured ultramafics passing upward into garnet-
hornblende rocks, which with increasing plagioclase content
grade into rocks interpreted as meta-melagabbros and leuco~
gabbros. These features lead to the conclusion that the

. succession of rocks at this locality represent part of an

ultramafic/mafic layered intrusion which intruded the gneisses
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at sometime early in théir history.

III. 5. The Iterungnek Gneisses.

This is the name proposed for, and used hegein, to
designate any quartzofeldspathic gneiss not intruded by the
Saklek dykes, and which locally can be shown to be derived by
remobilization of the earlier Uivak banded gneisses.

Detailed descriptions of the observed relationships between the

Uivak gneisses and the Iterungnek gneisses in zones of pro-

gressive reconstitution are presented elsewhere in the thesis

e -

(éh. V). The Iterungnek gneisses, do however, contain many
syntectonic, foliated sheets of granite (s.l.) and tonalite/
diorieg\wgiéh vein and disrupt the older lithologies. The
Iterungnek gneisses are the lithological equivalents of the
"undifferentiated gneisses” of Bridgewater et al., (1975) and
Collerson et al., (1976 a).

The Iterungnek gneisses are very heterogeneous in their

field expression. They are composed of rocks, varying from

. WU

reworked Uivak‘gneisses in which the early gneiss is only
slightly mééified, to "streaky gneisses”™ characterized by
abundant pink potash feldspar and intrafolially folded Uivak
énclaves, to "lit-par-lit" gneisses characterized by narrow
discontinuous septa of grey gneiss separated by coarse granitic
pegmatite, to nebulite or ghost-structure gneiss in which

only whisps of the original layering are detected. The suite
has a variety of weathering colours - white, pink, pale green,

and brownish-yellow when significant biotite is present.

(sl
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In the potassium feldspar {(microcline) rich "streaky

gneisses"” it is possible to recognize small lenticular zones

(eg. 5 x0.5 m) of‘grey gneiss considered to be Uivak enclaves.
These are intensely deformed however, the enclaves possessing
a folded compositional banding and numerous rootless intra-
folial folds. The transposition of the Uiwvak layering

leaving only rootless structuges is a result of high ductility

and shearing during progressive reworking. The gneissosity

in the grey gneiss remnants is usually discordant to that of
the pink-weathering rock in which it occurs; two cross-cutting
schistosities can be observed in the discordant enclaves.

The enclaves appear to have undergone some degree of flat-
tening during deformation. Concordant pegmatite veins in the
"streaky gneiss” which branch across the Uivik enclaves are
tightly folded; the folds have axes which parallel those in
the enclosing gneiss. The "streaky gneisses" display a strong
lineation on gneissosity planes as a result of feldspar or
quartz rodding and quartz-feldspar segregations.

There are other areas where static transformation of the
Uivak gneisses appears to have been dominant over a structural
reconsitution. Rocks formed in this way are best termed
"lit-par-lit" acid migmatites in which thin (10-30 cm) semi-
continuous linear layers of modified Uivak gneiss occur
between coarse pegmatitic g;anitic units of similar thickness

(Plate 20a). These lit-par-lit gneisses are transitional
3
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into more leucocratic fractions in which only ghost-banding

remaégeﬁ&ned by whispy concentrations of biotite (Plate
20b) .

he foliation in these nebulitic rocks is defined by
irregulak limnéar concentrations of mica. The nebulites
locally contain areas of microcline porphyrobl;sts up to
2 cm in diameter, rimmed by biotite. They appear to be a
result of syn-anatectic porphyroblast growth prcobably as a
result of K-metasomatism.

Irregular and linear pegmatitic and granular granific
areas having gradational and indistinct contacts with the
enclosing gneiss are often observed in the lit-par-lit gneiss

and nebulite areas (Plate 21). These granitic segregations

occasionally have a green blotchy appearance due to clots of

green biotite which surround a core of brownish mafic mineral.

In thin section this brownish mineral is seen to be an
aggregate of colourless bladed amphibole.

Features such as these "sweat" pegmatites, the porphy-—
roblast growth and the continuation of gnessic banding into
nebulite zones until it becomes progressively obliterated
sug?ests that in situ anatexis may have occurred in such
areas. Amphlbollte inclusions in these gneisses rarely
exhibit relic Saglek dyke textures in the cores, though mar-
ginally transformed to massive hornblendite. Close examin-~
ation of the foliated gneiss portion of the lit-par-lit

migmatites reveals a biotite growth crossing the gneissosity
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PLATE 21 .
DIFFUSE PEGMATITES IN ITERUNGNEK NEBULITE

Two photos.showing blotchy diffuse sweat pegmatites
in Iterungnek gneisses

(a)
(b)

Transgressive, with diffuse contacts,
Closeup of contact.
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and an earlier biotite foliation. The orientation of this

biotite growth is expressed in the pegmatoid layers as a

weak alignment of the quartz, feldspar and biotite in them.
!

e R At

Extensively reconstituted, but weakly foliated
gneisses and nebulites are commonly difficult to distinguish /
from the weakly foliated intrusive granite sheets, both

being medium-grained, pink to white weathering rocks.

A relatively structureless granitic portion of the

A o g ns e s s

Iterungnek gneisses occurs on the hill forming Morhardt Point.
It is a pale-pink to greyish-white weathering granodiorite,

containing rare xenomorphic garnet, which inland appears to i

.

interfinger with reworked Uivak gneiss. The same rock out-
crops on the seacoast at Morhardt Point as a concordant sheet

with a simple foliation, intruding migmatitic and complexly

structured Uivak gneisses containing rotated Saglek dykes.

The contrast between the two rocks is very marked at this
locality - complex, banded migmatites with numerous amphibolite
inclusions, and the younger homogeneous, weakly foliated

grey granodiorite lacking a gneissosity or inclusions.

Inland on Morhardt Point, the foliated granite sheet
contains numerous inclusions of amphibolite and ultramafic
rocks, which have been "stoped” from a more continuous basic
horizon (see Figure 7, p. ). These blocks commonly elongate
and lying in the plane of the weakly developed foliation,
form a mappable agmatite horizon approximately 1.5 km in

length. The blocks are derived from a massive unit of
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amphibolite which outcrops on the shore of Morhardt Point
at the entrance to Iterungnek Fiord.
A similar agmatite horizon composed of various sized

blocks of basic gneiss and ultramafic material in a weakly

foliated, often homogeneous, equigranular, white-weathering
granite occurj on Mt. Jerusalem. The basic gneiss unit

described earlier, dies out southward along stqike as it
]

interfingers with the Iterungnek gneisses. The'gneisses
: »
vein, brecciate and disrupt the basic gneiss until its final

expression is as abundant rafts in the weakly foliated rock.

S e e . K. s R b s S et Sl

Metasedimentary gneisses from the supracrustal sequence
in the western part of the map-area similarly occur as large A
rafts in foliated Iterungnek gneisses (see geological map

in pocket). Sheets of foliated granite intrude the supra-

crustals and cut across lithological boundaries within them;
net-veining of the rafts is a very prominent feature.

The inclusions of basic gneiss and metasedimentary
gneiss behave somewhat differently to the stresses which gave

rise to the foliation in the Iterungnek gneisses. Inclusions

FIRSRY &0

of the basic¢c rocks occur as competent, sub-apgular to lensoid

smooth~-edged bodies, while the metasediments have been

20 GF W R St

attenuated and occur as granite-streamed stringers flattened

within the plane of the foliation. Thé variable response

T}

of the inclusions to the deformation illustrates the extent . -

to which constituent mineralogy affects the ductility of the !
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rocks, the hornblende-bearing basic fragments being more

competent than the biotite-rich metasediments (cf. Coward,

1973, p. 144). Rarely, small fragments of basic gneiss are

strung out as continuous inclusion trains which, when com-

Rt RV WERE < RN

pletely reconstituted lead to narrow lensoid zones of horn-

blendé-bearing granitic gneiss which quickly die out along

~ o

‘strike.
rocks which constitute the Iterungnek gneisses |

v !

vary from streaky foliated tectonites with Uivak enclaves,

Thus,

to anatectic nebulites with only ghosts of the layering

Such wvaria-

preserved, to intrusive foliated granite sheets.

tions may occur over distances of a few meters, and are not

always apparent in the lichen~-covered inpland ocutcrops.
The petrology of the slightly modified Uivak gneisses
which form enclaves in the Iterungnek gneisses has been
incorporated into the previous descriptioas of these early
Only a few

rocks and need not be repeated in detail here. -

features relevant to the formation of the Iterungnek gneisses

will be mentioned. For example, it was shown that the biotite

foliation crossing the compositional banding of the Uivak
enclaves differs from the earlier Uivak biotite in that it
lacks the ?riented rutile néedles. The green eloné@te blebs
which form the axial plane foliation to folds in slightly
reconstituted mafic members of.the Uivaf series were iden-

tified as actinolite replacing an earlier clinopyroxehe.
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Aggregates of colourless Bladed amphibole in the same rocks
may be pseudomorphs of orthopyroxene, similar to those to
be described below. Blebby melts in Uivak gneisses which
are interpreted to be a result of the Iterungnek event con-
tain a blue-green hornblende, which has been largely
replaced by a stellate grdwgh of acicular green biotite and
quartz.

The petrographic descriptions presented below apply to
the most widespread lithotypes among the Iterungnek gneisses.
Firstly, the petrology of the "streaky gneisses" which
enclose Uivak relics will be described. This is followed by

the lit-par-lit migmatites in order to show how the Uivak

compesitional banding has been modified by in situ transfor-

mation. The petrological features of nebulitic or ghost-
structure gnei;ses from such zones, and the diffuse sweats
which occur in them are also described. The section concludes
with descri%tions of the petrology of the granite sheets

which occur on Morhardt Point and intrude the Mt. Jerusalen
basic gneiss.

AN
Compositionally the Iterungnek gneisses aré not distinc-

tive from the older Uivak suite, the original BXrtitioniné

of the two being a difference in their mesoscopic character and
the mutual field relationship between the two. One striking
microscopic feature of the Iterungnek gneisses however is

that they appear to exhibit the effects of a retrogressive

%‘
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period of metamorphism more extensively than the Uivak -
gneisses. This is especially apparent in the almost invar-
iable alteration of plagioclase to granuléf epidote and
sericite, making compositional determinations impossible in
practically every thin section studied. 0ddly enough, when
not altered, the feldspar rarely shows distinct twinning;
it is a faded, diffuse feature in these plagioclases. There
is .also considerable alteration of biotite to chlorite and/or
epidote.

The microstructure of the Iterungnek gneisses is also

grossly similar to that of the Uivak gneisses. However, quartz

is much more irregular, generally not having the smooth

elongate aspect of the Uivaks. Instead it has a very globular,’
ameboid form, and its invariable absorption contacts against

other phases, especially plagioclase, and numerous inclusions

of coexisting minerals indicate that it was mobile until the
late stages of the final crystallization of these rocks.
These and other features are described below.

The "streaky gneisses" which have been derived both by
reconstitution of the earlier Uivak gneisses and. syntectonic
granitic stringers, and which still oécasionally contain *
small enclaves of Uivak gneisses have the assemblage

Quartz-plagioclase-microcline~-biotite.

Epidote, allanite, zircon, apatite, carbonate and chlorite

are the chief accessories. With the exception of apatite,

12
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zircon, anA allanite, the accessories are alteration products
of othgr phases. A veinlet of prehnite was observed in one
rockA(152). The plagioclase to microcline ratio is variable,
i.e., some rocks have much more microcline than plagioclase
(up to 80:20) while others ére vice versa.

Quartz in some of the streaky gneisses is extremely
elongate, up to 1 x0.2 cm, and displays the widest array of
deformatioﬁ features Qbserved in the Iterungnek suite. 1In
fact, some of the microstructures resemble those in cataclas-
tic rocks. Undulose extinction, deformation bands and sﬁb—
grain structudres are ubiquitous. The original grains
occasionally have develéped smaller elongate new grains, along
the boundaries of which ogcur zones of renewed polygonization.
The grain interfaces of these new grains vary from straight
to sutured, and commonly coalesce and migrate into the host grain
(Plate 22a). This is developed to a much greater extent than
in the Uivak gneisses, where not polygonized, quartz grain
boundariqgvare scalloped to lobate especially at quartz and
microcline interfaces, though embayed against plagioclase.

It contains inclusions ofvthe other constituents. In other
streaky gneisses the quértz shows less pronounced deformation
substructures, occurring as undulose grains with poorly
developed deformation domains and prominent deformation

lamallae.

Plagioclase feldspar is generally smaller than the co-

existing microcline, this being especially so when the
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potassium feldspat predominates. Plagioclase forms xeno-
morphic grains averaging 2 x 1 mm in size. It is extensively
sericitized, with flakes of white mica throughoutgthe grains;
there is much less alteration on the margins of grains in
contact with microcline. The borders of plagioclase graing
in contact with microcline also have a narrow (0.05 mm) rim
in slightly different optical orientation from the rest of
the grain. There are also the sites of micro-myrmekite
growth on the plagioclase. These features are interpreted to
be indicative of a slightly different chemical composition
for the margins of the plagioclase (more Ca-rich?), a feature
caused by reaction with the adjacen; K-feldspar. Muscovite
present in these rocks is invariably associated with plagio-
clase, and mutual relations indicate that the mica is
replacing the feldspar. The alteration of the feldspa£ is

so extensively developed that accurate compositional determin-
ations were not possible. From the thin gsections studied,
eight dubious compositions were obtained, ranging from An,,

to An Plagioclase grain boundaries are commonly embayed

38"
by quartz, otherwise curved interfaces predominate. Micro-
cline/plagioclase contacts are commonly myrmekitic, with
vermicular quartz penetrating the latter.

Microcline has a xenomorphic form (up to 5Smmin maxi-

mum dimension) with very irregular grain boundary contacts

with other constituents; in contrast to the altered state of

vodss -







the plagioclase, it is fresh. It is commonly perthitic, with
ribbon and flame being the two prevalent forms; grid-iron
twinning is variably developed. Inclusions of biotite,
plagioclase and quartz have been observed, but not common.
Biotite in the streaky gneisses }s of two types, a
sagenitic variety believed to be a relic from the Uivak
gneisses and an inclusion-free one interpreted to be related

to the formation of the streaky gneisses. The latter replaces
v

the former. Biotite qgfurs either as bladed, subidiomorphic

grains forming a weak compositional banding, or as stringy
aggregates. Maximum grain size is 1 x0.2mm. Rutilized bio-
tite is not common in the Iterungnek streaky gneisses. It

appears to have recrystallized, expelling the rutile needles

as granular clusters which have aggregated within the grains,
commonly along cleavage traces, or ag marginal rims. In
- ~

some rocks (5) younger biotite, copsidered to be related to

the refoliation of the Uivak gneisses, can be observed to

replace the earlier sagenitic Uivak mica. It seems to be a
progressive process, during which the youﬁger biotite overgrows
the older, the latter recrystallizes, and rutile is exéelled
becoming oriented along the older's Cleavage traces. The
younger biotite overgrows the inclusion trains, occasionally
with its cleavage lines perpéndicular to the direction’of
orientation of the inclusions which mimic the outline of the

Uivak mica (Plate 22b). Pleochroism in the sagenitic Uivak

A

LT R A

LIRS o SR T S SR




- 118 -

biotite is X = buff, Y = Z = greenish brown, nearly opaque,

and in the Iterungnek biotite varying from X = golden yellow

to Y = Z = deep brown. Both biotites have been replaced by
. green, pleochroic chlorite and/or epidote (pistacite) in

several of the streaky gneisses studied, and consequently

|
!

its original type cannot always be established. Granular
clusters within the chlorite may be expelled rutile from

Uivak biotite, or it may be rutile formed by expulsion of

titanium from the younger biotite, a common occurrence in
the alteration of micaq (Schwartz, 1959).

The modified Uivak "stringers" in the lit-par-lit migma-

B

tites at the entrance to Jerusalem Harbour (la, 138) have the

assemblage
Quartz-plagioclase-microcline-biotite
( tclinopyroxene) .

Allanite, apatite, zircon and green shredded biotite are

accessory constituents.

Quartz is ameboid, globular shaped, somewhat elongate,

2 s X s N — s . gt > =

but lacks an overall lenticular aspect. It ranges in size

from minute blebs to 5 x 4 mm. Grain contacts between it and

other phases vary from curved to embayed to serfatgd. _It

shows evidence of strain in the form of undulatory extinction,
deformation bands and subgrains: new grains developed from ig
larger hosts Lre uncommon. Its large size and globular form' -

enables it to enclose both feldspars, biotite and pyroxene.

The plagioclase to microcline ratio is again variable.
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Plagioclase (An ) has a xenomorphic form and reaches a

28-30

maximum size of 2 x 1 mm, It exhibits undulose extinction;

twins, when present, are commonly kinked, dying out when
entering a kink-band. Generally twinning is absent, or very
indistinct. There is.some seficitization and alteration 5'
along margins and intragrain fractures to shredded green bio-
tite. Grain contacts against other species are curved and
scalloped, except against mica where the interfaces are
straight. Ovoid inclusions of quartz and microcline are
present.

Microcline, ocrurring as fresh xenomorphic grains with

Ty o g on AT N R W T

its characteristic complex cross~hatched twinning pattern,

reaches a maximum size of 4 x2mm when it is the dominant feld-
spar. Flame and stringlet perthite are néarly always present
in the K-feldspar. It contains inclusions of quartz, plagio-
clase and biotite, and again myrmekitic intergrowths are

present at microcline/plagioclase boundaries, with quartz

worms transgressing twin planes in the latter.
Two varieties of biotite are present. The fabric

forming biotite is a pleochroic (X = buff, Y = Z = brown)

1 variety without the sagenite which commonly typifies the
i : , )
\ L\\\ Uivak gneisses. Several grains of sagenitic biotite were
observed in thin sections, but are interpreted as relics since

two of the grains were partially recrystallized, with the
expulsion of the rutile needles as granular clusters. The

foliation torminq biotite occurs as bladed grainé averaging
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1.5 x0.5mm in size. The second biotite is the green
shredded variety_describ\éd from other rocks in this area.

Its relationship to the other minerals indicates that it is

a late product. It replaces all other species, either as
marginal overgrowths or as branching arterial growths along
fractures within grains. It also forms bright green coronal
growths around subrounded matted aggregates of minute needles
of green biotite and quartz. These latter matted forms appear
to be a replacement of a colourless bladed amphibole, which
had previously replaced pyroxene (see below).

Colourless to very pale green clinopyroxene occurs in
one thin section (la) of the foliated portion of the lit-par-
lit migmatites. It forms xenomorphic relios up to 1.5mm in
diameter, surrounded by enish actinolite, the same

relationship described from the Fe-rich members of the Uivak

‘suite. In addition, narrow rims of granular epidote occur

areound the amphibole. No hornblende has been found in the thin

section in question, a mineral which is an esgential constit-

uent of the assemblage described earlier, and tharefore it is
difficult to say if this rock is part of the iron-ri
Uivak II gneisses or not. Fine grained aggregates of bladed,
colour-fess amphibole 1like that described from the Uivak

gneisses is also present in this {:ock, and maybe pseudomorphs

of orthopyroxene as stated earlier. However, as before, no

relic grains remain, and this relationship is based on the

presence of similar amphibole replacing orthopyroxene in

[N
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|
"sweat" pqurﬁtites (see below). The bladed amphibole is
/
too fine grained to obtain enough optical properties for
positive identification, but the following features were

AN noted. The blades exhibit extinction parallel or nearly

parallel to their length, and optic axis figures obtained on

uniformly low birefringent aggregates indicate that the

b Al gy

mineral is optically negative with a 2V angle of ~8C®. It

could possibly be cummingtonite (Deer, Howie and Zussman,

-t

1971, p.160).
The nebulite zones with a whispy foliation into which the
lit-par-1lit migmatites fade along strike have the assemblage

Quartz-plagioclase-microcline-biotite.

T s i oot A\,

The rocks are much coarser grained than the foliated bande
gneisses, with quartz up to a centimeter in diameter. The
microstructure is xenoblastic inequigranular in which grain
relations are similar to those described from previous rocks,

. and will only be briefly treated here. There is no strong.

preferred orientation to the mineral constituents. Quartz
has a globular, ameboid form, the grains showing undulatory
extinction and subgrain development. Plagioclase, exhibiting
either very diffuse twing or no twins at all, forms subidio-

morphic grains up to 3 x3mm. It is altered to sericite and

ey Nl N g - A

carbonate. Microcline, smaller than plagioclase, occurs as

fresh, twinned grains between the other constituents. Flame
o - ’

and ribbon perthite are common. The biotite present is largely
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sagenitic, and interpreted to be Uivak in age. However
there is replacement by inclusion-free biotite as described
earlier, but the transformation of the old and the crystal-
lization of the new biotite is not nearly as complete as
in the foliated rocks. The nebulitic gneisses throughout the
area have similar mineral assemblages. Grain size varies, and
in some rocks Uivak biotite outlining "“ghost-folds"™ has been
nearly completely replaced by the inclusion-free Iterungnek
biotite.

The diffuse pegmatites, which occur as local irregular
patches, or linear transgressive lens, contain

Quartz-plagioclase-microcline ,biotite-(retrogressed)

orthopyroxene.
The felsic constituents display the same microstructural
features as before, i.e. all constituents are xenomorphic
inequigranular, up to 7mmin diameter, with embayed, scalloped
and curved interfaces, with quartz being ‘a corroding agent.
Plagioclase may contain antiperthitic patches of microcline.
Brown biotite when present (71lb) may be an inclusion-free
type very similar pleochroically to that in the pelitic rocks,
varying from X = buff or golden yellow to Y = Z = intense
rusty red, or it may be sagenitic Uivak biotite. Rutile
needles have been largely expelled along the cleavage planes;
inclusion-free biotite growing within the cleavage -traces of

the Uivak biotite, has "forced apart” the older mica.

Orthgpyroxene has been largely replaced by an association
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of various minerals. The pyroxene, pink to pale green
pleochroic hypersthene, occurs as granular "islands”, with a
maximum size of 2 mmin diameter, surrounded by a pseudo-
morphic assemblage of fine-grained white mica (sericite),
abundant opagque oxides, and a colourless amphibole (71b).

It is also replaced by the colourless bladed amphibole

(with few opaques) in which no relic pyroxene remains (116).
In the first association mentioned above, the amphibole is
poorly developed, and usually forms a serrated rim around
the sericite-opaque oxide assemblage, and as radiating
clusters nucleating perpendicular to linear aggregates of
the opaques. There appears to be a reaction between t):he .
sericite and the opague mineral to generate the bladed amphi-
bole, which when complete, uses up any remaining ortho-
pyroxene. It is probably significant therefore, that relic
orthopyroxene occurs in the sericite-opaque oxide-amphibole
assemblage and nbt in the bladed amphibole aggregates. The
amphibole which forms much larger blades {up tp 0.4 x 0.2 mm)
than in the previously described rocks shows very narrow
polysynthetic twinning, anqther feature which is suggestive
of cummingtonite (Deer, Howie and Zussman, 1971) as suggested
by the other optical properties mentioned earlier. It has
associated with it, in some rocks, a blue-green hornblende
into which it grades imperceptibly; the hornblende usually

occurs on the margin of the bladed amphibole.

s
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The mineral associations which replace orthopyroxene
are invariably surrounded by a radiating corona ( ~0.05mm

wide), or discrete flakes, of green biotite, which also

adjacent feld-

penetrates along fractures in, and replaces,

spar. The biotite rims are absent from quartz-altered ;

pyroxene contacts.

§
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The various microscopic features of the orthopyroxene ;
1

transformation described above are shown in Plate 23. {

The foliated granitic rocks which intrude, brecciate

and extensively disrupt basic gneiss bodies on Morhardt

Point and Mt. Jerusalem have the common assemblage 3
Quartz-plagioclase-microcline-biotite.

The Morhardt Point rock is chiefly a medium-grained grano-

diorite, that from Mt. Jerusalem being a coarser grained
tonalite. Though grain size varies between the two rocks -
the granodiorite containing grains mainly between 2 and 7 mm
in maximum dimension, the tonalite containing d;ains
between 5 mm and 1.5 cm in size -- the relationship between
the major constituents is very similar.

There is no pronounced dimensional orientation of
guartz in either rock. It forms weakly lenticular ameboid
grains and aggregates, which in the tonalite reach over 2 cm
in length. Strain shadows and subgrains are developed in

the quartz of both rocks; new grains have formed at host

grain margins.







The plagioclase feldspar forms Xenomorphic grains with
curved or embayed boundaries. Diffuse twinning may be
present, but the degree of sericitization is too great to
allow reliable compositional detgominations. , In the tonalite
ragged, but descrete, flakes of muscovite have partially
replaced the plagioclase. ‘ '

Microcline is an essential constituent of the Morhardt
Point granodiorite, but is only an accessory phase in the
tonalite from Mt. Jerusalem. It occurs as xenomorphic,
fresh, twinned grains containing inclusions of the other
phases. There is a noticable absence of myrmekite at
microcline/plagioclase interfaces in these rocks; both feld-
spars form sha;:p boundaries with each other.

Biotite occurs in both rocks. It is a sagenitic

variety in the tonalite, but only occurs in accessory

amounts. In the granodiorite there are no rutile needles in

the biotite, but it is full of "strings" of granular inclu-
sions, and' overgrowths similar to those described for the
transformation and recrystallization of Uivak biot::.te have
been observed. In the granodiorite, biotite is replaced by
green chlorite and epidote.

A xenomorphic, granular garnet, 3 mmin diameter, largely
replaced by chlorite, was observed in a thin section of the .
Morhardt Point granodiorite. 1Its presence in such a rock

is enigmatic because garnets have not been cbserved in any




of the quartzofeldspathic gneisses of similar composition.

Whether it is a mineral crystallized from the original

granitic melt, a xenocryst from assimilated garnet-bearing
gneisses, or a metamorphic mineral synchronous with the

reworking of the Uivak gneisses is difficult to say.
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CHAPTER IV

METAMORPHISM

i IV.1l. Introduction.
The interpretation of the metamorphic evolution of
polymigmatitic gneiss terrains is a difficult task, since
relics of the early metamorphic history of such rocks may
be preserved at one locality, yet obliterated in an adja- i ﬂ;
cent area (cf. Mehnert, 1968). Such is the case with the
Archean gnexsses from Labrador who?g field and petrological
characterisitcs have been described in the prev10us chapter
(see also ﬁridgwater et al, 1975, Collerson, et g;., 1976) .
Some aspects of the metamorphic history of these rocks
will be described below in the ligPt of the petrographic
_features described previously. Many of the problems ;»
involved with the evolution of these rocks have yet to be i
solved, pending’ future work in the region.
There are many indications that the gneisses of the
study-area and those at Saglek have had a long history of

metamorphic mineral growth. For instance, there is evidence

[3.F S S

for a metamorphism affecting the pre-Uivak inclusions, at
least two migmatitic/metamorphic periods in the Uivak gneisses
themselves, and a metamorphism accompanying the later recon-

stitution of the Uivak gneisses and the formation of the

Iterungnek gneisses. The intensity of each later metamorphic

-.,-—u-h%- Es dw& ‘-f;l
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overprinting has dictated whether early assemblages remain or

have been completely destroyed by renewed recrystallization.

The latter metamorphism mentioned above is the one of main
concern to this thesis.

The petrographic evidence from microstructures and
mineral assemblages in the rocks around Jerusalem Harbour
indicate that these rocks do not exhibit feaﬁures consistent
with a high degree of microstructural equilibrium, e.g. prepon-
derence of curved and embayed grain houndaries instead of
well-defined polygonal aggregates with 120° triple point
junctions; the co-ekistence of minerals which are apparently
metastable, such as hornblende and orthopyroxene; and the
N A
frequent occurrence of lower grade pseudo&orphs of earlier
metamorphic minerals and coronal growths around several
phases. 1In order to understand the metamorphic evolution of
these rocks it is necessary to decide which petrographic
features are indicative of prograde or retrograde mineral
reactions, and therefore postulate on assemblages which indi-
cate specific metamorphic conditions. The discussion below
deals with some of the petrographic features previously
described from each of the major rock groups, and interprets
them in terms of metamorphic mineral reactions which could
have occurred in the rocks. The final section gives a tenta-

tive petrogenetic grid for the physical conditions during the

development of the -inqral assemblages séen in the gneisses.
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IV. 2 The Uivak Gneisses and their Inclusions.

The largest continuous outcrops of‘unreyorked_Uivak
gneisses occur on the south side of Iterungnek Fiord, where
they contain rafts of pre-Uivak lithologies and Saglék dykes.
These and other outcrops in the area which have undergone
negligible visible mesoscopic reconstitution are considered
to contain mineral assemblages which were imprinted on them
by a metamorphic event 3.6 B.Y. ago. The mineralogy of such
rocks is consistent with that which would be expected within
the upper amphibolite facies of regional metamorphism
(Turner, 1968), e.g. hornblende and biotite are the chief
ferromagnesian constituents. There is no evidence of any
anhydrous mafic minkrals within any unreworked Uivak gneisses
studied. , |

Similarly, the mineralogy of the few pre-Uivak inclu-
sions and Saglek dykes examined is consistent with these
metamorphic conditions.

Therefore it may be concluded that the mineral assem-
blages seen in the unreworked Uivak gneisses in the region
are those which developed at 3.6 B.Y. ago and are identical
with assemblageg‘found east of the Handy Fault at Saglek
(Bridgwater and Collerson, 1976); no detectable radical
' changes in(mineralogy have occurred since’' that time.

It was ‘mentioned at the onset of the description of

the Uivak ;Rbisses in the previous chapter (p.39) that the

s
e




account also included those gneisses which were slightly
reconstituted but still retained the field characteristics
of the Uivak suite. It is in these rocks that a picture of

new mineral growth emerges. )
Although clinopyroxene has been found in unreworked
dioritic Uivak gneisses at Saglek, no pyroxenes were found in
Uivak gneisses in the present area except in zones where they
can be demonstrated to have beeit Yeworked. In such rocks in
the study-area it is most prominent as an axial planar growth
to folds in reworked Fe-rich Uivak II gneisses. In these
rocks it has formed at the expense of a green-brown hornhbliende,
with minor orthopyroxene (now a colourless bladed amphibole)
also being formed in the process. The reaction = which repre-
sents the instability of hornblende and guartz under prograde

metamorphic conditions is given by Ramberg (1948) and

de Waard (1965) as

NaCaz(Mg,Fe)4A13816)022(OH)Z+-45102ﬂ-—> NaCaAl3S:|.5016 +
Hornblende Quartz Plagioclase
Ca(Mg,Fe)Si,0, + 3(Hg,Fe)SiO3 + H0

Clinopyroxene Hypersthene  Water

and is considered to be a viable reaction in the hornblende-

»”
bearing Uivak II gneisses in light of the petrographic

[ ]
features observed.

Both the pyroxenes and the hornblende have suffered a

later transformation to lower grade minerals. The

e AR ‘s"m . ¥
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clinopyroxene and the hornblende have been replaced by

520" AR

pale-green actinolite, the clinopyroxene moreso than the

hornblende; the orthopyroxene has been replaced by a fine

matted growth of bladed colourless cummingtonite.

g

The clinopyroxene alteration may be envisaged simply

as

Y SRR

sca (Mg, Fe)S1,0_ + HZO + 3C02——a- Caz(Mg.Fe)SSiBO22 +

276
Clinopyroxene Water Carbon Actinolite A
Dioxide |
i
2510, 1
Quartz

(Hashimoto, 1972). However, it is probable that the clino-
pyroxene in the Fe-rich Uivak II suite is hedenbergitic

rather than diopsidic, and therefore a more accurate reaction

may be
i
5CaFeS1206 -0:-3C02 + H20 — CazFeSSl_BOZZ(OH)2 + 3CaCOj +
Bedenbergite Carbon Water Ferroactinolite Calcite
Dio;ide
25102
Quariz L

- 3

(Deer, Howie, and Zussman; 1963) . Where plagioelase has been

altered to epidote minerals the reaction may be envisoned as

being of the type:




5Ca(Fe,Mg)51206 + 9CaA3125i208 + 4H20 — 6Ca2Al3513012 (OH)
Clinopyroxene Plagioclase Water Epidote
Caz(Fe,Mg)5518022(0H)2 + 28510,

Actinolite Quartz

(ClLiff, Norris, Oxburgh and Wright, 1971).
In the Saglek dykes the actinolite which formed by the
A R .

replacement of clinopyroxene displays coronas of granular

and acicular epidote adjacent to plagioclase. The reaction

Caz(Mg,Fe)SSiBOn(OH)2 + 10CaA1281208 + 6H20 —>
Actinolite Plagioclase water
6Ca2Al3Si3012(0H) + (Mg,Fe)5A12513010(OH)8 + S].O2

Epidote Chlorite Quartz

(Strens, 1965) may be used to explain this feature. The
combination of these two reactions indicates that epidote of
two ages exists in the Saglek dykes.

The replacement of hornblende by actinolite may be a

variant of a reaction proposed by shido (1958) namely

25Ca2(Fe,Hg)3A14516022(OH)2 + 44H20-——+-Caz(Fe,Mg)5518022(OH)2

Hornblende Water Actinolite

+ 14 Hg5A12513010(0HY8 + 24Ca2A13Si3012(0H) + ZSSiO2

<Y Chlorite Epidote Quartz

No orthopyroxene remains in the slightly reconstituted

Uivak gneisses. Its former pteaence is inferred from the




habit of a colourless amphibole identical to that observed
replacing orthopyroxene in diffuse pegmatites in the Iter-

ungnek nebulites. The reaction

3 + H20 + 5102

Hypersthene .Water Quartz Cummingtonite

_7(Mg, Fe) $10 —» (Mg, Fe) ;81 0, (OH) ,

(Stewart, 1947) seems to be applicable to the observed

petrographic relationship.

Wid
»

A second hornblende, a blue-green variety, is also
present in the slightly reconstituted Uivak gneisses, generally
in irregular leucocratic blotches interpreted as zones of

partial melting (cf. Busch, 1966). These hornblende-bearing

- v . . N~ T i -

areas are impoverished in brown biotite relative to the rest
of the rock., A reaction described by Busch (1966) and
Wooden et al.,(1975), and investigated experimentaliy by

Mehnert et al,(1973), can be used to explain this feature,

viz. Biotite + Plagioclase (An45) + Quartz —» Hornblende +

K—fel?lspar + Plagioclase (Anas)' + Sphene + Water. The rela-
tively small size of the blotchy melt zones in the Uivak
gneisses of this area 1ngicate that this reaction is on¥y of
limited extent in these rocks. More extensive blotchy zones
in rocks which may be considered "diatexites” in the Saglek
area contain garnet instead of hornblende. Gilbert (1966)
)and Cawthorn and Brown (1976) have noted t—h;at the crystal-
' i‘li:ation of hornblende or garnet is dopondénf; on the oxygen
fugacity and partial pressure of water, g@if}et being

L.
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favoured under higher P and lower fo, than hornblénde.

H,O
These parameters may havg governed the paragenesis
observed in the present area compared to Saglek.

The hornblende in these blotchy zones has been replaced
by a stellate green biotite-guartz + opague oxide assem-
blage, the mica and quartz commonly exhibiting a symplectic

intergrowth. This may be due to a reversal of the above

reaction, or possibly an equation of the type

.
‘

Ca (Mg,Fe) Al 51 (OH)2 + K o + Sio + H o—-

6 22
Hornblende dissolved potash silicate .
K (Mg, Fe)3A_AISi3010(Oﬂ)2 + Ca Al 513012(0!1) + Sio2
Biotite Epidote Quartz

(Ramberg, 1952). However there is no evidence that epidote

was a product in the biotite-quartz replacement of the horn-

blende, and therefore this may not be a valid expression for

the observed relationship.

IV. 3 The Upernavik Supracrustals.

The metasedimentarx rocks are almost totally devoid of
any microstructural features which may be used to establish
specific reactions by which a particular mineral species was
generated. The present usenbl.ugea' in the metasediments are
considered to be a result of metamorphism a-ccoubanying the
reconstitution of the surroundinq gnci‘ea lefortunntely
there are no definite 1ndicltorl of the earlier uinualoqy.




Y,
e

- 136 -

However analagous rocks from the Upernavik supracrustals

in unreworked Uivak gneisses at Saglek, with similar {bverall
mineralogies, contain fibrolite 'instead of coarse silli-

manite, but in reworked gneisses thelre, prismatic silli-

manite is widely developed, just as in the metasediments of

the study-area.

Biotite, the most common ferromagnesian phase in the rocks,

may have formed through any one of a number of reactic;ns

from lower grade rocks. However, since it al'so_ occurs in

the unreworked equivalents of these rocks, the preseﬂt bioc-
tite may simply be a compositional variant recrystallized
Erom the earlier rocks.

Sillimanite, the other foliation forming species may '
have developed as a result of the coarsening and nucleatjion
of earlier fibrolite, or it may have formed by reactions

such as:

6(Fe,Mg) , (AL, Fe) g0 (Si0,) ((OH) , + 4KA1,Si,0,,(OH), ¥ 7510,

Staurolite Muscovite Quartz

— 3m28105 + 4K(Hq,Fe)3A1813010 (Oﬂ)2 + 3520

Sillimanite Biotite Water

({Billings, 1937) : \

- or

J .

Almandine Muscovite si llimanite
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K(Hg,Fe)3A1513010 + 8102
Bjotite Quartz
\, I
)
(Thompson and Norton, 1968).
The absence of the guartz + muscovite assemblage and
the presence of (relatively rare) microcline implies that
conditions of the "second sillimanite isograd®™ were attained,

and the reaction

-

(K,N‘a)AI:’Si:’Olo (OH)2 + (Na,Ca)Alzsizo8 + SiOz —» AIZSiOS
Muscovite Sodic’plagioclase Quartz Sillimn@\
+ (!(,!«la)AlSi:‘lO8 + (Ca,Na)A1251208 + H,0
K-feldfpar Calcic plagioclase Water

(%]
(Guidotti, 1963) occurred.
'Il‘he muscovite pseudomorphs after sillimanite may be
due to a reversal of the above reaction under decreasing

_ metamorphic conditions, or it may be due to
N

3JA1,810, + K,0 + 3510, + H,0 —» 2KA1,5i,0,,(0H),

S$illimandite : Muscovite

*

(Deer, Howie and Zussman, 1963).
Kwack (1971) has pointed out the possible significance
of ionic transformations of the alusinosilicates ‘throuqh

the reaction

g + . +
3A128105 + 38:L02 + 3H,0 + 2K f—"2m381301° (0!!)2 + 2H

Sillimanite Muscovite
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It was noted earlier that prismatic sillimanite occurs
within completely pinitized cordierite, yet the alumino-
silicate is unaltered. In the cordierite-freme rocks however,
sillimanite is e:gtensively transformed to muscovite. This
situation may be analogous to K\;ack's investigations of

the aluminosilicates in that due to high ag+ the cordierite

was selectively replaced in the silliman}te-cordierite
bearing rocks, but sillimanite readily transformed in
cordierite-free rocks. Sillimanite was not altered Qhen
cordierite existed because migrating fluids were buffered
with respect to x* ana B n the lowest stability fileld

of cordierite. Once cordierite was desttroyed (or if not

originally present) the fluid composition changed so that
if entered the stability field of sillimanite, and it ‘(the
sillimanite) then similarly retrogressed to white mica.
The : liberated by the above reattion may also be the

chief contributing factor in the replacement of biotite by

muscovite 'au described for the pelitic rock from Hebron

 (p.66 ) (cf. Gresens and Strensrud, 1974, p.1587). .

. ' Garnet and cordierite overgrow the foliation, and in

some examples are slightly elongate within this @abrie.

k4 PR

The impression gleaned from the thin sections is that these
- two minerals formed during the waning stages of deformation.
The actual reictipn by which these two phase formed is not

g clear, but a reaction of the type
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10K2(Fe,Hg)5A13815020(OB)‘ + 28A123105 + 658102
Biotite Sillimanite Quartz
— 11(ug,re)2A1;515)18 + 11(Mg,Pe) ;A1,81,0,, +
Cordiertite Garnet
ZOKAISi308 + 20820

K-feldspar Water

(de Waard, 1965a)

or

K(Pe,Mg) jALS1,0, ( (OH) , + AL,S105 —= (Fe,Mg) jA1,8130,,
Biotite Sillimanite Garnet
+ KA181308 + H20 . (\

K-feldspar Water

(Rivalenti and Rossi, 1972, p-62) may have been active.
The latter reaction may also account for the smaller size

of the sillimanite forming the internal fabric in the

garnets.

The retrogression of the garnet may be due to the influx

of water leading to

3(Pe,Mg) JAL,51,0,, + 8H0 —» (Fe,Mg) 1,510, (0H) 4 +
Garnet Water ' Chlorite l |
4s0,

Quartz : .

(Hsu, 1968).
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The pinitization of the cordierite can be explained as

(Fe ,Mg) 2Al‘Si5918 + K(Pe,Mg) 351513010 (OH) 2 + ‘320 —

Cordierite Biotite Water
(Pe,Mg) 51\12513010 (OR) 8 + ,KA13Si3010 (OH) 2 + ZSiO2 ]

Chlorite Muscovite Quartz

(Turner, 1968).

Since only a few of the impure calc-silicate rocks have
been examined, their paragenesis cannot be considered in
detail. However the presence of relic muscovite within
the zoisite and the abunda;ace of microcline indicate a .

\
prograde metamorphic reaction of the &type

“ 3!(513813010 (OB)2 + lCaCO3 + 65102-——b 2C32A13813012 (OH)

" Muscovite Calcite Quartz Zoisite
+ 3“151308 + 4002 + 2320

Microcline

(Thompson, 1975). The amphibole which rims the diopside

is considered a retrograde feature, a result of

5CaMgBi,O¢ + 3C0, + HP —=Ca Mg 5ig0,,(0H), + 3Caco,’
Diopside - > ’ Tremolite Calcite

1 + 2810,
Quarts -

(cf. Bewitt, 1973, p.438).

i
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The basic gneiss units of the Upernavik supracrustals

give a good indication of the maximum grade of metamorphism
attained in the area. The mineralogy of these rocks is
also considered to be largely a result of recrystallization
during the_rgconstitution of the gneisses with which they

are interbanded. The presence of orthopyroxene in the basic

~rocks is a definite indicator that granulite facies conditions

prevailed during the recrystallization of these rocks
(Tu;her, 1968; Winkler, 1974). The bprown pleochroism of the
hornblende is also diagnostic of metabasic rocks in granulite
facies (Binns, 1964; Engel and Engel, 1962; Engel, Engel and
Havens, 1964). Microstiuctural evidence beari’g on the
sequence of recrystallization of hornblende and pyroxenes is
sometimes rather ambiguous, but it appears that orthopyroxene
and clinopyroxene have been generated at the expense of

hornblende through a reaction of the type presented earljer,

d.e.

NlCaz(lq,Pe) Al Si )22(0“’2 + 4510 -——D'NaCaA13515016

!lcmblende . Quartz Plagioclase

+ Ca(re.lq)Si 0 + J(Hq,ro)SiO + B O

cl inopyx_'oxene " Orthopyroxene

The plaqiociase rims developed afound garnet, described

from the basic rock from Jerusalem Harbour, are believed to

_ be & result of the instability of garnat and hornblandc under

prograde metamorphic conditionl, such that

L Y
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——

NaCaz(Fe,Hg)‘A13516022(OH)2 + (Fe,Hg)3A12513012 + 58102

Hornblende Almandine _ Quartz
—_— 7(re,Hg)SiO3 + NaCa2A1551702‘ + ﬂ20 )

Orthépyroxene Plagioclase Water

(de Waard, 1965b) occurred. An identical situation to

that describéd from the rocks of the present area iS§ shown

by de Waard (op.cit.,Fig.4), who considers that this

reaction indicates progressive metamorphism from upper

amphibolite to granulite facies conditions (see also Clark,
1970, p.294) .- Pregrade metamorphic coriditions are also

indicated by the reverse zoning in the plagioclase feldspars

of some of the basic rocks (cf. Cannon, 1966; Rambaldi, 1973).

IV. 4. The Iterungnek Gneisses.

pere————————————

The Iterungnek gneisses, because of their dominantlf
"granitic" character, have very little to offer in the way
of mineral assemblages which would indicate metamorphic
conditions in the area &t the time of their formation. It is

~ well known that rpck- oé granitic composition are not parti-

cularly sensitive to regional metamorphism, in the sense that

thdy 4o not have assemblages which will recrystallize and
yield new phases. The best evidence for metamorphic conditions
during the formation ot the I;erunqngf gneisses is offered
L by the presence of orthopyroxena in sweat pegmatites in areas
of nebulitic gneisses. The Iterungnek gneisses 40 however,

i
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present the best indications of retrogressive metamorphism.

The widéspread development of sericite and epidote at

the expense of plagioclase may be modelled by the two reactions

below:

4Canl,Si,0, + KA;Si3OB + H,0 — 2Ca,Al,5i 0, , (OH)
Plagioclasée Microcline Water Epidote
+ ml3813010 (OH)2 + 25102

Seriéite . Quartz
(Marmo, 1967)

3CaAl.‘,S.i.308 + Ca (OH)2 — ZCa2AI3Si3012(Oﬂ)

Plagioclase Epidote

[
(Deer, Howie and Zussman, 1963).
The retroqreésion of orthopyroxene in the pegmatites

has been presentad earlier (p. ) as

7(ug,re)3103 + H,0 + sioz—-—-w (Mg,re)7(518022(0!!)2.
Hypersthene Water Quartz Cummingtonite

The overgrowth of green hornblende on cummingtonite in

these pegmatites appears to be a continuation of the ortho-
pyroxene —» cummingtonite —» hornblende reaction series

(Deer, et al, 1963) and is represented by ‘ -

3(Mg,Fe) ,81,0,, (0R), + L4CMALS1, 0, + 48,0 —>
Cusmingtonite Plagioclase
'JCa2 (Mg, Fe) 3A1‘816022(0’!!)2 + 198192 .

Hornblende Quaxts
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in the biotite-cordierite-alman&ine sybfacies of the horn-
blende-granulite facies (de Waard, 19¢5a).

It is obvious from the previous discussions that the
original high grade assemblage has suffered retrogressive meta-
morphism. However since all indications are that the
granulite facies metamorphism accompanied the reconstitution
of the Uivak gneisses, the'writef has attempﬁed to construct
a tentative petrogenetic grzaxwhich repiesents PT conditions
at this time. A discussion of a possible evolutionarf sequence
for the recrystallization of the rocks in the area,’ and other
relevant factors pertaining to the metamorphism are presentéd
after consideration of the grid.

The netasedineﬁtary rocks provide data for the establish-
ment of the necessary reactions which define the PT limits of
metamorphism (Figure 9):

(1) The preseﬁce of sillimanite in ietapelites indicate
that the preasures and temperatures weré within the sillimanite
field of the aiuninosilicate polynofph stability diagram. The
diagram e-ploye&'for the conatrucgion of Figure 9 is that of
Richarduon; Gilbert and Bell (1968) . !

(ii) The absence of prograde nu;covite in the meta-
sediments indicates that teqperatures were above th; "second
sillimanite isograd®". Thus conditions of metamorphism were
to the right of the muscovite breakdown curve as given by

Storre and Karotke (197i).' This curve in conjunction with the

aluminosilicate diagram 1ndic¢tel tcip.raturol‘in the vicinity
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metamorphism in the area (Cross-hatched). See text for discussion.

Aluminosilicate stability fields (Richardson et al., 1968)
Muscovite breakdown (Storre and Karokte, 1971 T
Anatexis of quartrofeldspathic guneisses (Winkler, 1970)
Biotite breakdown in the presence of quartsz (Currie, 1971)
Upper stability limit of cordierite (Hensen and Green, 1973)
First appearance of garnet in basic rocks of quartz tholeiite
composition (Green and Ringwood, 1967)
Hornblende breakdown at Pn o™ 1 xb (de Wit and Strong, 1975)
Hornblende breakdown at PHZO- Py (Binns, 1969).
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of 700°C.

(iii) When the field of anatexis of quértzofeldspathic’
gneisseg (Winkler, 1970) is plotted on the diagram it falls
slightly below the PT conditions at the intersection of the
muscovite breakdown curve with thé aluminosilicate diagram.
This is in agreement with the field relations which clearly
indicate that anatectic conditions were attained in the area.
. The initial melting of the Uivak gneisses, as indicated
by the small blotchy zones, could have begun at PT values

as low as 2.8kb and 670°C.

(iv) The coexistance of quartz and biotite in the meta-

sediments indicates that extreme temperatures of metamorphism
were not realized in these rpcks. The maximum témperatures
are therefore bfacketed by the breakdown of biotite (Currie,
1971), which indicates values in the vicinity of 900°C. It is
possible that the orthopyroxene - bearing diffuse pegmatites
in the Iterungnek nebulites resulted from the breakdéwn of
biotite, and ﬁhus.in such areas the upper temperatures wére
above those outlined by this curve.

(v) The presence of cordierite and.garnet'may be used
to give an estimate of ma?inu- and ninimmﬁ presshres. There
is no indication that the cordierite-bearing rocks ever
attaihed conditions wherxe the cordierite broke down to the
high pressure assemblage nil1ihlnite—qgfrtz-hyperltbene

(Hensen and Green, 1973). Therefore ‘ iiun‘procnurcs were

not above 11.5kb as defined by the intersection of the
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) cordierite breakda;wﬁ curve \:lith the kyanite-sillimanite curve.
- (vi) Although the reaction between garnet and horn- .
blende to produce plagioclase and pyroxenes may be useful
as a PT marker, no experimental data for this reaction is
known to the writer. However a curve givén by Green and
Ringwood (1967) for the initial formation of garnet in the
met'agabbro has been utilized to givq a minimum pressure  for
the area. The curve presented in Pigure 9 is for rocks with -
100 Mg/ (Mg, !'e *) ~ 55, .
(vii) The development of orthopyroxene in the basic
rocks is believed to be due to.hornblende breakdown, and
. hetalds the beginning of granulite facies metamorphism,

probahly under conditions of varying P (see below).

B, O
2
Although no estimates of PH o are possible from the present
.2 :
study, a curve for the breakdown of hornblende with P, , = 1 Kb
. ‘ 2

- has been plotted in Figure 9 %g given by de Wit and Strong °
. ‘ N,

(1975). Also given is a curve for hornblende breakdown with

Wi PBZO;’. P, as determined by Binns (1969). : /
' The field of metamorphic conditions for the area as
. .\ . - ‘ ‘ A .
v bounded by the prograde mineral-reaction curves uased is

. rather restricted, as shown by the shaded area in Figure 9.
Thebinini-mn temperatures are dn the order of, 750°C, and the
maximum p;obably ‘not above 900°C. " The actyal valun are

-conlid‘rod to be i\ ‘the runq. of 025—050'(:. l'rolsm ostiutes ’

ate bracketed between a low ot l 5 and a high of 11. 5 kilobu:t
N " - An ‘intermediate value of 10 kb ‘il couid.:ud a reasonable

N | ]
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estimate for the area. It i.s interesting to note that these
values are in good agreement with estimates- determined from ’
thermodynamicvdata for a late Archean granulite facies

metamorphic event in southwest Greenland (Wells, 1976) .

Iv. 6. Brief Discussion of Petrogenesis.
. The mineral reactions discussed in the first sections
of this chapter are indicative of both brograde and retro-

o~y

' grade mf:::yrphism. Reactions of the prograde type indicate

that the refoliation and recrystallization of the Uivak -
gneisses were accompfmied by horr;blonde-granulite facies meta-
morphism, superimposed on rocks which previously exhibited
mineral assemblages of the almandine-amphibolite facies. The

* sporadic distribution of mineral asae‘nbla'ges of both facies,
as' seen in the basic rocks, has made tl;e demarcation of
specific isograds impossible. The juxtaposition of assemblages
of two metamorphic facies (cf. Cooray, 1972) even in different
bands in hand spacimens of the basip rocks, suggest that

variations #n PT conditions not provide an adequate

explanation for the pattern of minkral growth. An attractive _.
alternative is to postulate localized variations in tho o
during metamorphism (cf. de Waard, 1964 The following
evolutién- for th- area is envisioned.
. An original amphibolite fagies terrain was subjected to
crustal ‘éi'ocoaso’- which caused remetamorphism of most of the

rocks. The field of anatexis was. breached, u'id conditions
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.transitional into the granulité facies were attained at this
time. The Uivak gneisses underwent varying deqrefs of

partial melting and transpogition. 1In the mildly deformed

. areas hornblende was produced at the expense of biotite in

zones of initial melting, orthopyroxene and clinopyroxene
were produced by the breakdown of hornblende in the presence
of quartz in the transposed Fe-rich Uivak II gneisses. In
zones of extreme melting, the Uivak gneisses were transformed
into nebulites in which orthopQroxene-bearing diffuse
pegmatites developed. Sillimanite and biotite were formed

in the metasedimentary gﬁe_isses. In the basic rocks,
dehydration teactidns producing orthopyroxone at the expens
of hornblende were initiated, and amphibolite facies garnet5
became unstable, giving rise to plagioclase and orthopyroxene.
The dehydration reactions resulted in thei expulsion of
volatiles from the basic gneisses “into thé quartzofeldspathic
énaians surrounding them. Anatexis became more widespread,
probably occurring ‘at lower temperatures becﬁule of the '
relatively higher water fugacity (Dahl, 1971, p.11-12).

This may explain the occurrence of granite sheets, many of
which are concentrated within and adj;cent to the basic
gneisses. ‘ '

During the transition into the granulite facies, deform-

. ation began to c’ufuid., lmt:i temperaturss tremained zﬂrly

constant. It vas during these ming liaqu' of deformation
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that cordierite and garnet developed in the metasediments,
possibly at the expense of the sillimnite—biotite. fabric
which they overgrow.

The increasing 1»’!!20 in the leucocratic gneisses as a
result of the hornblende breakdown in the basic rocks led
to the post-tectonic retrogression (adt slowly decreasing
temperatures) of some of the previously existing ninerals.

These include the raplaceunt of the pyroxenes by actlnotite

 and culnington:l.te, the breakdown of .hérnblende in the blotchy

melt zones to a stellate greén biotite-quartz symplectite,
the pinitization of the cordierite and the muscovitization
of sillimanite. ) |

The development of epidote and sericite from plagio-
clase, the chloritigzation of biotite and garnet, and the
growth of the "shredded" biotite are all considered to be

much later low temperature transformations.
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CHAPTER V

DEVELOPMENT OF THE ITERUNGNEK GNEISSES

V.l. Continental Crust: Addition of Mantle Material versus
Reworking, )

A divergence of opinions has recently arisen over f:he
mechanisgn by which the continental crust of the Earth has grown
through geological_tim. Has there been continual additions of
juvenile material from the mantle, or has much of the younger
crust formed by reworking very early sial? This has been
debated with rtespect to the fo\rution of the granitic suite
which was the precur‘g]or' to the Nuk gneiss in Greenland. Some
workers (e.g. McGregor, 1973; Pmkhurst,' Moorbath and McGregor,
1973; Moorbath and Pankhurst, 1976) consider the Nuk gneisses
to represent calc-alkaline magmas emplaced into the crust ‘
from an upper mantle source region girca 3 billion years ago.
Others (e.g. Chadwick and Coe, 1973; cmdwick. Coe, Gibbs, -
Sharpe and Wells, 1974a, 1974b, nridgwater and uyers in
Bridgwater et al., 1974) consider that the Nuk event involved
a substantial anount of rwozkinq of earlier sialic crust (the
Anitsoq gneisses), synchronous with the injcction of mantle-

derived material.

This portion of the thdoi,l ropre‘untl a éontribution to

-the controversy outlined above. It:will be -shown thnt the

development of the Itomgnd: gnc:luu in Librador did indeed
involve the reworking of an older gneiss suite, tha Uivak
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gneisses. This has already been pointed out in field and

isotopic studies at Saglek (Bridgwater et al., 1975; Collerson

et al., 1976a; Hurst et al., 1975). The full extent of this

type of tectonic activity in the Archean of Labrador has yet

to be determined,

V.2, The Transformation of Uivak Gneisses to Iterungnek
Gneisses - where to draw the line.

The transition frfom Uivak gneisses ®o the Iterungnek
gnoiﬁsel can be demonstrated at several localities in the region
around Hebron Fiord and Jerusalem Barbour. The transformation
ia achiavad by two principal mechanism, nauly (1) a structural/
metamorphic reconstitution and (ii) a mtanorphic/anatectic
reconstitution. . There are localities where each acted inde-
pendently. and also wheg the two complement each other. In
these zones of reworking it is difficult to pinpoint where
Uivak gneisses, with abundant Saglok dykes, become Iterungnek
gncinu, ‘because recogninble pods ‘of Saglek dykc can
ocouiomlly be found in the Iterungnek gnoiuea, though
larqcly transformed to hornblendite.

. In zones where. the earlier gneisses are destroyed by a
proc.u of structural nfoliation, the term lterungnek qnains
‘is applied when tho s.nporiwoud gnoilsoslty becomes dominant
over the original Uink foliatiom, nlf.liouqh the "new" gnoil- at

"such localities may cuu peu.n mtnru of the oldor rock,

¢.g. small snclaves, ugm dmm In areas vhare the

 {~_
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Uivak layering is obliterated by widespread partial melting and

recrystallization, the name is applied to the nebulites which
result, and also to the lit-par-1lit gnoil-aen bordérinq such
zones which can be demonstrated to be migmatized Uivak gneiss.
The term Iterungnek gneiupa is also applied to the
foliated tonalitic and granodisritic rocks vhich' are 1ntru/g1’3.vc
into the Uivak gneisa'es/,hnd Upernavik supracrustals. No /
Saglek dykes have evo.r/‘been cbserved 'in these younger 11)4:\:-
sions vwhich are considorod to be contdmporancou with }/ho
refoliation of the Uivak gneisses. - / : .

/,

V.3. !ia-plea ot /the Reworking of Uivak Gneisses, / °

structural modification and-of partial melting of the Uivak

gnelsses is de.cribed balou

(1) The areas which best display a struc u}:a.'i modi fi-

cation of the Uivak gneisses are small cgves on the west side

“ W) and on the north
° N

shore of Jerusalem Barbour mqa'ss-m sraauow). The

of Cape Nuvotannak (5.'13"0") 62°36'

obliteration of U:Lv&k,-troctml and their replacement by an
Iterungnek foliation is easily demonstrated im shoreline’
outcropl at these loon:lﬂ.n. ‘ | '

At the Cape mak lmll.iy it h po.sibh to
traverss from pruum Inv& th- acm- sones- oz
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‘progressive rpconstitution 1;to typical Iterungnek gneisses.
The Uivak gneisses at this locality are grey, somewhat homo-
geneous, weakly banded, biotite-fqliated roc;s (Plate 24a)
lacking the concordant pegmatites seen at other localities,
e.g. south shore of Iterqunek Piord. éaglek dykes, in various
stageslbf disruption, are abundant, varyin§ in size from a few
centimeters to ten meters in maximum dimension. The majority .
still dlsplay the characteristic porphyritic texture, though
the feldspar megacrysts are generally elongate, and all are
concordant to the enclosing gneissic foliation. A large
blotchy-textured pre-Uivak inclusion also occurs in the grey
gneisses at this locality.
ﬁr The Uivak gneisses and concordlnt dykes are folded 1n
t. local zqhes. These fqlds are considered to be Iterungnek in
age, aqﬂ the gneisses display the greén blebby axial planar
-foliatian (Plate-24b)'ob-q;ved in other areas of Uivak remo-

bilization. This fabric discordantly overprints the biotite

foliation of the Uivak gneisses. An axial planar fabric is
not easily detected in the folded dykes; small thin felds-

'pcthic'stringort in thea have a corrigated aspect in the

0T ST G-

-

hinqe‘ibnol, the cotrlgntionl being parallel to the axial plane
y * of the fold. \ V

-

Adjaoont to a large dyke xremmant in tho Uivak gn.illo-
there occurs a narrow zope (up to 10 n vtdb) in ’kIGh the
oonhinuity oz the :uth-x unlaivu charact-z of tho qnoisscn is

AT




.durinq_!olding.' This folded zone passes rather abruptly

" served, commonly as intrafolial relics or small enclaves

. . P . . . ¢
parallel to tha surrounding Iterungnek gneissosity, and have
“the sttongly' d‘vulopdd.axhl planar foliation defined by the green
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disrupted (Plate 25a). Numerous, smill irreqular sub-
concordant granite pegmatites pervade the outcrop. Some of
the Saglek dykes in this zone are stretched into narrow
lensoid inclusions, others remain as pencil-thin discontinuous
stringers. The lérger dyke fragments form agmatite horizon-.
be%ng broken up by gfanitic veining from the enclosing
gneiss. " _

- Westward from this narrow zone of remobilization, the

Uivak gneisses are contorted, displaying large, asymmetric

"drag folds" with wavelengths of 3.5 m and amplitudes up to
3 m. There. is a noticaple presence of narrow pegmatites
crousing'the folded banding, which appear to have formed by

segregation of the more mobile constituents in the grey gneiss

into a linear region of higher deformation characterized by
étonouncod shearing and transposition of the Uivak gneisses,

in which small areas of folded earlier gnoissélity are pre-

(Plate 25b). The "new” gneisses produced gy this transﬁositicn
of the Uivak foliation are the Iterungnek gneisses. roids of
the preserved Uivak layering in the enclaves have axial planes

blebs mantioned earlier. With increasing deformation the
Uivak iut:afoila; ;t-nanfl nz!!gitkg-hiy dttqn§nitodAand

» L. --.73"-}1:",';'» .










sheared, until they are "stretched"” «nto parallism with, and

become virtually indistinguishable from, the enclosing

Iterungnek banding.

This transformation is accompanied by an increase in the

' amount of granitic material pervading the qutcrop concordant

to the foliation. Saglek dykes, though extensively fragmeated

into trains of inqlusions {Plate 26a), retain some relics of

their earlier features (e.g.‘megacrysts) in core zones of

larger fragments, but most have beenvmetasomaticaliy (?)

altered to small balls of hernblendite, commonly surrounded

by a mantle of granitic pegmatite. The penultimate stage in

this essentially structural/metamorphic reconstitution process

is thus a new banded gneiss (Iterungnek) produced by progressive

medification of previously existing tectonites (Uivak gneisses)

(Plate 26b).

In the small cove at Jerusalem Harbour there is a narrow

- zone of .xpoiures which displays a less intense degree of

refoliation. The Uivak layering here also’'contains lirge rafts

of amphibolite believed to be Saglek dyke remnants. The

. . ( .
banded Uivak gneisses are traversed by numerous zones of

shear (Plate 27a) alomng which the gneissosity is reoriahte&,

or a new banding is produced (Plate §75). Small folds in the

‘gneiss occurring between the shears, with axial tfaces parallel

to the shears, contain a blebby gri-n axial planar fabric ‘ "

similar to that described earlier, also parallel tbft&q'shaaz

Vo3 MG e A TR NS Y MERIURI . S otk £
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PLATE 26
ITERUNGNEK GNEISSES

T e S et . o ATt

- Plate 26a, b. Two photos of Iterungnek gneisses derived
through a progressive structural modification

. Oof the Uivak gneisses. Note hormblendite:
pods which are the expression of former Saglek
dykes. : ‘

~ . -
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directioﬁ. This zone appe;rs to be one of plastic deformat.ion
and rotational strain, in which the original layering ig
reoriented and t.ransposed along a network of shear zones.

(ii) On the west shore of the entrance to Jerusalem
Harbour there is field evidence -to suggest that locally the
Uivak gneisses underwent a transformation to rocks termed
Iterungnek nebulitic gneisses by a process of pamnal meltmg,
with no obvious signs of a atrong structura]. 1nf1u§nce. The"
gneisses here (as described in Ch. III) are beat deccrlbed as'
lit-par-1it migmatites characterized by a modified vivak B
palgosome alternating with a quartzofeldspathic >p.cgutite“neo'-‘~

some. The migmatites pass transitionally into areas of more

-hoinogeneous, granular leucocratic rock in which only whisps of
_the original biotite-rich paleosome remain (cf. Plate 20).

"It is in these zones that the diffuse-bordered, orthopyroane- .

bearing, granitic 'sweats'."ateAde_veloped. The foliation which

ren'a':l__n- in the nebulites is coﬁnonlf undulating, and "ghost-

folas" can be occasionally observed (Plate 28a). Even though

-é-t of the original Uivak gneiss has been oblite:atoq, _
restites of the pre-uihk mafic ,ﬁscluuions and sqq_;.k:'dykés _
renun as hornblende pods (Plats 28b), The. Mreslidnvﬁivch'f:*
by t:anaition :omom as theu - hoa Uimik. gnciu throo'h
lit-par-lit umtm zo mm u ﬂut th. old.t gum
r‘;'nu undu'gou h sity .tgtﬁc oy

lization.
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PLATE 28
ITERUNGNEK NEBULITES
N - "/) R '

PRt
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28a. "Ghost-fo0lds” outlined by biot te in a nebulite zone,
T : Jerusalem Barbour. .
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The descfiptions presentéd above are considered ‘evidence
for the derivation of these areas of Iterungnek gneisses*
directly by reconstitution of the Uivak gneisses. This new
series of gneisses is an inhomogeneous suite on regional
scale, and éheir mode of origin is not alwafs obvious through-
out the area. However compa;able.relagiOﬁships between Iterungnek
and Uivak gneisses at Saglek, some 50 km to the 'r_\orth, i'ndica'.te
that theh—;:lder gne’iugs have undergone remobilization over a

large area of this"part of northern Labrador.

.




CHAPTER VI

STRUCTURAL GEOLOGY

VI.1l. 1introduction.
N .

The general pattern exhibited by the qéologic‘al map (ine

pocket) of the stm’y aréa is one of alternating linear units

of granitic gneiss, basic gneiss and metasedimentary gneiss.

Layerin; and schistosity attitudes in all gneiss types through- -

out the region dominantly trend NNW-SSE, with divergences

25-30° Bast or West, and dip §£eep1y west, commonly vg;ticgl._ '

Local ‘vari_ations in strike and Aip can usually be attributed

to folds post-dating the formation of the regional layering.
'The raﬂ’wr limited struc‘tural mapping has put constraints

on this aspect of the study, and has preclluded a subdivision.

of the u'ea into coherent sub-arens with homgeneous donim.

Thus the study area is treatcd as a single entity, with specific’

reforonco to localities where notewds®hy structures oceur.

!ho deformation is treated in dcscnpti.vo ruthqr than quanti-

tative terms Bacause inaufﬂciont data are ihilable o unabln

~v¢1ucl of t!u inmlsty of dc!omtion to be calcuuta

“'u mdnutood howov-t thut viml utiultu ot ';hq i.n‘hnsity




vVIi.2, 'I:'erninoiogy Used.

Although a, numerical system is commdnly used when
descri.bing deformations and structures in polydeformed rocks
(e.qg. Dy, D2, D3 ... for deformation; sl, sz-, s3 . for
valr.}ous S-surfaces; ¥y rz,r3 ... for fold Agen_erations and»
80 on) it 'My lead to confusion if used to correlate over
large areas (see Tobisch and Fleuty, 1969). For .umpie

the earliest recognizable structures in the Uivak gneisses

ygt Jerusalem Harbour may in fact be second or third gener-
ation features it 8aglﬁ, because areas of low intensity
Uivak deformation may provide Fviidovs" through whic_?z very

) e'arly de!omtio_n»patternl in that region may be t;icoqnizefl_.
Thus within this thesis the s-surfaces! 'which are obviously
products of polyphase detqzintion (i.e., are oqnposiﬁe
fabrics; Turner and Weiss; 1963, p.4l) are .duilgnntod by a

#letter (cf. cpadﬁiok,‘lp_t'g)., - ' e

The earliest 'r'ocogniuhli foliation of mesoscopic or

outcrop oxtont ococurs nithin th— ngu of. Uivak qmiuu and’

is referred to as .8, . smuny li.n.ations and folds are
dendted by x.u and P, respe

small-scale tou- ,h np gm.u-a- amimu to

I Ey

the detmanton viten g flas S ho Tiariogiar gustasen ;)
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_ : [
are termed F,, and the axial planar foliation in these folds,

§;. Where such folds can be pbserved in the'Uivak gneisses

their axes are designated as B:z, neaning the axes of

folds of the Uivak gneissosity/schistosity with the
Iterungnek. foliation ll.thﬂ axial surface. The Iterungnek
foliatioﬁ (S].:) is the dominant peﬁotxaﬁive fabric throughout
most of the-area. 1t is variably developed -- from a biotite
alignment discordant to the Uivak layering or its modified

equivalent, to an anastomosing fabric in granite sheets, to

"a regional gnc:lilosity, Most mesoscopic folds in the 'ugion

have 81; as the axial planar fabric, and are therefore rI, as

are the folds which give rise to the pattern of rock-units on .

the geclogical map (in pocket).
Simple folds which affect the Iterungnek layering are
termed rIﬂ -and r1+2, meaning two récognizable'foldiné

. episodes which deform the Iterungnek foliation surface. The

ax.tll phno !abtic (sl ﬂ,s z) ‘associated with thnu folds

1- not a composite feature, byt rather is a simple fabrlc.
ninutionl present in the ares may be of several

gmotations The most - emn il t lintrnl ,;oddutg or

| ,ut.ronkinq umutig (g;p- 3@&*‘01“. Tess, p.m h .




Y

‘'rodding/streaking lineations on thq same surface.
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An intersection lineation (Type 3 of Weiss, op. cit.),
ca{:sed l:y:sI biotite intersecting the Uivak or modified

Uivaf: toliatiox; surfaces, "and has been obsexrved to overgrow

VI.3. Brief Outline of Defon;at:lo_n; Eoncepts.

In the anglyéis of deformed récl;s it has become
customary to describe the structures seen in these rocks
in terms of the principal’ strain axes. The cor}cept was {

discussed in detail by Flinn (1962) and is based on an

oziginal. lphore dctomd into an ellipsoid w:lt.h principal

axes X, Y, and 2 such that Z > Y ¥ X. .The nhape of the
deformation ellipsoid ig doscribod by the K-valus defined as
K= f-1vherea=3i/Y and b= ¥/X. For 0'¢ K<'1 the,
ellipsoid is oblate (pancnke-shapod) and the deformation is’
a flatscning type. PFor K = 1 the deformation is plane at.

constant volm: all’ j:l.lple uheaz detomatiom have this

value. For 1< K€- the .llipso:l.d is prolatc (ciqar— '
'shaped) ‘and' the deformatian is a stretching or conlttictioml :

‘eypo. 'In addition !lltt.r-on (1968) has detinod an "nnonnt

o! dtthuun' ‘as r= q+b-1. ' Y

ks which dl pluticaliy may do so 1n sevaral ways, ' "

g‘ since only the 02 . num (1..., t.hp £inal’ nodoct
§ b TN . LN .

o of stxain) is seen it l-l u:tm-n L: mxm tho utall
' B m-.nt plth(s) wh:l.ch m thh coulit.imz.v m- nu.bc
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(Ramsay, 1967) . In pure shear the principallstram axes of
the deformation ellipsoid maintain a oonutén; orientation

throuéhout the deformation, and consequently this broceu- is

referred to as irrotational strain. In simple shear -the

prii;ci‘éal i'xgj,‘gpgp\ge orientation during pl._'ogl'.'euive deform-
ation, and thesifgtels is termed rotational strain. The
final fproducts of the deformation in each case may be
indistinguishable.

In some cases of simple shear (rotational strain) it

. may be possible to see the shear planes, or deduce their

orientation from structures in the deformed rocks. In this
situation the deformation may be described in terms of '
threo; mtual}g perpendicular tectonic axes a, 2, c (Sander,
1930), where _a_ is tho direction of slip or shearing ¢n the
shear surface, b is normal to a in the shear plane, and c is
x;oinql to the shear plane (ab). | .

s

yx . -preizcdzﬁnqﬁok'Stxudtdro-.

su'uo.t.urc- uhich predata th- main rcqiontl deformation
are not oo-ion nomo: the mclavu of UJ.vak qneiasos do
contain m -uoucopu omplu.

Tht qndillollty‘/lch&ﬂ;oltty ‘of t.hc early gneisn. is a
mouu !nbﬂc dg:ived by tht ttanapoltﬁu nﬁd Mutuptim
of an ou'lm Mtiml 1m:h, nnl uz&oun ug_n qt
qnart:-f.).dspar vcﬂu. . llucrm mhc;of Lnt.tlfolin
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interference patternc and rootless folds may be observed in
many outcrops (Figure 10). These are generally on the order

of a few centiheters in size. The schistosity of the Uivak

'gneisses is dominantly defined by biotite, but hornblende

has b observed in the mafic-rich phases. It is somewhat

curious that in all examples of Uivak gneiss encountered the

‘ Uivak'banding‘parallel's that of the Iterungnek gneisses.

However small—sca],e‘ ctructpres such as fold axes and lineations
are south-plunging (Figure 104) whereas similar linear
:_ea;crea in the _It.rungnek gneiue-_ ‘arc. largely' north-
plunging. - ' ~ . - ,

Pre-Uivak inclusioni' show evidence of folds and planar '

,fabrics *which are. independent of those in the Uivak qnezssea,

and are therefore indicative of even older metamorphic/ " :
structural cvenba. ‘ »

Because of the restricted occurrence of Uivak A.gneisses
mveltigatod, no deui.lcd discussion o! the early (pre-Dy )
structurcl can be givon. mvnr, the regular gneiss:.c
banding with’ 11:-’ parallol fclhtion comonly forming apgen’
around Saglek dykc and pto-ULvnk podl and the an:oc:lation
of this toliatiqn v:Lth :lntrafolial folda ind}.cbte a

!
t.ctonélnetamorphic hintcg wich Ainvolved a flattening t.pc

_of deformation (l < 1) v:lt?h a couponont of u%i_tion

or shearing.
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VI.5. Iterungnek Structures - The Regional Layering. I

The regional grain is considered to have been produced
as a result of structural/metamorbhic/igneoué ptocesses
aétive in this part.of the No;tﬁ Atlantic Arche#n craton’
approximately 3100 million yéears ago. The groés-lithological
variations were establiéhed prior to this and contéin
intralithology fold closures which predate the Iteruhgnek
defor?mtgon, e.g., refolded isoclinal folds in the layered
basic body in Jerusalem Harbour. - !; L

The nature of the iterqngnek planar element in‘the
gneisses varies dépending on the rock type. Where the
earlier Uivak S-surface 13 preserved SI is éxpreased'simply
as a r:;ewed mineral growth formiqg a schistosity axial
planar;to PI folds in the rocks. ‘ﬁovever througbout the * C‘-
greater part of the area the main expression of QIAis a L
disginct compositional layering in the gnéisi%s which may have‘
developed by structural mechanisms like those described in
the previous chapter. A strong subvertical lChiBtOiltnyf
variable int?nsity is parallel or alightﬂirdigéordant to
the gneiséic banding and is axial‘pianar to small-folds.

.

Exceptions to the banded gneisses are the zones of nebulite

Two faults running SW-NE through tzsyifudy area lepnfato
blocks between which there is no structural or lithological.

.

continuity. .

and the homogeneous weakly foliated granites.




X

Ny

black = bauc gne;sses
rtzofeldspathlc gnexss?

MORHARDT PO INT .
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. unornaunteq -‘q
° o nﬂitferentiated
b ,» plunge of ‘small - " folds and HEBRON .
v - & llneatxons : ““,._‘_‘
R g faults "“ " .
- .. . —M ' 3 x - ‘ “"‘._’!_’_ .
_Fiqure l;, ~Ot1hnta.tion of fold a&é‘s and lineations in the Iterungnek gneinses.
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"VI.5. 1. Mesoscopic Structures.

Structures of Iterungnek age which may be observed in

{ inc.iividual outcrop<s are now described under three head-ings
viz. folds, lineations and folded boudins (Fiqure 1.

(1) Folds: Most mesoscopic folds which can bé

w"walked-out"” on the scale of an outcrop are tight and

commonly isoclinal (Fleuty, 1964a) whose axial sur faces

parallel the regional layering. It can be shown on the

scale of a single outcrop that the limbs of such folds are

lﬁ

rotated or tngtened into parallelism with the axial plane
fabric

and the hinge zones gradually destroyed by shearing
along the axial surface to produce a new banding (cf. Balk,

1936). In some outcrops fold limbs pass abruptly intc shear

zones giving a new transpositional layering with- only the
earlier hinge zones remaining as isolated rootless intra-

~folial closures.

© L . G T

¢ The style of F. folds is quite variable (Figures 12 and 13),

4
and depends both on the local tectonic environment and to

some extent on litholog.{cal differences. * Within any one

lithology however, FI folds may very considerably solely as a

result ofvt':he differing intensity of D;. In most cases the

axial planar schistosity (SI) is.easily detected. Individual
. folds may be combinations of more than one style. 1In fact,

the style of F. folds is so varied that they give the

I
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impression of being of several ages. However the folds
reproduced in the text-figures are all of the same age and
demonstrate the errors that may arise by assuming that

several fold styles imply several deformations (see also

park, 1969; Williams, 1970).

Mesoscopic F; folds in zones of high strain and trans- "

position commonly ihave thick hinge zones‘-and thin attenuated
limbs producing class 2 and class 3 fold§ of Ramsay (1967).
In numerous ocutcrops it can be demonstrated that shear along
closely spaced shear-planes (the axial plane foliation) '
played an important role'in the developme;at of these folds
(Rnopf and ;ng;arson, 1938; Roberts, 1966; Ramsay, 1967).
In Jerusalem Harbour a thin (~20 cm) mafic banci> in reworked .
Uivak gneisses acted as a passive marker durin:3 the deform-
ation apd became éliced into a series of discrete, semi-
cont:inuousc pieces by sheaf displacements along a system of
step-like discontinuities giving rise to a structure which may
be termed "asymmetric Gleitbretter"™ (Ramsay, 1967, p.390).
In some cases fold hinges have been sheared out completely
and,?‘;I is the resulting feature (cf. Figure 13b).

The overall tight to isoclinal nature of the DI folds,
the pfkrvasive nature of the accompanying foliation (SI)
and éhe numerous examples of transposition of limbs and fold

hinges indicate that they formed under 'strong compressive

stress during which shear movements were active. However

i el 1k







Figure 13. Iterungnek folds (non-profile views).

(a) Flexural type fold in layered basic body, Jerusalem
Harbour. Note hornblende alignment in felsic layers.

(b) Shear-folds in partially reconstituted Uivak gneisses,
Jerusalem Harbour. Note predominance of SI over S . in zones
of transposition.



- 178 -
r the disharmonic aspect of some folds observed indicates that
a component of buckling or parallel feolding was also

responsible for their formation (de Sitter, 1958).

i Although there is a wide scatter in the attitude of

axes of FI folds, there is a consistent NW-NNW plunge B
direction (Figure l4a) with the exqepéion:of one small-fold
within the supracrustals at Hebron.

(ii) Lineations: Lineations are not ubiquitéﬁs ( ;
throughout the area, but where Oobserved are a rodding or

§treaking and intersection type (types 2 and 3 of Weiss, 1958).

In contrast to those in the Uivak gneisses described above,
y
r

the linear elements are dominantly north-plunging, but there

[

are some which are south-plunging (Figure 14b). Even though
the streaking lineations are consistently north-plunging in
most outcrops, there are departures from this general rule,

and directly opposing attitudes may be observed in individual

TR e e s i, | I

exposures of an otherwise homogeneous gneiss. Collerson,
Oliver and Rutland (1972) describe similar variations in

lineations from high grade metamorphic rocks from centra

[ ' Australia and attribute them to inhomogeneity of str

during one period of deformation such that the diredtion of

ot T a e

maximum elongation was different in different layers
L, streaking lineation is nearly always phrallel to
4 of small folds (FI) and tectonic "b" axis. It therefore

appears that a monoclinic symmetry pattern of movement has
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equal area, lower hemisphere projections

Figure 14. Plunge directions of linear structures in
Iterungnek gneisses s
I

S
u

(b) Lineations; dots = streaking or rodding, crosses =
intersection.

)

(a) Fold axes (includes B



been active, w%efe-the Fab“ plane and the- Y2 deformation
pléne are coincident, and the translation in this plane is
normal té "b". \’\\

(iii) Folded boudins: 1In polydeformed rocks boudins
produced during one deformation may be folded during‘another
because of the various attitudes of the superposed strain
ellipsoids. However, occasionally folded boudins may be
produced during a single progressive rotational deformation
(Elliott, 1972). Folded boudins have been observed in the
layered basic body in Jerusalem Harbour and in a basic
layer in the metasediments at Hebron. The fold axes in both
cases parallel FI folds in nearby gneisses, but it is not
possible to state whether these features are a result of
two éeformations or one progressive rotational stress regime

during the Iterungnek deformation.

vi.5.2. Heterogeneous Charactér of the Iterungnek Event.
Discontinuities and inhomogeneities in the pattern of
deformgtion accompanying the formation of the Iterungnek
gneisses are clearly evident in the area. These include the
"shearing out"” of DI‘folds of Uivak gneisses to produce the
Iterungnek gneisses, ﬁhe disruption ‘of inclusions, variable

degrees of folding exhibited by the rocks, and the growth of

new minerals in the gneisses. Changes in the pattern and

~

intensity of the deformation can be seen in single outcg%ps

in which relics of the Uivak gneisses are preserved. Fo&
¢ : \
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example, the heterogeneity of the deformation is readily
illustrated by the zones of low strain in which the early
Uivak banding rgmains, or where primary igneous strucﬁﬁres
are preserved in the Saglek dykes and the layered intru¥ions
such as at Hebron and.Jerusalem Harbour (Chaéter I1I).

These areas contrast sharply with adjacent zones of higher
strain in which sucﬁ.features are completely oblitérated.by
the increasing influence of the structural overprinting of
the Iterungnek deformation.

The inhomogeneous character of the Iterungﬁek deformation
precludes much discussion of it in terms of the deformatioﬂ
ellipsoid, used when discussing homogeneous strain. However,
for the purposes ©f simplicity, it is convenient to think
of the deformation as being homogeneous with respect to
small z6nes (Ramsay, 1967). The nature of the project did
not allow quantitative aspects of the deformation to be
investigated, but it may be discussed in general terms.

The reorientation of the Uivak banding into parallelism
with the Iterungnek foliation, and its complete dismemberment
and eventual obliteration indicate that the amount of
deformation (Watterson, 1968) was very high, and an estimate:
of r = 35 comparable to the Vesterland gneisses is certainly
in ‘'order for the Iterungnek Aeformation. The character of
the Iterungnek deformation, as described.ffom Hebron Fiord
(Chapter V), point to changes in *r" on.the outcrop scale

since areas where Uivak banding is undeformed pass

- Crde Nl ol sty W
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gradationally, but rather abruptly, into zones where
Iterungnek effects become dominant and a new banding has
developed. ’

The shape of the deformed megacrysts of plagiéclase
in the sills at Hebron, énd of quartz and feldspar augen
in disrupted veins within the plane of the Iterungnek
schistosity indicate that this planar feature in the gneisses
is parallel to the 2ZY finite strain plane. Fold axial
surfaces are also co-planar with the regional fabric and

also indicate that S_ parallels the 2Y plane, a feature

I
noted by Ramsay (1967)! and demonstrated by the shear belt
study of Ramsay and G?aham (1970).

The augen in the gneisses and the feldspar megacrysts
+in the sills form prolate ellipsoids when seen in three
dimensions. The'absenée of a strong planar fabric in the
sills, and the presence of the L-tectonite (Flinn, 1965)
indicates that they were affected by a constrictional type
of deformation (K > 1). No cases of extreme elongation were
observed, the Z/X values generally less than 10:1. From a

general point of view, the feldspars show elongation parallel

to the 2 finite direction of the D

1 strain ellipsoid. XY

surfaces commonly show euhedral forms (cf. Plate l4a) with no -

great variations in dimension, but in a few outcrops it can

lgince the terminology of Flinn is used by the writer, the
ZY plane corresponds to the XY plane of Ramsay.

©

I
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be shown that Y lies parallel to the schistosity and X

perpendicular to it. This lineation therefore provides

‘the direction of maximum elongation (Z) during what was

apparently a constrictignal phase of deformation.
‘Tie L > S fabric exhibited by the sillgs at Hebron is

an exception to the general pattern in the map-area which

'is dominated by 'a strong schistosity and gneissic banding

co-planar to axial surfaces of folds indicating a flattening
N . 4

_type of deformation (K < l).

In summary then it can be said that the relationship
between the fabrics and orientation of the deformation
ellipsoid on the outcrop scale conform tobobservations mq@e
elsewhere (e.g., Flinn, 1962; Watterson, 1968; Ramsay, 1967)
which show that the planar schistosity is parallel to the
YZ plane and ;ineation is parallel to the 2, or maximum

extension direction.

~

4
VI.5.3. Megascopic Aspects.

It was indicated at the beginning of this chapt&r that
the gneissogity on a régional scale, as well as on an
outcrop scale, shows a fairly uniform orientation, a feature
also shown by the distribution of poles to banding on the
stereographic projection (Figure 15). Few megaséopic folds
of the layering are present, but where marker horizons

defined closures, the folds exhibit tightly appressed limbs

and very narrow tight hinge zones. This situation is also

SRR ey -
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equal area, lower hemisphere projections

Figure 15. (a) Poles to gneissic layering in all
lithotypes in the area (157 points).

(b) Contoured diagram of above. Contours enclosing 1,

4, 6, 10 and >15 points per 1% area. Dashed line represents
a possible great circle for the distribution of the poles.
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reflected in the orientation diagrams which exhibit a

p.66)

monoclinic fabric symmetry (Turner and Weiss, 1963,

of the type which would be expected in an area of tightly

The absence of a well-defined

appressed similar-type folds.

great circle distribution is due to the-fact that only a

few gneissosity attitudes have been obtained from the

and therefore the diagram is biased~

actual closure zones,

—

towards' the more widespread orientations of the layering on

the limbs.

The general NNW-SSE trending nature of the regional
"

foliation is somewhat cqfving as shown by the distribution

of litholagies and gneissosity orientations (see map in

pocket), and is especially apparent in the marked divergence

<
,of units on Morhardt Point. It is possible that these -

varying ofiﬁntations are Qpe to large interference structures

{eye~-folds) caused by a lgter phase of folding on the

e g g e bt

regional layering, the continuation of the outcrop pattern

produced by the structures being outside the sﬁudy-area.

Alternatively the divergence may be a product of the

) . i .
Iterungnek deformation. If the Iterungnek folds are non-

cylindroidal, due to triaxial compression during Dy, the ;

doubly plunging attitude would cause the same pattern.

The axial plunge of the major fold structures at Hebron,

/Bﬁség/on the changing orientation of the gnéissic banding

v/
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and small-folds in the area of fold closures is South at
40-—45°. A similar fold structure on the north s:.dl of
Jerusalem Harbour also plunges southward, but at a slightly
greater angle (%75°5.

The southward plunglng character of ‘the megasgoplc -

" structures is therefore in contrast to the att;tud/s of

most small-folds and llneatlons in tﬁé\area, which are N
plunging. Such a pattern suggests several possibilities
for the relationships betwéen_the mesoscopic'and megascopic
structures. For example (i) the lineations and small folds
all pre-date the Iterunghek deformation (ii) the regional
folds post-date the fterungnek deformation or (iii) both
mesoscop%c and megascopic structures are the same ;ge but
have this relatianship due to some unique character of
the Iterungnek.deformation.

The first suggestion is considergd unlikely on several

lines of egidence. The lingations are all found on the
Iterungnek gneissosity planes and are therefore considered
related to this S—surfaée. Similarly sm&ll.folds are most,
abundant in zones where the Uivak layering is undefgoéng
transposition and being replaced by.tbe Iterungnek.
gneissosity, and are therefore also of Iterungnek age.

Finally the metamorphic/structural overprint of the Iterungnek

event has been“sufficientiy pervasive such that very few

S - R
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N
earlier structures remain in the reworked gneisses.

The second possibility is considered unlikely because

all folds which have been "walked-out" in the field have

the Iterungnek schistosity as the axial planar foliation

and are therefore Iterungnek in age, unless a later phase

of folding co-plagar with'the Iterungnek folds has occurred
s 1

' (cf. Park, 1969). ‘There is no definite evidence for

co-planar folding.

It is therefore concluded that the relationship

between the Iterungernk mesoscopic and megascopic structures

is due to a special relationship between the pre-Iterungnek

lithological layering orientation and the Dy deformation

ellipsoid. It is postulated that the lithological layering

at the onset of the Iterungnek phase of deformation was

- inclined at some unknown angle to the Z direction of DI‘

(e.qg.,

e ey s 8 % B

Structures thus initiated in the zones of reworking

small-folds, streaking lineations) were parallel to the

major axis of 'the D.I strain ellipsoid (cf. Schwertdner,

1973, p.1240), but megascopic rotation of the lithological

layering on a regional scale was not accomplished. Therefore

ohly the mesoscopic structures show parallelism with the

Z(b) direction. The inconsistency in the plunge of small-

scale structures versus the megascopic folds is thus a

consequence of the attitude of the layering prior to DI'

and the amount of rotation undergone by the layering with

respect to the Dy strain axes.




vI.6. Possible Model for the Structural Evolution of the
Iterungnek Gneisses.

From the descriptions presented above the writer has
attempted to construct'; tentative mode) to explain the
features of the deformation accompapying the refoliation of
the Uivak gneisses. Firstly, however, the pré"—(ftterungnek
complex must be considered.

Following the model of Bridgwater et al., (1974) we

may assume that circa 3.6 billion years ago, there was a

major period of crustal instability during which the Earth's

b 4
cruét was intensely deformed. Previously existing meta-

morphic complexes, igneous suites, and cover rock sequences
were interleaved in such a manner that very few vestiges of

original stratigraphic relationships remained. This could

have occurred through the horiiontal regime envisaged by
Bridgwater et al., (op. cit.) or possibly throug}; vertical
movements. Whatever the process, or processes, whole strati-
graphic successions were telescoped and juxtaposed against
each other in a series of independent structural slices such
that all continuity between formerly continuous sequences was
nearly completely obliterated. The interleaving and juxta-
position of various lithologies was probably due in a large
degree to megascopic shear and transposition, and tectonic

sliding (Fleuty, 1964Db) in tight folds. Tectonic sliding

cannot occur during homogeneous deformation because the latter




is wholly a process of shape change. Therefore this
feature, along with the mesoscopic evidence from the Uivak
gneissescof rootless” intrafolial folds and primary relation-
ships between gneisses and Saglek dykes, points to the
inhomogeneous character of this period of deformation.

By 3.l billion years ago (Hurst et al., 1975) the
previously established horizontally (?) layered crust had
again become unstable, probably a "softening"” effect due to
the build-up of radiogenic heat. Calc-alkaline magmas were

emplaced along structural discontinuities in some areas of

\
the crust (e.g., Greenland; Myers, 1976) but in other areas
\

of which the study area is one \he older sialic crust

became reactivated and underwent a structural and metamorphic
transformation.

; The Iterungnek deformation is considered to have been a
long and continuous process which probably began under a
constrictional (K > 1) reg;me, with a linear fabric being of
greater importance than a planar one. Subsequently a process
of simple shear (K = 1) became dominant during which the
Uivak gnelsses structurally reworked, and their original
character obliterated by transposition. Tight isoclinal folds
with steeply dipping axial planes were produced, and "similar”

folds formed by translation along the kinematic ab plane were

accompanied by a strong rodding and streaking lineation on the
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transposition surface. The varying attitudes of the 5
lineation are possibly an indication that there is some o )
degree of rotation or change in the strain axes in the ab
plane during the transposition of the Uivak banding.

5
Although there is a good agreement between the mesoscopic
linear structures, they have an opposite sense of plunge to

the regional folds. This is taken to indicate that the

previously established lithological layering was not regionally

reoriented during DI' However in the narrow zones of most

intense deformation, all earlier Uivak layering has been

P Pt p =g

folded and transposed i'r;to parallelism with the kinematic ab
( , —
/ .
plane. The areas where the unre orked Uivak gneisses remaln
.

in which the Uivak layering parallels the surrounding

Iterungnek layering may be kernels (of early fold closures?)
where the original attitude of the Uivak foliation and the
Iterungnek a-direction coincided, and consequently the

layering was not folded and sheared-out, but was simply

attenuated.

The strong gneissic layering in the Iterungnek gneisses
is possibly indicative of a final flattenipg (K < 1) deform-
ation. This is apparent in the parallelism of all planar

structures in the areas where the Iterungnek gneisses are best

developed. When looked at on a regional scale, these areas

appear to be tight synformal regions between more open

! e . & -—
" S ——r g YT — - - - SRR,
75O il ?‘.‘.;‘,,r ",,:‘, T %-,v;".,‘ . L ik Lo X




- 191 -
&

antiformal domes in which Uivak gneisses still remain.
These synformal regions are in many respects analogous to
the straight belts of Hepworth (1967) and synformal zones of
Coward (1973a) in ;hicb all indications of the earlier
layering have been obliterated, and replaced by the Iterungnek
foliation. ,

The 5§ > L regime has practically obliterated all
indications of the initial constrictional deformation‘
However the metagabbro sills at Hebron have escaped this
flattening to some degree, possibly having become more isotropic

as a result of recrystallization. These rocks retain the

L > S fabric more than any other in the gneiss complex.

VI.7. Folds Post-dating the Regional Layering.

Two generations of folds affecting the Iterungnek layering

have been identified. Both are open folds, but their attitudes

differ radically.

7 R - i G R ey -

(i) The first period of folding to affect the regional
v
gneissosity occurred on horizontal axes and produced folds
with flat-lying axial planes (recumbent foldF of Fleuty, 1964a).

Very few folds of this generation (F ) were observed during

I+1
the course of the field study: their usual manifestation is as
broad warps on cliff faces perpendicular to the strike of the

layering. The few mesoscobic folds of this age which were

recognized vary from open to fairly tight (Figqure 16a), and




b

Figure 16. (a) Recumbent fold (Fg4+31)., plunging away from
observer ~20°, at amphibolite (dotted) /quartzofeldspathic
gneiss contact on shore at Morhardt Point. Large biotite
pegmatite at top of sketch. Hammer ~1lm in length. (b)
Variations in SI+l cleavage, plotted as poles (crosses) and
S

BSI+1 (dots) .

I
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lineations on the gneissosity planes are folded arcund the

fold hinges. The tighter F folds have a prominent axial

I+l

planér cleavage ( ) in the hinge zones, but this dies out

St

quickly away from the actual closure. Measureménts of the

attitudes of this cleavage and the plunge of the axes of the
FI+l folds indicate thét they may have been affected by a
later deformation which reoriented them (Figuée l6b). 1In
areas where the fold axes are horizontal and north-trending,
the cleavage seldom exceeds a dip of 10°E. However, folds
of the same age have been ébserved to plunge up to 30°S, and
in such cases the cleavage strikes NE and dips up to 45°SE.

(1ii) The youngest folds which can be identified in

i outcrop in the map-area are structures with moderate to

! steeply plunging axes and steeply inclined axial planes.

Measured axes plunge 35-67° Southwest and Northwest; axial

e T O

planes are generally East-West and dip 55-80° North and

South. According to Fleuty (1964a) these features constitute
moderately to steeply inclined, moderately to steeply plunging
folds. The FI+2 folds do not appear to greatly affect the ' )

megascopic pattern previously developed. Their most common

expression is as gentle warps of the layering, having wave-

A s

lengths of <5m to tens of meters; however several smaller
mesoscopic structures of this generation have been observed.

(Figure 17).

!
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-Dip isogons (Elliott, 1965) on line drawings of colour

slides taken looking down the fold axes show little variation
>

in the type of fold developed in the rocks as a result of
this perlod of deformatlon (Figure 18) . The isogon arrays
indicate that most are of classes 1lb and lc of Ramsay (1967,
p.365), that is, are largely flexural folds, possibly slightly
'modified by a superimposed component of homogeneous
flattening (Ramsay, 1967, p-415). Some of the tighter folds
in the quartzofeldsp&thic gneisses (Figure 18c,d) tend

toward similar folds (class 2) in their hinge zone, i.e.,

the isogons approach parallelism.

The F; ., folds have no pervasive penetrative fabric
associated with them; however a widely space fracture pattern,
occasionally showing a fanning aspect, 1is developed ;n the
hinge zones og the folds (Figure 17).

On some of the foliation surfaces which have heen
folded by these late open folds, e;rlier streaking and
rodding lineations are reorieﬁted around the hinge of the
fold. The changing attitude of the lineation was measured
at four locations around one broad, open, mesoscopic wérp
of flexural aspect in order to determine the pattern which
the folded linear fébric defined. The stereographic plot
of theylineations around the calculéted g-axis for this fold
(Figure 19%9a) appears to conform to a locus in space around
the FI+2 axis in a manner siyilar to that outlined by Ramsay
(1967, pp-466-68, 546-48). (Compare also Coward (1973, p.151))




Figure 17. Late open folds (F

I 2). Thick lines across
layering represent fractures.

(a) Open fold on coast in Jerusalem Harbour. Dark layers at
upper right are attentuated Saglek dykes. Pencil in unshaded
layer at left is 10 cm in length.

(b) Fold in amphibolite, Morhardt Point. Sledge hammer is
1m in length. Glacial debris in upper gight. %
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Figure 18. Dip isogons at 10° intervals for approximate

profile views of layer folded by Fy42 folds. Various
localities north and west of Jerusalem Harbour.
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Unfortunately the open style of the fold studied and the

. ‘“Wn,

steeply dipping foliation surface which it deforms, makes
it difficult to measure the plunge of the fold's axis

. directly in the field, and the g-axis used in the construction

is derived from a w-diagram. Even with these limitations,
the stereographic plot demonstrates the folding of the
lineation around the fold axis in a pattern which would be
expected from the geometric arrangement of B§§+1 and the
earlier linear structure.

The fact that these late open folds locally plunge
both north— and southwest within tens of meters‘sf each
other, yet the earlier lineation maintains a constant over-
all direction in such areas may indicate that this folding
was not strictly cylindroidal, but had a conical component
to it. This is also suggested by the wide scatter of poles

£ to the gneissic layering (SI) which were "walked-out”" in
the field (Figure 19b). 1If folds are true cylindrical the
\

- 'Eram should form a well-defined great circle (Weiss,

A il a3 ST

-

958) .

vi.8. Summary of Structural Developmént .~

The main points arising from the interpretation of the

ronsen-aumpere el b

structural data may be summarized as follows:
The enclaves of Uivak gneisses indicate that Su is a

composite flattening fabric derived fram the transposition -

of earlier S-surfaces by heterogeneous deformation. No
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equal area, lower hemisphere projections

Figure 19. (a) Streaking lineations on Iterungnek gneissosity'

surface folded around an open F 2 warp.
(b) Poles to gneissIE banding of an open fold
(FI+2) walked out in the field. Entrance to Jerusalem Harbour.




regional folds of Uivak "age have been identified.
)

The gneissic layering produced by Du has been affected

by a later phase of deformation (DI) during which the Uivak
gneisses were reconstituted to produce a new suite of

tectonites, the Iterungnek gneisses. Folding during DI

was commonly isoclinal, though variations in style are
present due to varying intensity of D

.
compentency., Shear parallel to the F

1 and lithologic

1 axial planes was

instrumeptal in the refoliation of the earlier Uivak gneisses.
Lineations and small-fold axes are dominantly NW plun;&ng,
but regional folds are SE plunging. This is tentatively
interpreted to represent incomplete reorientation of the
previously existing layering into parallelism with the

principal planes of the D. deformation ellipsoid due t& the

I
inhomogenity of the Iterungnek deformation. In zones
of intense deformation all strugtures are parallel to principal

planes of the D_ ellipsoid.

I
It appears that the Iterungnek event was a prolonged
phenomenon, and varied from a regime of constriction through
simple shear to one of flattening. This is interpreted as
representing the progressive "squeezing-in" and refoliation
of the Uivak gneisses in tight synformal zones between broad
antiformal domains in which there is little effect of D;-

Two generations of post-D_ open folds have been recognized.

I

4
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FI+1 are recumbent structures on horizontal axes, whereas
are inclined, steeply plunging structures. Only °

Fre2
mesoscopic examples of both are present, and no megascopic

equivalents have developed in the study area.
b

A
i
\

o~ ~

e —vemnranre v gy b dwicnls v L aadd ] ORI pt "
‘ s v C Y . e




<

N
C TER VII

SUIQ‘IARY D DISCUSSION

VII.1l. Introduction,

This thesis has presented an account of metamorphic and
structural processes in early Archean rocks in a small portion
of the Nain structural province of Labrador, the western
edge‘ of th‘e'disrupted North Atlantic craton. It has been
shown that geological events in the area 3.1 b.y. ago can be
interpreted in terms of the structural reworking of pre-
existing Archean crust. The data presented are summarized
b‘elow, and a brief discussion of its bearing on Archean

[}

crustal development is given.

o el ¢

VII.2. Summary,

The bedrock geology of the area around Jerusalem Harbour
is dominated by an inhomogeneous series of quartzofeldspathic
gneisses of several ages, with intercalated linear supra-
crustal belts. |

The earliesf recognizable quartzofeldspathic gneisses
are the 3.6 b.y. Uivak gneisses which occur as restricted
linear kerx:\els in younger gneisses. The major portion of
these younger tectonites, termed the Iterungnek gneisses, can
be demonstrated to have been derived from the older suite by a

combination of metamorphic/structural and anatectic processes

approximately 3.1 b.y. ago.




1

- 202 = kY

The areas of Uivak gneisses are not extensive enocugh to
determine with certainty in the field whether they belong to
the Uivak II suite, but petrography has indicated the
existance of both suites. The Uivak gneissesﬂ are biotite-
rich, layered rocks of tonalitic to ferrodioritic composition,
and are delineated on the basis of lensoid fragments and &
inclusion trains of porphyritic amphibolite derived from a
disrupted basic dyke swarm - the Saglek dykes.

The gneissose rocks which develops from the remobilization
of the Uivak gneisses has been shown to‘be variable in
appearance, inv.many cases due to its mode of development.

The streaky gneisses commonly retain areas where the new
gneissosity can be seen to have developed by a shearing and
Attenuation of the earlier Uivak layering. Small enclaves of
the original gneiss, crossed by a new biotite foliation parallel
to that of the surrounding gneiss, may be seen. In areas of
structural modification it has been shown that the Uivak
banding has been reoriented and replaced by the Iterungnek
banding chiefly through a shearing mechanism which progressively
obliterated the earlier gneissosity. On the other hand,
nebulites and lit-par-lit migmatites appear to have formed

by in situ static anatexis of the earlier gneiss. In most

cases the contacts between tlyg Uivak and Iterungnek gneisses

4
are gradational over a distance of a few meters, and all
4

stages of reworking may be observed in a single cutcrqp. The

1
i
!
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rock type which prevaills jn any one area is a consegquence

of the degree of remobilization or partial melting which

the earlier rocks have undergone, and its structural position

within the complex. For instance, the nebulites commonly
occur in linear zones pﬁarallel to the gneissic layering, a
/

feature suggesting thag{ the degree of partial melting was

influenced by the loca}l metamorphic conditions.

/

¥

Only three areas[of Iterungnek gneisses can be demon-

stratec_l to have a definite intrusive aspect, namely the
foligted granitic bodies which raft-off and incorporate large
blocks of basic gneisses on Morhardt Point and Mount Jeru-
salem, and blocks of metasediments on the south side of
Iterungnek Fiord.

Rocks of supracrustal origin (the Upernavik Supracrus-

tals) form five linear belts in the map—-area. Three are

dominated by metasediments; the other two are basic gneisses.

The metasediments are chiefly of pelitic and'semi-pelitic
compositions, with minor marble and psammite. Coarse porphy-
ritic meta-melagabbro sills occur in the metasediments at
Hebron. The basic gneisses are a variety of types, and
commonly contain orthopyroxene and/or clinopyroxene in addition
to hornblende and plagioclase.

Ultramafic pods occur within the basic gneisses, along

the margins of the basic gneisses, and within the quartzo-




- 204 -

feldspathic gneisses. Though most are isolated tectonic
pips, an ultramafic body retaining igneous cumulate textures
occurs in Jerusalem Harbour.

There is little doubt that the present mineral
assemblages in the rocks of the area are polymetamc')rphic.
Detailed petregraphic study of all the major rock types
indicate that the Iterungnek gneisses formed under conditions

of the granulite facies, and that this metamorphism was

superimposed on an upper amphibolite assemblage. An estimate
of metamorphic conditions has given P = ~10kb and

T = 825 - 850°C, which if translated to a crustal thickness, &

indicates a value of ™30 km. Mineral reactions observed in
thin section can be accounted for by the breakdown of amphi-
bolite facies assemblages under a prograde metamorphism \
resulting in granulite facies assemblages, which experienced
incipient retrograde metamorphism during the waning stages of {--

deformation. ‘Most lower grade minerals however, appear to be

due to post-Iterungnek retrogression(s).

It ig interesting to note that if this 3.1 b.y granulite
facies mgetamorphism is substantiated by future work, then
this area of Labrador shows the earliest record of widespread

1 i
granulite facies metamorphism in the North Atlantic cratﬁn.

1

As pointed out earlier in the thesis (p. 61 ) Collerson has
found relic granulite facies assemblages in pre-Uivak inclu-
sions, and McGregor (K.D. Collerson, pers. comm., 1977) has
found similar features in pre-Amitsog inclusions. The full
significance of this very early granulite event has yet to be
investigated and evaluated.
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It is currently considered that a "blanket" granulite meta-
morphism of "worldwide" dimensions occurred at 2.8 b.y. due

to a thickened and stiffened crust at this time (cf.

Bridgwater et al., 1973b, p.495). However given sufficient

heat flow in the early Earth, it i§ not necessary to ﬁave a

thick crust to generate anhydrous assemblages. In any case,
; the estimates‘of crustal thickness given above indicate a

: sialic crust at 3.1 billion years ago which is comparable to

that of the present day.
4 The structure of the gneisses in the map-area is complex,

| and only very tentative overall conclusions can be drawn

from the data obtained during the field study. However, it

is obvious in the field that the reworking of the Uivak

gneisses was a very inhomogenecus process, during which

progiessive simple shear played an important role in transposing,

reorienting and/or obliterating earlier structures.

Mesoscopic folds on the Iterungnek gneisses are

generally very tight similar or isoclinal varieties; variations
: are chiefly dependent on the intensity of the deformation.

In most cases the regional layering can be shown to result froﬁ'

intense deformation whereby the Uivak layering is drawn out

on the limbs of folds to produce the Iterungnek compositional

banding. The fold styles in general point to a shearing -

process as being the major mechanism for their development,

but the parallel and disharmonic style of a number of FI folds

suggest that buckling or flexural slip was locally operative.
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The variations 1in fold style, related to the intensity
of the deformation, may be a result of their evolution by a
progressive mechanism suggested by Wilson (1961, p.493)

whereby once a schistosity 1s developed in a folded layer,

further movement occurs by laminar slip along the schistosity
and the folds progress from |flexural slip to shear folds.

The folding during the [Iterungnek event took place on
subvertical axial planes, and the complete parallelism of
structures in straight belts in synformal regions suggests a
type of "pinching-in" under horizontally directed stress.

The open antiformal regions are areas where the Uivak gneisses
are best preserved. Although the interpretation is tentative,
the DI event may be envisaged as a progressive change from a
regime of constriction to one of flattening. .
The Iterungnek layering has been folded by locally

developed open to tight recumbent folds; the tighter structures

have an axial plane cleavage which disappears away from the

TSR . o

hinge zones. Post-dating these recumbent folds are a set of

open flexural folds on nearly vertical axes.

VII.3. Discussion.

It has been pointed out several times in this thesis tﬁat
the Saglek area displays a geological development in early B
Archean time which is nearly identical with that experienced

by the Godthabsfjord area of southwest Greenland, and this

similarity has been repeatedly stressed by Coljerson and his




co-workers in references already cited. The one major
difference in the chronological/lithological development

is the apparent diversity in the nature of the 3.1 b.y.
tectonic event in both areas. Field evidence presented by
most workers in Greenland inaicate that a large proportion

of the gneiss complex there is composed of rocks derived

from calc-alkaline magmas emplaced into the crust as horizontal
sheets 3.1 b.y. ago (cf. McGregor, 1973; Bridgwater et al.,
1974; Myers, 1976). Others, however contend that there was
considerable remobilization of the older gneisses during the
formation of the younger suite (Chadwick et 2&., 1974b;
Chadwick and Coe, 1975). The 3.1 b.y. gneisses in Greenland
have been termed the Nk gneisses (McGregor, 1973). By
contrast, the younger Archean rocks in the areas of Labrador
so far mapped seem to have been derived by various degrees of
reworking of the older Uivak gneisses, with igneous activity
being of subordinate importance, at least at this level of
crustal exposure. These 3.1 b.y. gneisses in Labrador have
been termed the Iterungnek gneisses, eqguivalent to the
"undifferentiated gneisses" of Hurst et al., (1975), and have
an initial strontium ratio of 0.7065 (Hurst, et al., op.cit.).
Since there is no conélusive evidence to demonstrate massive

injections of mantle-derived granitic rocks into the crust of

iﬁbrador at this time, it is suggested that the Labrador and

Greenland Archean suffered differing effects from a period of
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crustal mobility 3.1 b.y. ago. An attempt to reconcile this
difference is presented as a simplified cartoon in Figqure 20.

A horizontally layered crust (sensu Bridgwater et al., 1974)

probably developed around 3.6 b.y. agoy, It is considered
’

that the interleaving of sialic and supracrustal material
took place at this time, and was accompanied by syntectonic
amppibolite(—granulite?) facies metamorphism at depths
presently exposed. Layered basic bodies and ultramafic
cumulates were emplaced into the "layer-cake" at this time
along structural discontinuities created by the tectonic
sliding in cores of nappes and transposition between rock
units. Workers in the Greenland Archean consider that the
interleaving or thrusting took place prior to the major
period of metamorpLism. However, the existance of large

tectonic inclusions of one rock type in another and the lensoid

form of the lithological units ‘on all scales suggest plasticity

of the rock pilé during the interleaving. It is difficult

to envisage such a procé;s of attenuation and juxtaposition

of units without any metamorphism in an early ductile crust.
Therefore the 3.6 b.y. age from the Amitsog and Uivak gneisses
is considered to be a metamorphic age which also dates the
time of interleaving. Bridgwater And Collerson (1976} suggest
that the 3.6 b.y. age represents a period of Rb addition to
the crust, and it is conceivable that the ductile inter-
leaving, metamorphism’and Rb metasomatism are concommitant

events.
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Figure 20. Schematic diagram to illustrate how the horizontally layered crust

at 3.6 b.y. ago underwent reconstitution at 3.1 b.y. ago by "collapse" along
tight synformal zones. These synforms were the sites of refoliation and

migmatization of the older gneiss suites and avenues for upward migration of
granitic material.
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By 3.1 b.y. ago however, the crust had again become
unstable, probably due to a gradual softening caused by
heat liberated by radicactive decay of minerals in the mantle
and crust, and it (the crust) "gave way". If volcanic
supracrustal piles (greenstone belts) had accumulated at the
surface between 3.6 and 3.1 b.y. these would have contributed
to buckling and the development of shear zones. The earlier
sialic crust underwent reworking at depth, with shearing
and transposition in narrow synforms; the marginal anti-
formal massifs largely retain the earlier gneissic structures,
but zones of ove;printing can be distinguished.. The reworking
and anatexis of the sialic crust led to granitic (s.1.) melts
which joined mantle derived injections of tonalitic material
migrating upward. These gave rise to the sheetlike form of
the granites in the Greenland Archean since they tended
to be confined to available structural @iscontinuities.

This implies thét areas of reworking, such as the study area,
are at slightly deeper levels than the equivalent rocks 1in
Greenland, a postulate which is also suggested by the granulite
facies metamorphism.

If greenstone belts had formed at the earth's surface
prior to the feworking, then the tight synformal shear zones
at depth provided ductile avenues for gravitational collapse
of the overlying supracrustal pilé, and simultaneous coalesence

and diapiric uprise of granites. Thus the reworking of the
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sialic crust at deéth was concommitant with the deformation
of the overlying greenstone successions, and the melts
derived from anatexis of this older crust could be the
local source for some of the granites intruding greenstone
sequences |[e.g. the Lochiel granite (Sr0 = 0.7054) in the
Swaziland Supergroup, (Hunter, 1974, p.284; Glikson, 1976,
p-1274)]. The upward rise of mantle-derived granites
through parallel zones in the lower crust would lead to a
constrictional domain with intense vertical extensions,
and may account for the steep attitide of the domal structures.
Processes of reconstitution of older sialic crust to
give new gneisses such as advocated in this thesis are at
odds with views held by the isotope geochronologists who
maintain that crustal-reworking was not an important process
in Archean time (Moorbath, 1975). Indeed, using arguments
based on Sr87/Sr86 ratios the arguments seem valid, even
when the analyzed rocks come from areas where field evidence
of reworking is apparent (cf. Moorbath and Pankhurst, 1976).
The validity of low Sr ratioé as a criterion for short
crustal history 6f certain rock suites has recently been
guestioned (Pidgeon and Hopgood, 1975), and mechanisms of
wholesale redistribution and homogenization'of parent and
daughter elements (i.e., Rb/Sr) during high grade meta-

morphism have been advocated (Bridgwater and Collerson, 1976).

However, the Iterungnek gneisses from Labrador fit into the
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present model of Sr evolution quite well, having a Sro
of 0.7064, indicating that it is not a mantle derived suite
(Hurst et al., 1975).

In conclusion, it should be noted that reworking of
early sialic crust has been demonstrated from Eabrador
(Collerson et al., 1976; this thesis), Scotland (Sutton
and Watson, 1962; Dearnley, 1962; Watson, 1967; Davies, 1975),
Greenland (Chadwick et al., 1974a, 1974b) and South Africa
(Hunter, 1974) and is thus a world wide phenomenon in éhe
ancient cratons. The significance of this process in the
evolution of the sialic crust has yet to be evaluated and
explained, but as more such areas are recognized and researched
the mechanisms involved will be more appreciated.‘f;he
apparent low Sro ratios from areas such as Greenland where

the gneisses are reworked in field-demonstration indicate

that the concept of initial or mantle ratios as fingerprints

of "crustal residence" of granitic gneisses needs re-evaluation.

The excellent exposures of northern coastal Labrador
certainly have much to offer to this and other aspects of
Archean crustal development. Few other such areas offer the.
opportunity for us to investigate geological activity in the

Earth's crust at a time which is so near to "the very

beginning of things".
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