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ABSTRACT

The Rankin Inlet area, on the west shore of Hudson Bay

in the Northwest Territories, is in the Churchill Structural

Province. Metamorphosed volcanic and sedimentary rocks,

previously mapped as Archean and part of the Kaminak Group,

underlie most of the area. The Rankin Inlet Group consists

of greywacke, with minor conglomeratic greywacke, quartzite

and dolomite, overlain by massive and pillowed basaltic flows.

Gabbro sills intrude the sediments near the base of the volcanic

sequence and three serpentinite sills outcrop at the base of

the volcanic sequence. The sediments are in fault-contact with

quartz monzonite to the south and were intruded by granitic

rocks to the northwest. Two periods of folding were defined by

the mapping. The first generation folds are recumbent isoclinal

folds, with northwest-trending and northeast-dipping axial

planes, formed through gravitational sliding. The second

generation folds are symmetrically disposed about the axis of

the granitic intrusion and have east-southeast trending and

nearly vertical axial planes. Whole-rock analysis of 64 rock

samples indicates that metasomatic alteration accompanied the

intrusion of both the granitic rocks and the serpentinite. The

volcanic rocks, gabbro and serpentinite were derived from a

magma of oceanic tholeiitic affinities. The stratigraphic

sequence and chemistry of the volcanic rocks of the Rankin Inlet

Group indicate that this assemblage is correlative with the

Hurwitz Group rather than the Kaminak Group and is therefore

Aphebian in age.
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CHAPTER I

INTRODUCTION

General Statement

During the svunmers of 1972, 1973 and 1974, the volcanic

and sedimentary rocks exposed east, north and west of

Rankin Inlet were mapped. The results of this work, supple-

mented by the laboratory study of 350 thin sections and the

geochemical analysis of 64 rock samples are presented below.

Two geological maps of the area were prepared from field obser-

vations and a map of the surficial deposits of the area was

compiled mainly from the literature. The territory mapped

extends up to 80 kilometres east-west and 45 kilometres north-

south. Nearly 65 per cent of the area is under water.

Purpose of Study

Various interpretations of the geology of the Rankin Inlet

area have been advanced by geologists mapping the area.

Bannatyne (195 8) and Heywood (1973) believed the rocks to be

of Archean age, Wright (1955) and Bell (1968) indicated that

rocks of both Archean and Aphebian age are present and Hudec

(1969) suggested that the complete sequence of supracrustal

rocks is of Aphebian age (Fig. 24). Hence it is clear that

a ma.jor problem in Precambrian stratigraphy existed and this

study was undertaken to determine which of these interpretations

was right. Two main features of the supracrustal assemblage

will be discussed and used to solve the problem:

1 . the stratigraphy of the sequence as determined during





the mapping and subsequent structural analysis will be compared

to that of the two major groups of rocks outcropping in the

southern District of Keewatin, the Archean Kaminak Group and

the Aphebian Hurwitz Group;

2. the composition of the volcanic rocks present in the

assemblage will be determined and compared to selected Archean

cind Proterozoic volcanic suites exposed in the Canadian Shield.

Location and Access

Rankin Inlet is on the west coast of Hudson Bay, about

1400 kilometres north of Winnipeg and 450 kilometres north of

the railhead at Churchill, Manitoba (Fig. 1). The area is

entirely within the barren grounds of the Northwest Territories

and about 450 kilometres south of the Arctic Circle.

During the short shipping season the settlement of Rankin

Inlet is resupplied by ocean-going vessels from Churchill and

Montreal. Regular scheduled flights by Transair Ltd. connect

the settlement with the southern part of the country. The

gravel airstrip in Rankin Inlet is used by planes such as the

Bristol freighter and the DC-3 while an ice-strip is constructed

during the winter to allow Argosy and Hercules freighter

airplanes to service the community. Communications with the

rest of Canada is achieved by means of the Anik satellite

system.

Terrain and Drainage

Rankin Inlet trends west from Hudson Bay for 40 kilometres





Figure 1 : Location map indicating approximate
extent of area studied.





and is approximately 20 kilometres wide (Fig. 2 and Map I) . Four

east- to southeast-trending peninsulas and island chains jut

into the inlet in the west. To the north are Thomson and

Falstaff Islands, west and southwest of which are the Kudlulik

and Tudlik Peninsulas. The most westerly feature consists of

the arcuate Barrier Islands - Buttress Islands - Smooth Island

chain. Numerous small islands and tide-covered rocks occur

southeast of the main Kudlulik Peninsula on the tip of which

the settlement of Rankin Inlet was built.

The ground surface south and west of the inlet rises

gradually and most of the area within 25 kilometres from the

shore is less than 60 metres above sea level. North of the

inlet, elevations of 120 metres occur within 20 kilometres of

the coast. The islands and peninsulas at the western end of the

inlet are much more rugged with elevations of up to 55 metres

occuring on the Barrier Islands, and 30 metres on Thomson,

Falstaff and Buttress Islands and on the Tudlik and Kudlulik

Peninsulas.

Drainage in the area is disorganized and irregular;

northwest-trending lakes cover approximately 30 to 40 per cent

of the land surface. The two main lake systems in the area,

the 40-kilometre long Peter-Diana Lake system and the 30-kilometre

long Meliadine Lake, are drained by the southeast-flowing Diana

and Meliadine River systems. The Char River system flows east-

southeast across the neck of Kudlulik Peninsula and consists of

a number of small lakes drained by narrow streams. Of the

other two sizeable lakes on the north shore, the 16 -kilometre





long Parallel Lake drains northwest into Gibson Lake and then

east into Barbour Bay on Chesterfield Inlet while the 13-kilometre

long 'Atulik' Lake drains southeast into the inlet. The three

river systems mentioned above are navigable only during spring

flood and are reduced to very shallow streams during the summer

.

Climate and Vegetation

The barren grounds are characterized by short, cool summers

and long, cold winters; the spring and autumn seasons are short.

Moderate to fair winds are common and total precipitation

averages about 25 to 30 centimetres per year. The ice generally

leaves the rivers by early June, most of the lakes by early

July and by mid-July the inlet itself is usually clear. Yearly

variations in temperature and precipitation can considerably

affect the dates of ice break-up. The snow is usually off the

outcrop by mid-May and the field season generally extends to

early September at which time fairly persistent fogs, increased

precipitation and definitely cooler temperatures severely

restrict field work.

The vegetation of the area, although thoroughly arctic in

character, is more luxuriant than that of the High Arctic. Rock

outcrops are generally covered with lichens while mosses and

vascular plants occupy the crevices. The dryer, sandier

surficial deposits are covered by a thin growth of lichens and

dry 'caribou' moss. With increasing moist conditions, other

vascular plants occur, particularly heath plants. In swampy

areas, lichens, grasses and heath plants grow on the crests of





hummocks 0.3 to 0.6 metres high and up to 0.6 metres in diameter

while sedges and mosses occupy the depressions.

Previous Geological Work

The geology of the study area was first mentioned in

reports by Bell (1885) and Tyrrell (1898) . On the basis of

the latter report, the Cyril Knight Prospecting Company Limited

sent a crew of prospectors into the Rankin Inlet area in 1928

and again in 1929 at which time six holes were drilled to

investigate a nickel-copper showing discovered the previous

year. The results of this work and the geology of the showing

were described by Drybrough (1931) . The Geological Survey of

Canada also carried out geological investigations in the area

at that time (Weeks, 1932).

The first published map (Fig. 2) of the area was prepared

by G. M. Wright in 1955 and it shows Archean and/or Proterozoic

intermediate to basic volcanic flows overlain by pockets of

younger Hurwitz Group sediments . The volcanic rocks are

intruded by granitic rocks to the west and north and metamor-

phosed to schist and gneiss to the northwest. Two small bodies

of granitic material intrude the flows along east-southeast-

trending arcuate fold axes.

From 1957 to 1962, North Rankin Nickel Mines Limited mined

and concentrated the nickel-copper ore discovered in 1928. A

description of the ore deposit and the mine was prepared by

the mine staff and published in 195 7 (Mines Staff, 1957) . In

1958, B. B. Bannatyne prepared a Master's Thesis, at the Univer-
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sity of Manitoba, on the geology of the ore deposit and the

surrounding area (Fig. 3). Bannatyne believed all the rock

units in the area to be of Archean age (Table I) and proposed

the name Rankin Inlet Group for the supracrustal units . This

group was believed to consist of two volcanic members separated

by a sedimentary sequence. The Lower Volcanic Unit consists of

a few basalt flows, abundant andesite beds and minor dacitic

flows and encloses thin bands of tuff and two quartz ite and

dolomite beds . These rocks outcrop north and west of Prairie

Bay and are overlain by members of the Sedimentary Unit which

are exposed in an arcuate belt around Kudlulik Peninsula and

along an east-trending anticlinal axis north of the inlet. The

sedimentary sequence conformably overlies the Lower Volcanic

Unit and consists of 30 to 45 metres of dolomite overlain by

pure, white, locally ripple-marked orthoquartzite, tuff beds and

tuffaceous sediments. A basalt flow outcrops within this

sequence 60 metres above the lower volcanic-sediment contact.

Drill hole data indicate that the upper 150 metres of the sequence

are composed of an alternating series of pure and impure quartz-

ite, siliceous tuffs and dense black banded tuffs enclosing,

38 metres below the top of the sequence, a dolomitic or "meta-

morphosed limestone" bed 30 to 45 metres thick (Bannatyne, 1958).

North of Rankin Inlet and northeast of 'Atulik' Lake the Sedi-

mentary Unit consists mainly of tuffaceous beds and quartzite.

The lavas of the Upper Volcanic Unit outcrop on Kudlulik Penin-

sula, Thomson and Falstaff Islands and the mainland to the

north. The volcanic rocks appear to be more acidic than those

8





00
in

0)

>1

•H

(U

M-l

O

>i

H
o

n

U

•H





TABLE I: Table of Formations (Bannatyne, 1958)

Pleistocene

Great unconformity

A

R

C

H

A

E

A

N

R
A
N
K
I

N

I

N
L
E
T

G
R

U
P

Intrusive rocks:

Upper Volcanic
Unit:

Sedimentary Unit:

Lower Volcanic
Unit:

Glacial deposits

Diabase
Lamprophyre
Quartz veins
Granitic gneiss
Gabbro
Serpentine

Intrusive contact

Intermediate lavas: andesite,
dacite.

Tuff, agglomerate.

Conformable contact

Tuff: slaty, cherty.
Conglomerate
Quartzite, pure white and

impure (greywacke?)
Dolomite, siliceous.
Derived schists and gneisses.

Conformable contact,
some interbedding

Intermediate and basic lavas:
andesite, basalt; minor dacite.

Tuff.
Derived hornblende gneiss.

10





of the Lower Unit although, both are predominantly andesitic.

The volcanic-sedimentary units are disrupted to the northwest

by granitic gneisses and metamorphism of the volcanic rocks to

hornblende gneisses and the sedimentary units to biotite schists.

Serpentine intrusions occur at the contact between the quartzite

and the Upper Volcanic Unit and within the Lower Volcanic Unit

in a distinct spacial relationship with the dolomite. Horn-

blende gabbro outcrops west of the mine shaft, near the tip of

Kudlulik Peninsula. Four thin gabbro sills outcrop north of

the inlet, one on the shore at the contact between the Sedimen-

tary and Upper Volcanic Units and three within the sediments

north of 'Atulik' Lake.

The structure of the area as interpreted by Bannatyne (1958)

is fairly simple. The rocks of the Kudlulik Peninsula have been

folded into a syncline whereas those north of the inlet have

been folded into an anticline (Fig. 3). Both folds plunge

east at a low angle in the western half of the map sheet and

west in the eastern half of the sheet. A study of drag folding

on the footwall and hanging wall of the main serpentinite sill

indicates that the sill moved up relative to the sediments and

the Upper Volcanic Unit moved up relative to the sill. The

north limb of the syncline has been displaced 525 metres west

with respect to the south limb.

Subsequent to the closure of the mine in 1962, little

geological work was performed in the area until 1967 when

W. W. Heywood undertook the geological mapping of the Tavani

map-sheet at a scale of 1:250,000. The map and report published

11





in 1973 indicates that the Rankin Inlet area (Fig. 4) is

underlain by the Archean Kaminak Group (Davidson, 1970a) which,

in the study area, consists of mafic and felsic volcanic rocks,

metasediments and dolomite. These rocks are intruded to the

northwest by granite and metamorphosed to layered gneiss and

quartz-biotite schist. Heywood's interpretation of the struc-

ture of the area is basically the same as Bannatyne ' s (1958).

Also in 1967, Dr. R. T. Bell visited the area as part of

his study of the Hurwitz Group vmits in the Tavani and Kaminak

Lake areas to the south. In his report, (Bell, 1968), he advo-

cates the retention of the term "Marble Island Quartzites", intro-

duced by Bell (1885) , for the guartzose sediments which he

believes overlie with apparent conformity about 300 metres of

interbedded greenstones, phyllites and carbonate rocks which, in

turn, apparently overlie Archean greenstones unconformably . In a

tentative correlation table (Fig. 5) he places the Marble

Island Quartzites in the Early Proterozoic or Aphebian era.

In 1969, the Rankin Nickel Syndicate initiated a major

mineral exploration program in the Rankin Inlet area. Electro-

magnetic and magnetic surveys were flown in 1970 and ground

geophysical , geological and geochemical investigations were

performed in areas of interest (Laporte, 1974a, b) . The geolo-

gical investigations were described in reports by Hudec (1969)

and Roberts (1970) . In his report, Hudec suggests an entirely

different interpretation for both the structure and stratigraphy

of the area (Fig. 6) than had been proposed by earlier workers.

He considers that the rocks have gone through two distinct

12
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periods of folding with the two directions of folding being

nearly perpendicular to each other. The initial folding resulted

in isoclinal overturned folds with axes trending northeasterly.

The rocks were then refolded into a series of open folds trend-

ing about 105° and what was considered to be the axis of a

syncline now becomes the crestal plane of a broad anticlinorium

plunging gently westerly. This interpretation necessitates an

entirely different interpretation of the stratigraphy in the

area: the quartzite now becomes the lowermost sedimentary unit,

is overlain by the dolomite and both of these are overlain

conformably by a single volcanic unit.

Current Investigations

In 1972, the Department of Indian and Northern Affairs

undertook the preparation of geological compilations based on

information submitted as assessment work by mining companies.

These compilations were to be revised by two-man parties during

the summer and then issued as geological overlays for the claim

sheet covering the area. The author undertook, that summer,

to correct a compilation prepared in Ottawa by Mr . T . Caine

and corresponding to N.T.S. area 55K/16, the Rankin Inlet sheet.

During the summer, most of the map sheet was mapped on a semi-

detailed scale using a 1:50,000 topographic map for location

control. The resulting 1:31,680 geological map has been published

(Laporte and Frape, 1973). The following summer, more detailed

mapping was done on the sediments at the neck of the Kudlulik

Peninsula and in Melvin Bay and the reconnaissance work was

16





extended east to include the north shore of 'Atulik' Lake and

Thomson and Falstaff Islands. In 1974 the rocks on Kudlulik,

Tudlik and Barrier Islands were mapped in detail and the south

shore of the inlet was mapped on a reconnaissance scale. During

the detailed mapping emphasis was placed on obtaining accurate

top determinations, especially in the pillowed flows. Laboratory

work during the winter of 1973 and 1974 included the study of

350 thin sections and the chemical analysis of 64 rock samples.

17





CHAPTER 2

SURFICIAL GEOLOGY

Introduction

All the surficial deposits of the Rankin Inlet area are

slightly- to well-reworked sediments deposited from that part

of the Wisconsin Laurentide ice-sheet which covered the area

west of Hudson Bay. The linear "Keewatin Ice Divide" trends

northeast approximately 240 kilometres northwest of Rankin Inlet

(Fig. 7) and is defined by Lee, Craig and Fyles (1957) as

"the zone occupied by the last glacial remnant of the Laurentide

ice-sheet west of Hudson Bay" . Southeasterly ice movement from

this zone towards successive positions of the glacial front

molded much of the till in the area into southeast -trending

drumlins , ridges and furrows . Eskers and abandoned stream

channels near Rankin Inlet integrate into dendritic systems

which flowed southeasterly away from this zone (Fig. 8).

With the disappearance of the glacial ice, approximately

9,000 years ago in the Rankin Inlet area (Lee, 1958), the Tyrrell

Sea spread over much of the land bordering Hudson Bay (Fig. 9).

Beaches formed at the limit of submergence have since been

elevated to between 60 and 180 metres by isostatic rebound.

This rebound caused the recession of the Tyrrell Sea and the

associated modification of the glacial deposits by wave and

current action.

Physiographic Subdivisions of the Rankin Inlet Area

Lee (1959) subdivided the coastal plain, which extends

18





MANITOBA
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LEGEND

Dwmllno!d trends /
Crag - and - tail hilts /
Glacial striations (direction of ice movement determined My
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Intersecting glacial striations and grooves (numbers indicate 'g^

relative age, I being the older) A

Generalized flo-v directions (not necessarily continuous flow) j ! j

/ being the oldest of superposed movements xt^

Keewatin Ice Divide :::;:::

Figure 7: Position of Keewatin Ice Divide as
interpreted from ice-flow markings
(crag-and-tail hills, stoss slopes,
etc.). From Lee (1959).
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Figure 8: Position of the Keewatin Ice Divide as
indicated by ice-retreat features.
From Lee (1959)
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Locality No. See Tables 1 and 2
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is clay bed, SA Is sar^d bed. GR
is gravel beach ridge, M is break
between modified and unmodified
drift, and T is top of hill

Elevation above sea-level in feet
(barometer)

Presence of marine shells

Figure 9: Extent of Pleistocene submergences in
the southern District of Keewatin.
From Lee (1959)

.
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120 to 320 kilometres from the present Hudson Bay shoreline to

the furthest westerly extent of the Tyrrell Sea, into a coastal

strip and a zone of terraced gravel (Fig. 9) , both of which are

included in the study area. Each of these zones has been affected

by marine action but to a different degree possibly because the

rate of isostatic rebound plots as an exponential curve and would

have been faster at the beginning. Deposits in the zone of

terraced drift, which is located further inland, would therefore

have been subjected to reworking for a shorter period of time

than those of the coastal strip.

The coastal strip has few glacial landforms , such as eskers

or drumlins, but abundant fine parallel strand lines. A feature

of much of this area is the low, flat appearance of the land-

scape with wide tidal flats. The landward edge of the coastal

strip is marked by low escarpments, giant bars and spits.

The zone of terraced drift is distinguished from the coastal

strip by its numerous southeast-trending drumlins and eskers

which dominate the landscape and control the shape of lakes.

Most of these landforms were terraced by wave action and giant

spits and bay-mouth bars were formed. Some eskers were so

eroded and terraced that in many places they are unrecognizeable

.

Low, straight moraines, spaced 120 to 335 metres apart, project

into lakes and rise over the drumlins.

Surficial Deposits

In 1973, the Geological Survey of Canada undertook to map

the surficial deposits and terrain features of the eastern
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Keewatin District. The work, performed under the direction of

W. W. Shilts and A. N. Boydell, consisted of airphoto interpre-

tation supplemented by ground checks during helicopter traverses

of the area. Map I (in pocket) was drawn from the results of

this survey which were published in the form of 1:126,720 maps

(Boydell, 1974)

.

The surficial deposits were subdivided into a number of

genetic categories which designate the specific origin of the

terrain. A variety of 'terrain units' were then derived for

mapping purposes. The terrain units rarely consist of material

of only one genetic category since post-glacial marine trans-

gression and modern active-layer processes have caused mixing of

surficial materials. Because of the reconnaissance nature of

the ground checking, many areas where two distinctly different

types of deposits are known to exist have been generalized into

one unit by using a combination of symbols, each representing

one of the genetic categories.

Grey to red silty and sandy till containing few boulders

and abundant cobbles (Unit T on Map I) , occurs in thicknesses up

to 100 feet and often has scattered boulders at the surface.

The clay content of the sediment varies from less than two per

cent in grey tills to slightly more than twenty per cent in red

tills. The physical and chemical properties of 33 till samples

collected in the southeastern Keewatin during the 1973 survey

are discussed by Shilts (1974) . The modified till underlies a

8- by 16-kilometre area 1.5 kilometres southwest of Ground

Squirrel Island on the south shore of the inlet and is the
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predominant surficial deposit to the northwest and north of the

inlet.

Intimately associated with the till and predominating to

the south and west of the inlet are two terrain units of the

same genetic category. "Ice-contact stratified till" (Unit TIC)

consists of gravels and sands containing numerous boulders and

cobbles. This unit represents the central ridge of marine-

modified eskers and the remnants of outwash plains. Unit TMN

consists predominantly of till with minor amounts of marine

nearshore sediments: sand, gravel and cobbles, and it grades

into washed till. The washed surface of the till consists of

up to one metre of gravels and coarse sands. This unit occurs

in limited areas at the contact between till and "ice-contact

stratified till" and marine nearshore sediments and, locally,

in areas of predominantly marine sediments.

The "marine nearshore sediments" (Unit MN) are sand, gravel

and cobbles formed into beach ridges, spits, deltas and other

fluvial and marine features by wave and current action associated

with the Tyrrell Sea. In intertidal flats, these sediments

contain some silt. This terrain unit covers all of the north

shore of the inlet east from Falstaff Island for a distance of

8 to 16 kilometres inland, all of the larger islands and the

area just north of the Barrier Islands.

Along the south shore of the inlet, the predominant surfi-

cial deposits, "modified till" (Unit MT) , are closely related to

those on the north shore but the degree of washing is less and

fluvial and marine features are not as prominent. This "terrain
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\init" is basically extensively modified till but, in many

instances, mixing of glacial and marine sediments, through ero-

sion and redeposition of the sediments, has produced a pebbly-

silty-sand which may resemble till or marine deposits depending

on the relative proportions of its constituents. Surficial

deposits of this type are also present over large areas north

of the inlet at the contact between tills and marine nearshore

sediments

.

Less extensive are the beaches and aprons of gravels and

sands derived from, or deposited as part of, esker systems

(Unit MIC) . These deposits occur only adjacent to the large

eskers r\inning southeast along the Meliadine River and the south

shores of Parallel and 'Atulik' Lakes.

Undifferentiated alluvium and sorted marine sediments

washed from surrounding terrain (Unit MA) consist of fine to

coarse sand and pebbles and represent two types of deposit with

common texture and ground-ice characteristics. These deposits

occur in low-lying drainage ways, found in all types of terrain

but particularly between drumlins, and in the more open plains

associated with bedrock embayments. In locations of the first

type, the sediment consists of sand and pebbles while in the

second type of location, it consists only of fine to coarse

sand. Surficial deposits of this type are restricted to small

areas north, south and east of 'Atulik' Lake.

The last type of surficial deposits recognized in the map

area are modern alluvial sand and gravel (Unit A) which occur at

the mouth of the Meliadine and Diana Rivers.
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Glacial Geoinorphology

A number of glacial morphological features were plotted

on the map of the surficial deposits (Map I). Numerous 1.5- to

15-kilometre long southeast- to south-southeast-trending discon-

tinuous eskers were noted on the north shore of the inlet east

of Falstaff Island and, to the west, in the Diana River area.

Five 30- to 40-kilometre long, more continuous eskers also occur

within the map-area: one forms the south shore of Parallel Lake,

a second forms the south shore of 'Atulik' Lake and extends into

Meliadine Lake, two r\in along the south shore of Meliadine Lake

and the Meliadine River system and the fifth runs near-parallel

to the south shore of the inlet three to eight kilometres inland.

Eskers occur as high ridges with broad crests of coarse sand

and gravel, sharp-crested, boulder-covered ridges, and a

combination of broad ridges with bouldery, sharp-crested summit

(James, 1972). "Beaded" eskers are common and consist of separ-

ate or connected bouldery mounds. The "broad"-type esker

attains the greatest dimensions with estimated heights of over

10 metres and widths of over 250 metres.

Southeast-trending drumlins occur in fields where the total

relief is less than 12 to 15 metres. Such fields of drumlins

occur south of and on the north shore of a major lake southwest

of Ground Squirrel Island, at the southern end of Diana Lake,

on either side of Meliadine Lake, slightly west of 'Atulik' Lake,

and over a large area northwest of Rabbit Island.

Associated with and extending south to southeast from the

drumlin fields on the south shore, and near the Diana and
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Meliadine Lakes are fields of morainic ridges . The surface

features (vegetation and periglacial forms) of these ridges are

similar to those of drumlins but the ridges are generally less

than three to five metres in elevation. One type of moraines

lie transverse to the ice-flow and are plotted on Map I northeast

of Meliadine Lake and the Meliadine River, southeast of Diana

Lake and in the extreme southwest corner of the map area . A

second type, which form a reticulate pattern, were not outlined

but occur southwest of the mouth of the Diana River and along the

west shore of the inlet down to west of Ground Squirrel Island.

Raised beaches occur on the north shore, north and north-

west of Rabbit Island, but only in those two places did condi-

tions favour the formation of flights of beaches. These flights

consist of low, vegetated swells of sand and gravel with an

occasional pebbly beach.

Periglacial Geomorphology

The periglacial forms of the Rankin Inlet area were classi-

fied by James (1972) as in Table II. Groups A, B, C and D may

be described as "patterned ground", and Group E as "miscellan-

eous" periglacial forms. In Figure 10, which illustrates a

model of the periglacial landscape of the area, the distribution

of the most common periglacial features is shown in relation to

the various glacial landforms

.

Frost-fissure polygons (Feature Al) are one of the most

common periglacial foirms and, although they occur in a variety

of materials and under various conditions of drainage and
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TABLE II: Classification of the Periglacial Features

of the Rankin Inlet area. From James (1972)

A. Polygonal forms:

Al. Fissure polygons of irregular pattern on relatively
well drained sites

A2 . Tetragonal fissure polygons in marshes
A3 . Lichen-border polygons
A4 . Sedge-border polygons
A5. Miniature (desiccation) polygons

B. Forms resulting from injection and heaving:

Bl. Non-sorted circles
B2. Steps
B3. Vegetation nets
B4. Sorted circles
B5. Sorted nets

C. Miscellaneous patterned ground forms:

CI. Non-sorted stripes
C2. Hummocks
C3 . Hummock garlands

D. Solifluction lobes and terraces

E. Miscellaneous periglacial forms:

El. Lake-shore features
E2. Frost-shattered rock
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vegetation, they are best developed on eskers , crevasse-fillings

and other ridge-like glacial features. The polygonal pattern is

well developed, but still very irregular, only on fairly well-

sorted and well-drained coarse sand and gravel. The trenches

may be "V"- or "U"-shaped and rims may develop on one side or

both sides of the trench or may be absent. The highest rims

are associated with poorly-sorted, bouldery esker deposits and

the greatest observed width between rim crests, and height from

rim-crest to trench-bottom were 2.4 metres and 0.75 metres

(James, 1972). The trenches are thought to represent the gradual

filling of space left by a slowly melting ice-wedge.

The fissure polygons in marshy depressions (Feature A2) are

tetragonal, have sides as long as 90 metres and are more

uniformly-spaced than polygons on better-drained surfaces . The

trenches, as wide as 1.8 metres and 25 to 50 centimetres deep,

form on marshy depression floors sloping at less than two degrees

where up to 18 centimetres of peaty organic matter overlies the

sand and silt. Rims are present besides troughs only where they

extend through slightly better drained ground.

The three other polygonal forms listed in Table II are not

common. Lichen-border polygons (Feature A3) are 3 to 4.5 metres

in diameter and cover areas of less than 800 to 900 square metres

on windswept, very dry sites on glaciofluvial ridges. Their

edges consist of shallow sandy furrows occupied by lichen and

enclose slightly domed centres where a layer of stone without

vegetation overlies mediiam-coarse sand. Sedge-border polygons

(Feature A4) were found only on a few sites where slopes on the
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edges of marshy depressions do not exceed 0.5 degrees. These

polygons are irregular in shape and up to 24 metres across. The

trenches are as deep as 15 centimetres, as wide as 7 5 centimetres

and contain moss and hummocks with which are associated sedges

,

Arctic bell-heather, Arctic avens, willow and lichen. Miniature

dessication polygons (Feature A5) are hexagonal, 10 to 15 centi-

metres long and form a net in non-sorted circles. Both non-

sorted polygons, with stoneless borders, and sorted polygons,

with small stones aligned on edge in the separating fissures,

occur .

The various forms resulting from injection and heaving

(Category B in Table II) are more coiranonly known as mud boils or

mud volcanoes and are described as such by Shilts (1974) . Non-

sorted circles and related steps (Feature Bl) are a very common

periglacial form in the area. These more or less circular

patches of bare, silty, fine sand vary in diameter from 0.3 to

1.8 metres, occur in pockets on glaciofluvial ridges and cover

large areas on till and moraines. Mud-boils never occur together

with tundra polygons.

Steps (Feature B2) are non-sorted circles occuring on slopes

of four degrees or more and bounded on the downslope side by

vegetation. There is evidence of a slow flow where circles are

distorted in a downslope direction until movement halts or is

inhibited by vegetation.

A form of non-sorted net (Feature B3) common on poorly

drained gently sloping surfaces consists of rings of vegetation

bordering circles of Bl type. The vegetation rings measure
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between 0.6 to 3.6 metres in diameter and are up to 25 centimetres

high. Where rings of stones outline the centres of frost heave

in vegetation nets, the features are called sorted circles

(Feature B4)

.

Sorted nets (Feature B5) were encountered on what appear

to be seasonally dry pond floors between raised beaches and in

kettle holes on eskers. The centres of the net measure from

25 to 90 centimetres, and consist of medium to coarse sand mixed

with angular gravel. The borders, which consist of rounded

stones as long as 13 centimetres, some of which stand on edge,

vary in width from 7.5 to 30 centimetres.

Non-sorted stripes (Feature CI) comprise alternate bands

of pebbles and lichen extending down slopes of 11 to 15 degrees.

The stone stripes consist of a veneer of angular and subangular

stones 1.25 to 2.5 centimetres long over coarse gravelly sand and

form a laterally continuous strip at the top of the slope. The

vegetation stripes gradually widen downslope and merge to become

almost continuous across the slope at the base.

Hummocks (Feature C2) are a common feature of poorly drained

surfaces and they measure up to 45 centimetres in height. They

are formed in one of three ways: solely through plant growth,

through plant growth on top of a mound of fine sand pushed

upward by frost action, and as erosion remnants downslope from

spring snow drift sites. Similar to the hummocks are hummock

garlands (Feature C3) which are about 30 centimetres high by 30

centimetres wide and occur transverse to low poorly drained slopes,

Solifluction lobes and terraces (Feature D) represent a
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significant mass movement and are common on the flank of eskers.

The largest lobes have steep frontal scarps as high as 1.2 metres

and a top surface with two to five degrees of slope and a length

of 27 metres. Terraces, with straight or slightly festooned

fronts and 0.3 to 1 metre high, are common in step-like fashion

on till slopes.

Lake-shore features (El) consist mainly of ice-pushed

lake-ramparts where boulders up to 45 centimetres across have

been pushed with gravel to form ridges up to 3 metres high. The

last type of periglacial features encountered were numerous frost-

shattered and some frost-heaved boulders (Feature E2)

.
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CHAPTER III

BEDROCK GEOLOGY

Introduction

The Rankin Inlet area is underlain by a sequence of

sedimentary and volcanic rocks which have been intruded and

metanorphosed by a granitic body (Table III, Maps II and III).

The sedimentary rocks in the sequence have been altered to

hornblende hornfels, actinolite-biotite schist and biotite

schist and gneiss. The volcanic rocks have been metamorphosed

to amphibolite and actinolite-hornblende schist. The sedimentary

sequence consists of tuffaceous greywackes, pure to impure

quartzite and dolomite, and is overlain by massive and pillowed

basaltic flows enclosing beds of breccia and tuffs. Slightly

disconformable gabbro and serpentinite sills intrude the sediments

and flows at or near their contact. Thin lamprophyre dykes

intrude both the sedimentary and volcanic rocks.

Field evidence indicates that there was no great time

interval between the deposition of the sediments and the eruption

of the volcanic flows and all appear conformable. The name

"Rankin Inlet Group" (Bannatyne, 1958) is therefore retained

for the sedimentary-volcanic sequence . The Rankin Inlet Group

rocks are correlative with the Hurwitz Group units and are of

Aphebian age.

Metasediments and Derived Schists

Distribution

The metasediments (1) and their more highly metamorphosed
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volcanic and gabbroic rocks
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and breccia

H Gabbro sills

cH
Biotite schist and gneiss, actinolite-
biotite schist and hornblende hornfels
derived from the sedimentary rocks

Dolomite, siliceous dolomite

Quartzite

Greywacke and carbonate-rich greywacke,
impure quartzite, conglomerate and shale

UNCONFORMITY

ARCHEAN (?) Quartz monzonite
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equivalents (2) underlie about 55 per cent of the study area

and include greywacke, carbonate-rich greywacke, conglomeratic

greywacke, impure quartzite, pure quartzite, dolomite, biotite

schist, biotite-actinolite schist, hornblende hornfels and

gradations between each type. The lowest part of the meta-

sedimentary sequence is intruded by granitic rocks as evidenced

by the presence of a contact metamorphic aureole centred on the

intrusive body. A post-deformation thickness of 3,000 metres

of sediments outcrop between the granitic rocks and overlying

volcanics southeast of Meliadine River. A 0.8- to 1.6-kilometre

thick band of metasediments outcrops on the south shore of the

inlet and is separated from a second 0.4- to 0.8-kilometre

thick band by a 1.6- to 3.0-kilometre thick unit of metavolcanic

rocks. A 1.6- to 6.5-kilometre wide band of sediments trends

west, and grades into biotite and biotite-actinolite schists,

along the north shore of the inlet to the Diana River and then

trends south-southeast to the south shore of the inlet. A second

1.6- to 8-kilometre thick band of biotite schist extends from

north of Rabbit Island to north of Meliadine River and is

separated from the previous band by 1.6 kilometres of metavolcanic

outcrops. Metasediments also outcrop as 30- to 100-metre thick

bands along the west side and north of Barrier Islands, along the

west side of Kango Island, on a small peninsula northwest of

Tudlik Peninsula and on the southeast part of Buff Island.

A 1.6- to 5-kilometre wide arcuate band of sediments outcrops

on Kudlulik Peninsula and a 0.3- to 1.2-kilometre wide

band outcrops on the north shore of Thomson Passage. Marble
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Island is entirely composed of metasediments.

Greywacke and carbonate-rich greywacke

This group of rocks forms the main part of the sedimentary

sequence but the rocks are recessive weathering and do not

outcrop extensively. The greywackes (1) are exposed on the

islands and the mainland south of Rankin Inlet, near Nipissak

Lake on Kudlulik Peninsula, along the west coast of Barrier

Islands and the peninsula to the north, on Buff, Kango and

Marble Islands and on the north shore north and northwest of

Rabbit Island. The lowest exposed part of the sequence outcrops

on the south shore adjacent to the quartz monzonite. The lack

of contact metamorphism in the sediments, the concordance of

the foliation in the two units and the linearity of the contact

suggest that the two units were juxtaposed through faulting.

The upper part of the sequence encloses and grades into

conglomerate, quartzite and dolomite beds.

The greywackes are best exposed on Buff Island where they

consist of alternating light and dark grey graded beds 2.5 to

45 centimetres thick. The rocks are highly contorted, folded

and faulted and also enclose 2.5- to 95-centimetre thick beds of

medium-grained buff weathering carbonate-rich quartzite.

Numerous flame structures and evidence of soft-sediment deforma-

tion occur at the contact between the finer-grained darker beds

and the overlying, sandier, light-coloured beds.

A similar well-banded graded sequence consisting of 2.5- to

8-centimetre thick medium-grained beds overlain by 0.6- to 15-

centimetre thick slaty, shiny-grey to black, fine-grained beds
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occurs on the Isle of Cairns near the south shore (Plate I)

.

Thin bands of mediTom grey to brown more quartz-rich rock occur

interbedded with the greywackes. Slightly to highly sheared

dark grey to black fairly homogeneous beds are also present in

the sequence

.

On Barrier Islands and to the north, the sedimentary

sequence consists of well-sheared black to brown weathering

carbonate-rich greywackes enclosing some broken dolomite bands.

On Kudlulik Peninsula, the lower part of the sedimentary sequence

consists of fine- to medium-grained schistose medium-grey rocks

while north of Rabbit Island it consists of fine- to medium-

grained dark brownish-grey rock with numerous quartz stringers.

On Marble Island, the greywacke sequence consists of highly-

schistose, medi\im to dark grey rocks with visible quartz grains.

On Kango Island and north of Thomson Passage, the greywackes

are highly sheared, dark brown to black weathering rocks which

enclose 0.3- to 3-metre thick bands of mediiom to light grey

rock with blue quartz eyes 6 to 12 millimetres long and 3 to

6 millimetres wide.

The greywackes are composed of quartz, plagioclase,

muscovite, chlorite and biotite with minor epidote, calcite,

sphene and magnetite. Microcline, replacing the plagioclase,

occurs in a few samples from the south shore and Marble Island

and forms up to 15 per cent by volume of the rock. The grey-

wackes grade into carbonate-rich greywackes , which contain

20 to 40 per cent carbonate, and biotite schist, which contains

more than 15 per cent biotite. The estimated composition of
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these sediments is given in Table IV.

Most of the greywackes are heterogranular and consist of

plagioclase and quartz grains, 1 to 3 millimetres by 0.5 to 2

millimetres, oriented parallel to the foliation and often

enclosed in an envelope of chlorite or muscovite. The larger

grains are in a matrix of quartz and plagioclase grains, 0.05

millimetres in diameter, and phyllosilicates, 0.1 millimetre by

0.01 millimetre. Quartzite pebbles 1 to 2 millimetres long and

0.7 millimetres wide occur, stretched parallel to the schistosity,

in the Marble Island samples. The larger plagioclase and quartz

grains are poorly to moderately well rounded and often have

pressure shadows defined by phyllosilicates bent around them.

Interstitial carbonate is generally intermediate in size between

the larger plagioclase and quartz and the matrix. Approximately

one third of the samples studied are more equigranular and

consist of plagioclase and quartz grains 0.5 to 0.05 millimetres

in diameter with phyllosilicates 0.2 to 0.1 millimetres long and

0.05 to 0.01 millimetres thick.

Conglomeratic greywacke

Interbedded with the upper part of the greywacke sequence

on the south shore, on Barrier Island and on Kudlulik Peninsula

are 6- to 30-metre thick bands of conglomerate. The matrix

of the conglomerate is similar in appearance and composition

to the greywackes but it encloses quartzite, dolomite and

granitic clasts generally 2.5 to 7.5 centimetres in diameter but

up to 40 centimetres long and 15 centimetres wide on Barrier

Islands.
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Metaquartzite

Metaquartzite (Iq) occurs as small, low-lying outcrops in

two discontinuous bands north of Rankin Inlet, on Kudlulik

Peninsula and a small peninsula northwest of Tudlik Peninsula

and on Marble Island. One of the two 30- to 150-metre wide

bands on the north shore extends east from the Diana River

to the north shore of the Inlet northeast of Falstaff Island

while the second band extends along the north shore of 'Atulik'

Lake. Metaquartzite outcrops near the neck of Kudlulik Peninsula

define an arcuate northwest- then north-trending band extending

from the islands in Melvin Bay to Prairie Bay. Metaquartzite

also outcrops on the north shore of Melvin Bay south and south-

east of Nipissak Lake and with dolomite on a small peninsula

north of a large unnamed island west of Tudlik Peninsula.

The most extensive exposure of metaquartzite is Marble Island

and the adjacent Quartzite and Mittilik Islands which consist

entirely of metaquartzite except for a 800-metre wide band

of greywacke outcropping along the northeastern shore of the

main island.

The metaquartzite is white to light grey, translucent and

well-recrystallized and in most outcrops, is cut by white

quartz veins. Quartz grains with sutured borders and up to

one millimetre in diameter form 65 to 95 per cent by volume of

the rock. Muscovite and minor chlorite and biotite occur on

the edge of the quartz grains and form 5 to 25 per cent of the

rock. The carbonate content of the rock ranges from to 20

per cent and on the small peninsula northeast of Tudlik
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Peninsula the quartzite grades into siliceous dolomite. Iron

oxides and pyrite occur as accessory minerals forming up

to 5 per cent of the rock. Sphene and epidote were noted

in two metaquartzite samples from north of 'Atulik' Lake.

The metaquartzite southeast of Nipissak Lake, on southern

Marble Island and on Quartzite Island is ripple-marked. The

ripple marks have slightly curved crest lines (Plate II) , wave-

lengths of 2.5 to 5 centimetres and amplitudes of 0.8 to 2 centi-

metres. In cross-section the individual ripples are symmetric to

asymmetric and have a rounded crest. Plots of the orientation

of the ripple-marks on Kudlulik Peninsula (Fig. 11) indicate

that the average trend of the ripple crests is 125° and the

steep side of the asymetrical ripple is generally facing south

or west although some northeast-facing ripples are present in

all the outcrops. On Marble and Quartzite Islands (Fig. 12)

the average trend of the ripple crests is 70 and the steep

face of the few asymetrical ripples encountered is to the south

and east.

Dolomite

The uppermost member of the sedimentary sequence outcrops

only within the area underlain predominantly by volcanics

northwest of Rankin Inlet. Dolomite (Id) and interbedded

siliceous dolomite and carbonate-rich greywacke outcrop discon-

tinuously in a 75 to 125-metre wide arcuate band between

quartzite and volcanics at the neck of Kudlulik Peninsula.

Dolomite also outcrops in contact with quartzite on a small

peninsula jutting into Melvin Bay north of the western end of
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Panorama Island and southeast of Nipissak Lake. Bannatyne (1958)

reports: "another dolomitic or 'metamorphosed limestone' bed,

about 100 to 150 feet (30 to 45 metres) thick, is present 125

feet (38 metres) below the contact of the sediments and the upper

volcanic unit" in the central part of Kudlulik Peninsula north of

Panorama Island. Dolomite, grading into siliceous dolomite,

overlies quartzite on a small peninsula northwest of Tudlik Pen-

insula. Interbedded dolomite and carbonate-rich greywacke and

shale outcrop along the west shore of Barrier Islands and the

west shore of the peninsula to the north.

The buff- to grey-weathering dolomite is generally massive,

dense and fine-grained . At the top of Melvin Bay however , the

dolomite outcrop is highly fractured and cut by quartz and

pyrite-pyrrhotite veins and pods 2.5 to 60 centimetres wide

(Plate III) . Siliceous dolomite is defined as consisting of

less than 70 per cent by volvime carbonate while dolomite consists

of 70 to 95 per cent carbonate. Both rocks are equigranular and

the carbonate and quartz grains range from 0.3 millimetres to

0.05 millimetres in diameter. The opaque minerals, both pyrite

and magnetite, generally occur as slightly larger grains up to

0.5 millimetres in diameter. A schistosity defined by the

parallel elongation of phyllosilicates and calcite grains is

apparent in a few samples.

Biotite schist and gneiss

Biotite schist and gneiss (2) derived from the greywacke

sequence outcrop in three 3- to 10-kilometre wide bands north of

Rankin Inlet. The most northerly band trends northwest along
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the north shore of "Atulik" Lake and encloses five 400- to 800-

metre wide bands of actinolite-hornblende schist derived from

volcanic flows and gabbroic sills. The central band of biotite

schist trends east-southeast along the north shore of the

Meliadine River and south of 'Atulik' Lake to northeast of

Falstaff Island where the biotite schist grades into greywacke.

The third and most southerly biotite schist band extends from

the Diana River and joins the central band southwest of

'Atulik' Lake. The outcrop pattern of the schist is that

of a somewhat flattened "S".

The biotite schist is a dense dark-grey to black weathering

rock which grades into lighter grey, banded biotite gneiss and

into greywackes to the west and north. The composition of a

number of thin sections from the three bands of outcrops is

given in Table V. The composition of the biotite schist is

similar to that of the greywacke except they contain less car-

bonate and generally more phyllosilicate. The proportion of

biotite to muscovite is quite variable and this is probably due

to variations in the degree of breakdown of the original plagio-

clase in the sediment as well as differences in the degree of

metamorphism. In most cases the chlorite is intimately

associated with biotite. Large subhedral garnets up to 1.5

millimetres in diameter occur in association with biotite in

two samples collected southwest of 'Atulik' Lake.

The schist is generally heterogranular and consist of

plagioclase grains, up to 2.5 by 1.5 millimetres, quartz

aggregates, up to 2 by 4 millimetres, and knots of biotite
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up to 1 by 2 millimetres in a fine-grained matrix of quartz and

plagioclase 0.05 to 0.2 millimetres in diameter and phyllosili-

cates 0.1 to 0.4 by 0.05 to 0.1 millimetres. The plagioclase

grains are moderately-rounded and moderately- to well-altered,

enclose grains of biotite and muscovite and are often coated

with fine biotite. A few samples have a well-defined gneiss-

ossity with alternating biotite-rich bands and equigranular

quartz-plagioclase-rich bands. In the other samples the

schistosity is moderately- to well-developed and is reflected

in the parallel alignment of the phyllosilicates and the larger

elongate quartz aggregates and plagioclase grains.

Actinolite-biotite schist

Actinolite-biotite schist (2a) derived from carbonate-rich

metasediments outcrops in five areas. One band, 1.25-kilometre

wide trends east for 5 kilometres from Meliadine River north of

its mouth and encloses a 150-metre wide quartz ite bed. This

band is bordered to the north by biotite schist and to the south

by metavolcanic rocks. A second band of similar width extends

east and southeast from 8 kilometres southwest of the south-

eastern tip of Meliadine Lake. One narrow band, approximately

150 metres wide, trends east-northeast for 2.5 kilometres south-

west of 'Atulik' Lake. The last two occurences of actinolite-

biotite schist are narrow bands, 150 to 300 metres wide, trending

east-southeast on the north shore of 'Atulik' Lake and 0.8 to

1.6 kilometres south of the lake.

In outcrop the actinolite-biotite schist is quite similar

to biotite schist and gneiss and occurs as a dense dark grey
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to black rock with a moderately- to well-defined schistosity.

The difference between actinolite-biotite and biotite schist

was determined in thin section and is based on the presence or

absence of amphibole (see Table V) . In most thin sections

the amphibole is actinolite displaying light green to medium

green to medium blue green pleochroism but some thin sections

contain finer-grained acicular and radiating tremolite with

only faint, colourless to light green pleochroism.

The textures of the actinolite schist are similar to

those of the biotite schists. The samples from the two main

bands west of 'Atulik' Lake consist of relatively large highly-

sericitized plagioclases and fine-grained quartz aggregates,

0.6 to 1 by 0.3 to 0.5 millimetres, in a finer-grained matrix

of quartz and plagioclase 0.05 millimetre in diameter with

phyllosilicates 0.1 to 0.05 by 0.3 to 0.1 millimetres and amphi-

bole 0.7 to 0.4 by 0.3 to 0.1 millimetres. In the three narrower

bands near 'Atulik' Lake, the rocks are equigranular , possibly as

a result of the breakdown of the larger plagioclase grains.

Biotite, actinolite and chlorite are generally intimately

associated; biotite often occurs only as remnants in the

actinolite.

Hornblende hornfels

Hornblende hornfels (2h) , as defined by Turner and

Verhoogen (1960, p. 453), outcrops in an arcuate 0.8- to

3.2-kilometre wide belt between biotite schist and the

granitic body north-northwest of Kudlulik Peninsula.
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The hornblende hornfels is a massive dark-grey to black

rock both on the weathered and fresh surface. The rock consists

mainly of hornblende-actinolite, which displays moderate to

intense pleochroism in shades of light brownish-green to green,

dark green and dark blue-green, quartz and plagioclase (Table

V) . Biotite and chlorite are only minor constituents of the

rock which does not contain any muscovite or carbonate. The

hornfels is texturally different from the biotite and actinolite-

biotite schists in that they are equigranular and relatively

coarse-grained. The average grain size in the thin section

ranges from 0.5 to 0.5 by 0.1 to 1 millimetre for the hornblende-

actinolite and from 0.1 to 0.3 by 0.2 to 0.6 millimetre for the

other minerals.

Metamorphism

The mineralogical composition of the sediments and their

metamorphic equivalent is a factor of their original composition

and the degree of metamorphism to which they have been subjected.

Winkler (1970) published a diagram (Fig. 13) which can be

used to relate, fairly accurately, the temperature and pressure

of metamorphism with the mineralogy of the metamorphosed rock.

The mineralogy of the greywackes on Marble Island define the

lower limit of temperature to which the rocks of the Rankin

Inlet Group were subjected during regional metamorphism. They

lack zeolites and contain epidote and were therefore subjected

to at least low-stage metamorphism (Fig. 13) . The presence of

biotite in the greywackes along the south and north shores is

indicative of temperatures of metamorphism higher than those
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defined by the mineralogy of the Marble Island rock (Fig. 13)

.

The highest temperatures of metamorphism occured in the sediments

north of 'Atulik' Lake which were metamorphosed to biotite schist.

The range in metamorphic conditions prevalent during regional

metamorphism is outlined in Figure 13 : the temperature ranges

from less than 400°C for the Marble Island rocks to approximately

SOO^C for the rocks north of 'Atulik' Lake and the pressure could

have been anywhere from 1 to 10(?) kilobars. In the terminology

suggested by Turner and Verhoogen (1960) , the metasediments are

in the Quartz-Albite-Muscovite-Chlorite Subfacies of the Green-

schist Facies of regional metamorphism and the biotite schist is

in the Quartz-Albite-Epidote-Biotite Subfacies. The presence

of actinolite in the actinolite-biotite schist north of 'Atulik'

Lake is due to the carbonate-rich nature of the original sediment.

Superimposed on this regional metamorphism is a contact

metamorphic aureole centered on the granitic intrusion northwest

of the Kudlulik Peninsula and extending east-southeast to south

of 'Atulik' Lake. The outer edge of the aureole is marked by

the appearance of biotite schist and gneiss derived from the

metasediments south and southeast of 'Atulik' Lake. The intrusion

of the granitic rock locally increased the grade of metamorphism

in the metasediments from near the stilpnomelane out/biotite in

isograd (Fig. 13) along the outer edge of the aureole to the

almandine in isograd in the biotite schist southwest of 'Atulik'

Lake. This increase in the grade of metamorphism is due mainly

to a local increase in pressure associated with the intrusion

of the granitic mass.
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The derivation of the hornblende hornfels, which forms the

inner zone of the contact aureole, from the metasedimentary

sequence as exposed southeast of 'Atulik' Lake is problematic.

The most likely explanation for the mineralogical and chemical

differences between the hornfels and the biotite schist is that

the former resulted from the metamorphism of rocks richer in

ferromagnesian and clay minerals than the metasediments now

altered to biotite schist. The quartz and plagioclase content

of the sediments outcropping within the Rankin Inlet area ranges

from 15 per cent for the slates northwest of Rabbit Island to

80 per cent for the greywackes south of 'Atulik' Lake. There

is also a definite increase in the silica and carbonate content

of the sediments up section from greywacke to carbonate-rich

greywacke and impure to pure quartzites. Since the hornfels

is the metamorphosed equivalent of the lowest part of the sedi-

mentary sequence its relatively basic nature can be attributed

to the presence, in the original sediments, of a greater propor-

tion of clays and tuffaceous material than are present in the

upper parts of the sequence as exposed south of 'Atulik' Lake.

A second explanation for the mineralogy and chemical

composition of the hornfels is that this rock is the metamorphosed

equivalent of a sequence of possibly Archean volcanic flows

which underlie the Rankin Inlet Group. Because there is no

evidence for the presence of a basic volcanic basement to the

Rankin Inlet Group anywhere else within the study area, this

alternative explanation is not considered very likely.
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Metagabbro Sills

Distribution

Slightly discordant pod-like masses and sills of metagabbro

(3) intrude both the volcanics and metasediment at or near their

contact throughout the map area. Outcrops of gabbro are

especially common north and west of 'Atulik' Lake and within

the predominantly volcanic terrain north and west of Rankin

Inlet. Two 40-metre wide and 300- to 600-metre long gabbroic

dykes, possibly parts of the same feature, were encountered

on the south and northeast shores of Marble Island. A major

sill, 150 to 300 metres thick and with its western extension

folded into an "S" shape, extends north-northwest from south of

the Char River, and then trends east, across the mouth of

Meliadine River to north of Falstaff Island. Three discontinuous

sills approximately 7 5 metres thick outcrop within the sediments

on Kudlulik Peninsula and to the north. The westernmost sill

extends from Melvin Bay northwest to south of 'Circle' Lake

and reappears northeast of the lake on the shore of Prairie.

Bay. The eastern sill occurs on the north shore of Melvin Bay

north of Panorama Island and on the south shore of Prairie Bay

west of Johnston Cove. Gabbro, possibly part of this eastern

sill, occurs in two small outcrops southeast of Nipissak Lake

and on Mittik Island in Prairie Bay. The third sill trends

east on the islands along the north shore of Prairie Bay and may

be an extension of the western sill on Kudlulik Peninsula.

Four 60- to 120-metre thick gabbro sills trend east-southeast

within the biotite schist north and west of 'Atulik' Lake.
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They probably are fragments of a single sill which has been

repeated through strike-faulting.

A 30- to 75-metre thick slightly disconformable sill

outcrops within the volcanics and sediments on the west side of

the peninsula north of Barrier Islands. The southerly extension

of the sill is faulted to the east and outcrops on the small

peninsula at the northeast end of Barrier Islands. The sill on

the main peninsula was mapped by Bannatyne (1958) as serpen-

tinite; however, a study of the samples collected during the

1974 mapping indicates that only a small outcrop at the south

end of the sill, and near its base, consists of ultramafic

rock. A sample of similar chemical composition was collected

at the base of the southerly extension of the sill on Barrier

Islands. The location of the ultramafic rock at the base of

the gabbro sill indicates that this ultramafic rock was derived

from the gabbro through the settling of ferromagnesian minerals

subsequent to the intrusion of the sill. Unfortunately, the

presence of the ultramafic rock was not noticed during the

mapping on Barrier Islands so the exact extent of the ultra-

mafic segregations in the southern extension of the gabbro sill

is unknown.

The distinction between gabbro sill and coarser-grained

massive volcanic altered to amphibollite is rather arbitrary,

both rocks being quite similar in outcrop and mineralogy.

This is especially so in the case of the major sill occuring

north of the Char River and in the volcanics on the north shore.

However, because most of the sills mapped occur within the
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sediments or their metaraorphic derivatives and have rather

limited width, there is some justification in considering these

gabbroic rocks separately from the volcanics.

The gabbro is a medium- to coarse-grained dark grey to

black rock which in a few cases exhibits diabasic texture.

Amphibole cleavage faces can usually be identified in hand

specimen. The gabbro consists essentially of moderately to

poorly defined laths of amphibole 0.3 to 2 by 0.15 to 1 milli-

metres and partially to completely replaced plagioclase laths

0.7 to 2.5 by 0.3 to 1 millimetres (Table VI) . Magnetite-

leucoxene (sphene) intergrowths , sphene pseudomorph after these

intergrowths and minor quartz and calcite are other constituents

of the rock. Fine-grained biotite and chlorite occur intergrown

with the amphibole which ranges from very light coloured aggre-

gates of fine grains (actinolite-tremolite uralite) to very

slightly pleochroic crystals to coarse, well-formed actinolite-

hornblende moderately pleochroic in shades of light green,

medium green and blue green. The plagioclase laths are moder-

ately to very highly altered to epidote (_ clinozoisite) and

chlorite. Epidote also occurs as enhedral crystals. Micro-

pegmatite was noticed in a few of the thin sections studied.

The ultramafic concentration at the south end of the sill

on the peninsula north of Barrier Islands consists of tremolite

(45%), chlorite (30%), talc (20%) and magnetite (5%). The

tremolite occurs as large irregular crystals and, along with

talc, as irregular aggregates of fine grains. Chlorite occurs

as vein-like aggregates of fine grains.
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Metamorphism

The grade of metamorphism exhibited by the various gabbro

bodies is quite erratic in that samples from adjacent outcrops

can contain amphiboles that are quite different in depth of

colour and degree of crystallinety as well as entirely different

proportions of chlorite to amphibole. Since the chlorite is

partially a product of retrograde metamorphism, this irregular

distribution of minerals complicates the detailed interpretation

of the metamorphism of the gabbro sills. Such factors as the

thickness of the sill and the presence or absence of schistosity

would result in a wide variety of localized mineral differences.

On the regional scale though, the gabbro sills have all been

subjected to low stage metamorphism (Winkler, 1970) during which

temperatures approached the temperature-pressure values defining

the actinolite out/hornblende in isograd (Fig. 13).

Origin of the gabbro sills

The close proximity of the outcrops of gabbro and the

volcanic-sediment contact and the mineralogical and chemical

similarity (Appendix C) between the gabbro and volcanics indi-

cates they are definitely related. The gabbro sills were probably

part of the feeder systems for the volcanics . The sill outcrop-

ping west of Johnston Cove consists of interlayered fine and

coarse grained bands and the banding might be the result of

repeated intrusion of magma along the same channel.
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Volcanic Rocks and their Metamorphic Equivalents

Distribution

The volcanic member (4) of the Rankin Inlet Group outcrops

extensively northwest of the inlet in an arcuate band, three to

six kilometres wide, trending northwest, west and southeast

along the shore of the inlet. Mafic flows also underlie all

the islands west of Falstaff Island and north of Broken Island

and all the peninsulas jutting into the inlet, except for the

1.5 to 5 kilometre band on Kudlulik Peninsula which is underlain

by sediments. A 1.5- to 3-kilometre wide band of volcanic rocks

trends west-northwest from northwest of Rabbit Island and grades

into actinolite-hornblende schist which outcrops along the

south shore of 'Atulik' Lake. A 0.8 kilometre wide belt of

actinolite-hornblende schist probably derived from mafic lavas

outcrops 1.5 kilometre north of the east end of 'Atulik' Lake and

again 4.5 kilometres west of the lake. All of the area for 4.5

to 8 kilometres south of the northern limit of geological mapping

is underlain by actinolite-hornblende schist which grades into

mafic lavas to the east.

Lithology

The mafic lavas are best preserved on Kudlulik Peninsula

where they consist of interbedded pillowed (4p) and massive

flows (4m) with breccia (4b) and tuff beds (4t) . Individual

flows are quite irregular and thicken and pinch out rapidly

along strike (Map III) . It is difficult to determine the total

thickness of the flows since they have been subjected to tight

isoclinal folding but one section, measured at the tip of
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Kudlulik Peninsula across what is interpreted to be one limb

of a fold, consists of 610 meters of volcanic rocks.

The volcanic rocks weather mediiim grey-green to dark

grey or dark green and are light to dark green on fresh

surfaces. A moderately- to well-developed cleavage cuts all

the flows. The grain size is commonly between 0.1 and 0.5 milli-

metres and rarely exceeds 1 millimetre. The rock consists

essentially of amphibole, chlorite and plagioclase moderately-

to well-altered to clinozoisite (Table VI) . Accessory minerals

include biotite, sphene, quartz, magnetite and muscovite. The

amphibole ranges from very light coloured, only slightly pleo-

chroic tremolite-actinolite to actinolite moderately pleochroic

in shades of light green and light to medium blue green. A

second, colourless amphibole with birefringence up to 2nd order

red, possibly ctmmiingtonite, occurs with the actinolite in a

few samples. The depth of colouring and pleochroism of the

amphiboles generally increases westward and northward. This

probably reflects increasing metamorphism. No significant

mineralogical differences other than the colour of the amphibole

were noted between samples from the southeastern tip of Kudlulik

Peninsula, which correspond to the Upper Volcanic Unit (Bannatyne,

1958) , and those from the neck of the peninsula which is under-

lain by the Lower Volcanic Unit (op. cit.).

Pillowed flows

Pillowed volcanic flows 7.5 to 185 metres thick make up

nearly 6 per cent of the volcanic sequence on Kudlulik

Peninsula, Tudlik Peninsula and Thomson Island; 30 to 40 per
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cent of the sequence on southern Barrier and Smooth Islands;

20 to 30 per cent of the sequence south of Char River, and

10 to 20 per cent of the sequence on the peninsula north of

Barrier Island. They also outcrop on Falstaff Island and on

the mainland to the north of Falstaff and Rabbit Islands. The

decrease in the proportion of pillowed flows relative to massive

flows west and north of the Tudlik and Kudlulik Peninsulas is

probably due to conditions prevailing during the extrusion of

the flows

.

The pillows are true pillows as described by Henderson and

Brown (1966) and range in size from 0.1 by 0.3 to 1 by 5 metres.

Both balloon- and loaf-shaped pillows are outlined by fine-

grained selvages 5 to 20 millimetres thick. In two relatively

restricted areas , south of Johnson Cove on Kudlulik Peninsula

and near the neck of Tudlik Peninsula, the area between adjacent

pillows is filled with white calcite containing dark grey to

black streaks of chloritic material. This is especially well

developed on Kudlulik where a sheet of this material about 6 by

9 metres, covers part of the outcrop (Plate IV) and extends

laterally into volcanic breccia cemented with similar material.

The calcite is probably recrystallized calcareous mud into

which the pillows and breccia were deposited. In other areas,

more siliceous-looking dark grey to black chloritic material

occurs as inter-pillow filling. The material was probably

derived from flakes of volcanic material which spalled off the

pillow rims during cooling and collected in inter-pillow cavities

The shape of the flakes produced by this cooling phenomenom has
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now been obliterated and only a massive chlorite-carbonate

aggregate remains.

Eyebrow structures

Penetrative fracture cleavages developed in the pillows

during folding and have distorted the pillows to such an extent

that although the shape of the pillow is moderately well pre-

served, attempts at determining tops using the relative position

of points or 'nipples' at the base of the pillow were inconclu-

sive, and in some places perhaps potentially misleading. Fortun-

ately, about one out of twenty pillows in most of the pillowed

flows displays "quartz eyebrow structure" (Shrock, 1948,

pp. 381-382) . Shrock (1948) describes the quartz eyebrow

structures as : "Planoconvex cavities and their lenticular

quartz fillings which are present in pillows and false pillow

structures of some lava flows. Since they nearly always are

above the median horizontal plane of the bulbous mass, the

flat part constituting the floor and the curved part being

roughly parallel to the convex upper surface of the pillow,

or ellipsoid, they provide a useful criterion for determining

the top and bottom of lavas .
" In the Rankin Inlet area , the

quartz eyebrow structures are 2.5- to 10-centimetre thick quartz

and quartz-calcite lenses which occur singly or in groups near

the top of the pillows. The single-lens feature is generally

thicker, has a flat to slightly convex lower surface and convex

upper surface and lies above the median plane of the pillow. Up

to six, but generally two to four, lenses occur in the multiple-

lens feature; all have moderately convex bottoms and tops, and

62





the length of the lens decreases dovmwards in the pillow creating

a fan-shaped pattern with the lenses as arcs between the fan's

edges (Fig. 14a and Plates V and VI) . A third type of lens

feature consists of a round to ellipsoidal lens near or at the

center of the pillow and it cannot be used for top determination.

Where exposed on cleavage faces at 90° to the plane of

elongation of the pillow the quartz-eyebrow structures are seen

to parallel the upper surface of the pillow along two dimensions

and therefore they are planar structures somewhat similar to

inverted stacked saucers. From this one can hypothesise that

the eyebrow structures are formed during the cooling of the

pillow as a result of contraction of the cooling lava. After

the exterior of the pillow became relatively rigid a saucer-

shaped mega-vesicle developed at the contact between the

cooled rim of the pillow and the contracting cooling interior

.

This mechanism of formation applies particularly to the multiple-

lens features as opposed to Dr. P. E. Auger's hypothesis that

these structures formed by "the aggregation of gas bubbles which

were trapped in the upper part of the pillow while it was still

plastic" (Shrock, 1948) . One can visualize gas bubbles aggrega-

ting and forming a mega-vesicle once or twice but for this to

be repeated up to six times would require a magma quite rich

in dissolved gases. Fuller (1931) suggested that the eyebrow

vesicles might have formed, at least in certain flows, by the

draining out of some still liquid lavas and although this might

explain how single roughly circular and centered structures

formed, it is unlikely that single-lens or multiple-lens features
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Figure 14: Diagrammatic representation of the
distortion of pillowed flov/s.
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formed in such a manner.

Figure 14 is a diagrammatic representation of the distor-

tion of pillowed flows similar to what has occured in the Rankin

Inlet area and it shows why the eyebrow structures were used in

determining the top of flows rather thah the more commonly used

points-down criterion. The axial cleavage developed during the

initial isoclinal folding was nearly parallel to the plane of

the bed except in the nose of the folds. It caused flattening

of the pillows and suppression of the basal points thus making

it increasingly difficult to determine the direction of facing

of the bed (Fig. 14b) . At the eastern end of Kudlulik Peninsula

this axial plane cleavage is nearly perpendicular to the original

elongation of the pillows. The cleavage completely distorted

the pillows and produced a pillow-elongation at a high angle

to the original bedding plane. As can be seen in Figure 14c

the quartz eyebrow structure, although somewhat distorted, still

indicate the approximate direction in which the pillowed flows

originally faced. Due to the saucer-shape of the eyebrow

structure any strike and dip measurement on that part of the

feature visible in outcrop is only an approximate indication of

the direction of facing of the flow. However, when considered

in conjunction with the contact of the overlying and underlying

flows, the readings on eyebrow structures indicate the direction

of facing of the pillowed flow.

Volcanic Breccia

Large pods of volcanic breccia and agglomerate 30 to 225

metres wide and 90 to 450 metres long outcrop within the volcanic
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sequence at the southeastern end of Kudlulik Peninsula (Plate VII)

and west of 'Circle' Lake. One pod on the west side of the large

depression at the southeast end of Kudlulik Peninsula has a 225-

metre long and 6- to IS-metre wide tongue which extends southwest

perpendicular to the pod and cross-cuts the underlying pillowed

and massive flows. This tongue is probably a pipe or subsidiary

vent through which gases escaped during the deposition of the

flows. Three breccia zones northwest and west of 'Circle' Lake

are the southwestern extension of a pillowed flow and probably

formed as the toe of the flow. A breccia zone on the shore

of Melvin Bay northeast of Panorama Island underlies a massive

flow and marks the contact between the volcanic rocks and the

underlying sediments. This contact zone is also marked by a

small outcrop of serpentinite.

Smaller lenses of breccia 1.5 to 6 metres thick and 3 to 30

metres long occur at the top of both pillowed and massive

flows throughout the volcanic sequence exposed northwest of

Rankin Inlet. These lenses are often associated with finer

grained volcaniclastics and probably formed through the breccia-

tion of a semi-solid crust formed on the surface of moving flows.

Some of the lenses and pods mapped as volcanic breccia are

possibly massive or pillowed flows brecciated subsequent to

their deposition by tectonic forces although the wide range of

particles observed in most of the rocks mapped as volcanic breccia

would seem to indicate otherwise.

The volcanic breccia consists of a mixture of particles

ranging from blocks of volcanic rock 15 centimetres wide and 30
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centimetres long to fine ash-size fragments. A few of the beds

mapped as breccia consist partly of teardrop-shaped bombs with

fine aphanitic rims in a tuffaceous matrix and are agglomerate

rather than breccia but most of the zones mapped as breccia

consist of angular to moderately-rounded elongate fragments of

volcanic rock.

Tuff

Tuffaceous beds 1 to 6 metres thick make up two to

three per cent of the volcanic assemblage and generally occur

near the sediment-volcanic contact. They outcrop south of

Johnson Cove, northwest and southwest of 'Circle' Lake, on the

west coast of Tudlik Peninsula (Plate VIII) and to the northwest

and on the west coast of Barrier Islands. A number of these thin

bands might be highly-sheared flows mistakenly mapped as tuffs.

The tuffs are moderately to highly sheared black or dark

brown to light grey weathering very fine-grained rocks. The

lighter coloured rocks are muscovite-chlorite phyllites. The

dark tuffs are quite similar in composition to volcanics and

consist of a fine-grained assemblage of amphibole, clinozoisite

and chlorite.

Metamorphism

Actinolite-hornblende schist (5) derived from volcanics

outcrops on the south shore of 'Atulik' Lake, in a narrow band

1 . 2 kilometres north of the lake and at the northern limit of

geological mapping. The two bands near 'Atulik' Lake grade east-

wards into massive and pillowed volcanics. The rock is dark

greenish-grey to black and medixam- to coarse-grained. In thin
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section actinolite-hornblende schist and massive volcanic rock

are essentially the same except that the colour of the amphiboles,

in the former, is darker and the mineral is pleochroic in light

green, medium to dark green and medixim to dark blue-green. In

the field the distinction between massive volcanic flows and

actinolite-hornblende schist was based on the grain size and the

fact that no flow contacts or pillow outlines can be seen in

the latter. Massive amphibolite, with little or no biotite,

outcropping in areas underlain by biotite schist were mapped as

metagabbro if they outcropped in relatively narrow zones and as

raetavolcanics if the width of the zone surpassed 300 metres.

The grade of metamorphism to which the volcanics were subjected

is low stage with temperatures and pressures approaching values

defining the actinolite out/hornblende in isograd (Winkler, 1970) .

Serpentinite

Distribution and lithology

Ultrabasic sills (6) outcrop in three areas; along the

northeastern part of the sediment-volcanic contact on south-

eastern Kudlulik Peninsula, in a small outcrop on the north

shore of Melvin Bay north of Panorama Island and 10 kilometres

northwest of the large unnamed island west of Tudlik Peninsula.

The sill on Kudlulik Peninsula varies in thickness from 45 to

90 metres, has been traced for a length of 1,200 metres by

drilling and magnetometer surveys indicate that it extends

another 600 metres east under Prairie Bay (Bannatyne, 1958) . The

sill strikes 80°, dips 50° S and apparently pinches off to the
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west. The footwall formations are a complex of grey-black tuffs,

grey chert-like tuffs and grey quartzite while the overlying

rock is medi\im-grained green-black andesite (op. cit.). The

sill northwest of Tudlik Peninsula outcrops over a width of 20

metres on the south shore of a small lake and extends 450 metres

south, broadening to 60 metres. About 300 metres farther south,

a 6-metre thick band of talc schist outcrops in contact with

tuffs on the northwest side of a northeast-trending valley. The

western contact of the sill, near the lake, dips 10 to 80 degrees

east and the eastern contact is covered by a strip of overburden

at least 9 metres wide. The single serpentinite outcrop on the

southeast coast of Kudlulik Peninsula and north of Panorama

Island is approximately 8 metres wide and 45 metres long and has

tuffaceous material along its west-southwest side

.

The serpentinite in all three localities is quite similar:

it weathers dark brown to light orange-brown with a deep weather-

ing crust and is fine-grained to aphanitic and dark green on

fresh surfaces. The major sill on Kudlulik Peninsula is cut by

nxxmerous zoned veins of talc and carbonate from 2.5 to 15 centi-

metres thick. Coarsely crystalline talc, where present, forms

the center of the vein with coarse carbonate peripheral and in

contact with the host rock.

The rock is highly altered and consists of 60 to 70 per

cent serpentine, mainly antigorite but with about 10 to 20

per cent chrysotile, 5 to 25 per cent talc, 7 to 15 per cent

carbonate, probably magnesite, and 3 to 5 percent magnetite.

Shear zones within the sill on Kudlulik Peninsula are the
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locus for the development of talc schist similar to that found

in the southern outcrop of the small sill. The schist consists

of 45 to 60 per cent talc, 15 to 40 per cent carbonate, 5 to

25 per cent antigorite and chrysotile and 5 to 10 per cent

magnetite. The grain size in both the serpentinite and talc

schist averages 0.1 by 0.05 millimetres except for the carbonate

which reaches sizes of 2 by 1.5 millimetres but averages 0.6 by

0.5 millimetres.

The original mineralogy of the intrusive is completely

obscured except for one thin section in which one or two remnant

clinopyroxenes were detected. Bannatyne (1958) considered the

original rock to have been a pyroxenite and the writer's

observations cannot substantiate or deny this opinion. In a few

thin sections fairly equidimensional aggregates of antigorite,

possibly pseudomorphic after olivine, were noticed so the rock

could possibly have been an olivine-pyroxenite.

Lamprophyre Dykes

Numerous discontinuous north-northwest-trending lamprophyre

dykes (7) intrude the volcanics, mainly along the north shore

of the Inlet west of Melvin Bay. One 1.5- to 3-metre wide

dyke trends northwest along the east coast of Tudlik Peninsula

and extends into the dolomite outcrop northwest of Melvin Bay.

A six- to nine-metre wide dyke, possibly part of the same dyke,

outcrops within the volcanics four to five kilometres northwest

of the head of Melvin Bay. Other dykes, 1.5 to 7.5 metres wide,

intrude the volcanics along the west shore of Tudlik Peninsula,
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on the large unnamed island west of the peninsula, on the coast

four kilometres northwest of Tudlik Peninsula, at the north end

of Barrier Islands and on the peninsula north of these islands.

Thinner dykes 0.3 to 0.6 metres wide are distributed throughout

the area. Two 0.3- to 0.6-metre wide dykes, on a small island

northwest of the large unnamed island west of Tudlik Peninsula

and on a small island south of the western end of Thomson Island,

enclose rock fragments 0.5 to 15 centimetres in diameter. The

fragments are angular to well-rounded, make up 25 to 40 per cent

of the dyke and range in composition from volcanic rock to

coarse-grained granitic rock to pure white quartzite.

The lamprophyre is a black to medium grey weathering rock

consisting of biotite flakes, one to two millimetres in diameter

and 0.1 to 0.5 millimetre thick, in a fine grained to aphanitic

matrix. The biotite constitutes about 15 to 40 per cent of the

rock and occurs in a matrix of 10 to 2 5 per cent calcite, 5 to

10 per cent sphene, 10 to 20 per cent acicular tremolite, 5 to

10 per cent tourmaline, 10 to 20 per cent K-feldspar and 5 to

10 per cent magnetite and pyrite. The biotite is poikilitic,

encloses fine calcite and K-feldspar grains and is altered to

sphene. Tremolite needles occur in the K-feldspar grains.

Granitic Intrusions

Distribution and lithology

Massive to moderately-well foliated porphyrytic pink to

light grey quartz monzonite (8) underlies Pangertot Peninsula

(Heywood, 1973) and outcrops on the south shore of Rankin Inlet
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south and east of Longspur Island. Potash feldspar phenocrysts,

up to five by ten millimetres, occur in a medium-grained matrix.

The rock consists of 30 to 50 per cent quartz, 15 to 30 per cent

plagioclase, 20 to 30 per cent microcline (as phenocrysts and

in the matrix) , 4 to 10 per cent biotite and muscovite and minor

amounts of apatite, sphene and magnetite. The plagioclase

grains are slightly to moderately altered.

Medium-grained massive to moderately-well foliated pink to

light grey granitic rocks (9) outcrop along both shores of

Meliadine River for eight kilometres upstream from a major

widening of the river and to the west-southwest. Heywood (1973)

indicates that rocks of similar composition outcrop discontinu-

ously in a 6.5- to 10-kilometre band extending to Derby Lake, 15

kilometres to the west-southwest. The rock consists of 25 to 30

per cent quartz, 35 to 40 per cent microcline, 15 to 20 per cent

plagioclase, 4 to 10 per cent biotite and muscovite and minor

perthite, chlorite, epidote and magnetite.

Origin of the granitic bodies

The contact between the quartz monzonite and the greywackes

along the south shore is not exposed and generally corresponds to

the shoreline. The lack of contact metamorphism in the greywacke,

the concordance of the schistosities in the sediments to the

foliation in the quartz monzonite and the linearity of the contact

indicates that the two rock units were juxtaposed through

faulting. The concordance of the planar features, in the grey-

wackes and the quartz monzonite, to the fault which bisects

Ground Squirrel Island and results in repetition of the sedimentary-
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volcanic sequence, and the absence of any regolith or weathered

zone in the outcrops of quartz monzonite nearest the contact

also suggest the presence of a fault contact rather than an

unconformity.

The well-defined contact aureole associated with the

northwestern granitic intrusion and the presence of pink and

grey granite sills and dykes intruding the gneisses (Heywood,

1973) indicate that this boby, and other bodies of similar

composition outcropping to the southwest, were intruded as a

magma. The intrusion occupies the axial zone of an anticline

plunging east-southeast from the granitic outcrops. The minera-

logical differences between the various rock types, probably all

derived from the sedimentary sequence, in the aureole result from

differences in the pressure to which the sediments were subjected

(Fig, 13) . The pressure decreases away from the intrusion. This

is interpreted as indicating that the intrusion of the magma was

the cause of the formation of the anticline and other associated

folds.
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CHAPTER IV

GEOCHEMISTRY

Introduction

Sixty-four rock samples, 52 of volcanic and gabbroic rocks,

were analyzed for the nine major elements and 43 of these were

also analyzed for nickel, copper, chromium and zinc. The

analytical procedure and treatment of the data are described

in Appendix A. The purpose of this study was five-fold:

(1) to determine and compare the composition of the

various rock units;

(2) to outline any variations in the composition of the

rocks forming the volcanic pile and to use these variations,

if present, to determine the facing direction of the volcanic

sequence;

(3) to compare the composition of rocks from the "Lower

Volcanic Unit" (Bannatyne, 1958) with those of the "Upper

Volcanic Unit" (op. cit.);

(4) to determine the geochemical relationship between the

main serpentinite sill on Kudlulik Peninsula and the overlying

coarse-grained volcanic or gabbroic rocks;

(5) to classify the volcanic rocks of the Rankin Inlet

Group and compare their composition with that of the volcanic

member of other groups exposed in the Churchill Structural

Province and other parts of the world

.

Location and Description of Samples

The locations from which the various samples were collected
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are indicated on Maps II and III and described in Appendix B.

The volcanic rock samples were medium- to fine-grained and most

were collected from uniform massive flows. The gabbro,

actinolite-hornblende schist, hornblende hornfels, granitoid,

quartz monzonite and biotite schist are medixom-grained but the

samples were chosen for apparent uniformity in composition and

texture

.

Composition of the Acid Intrusions
and Metamorphic Rock Units

The results of the chemical analyses for samples of acid

intrusions and metamorphic rocks are given in Table VII along

with the average chemical compositions of similar rock types.

All five of these chemical analyses gave somewhat doubtful

results in that the total content of the nine major elements

is either quite low, as in the case of the two intrusions and

possibly the biotite schist, and greater than 100 per cent in

the case of the hornblende hornfels. The biotite schist could

contain up to 6.54 per cent volatiles and undetermined elements

(H2O, CO2, S, C, P, etc.) but it is doubtful that the intrusions

would contain as much as 7 to 15 per cent of these components

especially since the igneous rocks include, on the average, less

than two per cent water and phosphorus pentoxide (Nockolds,

1954) . Because all but one of the analyses of volcanic, gabbroic

and ultramafic rocks gave quite acceptable results , it would

seem that the inaccuracies present in the analyses of these

acid intrusive and metamorphic rocks are related to their high

silica content.
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Certain conclusions can be drawn from the analyses of

the metamorphic rocks concerning the distribution of the

elements in the rock types formed in the contact aureole of

the granitic body. The hornblende hornfels has lower Si02 and

AljO^ , much lower Na-O and KjO and much higher Ti02 , FeO

(tot) , Mno, MgO and CaO than the biotite schist. These

chemical differences are partly due to processes acting during

metamorphism but are probably mainly due to differences in

the original composition of the sedimentary rocks which

were metamorphosed. The sedimentary sequence at the base

of the Rankin Inlet Group, from which both the hornblende

hornfels and the biotite schist were derived during the

intrusion of the granitic body, consists of a variety of

rock types ranging from relatively quartz-poor shale to

quartz-rich greywacke to impure quartzite. The hornblende

hornfels were derived from sediments at the base of the sequence

and probably contained less quartz and more clay minerals and

tuffaceous material than the sediments metamorphosed to biotite

schist.

Two processes active during contact metamorphism probably

increased the compositional differences between the hornblende

hornfels and biotite schist. One process, elementary redistri-

bution, was discussed by Ramberg in 1944 and involves the

movement of the more mobile constituents of the rock, Na20,

K-O and Si02, from areas of high pressure to areas of low

pressure (Ramberg, 1952; Marmo, 1971). In the Rankin Inlet

area this would have resulted in the movement of these

77





elements from the hornblende hornfels into the biotite schist.

The second process is described as metasomatism by some and

diffusion of elements or assimilation by others. Didier (1973)

discusses work by H. H. Woodard on the diffusion of elements in

xenolithic enclaves in granites. The chemical study of the

enclaves indicate that they are enriched in Ti02f FeO (tot),

MgO, CaO, and slightly enriched in K2O and Na20. The net effect

of both these processes on the metamorphic rocks of the contact

aureole would be the migration of SxOjt Na-O and K2O from the

hornblende hornfels into the biotite schist and of Ti02/ FeO

(tot) , MgO and CaO from the schist into the hornfels. The

relatively mafic nature of the hornblende hornfels samples

when compared to the biotite schist sample is therefore probably

due mainly to differences in the original composition of the

sediments from which the rocks were derived and partly to

redistribution of the major elements during metamorphism.

One last point which deserves brief mention is the compo-

sition of biotite schist as compared to the average composition

of greywackes and shales and the composition of one sample of

andesitic pumice. The biotite schist is quite similar in

composition to the andesitic pumice except for the slightly

lower CaO and MgO content and higher SiOj, NajO and K2O content

of the schist. However the ratio of CaO to MgO and Na20 to

KpO for the two rocks are similar and this indicates that the

biotite schist were probably derived from volcanic-rich

sediments. The differences in composition between the biotite

schist and the andesitic pxxmice can be attributed to the migration
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of SiO-f Na-O and K-O from the hornblende hornfels into the

schist and of the CaO and MgO from the schist into the hornfels

during the intrusion of the granitic body.

Composition of the Basic Intrusions
and Volcanic Rocks

The results of the geochemical analyses and CIPW norm

calculations for the samples of basic intrusive and volcanic

rocks are given in Appendix C and analytical results are

summarized in Table VIII. Sample GC-28 (Appendix C) is from

a massive medixom-grained volcanic flow but the result of its

analysis is so high in volatiles (7.8% compared to 1 to 5% for

other volcanic rocks) and low in aliominiim (4.1% compared to 10

to 15%) that the analytical results for this sample are believed

to reflect contamination during the sample preparation and were

disregarded.

The serpentinite sills at the volcanic-sedimentary contact

on Kudlulik Peninsula and the ultramafic segregations at the

base of the gabbro sill north of Barrier Islands have slightly

different compositions. Samples from the serpentinite sills

have lower Al-0-^ and higher MgO content and lower FeO (tot)/

MgO and SiO^/MgO ratios. The average composition of samples

from the serpentinite sills is also lower in SiO^, TiOjf MnO,

CaO, Zn and higher in FeO (tot), Ni, Cr. Since the FeO/MgO and

SiO-/MgO ratios of a rock increase during the evolution of a

magma (Goldschmidt , 1958) , the serpentinite sills can be

considered to have formed from a slightly more primitive magma

than that which gave rise to the serpentinite segregations in
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the gabbro sills, or that the process of crystal settling which

leads to removal of the first-formed magnesium-rich minerals

from the magma was not as extensive in the latter rocks.

The differences in the average compositions of the gabbroic

and volcanic samples are slight. The average content of the

volcanic rocks is slightly higher in Si02 and CaO and poorer in

all other elements, but individual values for the gabbroic rocks

fall within the range of the values for the volcanic rocks. The

gabbro was, therefore, possibly derived from the same magma as

the volcanic rocks; the gabbroic sills cutting the sediments

probably served as channels for the extruding magma.

Compositional Variations in the Volcanic Rocks

In Table VIII, the average of the analytical results for

different groups of volcanic rocks are displayed, and identified

by letters, in an order related to their areal distribution.

The determining factor in the positioning of the groups, except

for group I which shall be discussed later, was the location of

the samples relative to the volcanic-sedimentary contacts exposed

on Kudlulik Peninsula. The position of groups B and C seems

to be reversed. However, the samples of group B, although they

were collected further from the contact than those of group C

,

were collected from the limb of an overturned syncline and are

therefore stratigraphically lower and closer to the contact than

the samples of group C collected from the axial zone of the

syncline.

The average composition of sample groups A to D and G to
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H display gradual variations and the trend, at progressively

larger distance from the sedimentary-volcanic contact, parallels

the trend in magmatic evolution (Goldschmidt, 195 8) . The

Na20/CaO, K20/CaO, FeO/MgO and Si02/MgO ratios gradually

increase as do the SiOj and Na20 content while the MgO and CaO

content decreases. The values of the ratios and the Si02 , MgO

and CaO content of the samples in group E correlate with the

proximity of these rocks to the sedimentary-volcanic contact

exposed north of the Barrier Islands.

Table IX lists the four ratios for individual samples of

groups A, B, C and G. The lack of trends in the values of the

ratios is due to local compositional variations within the vol-

canic pile and even within individual flows. This precludes

the use of the geochemical results as a tool in the determination

of the facing direction of the volcanic rocks except on a

regional scale.

Comparison of the "Lower" and
"Upper Volcanic Units"

Bannatyne (1958) subdivided the volcanic rocks into a

"Lower Volcanic Unit" outcropping west of Nipissak Lake and a

"Upper Volcanic Unit" outcropping on Kudlulik Peninsula, Thomson

and Falstaff Islands and the shore of Rankin Inlet north of

these islands. A statistical comparison, using the t-test

(Folk, 1974) , of the analytical values for all the samples from

west of Nipissak Lake to all those from east of Nipissak Lake

is inconclusive (Table X). The Si02, FeO , CaO, K2O and MnO

contents possibly belong to two different populations while the
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Samples of Volcanic Rocks

GROUP

B

SAMPLE



'. i. .



0)





Al^O^, MgO, Na-O and TiO^ contents belong to a single popula-

tion. The ambiguity of the statistical analysis results from

differences in the degree of evolution of the magma which gave

rise to the sampled volcanic rocks. The proportion of lavas

formed from a more evolved magma to those formed from a more

juvenile magma is greater to the west of Nipissak Lake than to

the east. A comparison of the analytical results for samples

GC 2 to 5 and GC 14 to 21 which, according to Bannatyne (1958)

,

are from different volcanic units, indicates that the rocks

belong to the same population (Table X) . This conforms with

the revised stratigraphy of the Rankin Inlet Group which includes

only one volcanic sequence.

Effects of the Intrusion of the
Serpentinite Sill

Group I samples (GC 45 to 47) were collected from near the

serpentinite sill at the eastern volcanic-sedimentary contact

on Kudlulik Peninsula and should therefore have compositions

similar to the samples of Group G collected slightly to the

south. However, Table VIII indicates that the average composi-

tion of the rocks from just above the major serpentinite sill is

higher in SiO-, Al^O^, Na-O and K2O and lower in FeO (tot),

MgO and CaO. The two groups of rocks have similar Ti02 and MnO

contents. The comparison of the analytical values for indivi-

dual samples from the two groups (Table XI) indicates that

differences in composition between two samples of one group are

reflected in the two samples of the second group which occupy

the same position relative to the volcanic-sedimentary contact.
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TABLE XI : Comparison of the Composition of the Volcanic Rocks
at the Base of the Sequence at the Tip of Kudlulik
Peninsula

SAMPLE
NUMBER GC 14 GC 15 GC 16 GC 47 GC 46 GC 45

WEIGHT %

Si02 50.13 51.39 50.95 53.17 54.38 53.93

Ti02 0.75 0.75 0.77 0.66 0.91 0.71

AI2O3 11.31 13.41 13.26 12.12 14.08 13.55

FeO (tot) 11.80 13.36 13.81 11.40 12.80 13.51

MnO 0.16 0.18 0.19 0.19 0.16 0.17

MgO 10.22 6.20 7.59 9.03 4.17 5.77

CaO 14.49 12.66 10.17 11.11 11.24 9.45

Na20 0.76 1.88 3.16 1.86 2.00 2.86

K2O 0.37 0.16 0.11 0.43 0.25 0.04
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For example, the ratio of the silica contents of sample GC-14

to that of sample GC-16 is the same as the ratio of the silica

contents of samples GC-47 and GC-45. The ratios for various

other elements are not exactly the same but any change in the

content of one element from one sample to the other in one

group is reflected in the equivalent samples in the other group.

It seems unlikely that such a relationship is fortuitous and

so the rocks above the serpentinite sills can be considered to

have formed through the alteration of volcanic rocks equivalent

to those exposed along strike to the south.

The differences between group G and I rocks is probably due

to the metasomatic addition of silicaa and alkalies to the

latter. Turner and Verhoogen (1960) indicate that "residual

solutions expelled from basic and even ultrabasic magmas are

often sufficiently sodic to bring about notable enrichment of

the neighbouring rocks in soda". Presiimably, the sodiiom-rich

solutions might also be rich in silica and potassium.

One rather puzzling aspect of the alteration of the rocks

overlying the serpentinite sill, and which has a direct bearing

on the origin of the serpentinite, is the lack of large-scale

magnesium enrichment of the rock. This would seem to indicate

that the ultramafic was either nearly completely serpentinized

by the time of its intrusion or that serpentinization occurred

subsequent to intrusion but that nearly all the magnesium and

most of the silica released during serpentinization (Turner and

Verhoogen, 1960) escaped through discrete channels and did not

diffuse through and react with the overlying volcanic rocks.
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The first alternative is not tenable if we accept the source of

the alkali for the alteration of the group I volcanic rocks as

being the ultramafic intrusion since the intrusive rock would

still have to be in a fairly unaltered state to have retained

any residual fluids necessary for the metasomatism of the over-

lying rock. The relatively high MgO content of samples GC-14

and GC-47 might be a result of limited diffusion of some of the

MgO released during the serpentinization of the ultramafic body.

Classification of the Rankin Inlet Group Volcanic Rocks
and Comparison with Other Volcanic Assemblages

Irvine and Baragar (1971) presented a system whereby

common volcanic rocks can be classified by the graphical repre-

sentation of their chemical composition. This system was used

to classify the Rankin Inlet Group volcanic and gabbroic rocks.

The published chemical analyses of the following groups of

volcanic rocks were also plotted for comparison purposes:

a) with the Rankin Inlet Group rocks:

Hurwitz Group volcanic rocks (Ridler, 1974b)
Hurwitz Group volcanic rocks (R . T . Bell , personal communi-

cation)
Amer Lake volcanic rocks (R . T. Bell, personal communica-

tion)
Labrador Trough gabbroic and volcanic suite (Dimroth et al

,

1970)
Coppermine River basalts (Baragar, 1969)

b) on the adjacent diagrams:

Yellowknife and Cameron River volcanic rocks (Baragar, 1966)
Kaminak Group volcanic rocks (Ridler, 197 2 and 1974a; Ridler

and Shilts, 1974)
Abitibi area Archean lavas (Jolly, 1975)

The main difference between the two sets of diagrams is that

all groups mapped as Proterozoic (Aphebian and Helikian) are
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plotted with the Rankin Inlet Group while the values for Archean

groups are plotted on the second set of diagrams

.

The first stage in the classification of volcanic rocks

(Irvine and Baragar, 1971) is the determination of whether the

rocks are peralkaline. If the rock has acmite (Ac) in its norm

it is probably peralkaline. Since only one of the samples (GC-

16) has some acmite, the rocks are either alkaline or subalkaline.

The subdivision of the rocks into the subalkaline or

alkaline groups is performed on the basis of three diagrams:

a) a weight per cent plot of (Na-O + K^O) versus Si02; b) a

tetrahedral diagram with apices as the compositional points of

01 , Cpx , Ne and Q which is plotted as the basal triangle 01 '
-

Ne' - Q' onto which the contents of the tetrahedron are project-

ed from Cpx; c) a ternary plot of 01 - Cpx - Opx (Irvine and

Baragar, op. cit.). Figure 15 compares the (Na20 + K2O) versus

SiO^ plots for the Rankin Inlet Group, Hurwitz Group and Amer

Lake volcanic and gabbroic rocks to the plot of the values for

the Kaminak Group volcanic rocks. Most of the values on both

diagrams plot in the subalkaline field with the Kaminak Group

volcanic rocks plotting slightly richer in silica. This

difference in the silica content between the two groups of rocks

is due to the presense of intermediate to felsic volcanic s in

the Kaminak Group and their predominance in the published analy-

ses (Ridler, op. cit; Ridler and Shilts, op. cit.). The Hurwitz

Group samples are richer in sodium than the Rankin Inlet group

samples and this difference is discussed later on in this chapter

Gabbro sample GC-56 plots outside the field of the Rankin Inlet

89





t-^

• o o o

o •

o
e •

•:





Group rocks due to its relatively high sodium content. There is

no obvious reason for this high sodium content and it is

attributed to local sodium enrichment possibly during the last

stages of crystallization of the gabbro

.

The subalkaline rocks are subdivided into a calc -alkaline

and a tholeiitic suite using the AFM ternary diagram where

A = Na~0 + K~0, F = FeO (tot) and M = MgO in weight per cent and

the plot of AI2O3 weight per cent versus the normative plagio-

clase composition. Figure 16 compares the plot on the AFM

diagram of the values for three Archean volcanic suites to some

of the younger volcanic suites of the Canadian Shield. In the

AFM diagrams, tholeiitic suites show a strong trend of iron-

enrichment at low levels of (Na20 + K2O) and then swing to

rapid alkali enrichment while the calc-alkaline suites trend

directly across the diagram with gradual enrichment in alkalies

(Irvine and Baragar, op. cit.). Jolly (1975) discusses the

cause of these trends and also outlines the presence, in Archean

volcanic rocks of the Abitibi area, of a third differentiation

trend related to an earlier magnesian series which underlies the

tholeiitic and calc-alkaline series. The three trends were

derived from a study of the Fe-Mg-Ni-Cr relations of the lavas

but a ^lot of the average compositions of the different members

of the three series outlines the trends in the AFM diagram.

The heavy, curved line on the diagrams of Figure 16 is used by

Irvine and Baragar (Op. cit.) to separate rocks of tholeiitic

and calc-alkaline compositions. The two main diagrams in this

figure serve to outline the basis difference between the Rankin
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Inlet Group rocks and the Kaminak Group rocks. The latter are

similar to the Yellowknife Group and Abitibi area suites in that

they include lavas differentiated along both the tholeiitic

and the calc-alkaline trend. The Rankin Inlet Group rocks, on

the other hand, are similar to the Hurwitz Group, Labrador

Trough and Coppermine River basalts and only contain lavas of

tholeiitic affinities. Figure 17 is a comparison of the ^12©^

versus normative plagioclase composition plot for the Kaminak

Group and Rankin Inlet Group volcanic rocks . These diagrams

support the conclusion, reached during the study of the AFM

diagrams, that the Kaminak Group contains rocks of both tholeii-

tic and calc-alkaline affinities while the Rankin Inlet Group

rocks have only tholeiitic affinities.

The next step in the classification of volcanic rocks

proposed by Irvine and Baragar (op. cit.) is the division of

the tholeiitic and calc-alkaline suite rocks into basalt, ande-

site, dacite or rhyolite. This is done by means of a plot of

normative color index versus the normative plagioclase compo-

sition as outlined in Figure 18. All but two of the Rankin

Inlet Group volcanics fall within the field of basalts. Samples

GC-16 and GC-56 plot within the field of andesites but fail to

fulfill the stipulation that they should contain at least 5 to

10 per cent normative quartz (Irvine and Baragar, op. cit.) and

so can also be classed as basalts.

Figure 19 consists of four NajO - K2O - CaO ternary

diagrams in which have been plotted the values for various

rock groups. The trend in the Rankin Inlet Group rock parallels

93





Ml

TYPICAL KAMINAK GROUP LAVAS (Ridler, 1972)

OKAMINAK GROUP LAVAS, KAMINAK LAKE (Ridler S Shxlts, 1974)
o KAMINAK GROUP LAVAS, SPI LAKE (Ridler, 1974a)

• RANKIN INLET GROUP

c

o
u
o

+J

x:

o

«•

14-

• •

10-

100
I

M
—1-
60

—r-

40
T"
20

Figure 17:

Normative Plagioclase Composition

Plots of AI2O3 (wt.%) versus normative plagioclase
composition for two volcanic suites. The line
separates calcalkaline (above) from tholeiitic
(below) suites of rocks (Irvine and Baragar, 1971)

.
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Figure 18: Plot of normative color index versus normative
plagioclase composition for Rankin Inlet Group volcanic
rocks. Dividing lines proposed by Irvine and Baragar
(1971)

.
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TYPICAL KAMTNAX GROUP UWAS (Ridler, 1S72)

OKAMIKAK GIIOUP LAVAS, KA.MINAK LAKE (Ridler & Shilts, 197-1)

B KAMINAK GROUP LAVAS. SPI LAKE (Ridler, 1974a)

• RANKIN INLST GROUP
o HURWITZ GROUP LAVAS (Ridler, 1974b)

• PX'RWITZ GROUP LAVAS (Bell, pers. com.)

• A.'-ffiR LAKE LAVAS (Boll, pers. com.)

• COPPERMINE RIVER BASALTS (Baragar, 1969)

» LABRADOR TROUGH L/vVAS (Di.^lroth et al*, 1970)

» LABRADOR T.ROUGH GABBROS (Dinroth et al, 1970)

Yellowknife cirea lavas (Baragar, 1966)

» 8
hi

Figure 19: NKC plots for various suites of volcanic rocks
N = Na20, K = K2O, C = CaO.
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the base of the triangle similar to the trend in the Labrador

Trough volcanic and gabbroic rocks. The Hurwitz Group rocks

are generally richer in sodium, the Amer Lake volcanic rocks

are richer in both sodium and potassiiom and the Coppermine

River basalts are richer in potassixom. The values for the

Kaminak Group and Yellowknife volcanic rocks plot over a much

wider range of alkali and calcium content than the other groups

due to the presence, within these groups, of both tholeiitic

and calc-alkaline trends.

Ridler (1974b) indicates that the Hurwitz Group volcanic

rocks at Last Lake and perhaps elsewhere can be distinguished

from the Kaminak Group rocks by means of the CaO/Na20 versus

SiO- diagram. Figure 20 compares the plots of these values for

the Rankin Inlet, Hurwitz and Kaminak Groups as well as the Amer

Lake volcanic rocks. The values for the Rankin Inlet and Kaminak

Group rocks plot over similar intervals.

Figure 21 is a comparison of the chemical variation of the

rocks of the Rankin Inlet and Kaminak Group when plotted against

the silica content. The main differences between the two suites

of rocks are: a) the MgO content of the Rankin Inlet Group rises

steeply at low silica values, b) the AI2O2 and FeO (tot) values

of the Rankin Inlet Group fluctuate drastically, and c) the CaO

values are generally higher than those of the Kaminak Group. The

sodium and potassium values are similar although somewhat lower

for the Rankin Inlet Group.

Table XII compares the average composition of the Rankin

Inlet Group, Hurwitz Group, Labrador Trough gabbroic and volcanic
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rocks , Coppermine River basalts and the typical Kaminak Group

massive and pillowed basalts (Ridler, 1972) with the average

composition of oceanic and continental tholeiites (Hyndman,

1972) . The Hurwitz Group volcanics are much richer in Na^O and

somewhat poorer in CaO than the Rankin Inlet Group. This might

be the result of "spillitization" of the Hurwitz Group rocks

by sodium-rich solutions derived from sea water (Hyndman, 19 72) .

The Labrador Trough rocks are quite similar in composition to

the Rankin Inlet Group rocks. The Labrador Trough lavas contain

slightly less Si02 and CaO and more Al^Oo and MgO while the

gabbros contain less FeO (tot) and more MgO. The Coppermine

River basalts are quite different from the Rankin Inlet Group

rocks in TiOj f CaO and K2O content. The Kaminak Group basalts

are quite similar to the Rankin Inlet Group volcanic rocks but

contain about twice the TiOj, slightly more FeO (tot) and MgO,

and less CaO and Na-O.

The Labrador Trough volcanics were classified by Dimroth

et al (1970) as oceanic tholeiites while Baragar (1969) indicates

that the Coppermine River volcanic rocks are plateau (flood)

basalts (continental tholeiites) . Engel et al (1965) noted

that the Na-O/K^O ratio for oceanic tholeiites is greater than

10 while for continental tholeiites the ratio is generally

greater than 3 but less than 6. A comparison of the Na20/K20

ratios for rocks of the Rankin Inlet Group, Hurwitz Group,

Labrador Trough area and Coppermine River area indicates that

the value of this ratio for the first three groups is at least

7.5 while the Coppermine River basalts value is 2. The value
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of this ratio and the compositional similarity of the Labrador

Trough and Rankin Inlet Group rocks indicates that the Rankin

Inlet Group and Hurwitz Group volcanic rocks most closely resem-

ble oceanic tholeiites.

Petrogenesis of the Rankin Inlet Group Volcanic
and Mafic Intrusive Rocks

To discuss in detail the origin of the magma which gave

rise to the Rankin Inlet Group volcanic and mafic intrusives

is beyond the scope of this thesis. However it is important

that the relationship between the various mafic rocks of the

Rankin Inlet area be defined. Starting with an olivine-tholeiitic

parental magma, of a composition somewhat more basic than that

of the lowermost volcanic rocks (groups A and G, Table VIII),

one can derive all of the mafic rock types present in the

Rankin Inlet area through fractional-crystallization. Olivine,

pyroxene and calcic plagioclase are the first silicate minerals

to separate from basaltic magma. The denser olivine and pyrox-

ene would sink to the floor of the chamber and the residual liquid

would gradually become enriched in silica and there would be an

increase in the FeO/MgO ratio since the early olivines and

pyroxenes tend to be more magnesian and less ferrugineous . Of

the minor elements, Ni is concentrated in the olivine and Cr

in the magnesian pyroxenes while Cu and Zn remain in the liquid

fraction (Wager and Brown, 1967) . The formation of conduits

leading from the magma chamber to the ground surface and the

extrusion of the lowermost volcanic rocks probably occurred at

this stage.
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Concurrently with the extrusion of volcanic flows, crystal

fractionnation of the magma continues so that the extruding

lavas become progressively differentiated. The relatively well-

differentiated nature of the gabbro sills results from a number

of factors. If the sills represent the conduits of extrusion or

high-level holding chambers for the rising magma, the gabbro

filling them will have gradually crystallized from the whole range

of differentiated magmas which gave rise to the range of volcanics

and so the relative degree of differentiation of the individual

sample of gabbro will depend on the position of the sample

relative to the walls of the sill. A second process determining

the degree of differentiation of the gabbro is flowage differen-

tiation (Bhattacharji and Smith, 1964) . As it flows in a conduit,

gabbro crystallizes in the same order of crystallization as the

original magma and the first-formed olivines and pyroxenes tend

to congregate in the centre of the flow giving rise to local

differences in the degree of differentiation within the sill.

Finally, local differences in differentiation can be brought

about by settling of the olivine crystals at the base of the

sill subsequent to emplacement of the sill. Since evidence

for repeated intrusion along a single sill was detected in the

sill on Kudlulik Peninsula, east of Nipissak Lake, and cumulate

olivine concentrations occur in the sill on the peninsula north

of and on the Barrier Islands, the fact that the analysed samples

of gabbroic rocks are of a higher differentiation level that

the lowermost volcanic rocks does not preclude the sills from

being part of the original conduits of extrusion of the lavas.
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The final stage in the development of the mafic rocks of

the Rankin Inlet Group occurred at the onset of folding when

the crystalline olivine- and pyroxene-rich cumulate at the

base of the magma chamber and the residual silica- and alkali-

rich liquid were pressed out and intruded along the sedimentary-

volcanic contact. A similar process for intrusion of peridotite

derived by fractional crystallization is described by Green in

Wyllie (1967) . The residual liquid then diffussed into the

overlying volcanics and silicified the underlying tuffs

(Bannatyne, 1958). Bannatyne (op. cit.) deduced, from his

study of the North Rankin Nickel Mines Limited ore body, that

a) the ultrabasic sill was intruded in a near horizontal

position; b) the ore body formed from an immiscible sulphide

liquid which concentrated into depressions on the sill floor;

c) subsequent folding of the enclosing rocks was accompanied

by the upward movement of a portion of the sill above the

depressions and the deuteric alteration of the basic silicate

minerals to antigorite with talc forming in regions of stress.

These deductions are in accord with the origin of the ultra-

mafic sills proposed in this work.
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CHAPTER V

STRUCTURAL GEOLOGY

Introduction

Four distinct structural trends are outlined by the rocks

of the Rankin Inlet area (Fig. 25, Maps II and III). Along the

north shore of the inlet the rocks trend west to west-northwest

and are folded into a syncline-anticline pair. North of 'Atulik'

Lake and on the south shore of the inlet, the sediments and

enclosed gabbroic sill are repeated through strike faulting.

The area extending west from Thomson Island to west of the

Barrier Islands is underlain by intensely deformed volcanics

subjected to two periods of folding about axes nearly perpendi-

cular to one another. Reverse faults sub-parallel to the strike

of the beds and the axial zones of the first set of folds

developed north and northeast of Barrier Islands. The fourth

trend is a large anticlinal structure whose axial zone is

occupied by a granite intrusion and which extends east as the

anticline in syncline-anticline pair on the north shore of the

inlet. The structural trends to the north and south of the

inlet are defined on the basis of lithological distribution,

schistosity in the metasediments and fracture cleavage in the

less metamorphosed sediments and volcanics. The more complex

structural trends in the Thompson to Barrier Islands area were

defined, during detailed mapping, by means of lithology and

top determinations using quartz eyebrow structures in the

pillows.
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Bedding

Bedding is not a generally conspicious feature in the

Rankin Inlet area. It can be traced, in individual outcrops

of metasediments, only on Marble Island, Buff Island, Kudlulik

Peninsula and the islands on the south shore of the inlet. On

Marble Island and north of Melvin Bay, bedding in the meta-

quartzites often has ripple-marked surfaces. At the neck of

Kudlulik Peninsula, on Buff Island and on the south shore,

bedding is outlined by gradual to abrupt changes in lithology

among various types of greywackes and from greywacke and shale

to dolomite. The only primary depositional feature observed,

other than ripple-marks, was graded bedding in the greywackes

on Buff Island and in the conglomeratic greywackes along the

south shore.

During the 1974 detailed mapping of the volcanic rocks on

and west of Kudlulik Peninsula particular attention was paid to

tracing out changes in the volcanic lithology from pillowed to

massive rock to breccia. However the somewhat irregular and

sometimes discontinuous nature of the contact between these

different types of volcanic rocks indicate that they do not

always define true bedding planes. Instead, the pillowed and

brecciated parts of volcanic sequence probably represent either

the top or toe of massive flows. However, the general trend of

the volcanic sequence can usually be determined by the lateral

extent of these various types of volcanic rocks and, in a few

cases, the orientation of true flow contacts and bedding planes

could be measured.

106





The facing directions in the volcanic pile were relatively

easily determined using the quartz -eyebrow structures but no

such distinctive features were present in the sediments except

on Buff Island and the south shore. However, the greywackes

on Buff Island are so highly contorted that a complete study

of their tops would have required more time than was available

and so was not undertaken. The rounded cross-section of the

symmetrical ripple-marks, both crest and trough, prevented

their use as effective top determinations. No tops were deter-

mined for the pillowed rocks on Thomson Island but at the tip

of Kudlulik Peninsula, the volcanic sequence faces east-

northeast south of the main valley and faces south, north of

the valley (Fig. 25). West and northwest of Nipissak Lake

and on Tudlik Peninsula the volcanic sequence faces northwest,

west and southwest. The volcanic sequence on the large unnamed

island west of Tudlik Peninsula and south of the large lake on

the Char River faces east. The sequence on Ahigik Island faces

west and east and defines the axial zone of a syncline. The

facing directions in the triangular peninsula northwest of

Ahigik Island and northeast of Barrier Islands alternate from

east to west to east due to the intense folding and associated

faulting. The volcanic sequence on the Barrier Islands faces

east. One set of possible quartz -eyebrow structures was noticed

in pillowed volcanics north of Scarab Point and it indicates

the pillows face northeast. The sediments on the south shore

of the inlet face north away from the quartz-monzonite.
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Cleavage, Schistosity and Gneissossity

Fracture cleavage, slaty cleavage and schistosity, as

defined in Ramsay (1967, p. 177-182) and Hills (1963, p. 287-289),

are a conspicuous feature in most outcrops. The fracture cleav-

age is especially apparent in pillowed lava and breccia where

it generally corresponds to the longer axis of the pillows and

breccia fragments. It usually appears as moderately- to poorly-

developed closely-spaced planar features along which the rock

will sometimes break. The slaty cleavage is generally restricted

to greywacke beds rich in phyllosilicates, such as those north-

west of Nipissak Lake, and fine-grained black tuff beds, and

consists of very well-developed closely-spaced planar features

along which the rock always breaks. The fracture cleavage and

slaty cleavage have the same orientation when occuring in

adjacent rock and their distribution is directly related to the

competence of the rock. Volcanic rocks on the edge of a fault

zone often possess slaty rather than fracture cleavage.

Schistosity is a planar feature produced through the rearrange-

ment of the mineral constituents of the rock during metamorphism

and is, by definition, restricted to the metamorphic rocks.

In the volcanic and sedimentary rocks west of Falstaff

Island to the Diana River, the cleavages generally trend parallel

to the bedding in the sediments and the contacts between the

volcanic rocks, and dip shallowly to steeply to the east. On

the west shore of the triangular peninsula northeast of Barrier

Islands, north-northwest of 'Circle' Lake and south of Johnston

Cove, the fracture cleavages generally trend perpendicular to
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the contact between the lavas. This apparent change in the

structural pattern is related to the presence of the hinge

zones of the isoclinal folds whose formation resulted in the

fracture cleavage. The relationship between the bedding in

sediments and volcanics, the fold axes defined by the curvature

of these beds and their facing direction, and the fracture

cleavage indicate that the latter is an axial plane cleavage

(SI) (Ramsay, 1967, p. 405).

Fracture cleavage and schistosity (S2) associated with

the second generation of folds are the predominant structural

features in outcrops north of the inlet. They are also devel-

oped, in the axial zone of the second-generation folds, in the

volcanic and sedimentary rocks south of the Char River, on

Thomson Island and south and west of Johnston Cove. The S2

foliation generally trends east to east-southeast and dips south,

south of the main anticline centred on the granitic intrusion,

and north, north of the anticline. The pattern of S2 struc-

tural features indicates that they formed perpendicular to the

axis of maximum stress which gave rise to the second generation

folds.

Along the south shore of the inlet, the fracture cleavage

in the sedimentary, volcanic and gabbroic rocks trends east-

southeast and dips north parallel to the bedding and to the

west- to northwest-trending faults. The exact relationship

of this foliation to the structural evolution of the Rankin

Inlet Group is difficult to determine since it could have

formed during either of the episodes of deformation.
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The gneissossity in the granitic rocks along the south

shore of the inlet and east of the Diana River is defined by

the segregation of the phyllosilicates in poorly- to well-

developed layers separated by layers of felsic materials and

is parallel to sub-parallel to the fabric of the Rankin Inlet

Group rocks. All but one of the foliations measured in the

granitic intrusion parallel its contact with the metasediments

and are probably flow structure formed during crystallization

of the magma. The odd foliation on the south shore of Meliadine

River occurs in a zone of late faulting and might represent

local recrystallization. The foliation in the quartz monzonite

body on the south shore is subparallel to the faults which

separate it from the sediments and probably developed through

partial recrystallization to relieve the stresses created in

the rock during the second generation of folding

.

Joints

Joint fractures are abundant in all the rocks mapped and

especially prominent in the massive lavas and at the tip of

Kudlulik Peninsula. At least two and often four sets of moder-

ately- to well-developed joints transect most outcrops. The

joints are generally spaced 5 to 60 centimetres apart and the

better developed set can be traced over 5 to 10 metres. Gener-

ally one or two well-developed sets occur in association with

one moderately-developed and one weakly-developed set. No

displacement on one joint set along a second set was observed.

A brief study of the jointing directions in the rocks
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south of Johnston Cove was undertaken by S. Leggett during the

1974 field season. A plot (Fig. 22) of the orientation of

joints measured at 57 different locations reveals that the

joints generally dip steeply to vertically and can be divided

into three sets on the basis of strike. The most conspicuous

set trends approximately 345° while the other two sets trend at

285° and 45°. The three sets of joints represent three conjugate

pairs of joints with each pair consisting of two sets at 60°

to each other. The conformity, in strike, between the main

set of joints and the cleavage indicates that the cleavage was a

major controlling factor in the formation of the main joint

set and, consequently, in the formation of the two minor sets.

The three sets of joints formed later than the folding probably

to relieve strains resulting from the removal of the overlying

rocks through erosion.

Folds

Two generations of folds were recognized in the Rankin

Inlet area. The first-formed folds occur in the rocks west

of Falstaff Island and east of the mouth of the Diana River

(Fig. 25) . They are recumbent isoclinal folds whose axial

plane has been refolded into a syncline, to the south, and

an anticline to the north. The direction of dip of the

fracture cleavage indicates that the axial planes of the

primary folds generally trend north to northeast and dip east

to southeast. The second-formed folds are of a much larger

scale and symmetrical to assymmetrical . The axes of these folds
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Figure 22: Plot of 240 poles to joints in the
volcanic sequence at the eastern end
of Kudlulik Peninsula. Contours at
1.25, 2.5, 5 and 7.5 per cent.
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generally trend east to east-southeast.

In the Falstaff Island to Diana River area, the distribution

of the various rocks of the Rankin Inlet Group is determined

mainly by the first generation of folding. The distribution

of the various types of volcanic rocks and the changes in trend

of the fracture cleavage on Thomson Island indicate that the

outcropping rocks were originally folded isoclinally; however,

the form of the primary fold and the location of its axial plane

cannot be determined since the facing direction of the volcanic

flows was not mapped. At the east end of Kudlulik Peninsula,

the facing direction of the pillowed flows, the trend of the

different volcanic rocks and the trend of the fracture cleavage

indicate that the exposed flows form one limb and the hinge

zone of a recumbent isoclinal syncline whose axial plane trends

southeast and dip northeast. Just to the west, on the shore of

Melvin Bay north of Panorama Island, the ripple-marked bedding

planes of the metaquartzite define the hinge zone of an anticline

plunging 31° on a bearing 113°. The facing of the volcanic

flows on Tudlik Peninsula and the large unnamed island to the

west indicate that these volcanic rocks form the limbs of an

overturned syncline trending southeast in the channel between

the two geographical features . The east-dipping axial plane

of the syncline has been refolded and trends north then northeast

across the neck of Kudlulik Peninsula . North and northwest of

'Circle' Lake, the arcuate trend and facing directions of vol-

canic flows indicate that these flows define the hinge of the

syncline which plunges in a southerly direction. The outcrop

113





pattern of individual flows northwest of 'Circle' Lake is

complicated by the presence of a syncline-anticline pair of the

second generation of folding

.

On Ahigik Island and the small islands to the east, the

facing directions of the pillowed lavas indicate that these

rocks occupy the hinge zone of a northwest- to north-trending

syncline-anticline pair. The distribution of the dolomite and

quartzite on the small peninsula north-northwest of the unnamed

island indicates that the anticline outlined east of Ahigik

Island probably extends to this peninsula and plunges south.

The volcanic rocks outcropping on the triangular peninsula

northeast of the Barrier Islands and northwest of Tudlik Penin-

sula are highly folded and faulted. One major syncline-anticline

pair and several doubly-plunging second order synclines and

anticlines trending north to northwest are outlined by the trend

and facing direction of the volcanic flows. Tracing of the

various fold axes is quite difficult due to the presence of

numerous high-angle reverse faults sub-parallel to the axial

plane of the main pair of recumbent isoclinal folds. The rocks

on Barrier Islands and the peninsula to the north form the

western limb and possibly the axial zone and part of the eastern

limb of a southeast-trending slightly arcuate recumbent syncline.

The pillowed band at the southeastern tip of the peninsula north

of the islands could possibly be part of the overturned eastern

limb of the syncline but no features indicative of facing

direction are present in the rocks. Little structural informa-

tion was collected from the few scattered outcrops west of the
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Barrier Islands and the pattern of primary folding, if present,

was not determined

.

The structural pattern developed during the formation of

the east- to southeast-trending second generation folds is

apparently symmetrical about the axis of the granitic intrusion

east of Diana Lake. A major anticline centered on the intrusion

is flanked, to the south and possibly to the north, by a doubly-

plunging second order syncline-anticline pair and a first order

syncline. The axis of the major anticline trends and plunges

east along the north shore of the inlet and is offset by a major

northwest-trending fault zone north of Thomson Island. It is

defined by a change in direction of dip of the fracture cleavage

in sediments and the schistosity in their metamorphic equivalents,

The second-order syncline to the north corresponds to the band

of actinolite-hornblende schist and volcanics south of 'Atulik'

Lake and northwest of Rabbit Island. The synclinal nature of

this occurence of volcanic rocks is indicated by the distribution

of the rocks at the east end of the feature northwest of Rabbit

Island. The presence of a second-order anticline and a first-

order syncline north of 'Atulik' Lake is deduced mainly from

the distribution of the different rock types. Throughout the

Rankin Inlet area, the sediments underlie the volcanic rocks so

the presence of sediments north of 'Atulik' Lake, between two

bands of volcanic rocks, can be attributed to the formation of

an anticline flanked by two synclines, one of which has been

defined. The presence of faults parallel to the strike of the

rocks complicates the picture north of "Atulik* Lake as does the
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lack of outcrop. A second-order syncline-anticline pair is much

better defined south of the main anticline. The south-dipping

axial plane of the syncline trends east along the north shore

of the Char River and the north shore of the inlet north of

Thomson Island. The hinge of the syncline north of the Char

River is outlined by the curvature of the major gabbro sill. The

anticline member of the pair trends east south of the Char River

and across the center of Thomson Island. Its axial plane is

outlined by the folding of the gabbro sill and first generation

fold axis northwest of 'Circle' Lake and the folding of the

volcanic rocks on Thomson Island. A third-order syncline-

anticline pair formed in the rocks at the east end of the

island. Finally, the first-order syncline associated with this

second generation of folding trends east across the northern

Barrier Islands, the north end of Melvin Bay and Kudlulik Pen-

insula near Johnson Cove. The axial plane of the first order

anticline and syncline are near-vertical.

The pattern of folding on Marble Island is fairly complex.

An anticline with a core of greywacke trends and plunges west

on the north shore of the island. Associated with this structure

are a series of west-trending relatively small amplitude synclines

and anticlines in the guartzites. The westerly trend of the

folding on Marble Island indicates that the defoirmation is

probably associated with the second generation of folding

.

Faults

Four generations of faulting have been recognized in the
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Rankin Inlet Group. The various fault zones are defined by

the juxtaposition of different rock types and generally corres-

pond to relatively narrow valleys. The faulting was especially

well-defined in the volcanic-sedimentary assemblage west of

Kudlulik Peninsula due to better exposure and more detailed

mapping.

Short and relatively minor faults in the volcanics west

of Tudlik Peninsula trend southwest to west-southwest. These

normal faults are thought to have formed during deposition of

the volcanic flows in response to gravitational stresses.

Repeated movement along these fault zones probably occured

during the formation of either or both sets of folds.

North-northwest to north-northeast high-angle reverse

faults sub-parallel to the axial planes of the first generation

folds are common in the triangular peninsula northeast of

Barrier Islands. These faults formed during the first generation

of folding. Two long arcuate faults on Tudlik Peninsula and the

island to the east probably also formed at this time as did the

faults on the peninsula north of Barrier Islands and the north-

trending fault at the tip of Kudlulik Peninsula.

East to east-southeast trending faults occuring north of

'Atulik' Lake, along the south shore of the inlet, between the

Barrier Islands and at the tip of Kudlulik Peninsula probably

formed during the second stage of folding. The faults north

of 'Atulik' Lake are normal faults formed sub-parallel to the

axial plane of the second-order anticline. The faults at the

tip of Kudlulik Peninsula and between the Barrier Islands are
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of the same type and sub-parallel to the axial plane of the

first order syncline. High angle reverse faults mark the contact

between the sediments and the quartz monzonite south of the

inlet and also lead to a repetition of the sediment-volcanic

sequence on Ground Squirrel Island.

Two major west- to north-northwest-trending faults, one

occupying the Meliadine River valley and Thomson Passage while

the second trends from the southeastern tip of Meliadine Lake

to east of Thomson Island, were formed subsequent to second

generation folds. These faults are apparently strike-slip

faults along which movement was essentially in the horizontal

plane, the eastern block having slipped southwards relative to

the western block as shown by the offset of the axis of the

east-southeast trending folds and the various rock units.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

Deposition of the Rankin Inlet Group

The original extent and source of the greywacke and clay-

rich sediments at the base of the Rankin Inlet Group cannot be

determined due to the lack of preservation of primary deposi-

tional structures and the deformation of the rocks. However the

distribution of the quartzite, dolomite and carbonate-rich

greywacke bands, occuring at the top of the greywacke sequence,

is very instructive. Quartzite overlies the greywacke sequence

on the Kudlulik Peninsula area, on the north shore, near 'Atulik'

Lake and on Marble Island. On the south shore and Barrier

Islands, carbonate-rich greywacke, conglomeratic greywacke and

thin broken dolomite bands overlie the greywacke sequence.

Because the quartzite was deposited as beaches or bars, as

indicated by the presence of ripple-marks, and the dolomite

and carbonate-rich greywacke were deposited in deeper water,

the slope of the basin of deposition was to the south and

southwest. The pattern of deposition of these sediments is

deposition of the greywacke and silty to shaly sediments in

relatively deep water followed by a gradual regression of the

sea giving rise to a relatively thin but extensive layer of

beach and bar sand. During the ultimate stage of regression,

the shore line probably trended west-northwest just south of

the Kudlulik Peninsula area and the carbonate-rich sediments

now exposed on Barrier Islands and the south shore formed

off-shore to the south and southeast (Fig. 25)

.
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The presence of dolomite and actinolite-biotite schist,

derived from carbonate-rich sediments, above the quartzite on

Kudlulik Peninsula and to the north indicates that the regres-

sion of the sea, during which the quartzite formed, was followed

by transgression. The subaqueous deposition of the volcanic

flows, as evidenced by the presence of niomerous pillowed flows

and minor carbonate mud layers within the sequence, also indi-

cates transgression. The occurence of the gabbro sills in nu-

merous places within the map area indicates that the volcanic

rocks probably erupted from a number of fissures and formed an

extensive blanket over the whole basin. No indication was

found of continued clastic deposition subsequent to the volca-

nic episode.

Structural Evolution of the Rankin Inlet Group

After deposition, the rocks of the Rankin Inlet Group were

subjected to two phases of deformation. Effects of the first

phase of folding are apparent only in the sedimentary and vol-

canic rocks at the west end of the inlet. The recumbent-iso-

clinal nature of the first phase of folding and the original

north to northwest trend of the fold axes, nearly perpendicular

to the slope of the basin of deposition, indicate that the

folding resulted from gravitational sliding (Hills, 1963).

The initiating mechanism for the sliding could have been either

a slight uplift of the original cratonic block to the northeast,

or the failure of the bottom of the basin of deposition due to

the increasing weight of the volcanic-sedimentary accumulation,
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or the collapse of the nearly empty magma chamber which supplied

the lava. In any case, the volcanic and sedimentary assemblage

slid down the slope of the basin and piled up into a series of

recumbent isoclinal folds with associated high-angle reverse

faults. A well-developed axial plane cleavage formed in the

volcanic and sedimentary rocks involved in the isoclinal fold-

ing. The sudden increase in pressure on the crystalline mush

left in the magma chamber due to the collapse of the chamber

either before the onset or during the sliding of the assemblage

basinward, lead to the intrusion of the ultramafic mush along

the volcanic-sedimentary contact on Kudlulik Peninsula and one

of the high-angle reverse faults to the west.

The second stage in the evolution of the Rankin Inlet Group

was the metamorphism of the assemblage to the upper greenschist

facies. This was followed by the intrusion of a granitic body

near Diana Lake. A metamorphic contact aureole and a set of

east-southeast trending folds formed during this intrusion. The

large pressure gradient present during the development of the

contact aureole indicates that the granitic body was forcefully

intruded into the sedimentary sequence and this lead to their

doming into an anticline trending east along the axis of intru-

sion. Two synclines developed on either side of the anticline

and two second-order isoclinal syncline-anticline pairs devel-

oped between the first order folds at the sedimentary-volcanic

contact. The development of these second order folds is proba-

bly due to the differences in competence between the sedimentary

and volcanic rocks. The low amplitude of the folds on Marble
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Island is directly related to their forming in rocks far removed

from the axis of intrusion. The high-angle reverse faults along

the south shore of the inlet were probably formed during this

sequence of folding by the thrusting of the sedimentary-volcanic

assemblage south onto a rising cratonic block. The schistosi-

ties and fracture cleavages developed in the rocks north of the

inlet formed perpendicular to the main stress axis which cor-

responds to the axis of intrusion and of the first-order anti-

cline.

The last stage in the development of the geology of the

Rankin Inlet Group as mapped was the uplifting of the area and

the removal, by erosion, of a major part of the volcanic sequence

which is preserved only in the second generation synclines. This

uplifting and erosion was accompanied by the formation of joints

to relieve the strains developed in the rocks and of two major

north-northwest trending strike-slip faults.

Comparison of the Rankin Inlet Group with the Other
Geosynclinal Sequences Outcropping West of Hudson Bay

Two groups of rocks outcrop within predominantly gneissic

terrain in the southern Keewatin. The Archean Kaminak Group

rocks in the area southwest of Rankin Inlet have been described

by Davidson (1970a, b) , Heywood (1973), Ridler (1971, 1972, 1974

and 1975) and Ridler and Shilts (1974) . A summary of the depo-

sition and stratigraphy of the group is presented in Davidson

(1970b) . Subsequent to widespread outpouring of basalt and

andesite flows, volcanism tended to become localized as the lavas
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became more acidic in nature, forming local piles of flows and

pyroclastic rocks of largely dacitic composition. Thin-bedded

grey to greenish-grey slates, greywacke-siltstones and fine-

grained quartzose greywackes with minor tuff beds and magnetite

iron formation interbedded with grey siltstone were deposited

contemporaneously with the acid flows between the acid volcanic

centres and intercalation of sedimentary and pyroclastic rocks

occured adjacent to the centres. All of the coarser sediments

and perhaps much of the finer grained sediments are probably

volcanogenic, being derived predominantly by reworking of felsic

tuffs and breccias.

The second assemblage outcropping southeast of Rankin Inlet

is the Aphebian Hurwitz Group whose extent and composition have

been described by Davidson (1970a, b) , Heywood (1973) and studied

more intensively by Bell (1968, 1970a, b) . Bell (1970a) summar-

izes the depositional history of the group and tabulates its

stratigraphy (Fig. 23). The Montgomery Lake sediments, Padlei

Formation and Maguse Member of the Kinga Formation are believed

to have formed in terrestrial basins while the overlying

Whiterock Lake Member of the Kinga Formation formed during

transgression onto the craton. A geosynclinal stage with

deepening and broadening of the stable platform and introduction

of volcanic material then occured during which the Ameto Forma-

tion, including the volcanic Happotiyik Member, and the Post

Ameto complex were deposited. The last stage of history of the

group was the deposition of the Hurwitz "G" sequence during an

"exogeosynclinal" or "molasse" stage of development which was
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transitory to the Hudsonian orogeny.

A comparison of the stratigraphy of the Rankin Inlet Group

with those of the Kaminak and Hurwitz Groups indicates that the

Rankin Inlet Group is similar to the Hurwitz and different from

the Kaminak Group. The volcanic rocks of the Kaminak Group

underlie the sedimentary elements of the group and evolved

towards a more acidic magma during the waning stages of vulcan-

ism. Four complete and one incomplete volcanic cycles, from

predominantly mafic to predominantly felsic products, were

outlined by Ridler (op. cit.) during his study of the stratigra-

phy of the Kaminak Group east of Padlei. Volcanism in the Rankin

Inlet and Hurwitz Groups occured only after deposition of a

relatively thick sequence of sediments and only minor evolution

of the magma was recorded during the single episode of vulcanism.

No volcanic rocks more felsic than basalt were produced during

the volcanic episode associated with these two groups. The

sedimentary rocks of the Kaminak Group and other Archean

sequences are generally poor in dolomites and mature quartzites

(Dimroth et al, 1970) but the Rankin Inlet and Hurwitz Groups

both contain distinctive ripple-marked orthoquartzite beds and

dolomite beds. The quartz ite and dolomite sequence is better

developed in the Hurwitz Group, which includes a thicker sedi-

mentary component and possibly thinner volcanic sequence than

the Rankin Inlet Group. Sediments younger than the volcanic

sequence occur as part of the Hurwitz but no such sediments

were found in the Rankin Inlet Gro\;ip. This is more likely due

to non-deposition than deposition and subsequent erosion. There-
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fore, the Rankin Inlet and Hurwitz Groups evolved along similar

lines and are probably time equivalent but are two different

sequences.

Conclusions

The Rankin Inlet Group consists of an assemblage of grey-

wackes overlain by quartzite and dolomite in turn overlain by

volcanic rocks. The sediments have been intruded by gabbroic

sills, probably segments of the feeder system for the volcanic

flows, ultramafic sills and a granitic body. Two periods of

deformation and two types of metamorphism have altered the

distribution and lithological character of the rocks. Gravita-

tional sliding resulted in the formation of isoclinal folds now

exposed in the sedimentary-volcanic sequence at the west end of

the inlet. The intrusion of granitic rocks in the Diana Lake

area resulted in the formation of a contact aureole, superimposed

on the regional metamorphism to upper greenschist facies, and in

the generation of a second sequence of folding along east-

southeast trending axes.

Although the Rankin Inlet Group was previously mapped as

a part of the Kaminak Group and considered to be of Archean

age, a number of its features indicate that it is correlative

with the Aphebian Hurwitz Group. Geochemical studies indicate

that the volcanic rocks of the Rankin Inlet Group are similar

to oceanic tholeiites as opposed to the Kaminak Group and other

Archean volcanic suites which differentiated along both the

tholeiitic and calc-alkaline suites. The presence of super-
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mature sediments such as quartzite and dolomite and their

occurence at a lower stratigraphic level than the volcanic

flows also indicate the Rankin Inlet Group is Aphebian in age

rather than Archean.
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APPENDIX A

Analytical Procedure and
Treatment of Data

The sixty-four rock samples were ground to -80 mesh: 21 in
high purity chrome-steel vessels and 43, those analyzed for the
four trace elements as well as the nine major elements, in high
purity tungsten carbide vessels free of nickel and chromium
contamination. Laboratory treatment of all the samples involved
the following steps :

(1) a 0.2000 gram sample of powdered rock and 1 gram of
flxxx (2 moles Boric Acid + 1 mole Lithium Carbonate) were mixed
in a platiniim crucible and fused for one-half hour at lOOO^C.

(2) the crucible containing the fused sample was plunged
into 75 to 100 ml of a three per cent nitric acid solution. The
solution and crucible were then placed on a shaking table until
the fused sample was completely dissolved.

(3) the crucible was washed off with the 3 per cent nitric
acid and removed from the solution which was then diluted to
200 ml with nitric acid to give a one molar solution.

(4) dilutions were made of the one molar solution to
produce 0.5 and 0.25 molar solutions.

(5) for the calcium determination, 2 ml of a lanthanum
oxide solution produced by dissolving 14 grams of La03 in 1000
ml of 3 per cent nitric acid, were added to two ml of one molar
stock solution and diluted with twenty ml of distilled water.

Major and trace elements were deteirmined using the Perkin-
Elmer 403 atomic absorption unit. Standard curves were prepared
for each element using the United States Geological Survey rock
standards G-2, GSP-1, AGV-1 , BCR-1, PCC-1 and DTS-1 (Flanagan,
1969) dissolved and diluted identically to the unknown samples.
Deviations of the standard rocks from linear curves give the
following error limits for the various elements determined:
Si02: ±0.6%, AI2O3 : ±0.4%, FeO (total): ±0.2%, MgO: ±0.2%,
CaO: ±0.1%, Na20: ±0.2%, K2O : ±0.1%. Ti02 : ±0.06%, MnO : ±0.01%,
Cr: ±25 p. p.m., Cu: ±2 p. p.m., Ni : 120 p. p.m., and Zn: ±10 p. p.m.

A PDP-8 computer was used to standardize the values obtained
during the analysis of the rock samples and those values obtained
from the literature for comparison purposes. It was programmed
to

:

a) recalculate all weight per cent values to a sum of 100

b) calculate the total iron, Fe203 and FeO content of the
rock as follows

:
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Appendix A (con't)

1) if the Fe203 and FeO content of the rock was known,
the total iron value was determined using the formula
FeO (total) = FeO + 0.8998 Fe203 (Irvine and Baragar, 1971);

2) the Fe203 and FeO values were then calculated
using the FeO (total) value and setting the Fe203 value
as Ti02 content +1.5 (op. cit.) and the FeO value as
FeO (total) less the new Fe203 value. If Ti02 content
+ 1.5 was greater than the FeO (total) , the Fe203 value
was calculated as .20 FeO (total) and the FeO value as
.80 FeO (total)

.

The recalculated analysis values were then punched onto
data cards and fed into a Burroughs computer along with a

slightly modified CIPW norm program which calculated both the
weight per cent and per cent cation equivalents of the normative
minerals

.
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APPENDIX B: Sampling Location of the Analyzed
Rock Samples

SAMPLE
NUMBER LOCATION

GC 2-5 collected at irregular intervals along a traverse
bearing 290" from west of Nipissak Lake to the
north shore of a small kidney-shaped lake.

GC 6-12 continuation of above traverse along a bearing
275° from the northwest end of small lake to the
edge of a major north-trending valley.

GC 13 collected every 500 to 700 feet along a traverse
GC 14-21 bearing 130° from the shore north of Panorama

Island to the point of the V-shaped bay at the
tip of Kudlulik Peninsula.

GC 22-26 north end of the large island west of Tudlik
Peninsula.

GC 27-28 mainland north-northwest of GC 22-26 sites.

GC 29-32,65 mainland west-northwest of Tudlik Peninsula.

GC 33, 52 north end of Barrier Islands and the peninsula
GC 34-37 to the north.

GC 38-44 Thomson Island and the mainland to the north-
northeast.

GC 4 5-47 east of Johnston Cove at the tip of Kudlulik
GC 48-50 Peninsula.

GC 51 south of the Char River system.

GC 53 south shore of Marble Island.

GC 54-56 Kudlulik Peninsula: east, north and northwest
of Nipissak Lake.

GC 57 south of the major widening of the Meliadine River,

GC 58 east of the Diana River.

GC 59 southeast corner of a U-shaped lake east of the
Meliadine River.

GC 60 northeast of Atulik Lake.

GC 61 island on the south shore west of Kind Islet.

GC 62 south of the widening of the Meliadine River.

GC 63 northeast of the Diana River.

GC 64 Nedlik Island on the south shore.
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APPENDIX C: Description of the Analyzed Rock Samples

SAMPLE
NUMBER

en O
N 0>

(0 H-
3

DESCRIPTION

Texture and Rock Type

MINERALOGICAL COMPOSITION (in %)

(estimated from thin section)

lO





Appendix C (con't)

SAMPLE
NUMBER

en o
H- H

DESCRIPTION

Texture and Rock Type

MINERALOGICAL COMPOSITION (in %)

(estimated from thin section)
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PLATE I: Greywacke sequence on the Isle of
Cairns

n

-^' ,*'
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PLATE II: Ripple marks in metaquartzite on
Kudlulik Peninsula southeast of
Nipissak Lake
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PLATE III: Fractured dolomite cut by quartz
and pyrite-pyrrhotite veins at
the top of Melvin Bay

PLATE IV: Sheet of granular white calcite
with dark grey streaks of chloritic
material covering a pillowed
volcanic flow on the northeast
coast of Kudlik Peninsula

lM_5





PLATE V: Multiple-lens quartz eyebrow
structure in pillowed flow at the
southeastern end of Kudlulik
Peninsula

PLATE VI: Single-lens quartz eyebrow structure
in pillowed flow north of Tudlik
Peninsula
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PLATE VII: Volcanic breccia or agglomerate
at the southeastern end of
Kudlulik Peninsula

PLATE VIII: Schistose tuff on the west coast
of Tudlik Peninsula
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