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ABSTRACT

The Wabush Lake area of southwestern Labrador
embraces parts of the Superior province, the Labrador trough,
and the Grenville province. Certain structural relations

regarding these are evident from a regional structural

. examination of part of this area. Labrador trough formations

are readily distinguishable in the Grenville province and
provide an unusual opportunity to examine the effects of
regional metamorphism and deformation upon older formations.

The metamorphic rank of trough formations varies from green-

schist along the Grenville front to amphibolite rank within

the Grenvillé province, the metamorphism retrogressively
affected basement gneiss and gabbro intrusions.

A deposit of iron formation in the amphibolite
rank area lies in a larée, northwestward overturned, sub-
isoclinal syncline whose northeast trending axes are sub-
horizontal. The minerélogic schistosity in- the bedding-
foli?tion laminae forms a widespread lineation that plunges
southeast, parallel with the axes of small folds and
nearly parallel with one of the intersection axes described
by foliation attitude variations. These linear fabric ele-
ments are subnormal to the axes of other small. folds and
the syncline. The age relationships between the two sets

of folds are not locally apparent because the kinematic




gsignificance of the miﬁetic lineations is unknown. The
southeast plunging folds, lineations,'and related northwest
trending axial surfacesbére however, superposed in space
upon, and preferentially developed in, the northwest limb of
the syncline.

A large scale, regional fold system extends north-

easterly through the area. The distribution of trough for-

mations in this system outlines a linear to arcuate structural

- pattern that is systematically arranged with respect to a

more uniformly, northwest trending regiohal fold system which
has significantly reoriented the northeast trending system

in several parts of the area. One, northwes£ trending, axial-
hinge zone cuts completely acro;s the northeast trending fold
systém from well within the Grenville province to.abut agahui

the Superior province gneiss jimmediately northwest of the

Grenville front. One fold discovered in a regional examina-

tion conclusively demonstrates that the northeast trending

folds are older than the smaller northwest trending, super-

. posed folds.

The northeast trending fold system is structurally
correlated with the Hudsonian fold system in the central
Labrador frough. Gabbro intrusions occupy both northeast

and northwest trending structural lineaments, and are kﬁown

to have been metamorphosed and deformea by the superposed
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orbéenic events. There is reason to suspect that these are
Elsonian intrusions, if so, this period is perhaps about the
time of the early to middle stages of the orogeny that ‘
affected this part of the Grenville province.
The Grenville front is a zone about 4 miles wide
_that follows the northwest edge of the Labrador trough for
about 30 miles in the Wabush—SawbilllLake area. The trough
formations and the northeast trending fold system are con-
tinuous along the_front zone, and the northwest trending,
superposed fold system is basically continuous across the
front zone. Superposed deformational effects change south-
eastward from cataclastic features in the Superior province
gneiss; accompanied by folds in the trough formationsvin the
front zone, to passive folds of variable amplitude in the
amphibolite rank area.

The trough formations, and the two fold systems in
the Grenville front zone, are not cut by any recognizable,
_regional, post métamorphic-deformational eyent fault sistem.
_ipe relationships between the Suﬁerior province, the Labrador'

tfough, and thé Grenville province imply, as a working
hypothesis, that migratory processes of superpoéed me tamor-
phism and deformation'operated,“in situ”, ﬁpcn older rocks
and structures as a result of the variable imposition, in

space and time, of heat from outside sources related to the




long term, regional scrustal diastrophism that is responsible

for the development of the Grenville province.




INTRODUCTION

The meaning of the term »Grenville" has long been a
subject of debate. It has meant a éedimentaty series,
regional metamorphism, granitization, deformatién, orogeny,
an area, or time to different geologists. The geology of
the Grenville province is complex and regionally variable
as a result of a long history of multiple sedimentary.
intrusive, mgtamorphic and deformational events. These
ev ntg affected and produced'rocks of vérious origins in
different parts of the province during several periods of
time extending from the Archean to thé middle -Proterozoic.
Potasgium-argon ages record only the terminal petiod.of
the last major event, an orogeny characterized by wide-
spread regional metamorphism and deformation. Grenville
is used as a provincial term in this paper.

Rocks of the Superior and Churchi11<provinces have
been -traced across the northern bbrder of the Grenville
province in séveral areas. One of tﬁese areas is unique
because the rocks represent three of thé fundamental geo—

logic units of the Canadian shield. This is the Wabush

‘Lake area in southwestern Labrador, figure 1, where Archean

Superior province basement gneiss is overlain by Protexo zoic
formations of the Labrador trough and the rocks of both

groups are metamorphosed and aeforﬁed in the Grenville




province., The Labrador trough formations are readily
distinguishable over a lafge afea in the Grenville pro?ince
and provide a most unusual opportunity to examine the
effects of regional metamorphism and deformation:upon these
formations; The structural geology of part éf this area is

the subject of this paper.

The Problem

The sedimentary formations in the Wabush Lake.areé are
deformed into complex, large scale folds whose limbs strike
in several directions, and smaller scaled folds whose axes
are oriented at variable angles to the axes of the large
scale folds. The problem of the relationships between
these structures was specifically examined in 1959 while

the writer was engaged in studies of the Julienne Lake

" deposit of metamorphosed iron formation.

This examination indicéted‘that the small folds are
partly depehdent’upon the large folds for their orientation.
The writer felt that the regional étrdctures in the meta-
morphic tectonites might be similarly relatea. Subsequent
wérk has involved the collection and examination of infor—
mation for a structural analysis of an area sufficientlf
large to examine.the relationships and to include a part of

the boundary between the Superior and Grenville provinces.
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Geologic Information

The presence of ferruginous and associated unmetamor-
phosed rocks in the central Labrador trough has been known

since 1893. Geologic.information concerning the Wabush

Lake area, in the metamorphosed southern Labrador trough,

dates from 1914 when the area was prospected for gold;
Sevgra; expeditions were in the area before World War Two,
geologié information collected during one of these periods
was présentéd by Gill, Bannerman, and quman; (1937).

Systematic geologic investigations sponsored by
exploration groups for iron ore resources began in 1948 in
the Mt. Wright area an& date from 1949 in the Wabush Lake
area. There were at least six fieid parties in the district
in 1953; geologic mapping, drilling, and ieléted‘mining
development wbrk has been done each year since. Several
stndénts have written thesis about various aspects cf the-
geology in different parts of the area. _Inéluding company
reports, there is a broad literaturé.concerning the reéion
of eqonomic interest embraced by the southern extension of
the Labrador tréuéh. |

The Gedloéical Survey of Canadé and the Quebec
Department of Natural Resources have sponsored field pardéé
in different parts of the region. The area specifically‘

included in this study is part of the large area mapped by




Fahrig, (1960). that extends into the central Labrador

trough. Duffell and Roach, {1959) . mapped a large part of
the region around and southwest of Mt. Wright. Jackson.
(1962), examined an area between Mt. Wright and Wabush Lake.
Clarke, (1964)., included a structural review in his
examination of the Mt. Wriéht—Lac Gras area, 30 to 50 miles
southwest of Wabush Lake.

The geology of the region is varlable on a broad scale
and the significance of local relationships may'easiiy be
misinterpreted; Some of the interpretations made by the
writer in 1954 and 1955 from local igvestigations wefe‘
found to be in error during regional mapping programs con-
ducted in 1956, 1957 and 1958. The observations made during
these programs by the writer's field parties appear in two
papers concerning the.Wabush Lake area, Knowles and Gastil,
(1959), and Gastil and Knowles, (1960) . These papers were
presented to stimulate interest in thé geologic problems of
the area. The field work upon which they were based was
handlcapped by the logistical problems ‘that confront every-
one working in the region. The area of general 1nterest is
s0 £mﬁense and inaécessable. and exp;oration righgs are so
divided, that no single person or group has yet ﬁad an
opportunity to become geologically famil;ar with more than"

small parts of the region. Divergent opinions arose under




these circmqtanées, but as infoﬁation accumuiétéﬁ a
reasonable uniformity of thought has developed about general
geologic relationships. particularly with respect to
stratigraphy and metamorphism. '

‘rhls does not apply to the structural aspects hawever.
Virtually all of the geologists have recogm.zed structural
eanplexity, their reports usually mention two fol’d systems.
Some attempted to interpret the structures, others were

‘content merely to point out the structural complexity.

Purpose ~ Scope

This paper presents the available evidencé regarding
the structural geology of the area. The structural
relationships between large and éxﬁall scaled fold sets with
different trends are examined and im:erpreﬁed in terms of
orogenic events. It is hoped that the work will, in some
measure, contribute towarés a better m’iderstanding‘ of
geologic problems in the Grenville province.

The work is a regional investigation limited to the
map area investigated, ‘although the writer is confident
that the results are applicabj.e to adjoining areas. It iq'
based 'upon mesoscopic and macfoacOpic evidence gathered
from outcrops and drill core. It is intended to serve as a

_framework for future detailed structural stﬁdies of local




areas which should include microscopic scale investigations

Procedure

The Julienne Lake deposit is examined in detail.
Mesoscopic scale fabric elements and observed small folds
are dgscribed and illustrated. Thé geometric relationships
between the fabric elements are graphically exanined in

equal area pro;ectx.on. Mesoscopic and macroscopic physical

" evidence in the deposit is correlated ‘with the gecmetry to

relate the surficial pattern described by the distribution

of submembers of the iron formation to the macroscopic

foids. The deposit is found to be an overturned syncline

containing smalleffolas whose axes are oriented subnofmal
to the axes of the syncline. |

The regiorial examination utilizes infomati;on collected
by numerous geologists and a limited amount of information
collected specifically for this study. The examination is‘
largely based upon the patterns described by the distril:futiql
of formatxons and the geanetty desctxbed by attitude
variations in 15 large domains. Local mesoscopic features
are included to illustrate structural features. The
regional relationships are found to be similar to those
found in the Julienne deposit.

Interpretations directly related to the evidence are
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presented in the first three sections, geotectonic con~

siderations are discussed in section four.

Geography - Physiography

The location of the Wabush Lake-Mt. Wfight area is
shown in figure 1. Tﬁe towns of Wabush and Labrador City
gervice the two iron ore mining operations currently
operating in the area. A local network of roads allows
access to some parts of the area. A much larger area is

accessible by boat from the wabush-Julienne-Shahogamo'lake

system. ' )

‘The area specifically included in this paper is the
area included within the Wabush Lake sheet, number é3GZ of
the National Topographic 8yétem. The sheet includes an ate$
of ;bout 350 squafe miles situated in the northeastern part
of the Wabush Lake area. ’ A

The area is part of the Labrador plateau. The
relatively even skyline is formed by numerous rounded hil}s
that rise 300-800 feet above the elévatién)of lowland areas.
The physiography is dominated Ey a geologically controlled
range of hills that extends northeastward through the area.
The range contains a largé proportion of quartzose rdcks
that have been more resistant to erosion and §1ac;al‘action.

The highest part of the range is situated just west of
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Wabush Lake, where barren quartzite ridges reach elevations
éxceeding 2800 feet and are known as the Wapussakatoo
Mountains.

Numerous glacial striae indicate southeastward glacial
advanée. common glacial features include: roches
moutonnées, striae, erratic boulders, moraines, sandy
outwaéh deposits, eskers, kame and kettle forms, crag and
tail forms, and elevated wave cut terraces. Henderson,
(1959) . has reported on the glacial geology Sf'the area.

Much of the area is covered by a blanket.of bouldery
ti 11 that does not cover bedrock equally, some lowland areas
are completely covered, others have only a thin cover.

Some upland areas are heavily blanketed, others are barren
rock. BExtensive deposits of fine silt in some lowland areas
below terrace level indicate deposition of fine clastic
material in glacial lakes. ‘

The sub-arctic climate supports an open spaced woodlaﬁd
forest of black séruce with a caribou moss ground cover in
drained areas. Wet areaé support Labrador tea (a variety
of Iaurel) and glders; Subordinate trees include balsam,

tamarack, aspen, and locally, white birch groves. The tree

line is situated at about elevation 2500 feet, lichen and

moss are found at higher elevations.
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GeologicISetting

jhe sedimentary seéuence present in the area has a
distinctive lithology and provides the reference to which
the total gedlogic picture is related. The iron formation
is a unique and readily identifiable sedimentary rock that
was originally nearly flat lying. The formations are
correlated with the Labrador trough sequence of Proterozoic
sediments. This provides a time-stratigraphic reference
useful in interpreting the effects of younger geologic
evenps.

The trough formations'have their origin andiéubsequent
historg in a long zone that exhibits geologic features -
characteristic of geosynciinal evolution. The term, trough,
is derived from thé lowland physiograpﬁic expression of the
formations in the cgntra; Labrador trough.: The term,
Labrador geosyncline, has beén used synonymously with
Labrador trough. bFrarey and Duffell, (1964), have revised
the stratigraphic nomenclature for the central part of the
Labrador tréugh. fhe term “trough rocks” is commonly used
when referring to the formations contained in the Labrador

qeoayn&line. The writer will use the terms trough for-

" mations and trough structures when referring to the sedi-

mentary and structural aspects of the Labrador geosyncline.
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The Labrador Trough

Labrador trough formations are present in a zone
extending about 700 miles from the western side of Ungava
Bay southeasterly, southerly, and southwesterly to the

Matonipi Lake area. Gross, (1960), has described the

general features of the iron formation present in the trough

and his map well illustrates the immensity of this structure.

The presence ¢f iron formation in somewhat similar sequences

further west at each end has lead to correiations with
other areas, as the Cape Smith, Belcher and Mistassini
areas, but the lack of continuity restricts the term.
Labrador trough to the unit lying east of the Superior
province, or where the trough formotions are recognizable
within the Grenville province.

The geology of the Labrador trough is summarizeo in
wphe Labrador Geosyncline® by Gastil, et al (1960) . The
geology of the northern portion istherein described by
Bergeron, the central portlon by Blais, and the southern
portion by Knowles: * the historical synthe51s is by Gastll.

The trough formations rest unconformably upon
Superior province granxtxc gnelsses exposed to the west;

The three main trough groups appear to total in the order

‘of 20,000 feet, Harrison, (1952). The formations consist

of stable shelf-miogeosynclinal sedimentary rocks in the
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western portion which interfinger with eugeosynclinal
voléanic rocks further east.

The metamorphic rank of the western part is low and
the assemblage contains grit, sandstone, arkose, Eﬂale,
slate, chert, dolomite and iron formation. Mq@amorphism
intensifies eastward, it is accompanied by a greater pro-
portion of volcanic rocks and basic intrusions, and the
identity of western trough formations is gfaduaily lost
proceeding eastward.

The struétural geology in the central Labrador trough
is characterized by folds and associated thrust faults that
trend northwest.in the main fold zone. This zone trends
parallel with ihe distribution of ﬁhe trough formations
northwest of Schefferville, but trough formations also lie
west of the main fold zone south of Schefférville. 'the
typical structure in the main fold zone near Schefferville
ig “the overturned anticline, with a large part of the
overturned limb truncated along a thrust fault”, {(Harrison
1952, p; 15) . Synclines commonly have sharper hinges than
anticlines and are often V.shaped, piuhges are typically

low to moderate and reversals of plunge are common.

Formations - Wabush Lake Area
Ashuanipi Complex. The basement complex exposed in

the northwest part of the map area is a part of the
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Superior province assemblage of hybrid gneisses. puffell
and Roach, (1959): Fahrig, (1960): and Stevenson; (1964),
have mapped these rocks for the éeoloqical Survey of Canada.
The complex consists of massive and foliated gneiss of
granitié to granodioritic composition, and pyroxene bearing
granodiorite gneiss. 'They contain mineral assemblages
stable in tﬁe granulite facieS*of'xe;ional metamorphism and
have been attributed to the charnockite su;te. They are
characterized by the presence of greasy feldspar and blue
colored quartz eyes.

‘ Jackson, (1962), reports no hypefsthene in these
rocks where he observed them, but Clarke, {(1964), recognized
hypersthene granulites of intermediate to basic composition
in the Mt. Wright area. He felt that some of the coarse
grained, leucocfatic-gneisses,represented intrusive ro;ks.

These workers agree thaé these rocks have suffered
retrograde metamorphism in the Grenville province and that
the degree of alteration increases southeastward. Hypex-
sthene is partly to completely converted to anthophyllxte-
uralite, bxotlte and quartz in the retrograde greenschxst
zone; and to garnet, biotite and quartz in the amphibolite
rank areas.

Southwest of latitude 53N, the northern edge of the

Grenville province is marked by the transition zone between
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Superior province granulite and Grenville province
amphibolite rank metamorphism. The line of X marks on
figure 1 represents the approximate location of this zone
as mapped by Duffell and Roach, (1959). To the northeast,
a zone‘ about 4 miles wide of greenschist ﬁetamofphism in
trough formations lies between the Superior province and
the amphibolite;rank érea. Northeast of Sawbill Lake, the
Grenville Front is marked by the chéngé from slate to schist
and gneiss éf argillaceous trough formations. Fanrig,
(1960), has mapped the biotite isograd in trough formations

and is shown on the regional geologic map.

Katsao Formation. The Katsao is the oldest tabrador trough
formation recognized in this district. It is a coarse
grained, garnetiferous, mica, qua?tz-plagioclase, 1it-par-
1it paragneiss. Biotite usually predominat;es‘ over mmco‘vite.j
Hornblende may be an i'mportant ;ocal constituent, and quartz
rich horizons also occur. The quartz exhibits undulatory
exfinction, garnets are sometimes fractured, and bémdinage
forms exist. ‘

The formation probakly originated as 2 pelei:i;;
‘assemblage of sandstone, siltsﬁone, ané shale; it may be
correlated with the Attikamagen fomation in the centrai

“Labrador trough, table 1. Its thickness is unknown.
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puley Formation. The Duley formation is a coarse grained,

banded siliceﬁ_oustmeta—dolomite. Saméles collected near
Lake Leila Wynne indicate a composition of about 11% silica
27% calcium oxide, 19% magnesium oxide, and 42% carbon
dioxide. The marble contains ‘numerons parallel quartz
stringers a few inches thick. Some of these are continuous
for distances known to exceed 50 feet and appear to
represent bedding, others are more lens lxke and extend a
few inches or a few feet. The writer has not observed '
cross-cutting relationships between these quartz stringers.
 premolite is occasionally present along the 'quartz—c-arhma'te
interface. The makble is locally represented by white,
lime—s,i.licate rocks containing tremolite; quartz, diopside.
and calcite in variable proportions, Dobell (1957).
‘ nu.scovx.te is sometimes present in brown weathering bands.
' The Duley formation may be correlated with the Denault

" dolomite in the central trough. The thickness of the
formation is unknown dbut it is regionally varial;le to over
several hundred feet. Defomationél iamella have »nqt been

observed in thin sections.

Wapussakatoo Formation. The Wapussé.katoo formation is the
mssi.ve, white, quartzite responsible for the prominent
ridges in the Wapussakatoo Mountains. It was subd:.v:.ded by

Mumtazuddin, (1958)., into a thin muscovite bearing lower
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member; a thick, (200 feet plus), massive middle member:
and a thin upper member in which iron oxides may locally
occur. The quartz crystals are typicﬁlly glassy, % to 2mm
in diameter, generally inequigranular and exhibit undulose
extxnctxon. The question of whether the quartzite might
represent a metamorphosed chert lead Gross, (1955) to
examine specimens from the Mt. Wright area for heavy
minerals. He found rounded zircons and concluded that the
formatlon is a completely recry;talllzed exceptlonally
clean sandstone. Clastic grain forms have not been cbserved
‘in thin section to the write:‘s knowledge; There is at
least one locality however, where a quartzite ottcroﬁs in
which small pébbles and grains can locally be observed'in
the pértially rectystallized quartzite—érit. This outcrop.
on the northwest shore of Julienne Lake, is believed to be
‘part of the Wapussakatoo formatlon.

The Wapussakatoo formatlon is not everywhere resistant
to erosioh. There are places where it Qas less fesistant'
than adjacent formations, and it is extremely friable and
underlies a valley at bne place south of W#bush Lake. The

Wapussakatoo quartzite may be correlated with the Wishart

quartzite in the central trough.

Huquette Formation. This is a thin, (0-50" feet), formation

that lies between the quartzite and the iron formation in
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several places iﬁ the area. It has a variable mineralogy:
assemblages include biotite-ho;nblende amphibolite with
qqartz and plagioclase. gafnet-biotite-hornblende schist,
quartz-muscovite gchist, and quartz—feldspa;-muscovitef
biotite schist. Ii is highly altered to é-sericitic mud in
some places. This formation may b; correlated with the

Ruth formation in the central €rough.

. : . A . . ) A Lt
Wabush Formation. The wabush iron formation 1s the most yag

<2

widely distributed formation. It has been found resting
ey T Al
upon basement gneiss, upon the Katsao, the Duley, the
Wapussakatoovand on the Huguette. Tbe rocks and deposits
“of this formation have naturally received more attention
than other formations because of its economic sighificance.
It contains three basic mineralogic assemblages: 1)
quartz—iron oxides, 2) quartz-iron—silic;tes, and 3) quaéti-
jron carbonates. The iron oxides are specular'hemétite,
hematite (martite), magnetite, and minor limonite-goethite.
The iron silicates include a great variety of minerals.
The cumming;onite-grunerite series predominates, other
associated silicates include garnet, ferrohypersthene,
hornblende, actinolite and clinopy?oxene among thé more
common ones, plus.sﬁch alteration products as chlorite,
stilpnomelane, tale, and limonite-goethite. The iron

carbonate is usually considered to be ankerite, though
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siderite, sideroplesite, pislomesite and parankerite are
reported in the literature. Thefe Qre also small amounts
of‘cﬁlorite, stilpnomelane, calcite and graphite;

These mineralogic varieties are present in layers in
the iron formation of such thickness and extent that they
form distinct mineralogic members. Some members are mix-
tures éf some of the varieties. The relationships between
the members vary systematically, geographically and strati-
graphically, in such a manner that most workers in the area
have accepted the concept of pre-metamorphic compositional
facies changes as the major cause of the internal stréti-
graphic-mineralogic constructioq’of the iron formation,

The iron formation can be classified as in Table 1l.
Tﬁese facies~members are usually distinctly'laminated

to thinly banded, but massive bands tens of feet thick are

. known, particularly in quartz-magnetite members. The mem-

bers often grade into each other across sharp contacts and
retain their identities»along strike. - ‘
The éuartz and iron oxides usually form a mosaic, in
which the quartz tends to have a p&lygonal texture with
st;aiqht line quartz-quartz boundaries and triple grain:

junctions. This is bne‘of the features suggesting post

deformational annealing recrystallization, Rast, (1964) .
. - * '9_ .

‘Quartz seems to preceed iron oxides in the paragenitic
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sequenqe.‘ !lagugtite is typically finer grained than ad-
jacent specular hematite. The silicates are' usualiy 1~4 mm
in length and often lie parallel with each other to form a
lineation. Undulatory extinctio;a is weak and seldom ob-

served. Certain bands within the oxide members contain

small carbonate lenses about one half inch long. These are

locally leached and the vugs are coated with secondary iron

or manganese hydroxides.

Table 11

Compositional Facies and Metamorphic Mineralogy
Wabush Iron FPormation - Grenville province.

Chert-iron facies. najor'metamorphic mineral
’ -assemblages

Oxide quartz-specular hematite-
anthophyllite
quartz-specular hematite
quartz-specular hematite/

) magnetite
quartz-magnetite
Iron Oxide-Silicate quartz-méq‘ne’tite—cumingtonite{
grunerite
Silicate * quartz-cummingtonite/grunerite,
quartz-actinolite s
'Silicaté-Carhonate . qnartz—cmmingtoﬁite/gtunerite-
' ankerite
Carbonate quartz;-ahkerité o
Sulfide (rare) pyrite and graphite with

silicates
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The stratigraphy within the iron formation is locally
and regionally variable. Jackson, (1962), indicates a
sequence £or'his area, from older to younger, composed of
silicate, oxide, silicate/oxide, carbonate, and silicate
_ facies totalling about 1000 feet. Gross, (1955), did not
';ecognize a stratigraphic sequence at Mt. Wright, but felt
that oxide facies might grade into silicate faciés along
strike. Clarke, (1964), reports tﬁat a layer of irom
formation changes from oxide to Qilicate-iarbonate facies
along strike in the Bloom Lake synéline. The latter is the
only locaiity the writer is aware of where a'lateral facies
transition has been'directly observed.

Carbonate and silicage facies fofm the lower members,
ané oxide facies the upper members in the Wabush Lake'area;
These are known as the Lower and Upper wabush formations
respectlvely. The Upper Wabush locally grades upward into
_a quartz rich member that exhibits alteration products
sométimes seen in carbonate iron formation. The total
thickness of the iron forﬁation around Wabush Lake exceeds
700 feet. The Wabush formatioﬁ is correlated with the’

Sokoman formationAin the central trough.

‘Nault Formation. Most Nault rocks in the Wabush—Shabogamo
Lake area are dlstlnctly phyllxtzc to weakly schxstose and

exhibit assemblages stable in the upper greenschist
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metamorphic facies due to their location along the Grenville
front zone. MNorthwest of the biotite isograd, Fahrigq,
(1960), and others who have worked there, describe the
Nault as consisting of a mixed—assemblége qf phyllitic,
chloritic, locally carbonaceous, polymictic grits, argillites
and sandstones, The Nault is correlated with the Meniﬁek
formation in the central trough. The Menihek formation is
composed of a thick succession of argillites, éandstones.
carbonaceous shale-slate, and greywacke with mino; chert
and dolomitic horizonms,

Some areas in the_general vicinity of the Wabush-
Nault contact zone are underlain by granitic rocks. They
are believed to be granitized equivaleﬁts of the Nault or
Katsao formations, although they may be Qifficult to dis-

tinguish from granitic phases of the Ashuanipi complex.

Shabogamo Intrusiohs.. The Shabogamo gabbros aerivg their
name from a large area southeast of Shabogamo pake where
they form the core of nearly every ﬁill. They vary in
composition from dioritic{to ultrabasic, but for the most
part they consist of olivine bearing gabbro or their
metamoréhosed derivatives. They range from tabular bodies
severél miles long concordant within the regional structural
pattern to small plugs a few tens of feet actoss and intrude

all formations in the district, Outside of the type area,
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they are most abundant in the quartzose zone where the

Wapussakatoo and Wabush formations predominate.

The lafger bodies exhibit fairly fresh gabﬁro with a
subophitic texture, but thin sections indicate that some
degree ofjalteration is usually present. The borders of
these bq?igs often consist of a garnetiferous amphibolite
or stripﬁed biotite schist that changes inward into a
spétted, hornblende-feldspar rock thatvgradually gives way
to normal appearing gabbro. There are tabular ;mphibolites
in the iron formation in several places. Gross, (1955),
ghowed, on the basis of chemical composition, that thesé
_ are amphibolitized gabbro. Jackson, (1962). Duffell and
Roach, (1959), and Clarke, (1964), have shown that the
fetroérade metamorphism pf the gabbro§ is exhibited by the
develoément of "coronas® of metamorphic amphibolite rank
aiteration minerals surrounding dlivine. »

Thin sills of amphibolitized gabbro are folded along
with the formations they intrude,.and it is generally
accepted fhat>most of the meta-gabbros are not later than

the metamorphism and the deformation.

Other Rocks. Gill, Bannerman and Tolman, {1937), believed
there were intrusive granites north and west of Wabush Lake,

This thought persisted during the early years of regional

investigations and the term “Sawbill Granites" was applied
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to most leucocratic gfanitic bodies.

Subsequent regional investigations have indicated
that these *granites" are probably granitized Nault or Katsao
rocks, or are part of the pasement complex. Jackson (1962{,
suggests the possible existence of a post basement pre-
trough granite, but concludes that there'are no large
granitic bodies known to intrude troﬁgh formations. There
are no post-trough granites or related plutonic rocks‘any—
where in the district'to the writer's knowiedge. though
there are numerous gneiss domes southwest of Mt. Wright.

:Pegmatitic bodies of various sirzes and shapes are
locally present in all formations in the district. They
are most common in the Katsao where they may form bands
of unknown extent concordant with the foli#tion. These
bands locally swell to form lensoid bodies up to ten feet
in thickness. They are coarse grained mixtures of quarﬁz—
muscovite/biotite, albite or oligioclase, sometimes with
’ migrocline;

Pegmatitic veins cut the iron formation in several
localities. They usﬁaily are about 6 inches wide and often
occur in sets that follow fractures. Small, subsidiary
veinlets shoot off from these veins and follow other cracks
dr lie between bedding surfaces where they may be ag thin

as a fraction of an inch. These veins are sericitic mud in
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several places.

Quartz veins are present throughout the area, but are
ﬁot particularly common. - They are coarsé grained and
glassy. Sulfides are reported to be associated with them
in a few localities but are of no economic significance.

Quartz Geins containing specular hematite and/or
magnetite occur within the oxide iron formation. They are
not common, are only a few inches wide, and ére discon-
tinuous. No veins containing iron oxides are known to
exist in other formations, though botrygidal goethite is
found in tﬁe Wapussakatoo quartzite in éome areas.

Most students of the district have concluded that the
pegmatitic-quartzose lenses and veins represent migratory
material sweated out of the formations duriﬂg}metaﬁorphism.‘
They probabiy are mostly late metamorphic stage features,

put some deformed or offset veins are reported.

Metamorphism

The metamorphic evidence indicates that there has been
only one peQiod of intense regional metamorphism of Labrador
trough rocks in the Wabush Lake area. The trough formations
north of the Grenville provincevare eésentially unmetamor-
‘phosed in the western part of the trough. Harrison, (1952),
described some enlargement of detrital quartz grains, local

metamorphic development of minnesotaite, partial
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&recrystallization of chert and the formation of slates.
Pregervation of cross .bedding, ripple marks and oolites is
common. Gross, (1960), placed the metamorphism in the
lower greenschist facies, increasing eastward. Neither
Frarey, (1961), Fahrig, (1960}, Wynné—Edwards, (1961), or
Stubbins et al, (1961), considered metamorphism of central
Labrador trough formations of sufficient impértance to
warrant discussion in their papers.

all yorkers who have studied the mineral assemblages
© of the trbugh formations in the Wabush-Mt. wright_district
have found assemblages considered stable in the guartz-
ﬁlbite-muscovite—chloritevsubfaéies of the gteehschist
facies in the Grenville front zone and the almandine-
‘amphibolite facies south of the front zone. The investiga-
tions range from Mt. Wright to the geﬁeral vicinity‘of
Wabqsh. Julienne and Shabogamo Lakes, and indicate thag
amphibolite rank metamorphism was approximately uniform
along the length of the district. Some of the.students
coﬁcluded that metamorphism was more or less isochg?%cél,
excepting the alkali metasdmatismvﬁhat is probably respon-
sible for the granitic gneisses believed to represent
grauitizedAtrough rocks. The retrograde effects of the
regional metamorphism appear in the rocks of the Ashuanipi

Complex and the Shabogamo Intrusives.
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?;hrig, (1960), did not elaborate upon the effects of
metamorphism upon trough rocks in the area herein studied
other than to indicate the approximate position of a biotite
isograd, shown on the regional map, and indicate the
mineralogic contrast on eithér side of the Grenville front
zone. From the writer's experience north and west of
Wabush-Julienne~Shabogamo Lakes,r .he is left with the im-
pression that the metamorphic rank becomes nonuniform or

patchy towards the biotite isograd. The occurrence of

partially recrystallized quartzite has already been men-

tioned and fine grained, chloritic schists and phyllitic
rocks occury in several places in this pért of the area. At
least one deposit of iron formation exists north of Julienne
Lake in 't;hich the silica is present as distinctly granular
quartz while the hematite is fine grained, not the usual
coarse grained, specular variety. Small remnants of red-‘
blue jaspillite also occur; they have been noted "floating”
wifhin normal quartz-specular hematite in the Julienne

deposit.

These observations suggest that the northwest side of

the area of fairly uniform amphibolite rank metamorphism is
a zone several miles wide in which the metamorphic rank
becomes gradually lower northwestward in an irregular

fashion. The variation is probably due to a combination of
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chemical-lithologic variations within the formations,
structurAI relationships, presence or effects of basement
rocks, time, aﬁd perhaps a pﬁrely geographic variation in
the intens%fy of the metamorphic processes. Sufficient
petrographic work has not been done in this area to define
the several isograds that could be recognized. The south-
easterly increasing metamorphic rank is expresséd by in-
creased grain size, replacement of marble by calcium-
silicate gneiss, appearance of kyanite and sillimanite,
presence of granulites, and the development of pyroxené in
the silicate iron formation, |

Several students have investigated the me tamorphism
of the iron formation in considerable detail; Gross, (1955)
Kranck, (1961’, Klein, (1960), Mueller, (1960), Jackson,
{1962), and.clarke, (1964) . Their basic conclusions are
that metamorphic processes operated in a virtually closed
‘sfstem in which the resultant minerélogy was largely V
specified by the chemical composition of the rocks present.
Jackson, (1962), beliéved that much of the hematite in the
oxide iron formation is metamorphicaliy oxidized magnetite;'
however, he did not work in an area where the effects of

post-metamorphic leaching and oxidation were important.

. Sufficient work has not been done to fully examine the

problem of co;existing speculaf hematite, martite, and
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magnetite. Until useful criteria are found for distin-

guishing metamorphic hematite‘from‘later martite, the pro-

blem of oxygen availability during metamorphism must be left

open.

Remarks

The regional mapping in the Wabush Lake area was done
on a lithologic basis and interpretatiods of the strati-
graphic sequence'and the structural relationships are

mutually dependent. The Wapussakatoo quartzite has been

- shown by drilling programs to underlie the iron formation.

This relationship is the basis of regional stratigraphic-
structural interpretations. The iron formation may locally
lie upon any of the older formationgyhowever. Facies
;:hanges. limited sedimentary distribution, or uncon formities
are believed to account for the regionally variable strati-
graphic relationships.

The distribution of the‘formations is a reflection of
the stratigraphic sequence and structural disturbances.
Large, regional folds with subparallel limbs trending

sinuously northeasterly are shown by.thé distribution of

formations across the map area. Northwest trending lines

of symmetry are eipressed by the linear to arcuate pattern.

The structural geology of the Julienne deposit of
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metamorphosed iron formation, situated in the center of the
map area, will be presented in the following chapter. The
structural features expressed in the depo#it are typical and

representative of the structural relationships observed

throughout the Wabush Lake area.
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THE JULIENNE STRUCTURE
General Infdrmation

Exploratiop

The Julienne deposit of metamorphosed iron formation
crops out in a hill that rises up to 220 feet above lake
level. The hill was an island in glacial lake Wabush, a
prominent wave terrace is present at elevation 1820. About
- 300 outcrqps exist above.the terrace where the ovérburden
is thin, the overburden thickens to over 100 feet in short
distances beyond the terrace. The deposit was initially
examined in 1956, nine diamond drill holes were drilledvin
1957-58. Detailed geologic studies weré begun in 1959 and
continued in later years as more informatibn became available.

The peninsula has been magnétically surveyed at 25
foot intervals on lines 125 feet or léss apart in order to
help correlate submembers.pf the iron formation between
outcrops. Magnetic highs‘and lows trend along the length
| of the deposit for distances exceeding 1600 feet. The
magnetic pattern correlates reasonably well with the gene;al
mineralogic-gtratigraphic trends exhibitea at individual
outcrop areés and has been uséd as a guide for the inter-
pretation shown on the ggologic map.

. Magnetic surveys also show that the iron formation

extends at least 15,000 feet in a northeasterly direction




from the northern part of Wabush Lake well into Julienne

Lake. The north of the local grid system is oriented N27W
with respect to true north. All directional references in
the succeeding parts of this chapter refer to the local

grid system.

Stratigraphy-Mineralogy

The white, massive, Wapussakatoo quartzite is exposed
on both sides of the iron formation. It contains a small
amount of disseminated muscovite which becomes more abundant
towards the sericitic muscovite schist that is usually
present Setween the quartzite and iron formation.

The basal member of the iron formation is a limonitic
and goethitic quartz rock that is probably aﬁ altered
silicate-carbonate member. The siliceous goethite is non-
magnetic and the magnetic contact follows the zone between
ﬁhié unit and the'overlying oxide members. The upper member
of the lower iron formation is a quartz-specular hematite
rock containing subordinate amoﬁnts of localiy distributed
Qranular hematite and orange-brown colored laminations
containing the altered remains of absilicate mineral that
is usually found in association'with specular hematite.

~Granular hematite refers to §rains of hematite that
are about equiaimensibnal and do not reflect light in

contrast with reflective specular hematite. The distinction

o
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is readily apparent in coarse grained iron formafion: but
is less clear in finer grained material. The granular
hematite is believed to be post metamorphic martite. Other

expressions of secondary leaching and oxidation include

friability of specular hematite rich submembers; limonitic,

goethitic and red hematitic stains and replacements asso-
ciated with granularvhematite ﬁearing bands; vugs, leached
silicate bands, and the existence of less than one percent
magnetite in drill éore. Leaching and oxidation have
affected the deposit to depths greater than 700 feet. The
leached silicate mineral has not been identified, but
gimilar materiél found in unleachéd iron formation else-
where was identified as anthophyllite by Klein, (1960).

The middle iron formation arbit;arily includes all
members lying above the leached specular-silicate up to the
appearance of several lean bands ;alled ferruginous gquartzite.
The lower member is generally richer in specular hematite
than other members in the middle unit. Specular hematite, .
granular hematite and thin semi-continuous bands of hard,
very fine grained blue hematite or black manganiferous |
hematite make up the numerous bands which form the other
members in the middle iron formatién.

The upper'irén formation contains‘several bands of

lean quartzite usually associated with quartz~granular




hematite bands. Specular hematite is found in the upper
member. The stratigraphic top of the iron forma;ion is not
known'to be present. )

' The layered character of the iron formation is ex-
hibited aloﬁg the stripped area and the terrace to the east.
The family of form lines drawn along the length of the
deposit have been placed as a bvest fit between the outcrop
evidence aﬁd the magnetic pattern.

<

Structural Fabric

Large Scale Fabric Fegtures
The regional stratigraphic sequence of iron formation
cwerqpértzite suggests that the deposit is a syncline
trending easterly. The fold is about 1800 feet wide on the
west side and 3000 feet wide on the east side. The beds
dip to the south or southeast in # range érom about 25 to
60 deérees, suggesting that the fold is overturned to the
 no;th. § pronounced magnetic low iﬁmediateiy south of the
deposit indica;es however, that the south 1iﬁb does not
underlie the qﬂartzite; o
The nearly straight, east trending, surface expession
of the south limb rises through about 150 feet of ;ertical
rélief and indicates that the south limb stands about

vvertical. The north limb would have to dip northwest
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according to the topographic expression of the north contact
on the northwest si.de of the hill. BAs this is contrary to
all other evidence, the north limb cannot be a plane in
this area.

The arcuate patterns exhibited by the stratigraphy
suggests that plunging folds exist. The question is, do
‘t.'be.y piunge east, west, or in some other direction? The
syncline, as a iarge unit, must have subhorizontal axes
becanser if the axes are more inclined, the overlyihg Nault
formation shou;l.d appear along the extension and the iron
£o;nation shoulé split into two bodies; but the iron for-
mation remains about 3000 feet w’i.deA for ngér.].g a mile to

the east beyond the map area.

Small Scale Pabric

Bedding. The bedding in the iron fomatioq is exhibited by'
mineralogic banding that varies from laminae a fraction of
ai inch to one or two inches thick. OQuartz rich Sands |
-alterna(;e \-with iron oxide rich baﬁds which contain specular
bematite, granular hematite or both. The bedding is usually
not uniform across the strike and may change form in short’
distances. Some sections are massive and exhibit little

evidence of bedding. or other textural variationms.

Foliation. The tabular specular hematite crystals lie with

‘a schistose arrangement that parallels compositional banding.
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This axrangement is common in the Wabush Lake area where it
is rare to encounter an outcrop area where metamorphic
rec;ystallization has produced an arrangement other than
bedding foliation. The term, foliation, as used in this‘
paper, means bedding foliation unless otherwi;e specified.

" It is used in the manner suggested by Harker, (1965), as
*an interleaved fabric caused by planar disposition of
fébric elements”, where the fabric eleménts are the schis-

tosity and mineralogic layering.

Lineation.' A lineation is p;esent in some of the rocks.
The lineation, meanihg a parallelism of linear fabric
elements, is internal in ﬁhe foliation laminae. No cases
are known to the writer of a linear featufe that is caused
by mesoscopic structures transecting several Bedding sur-
faces. The lineati§n is mineralogic and best appears in
coarse grained rocks in which there is some degree of
optical contrast between the mineral components.

Hand lens examination of lineated quartz—speculgr
hematite rocks shows that the lineation is formed by tyo
factors, 1) the long dimensions of quartz crystals are
generally p%rallel with each other and are paréllel with
the flat side of tabular specular hematite crystals,'and
2) tﬁe tgndéncy of some specular hematite crystals:to lie

at variable angles with respect to the average foliation
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laminae., In other yords; a line passing through the long
dimension of a quartz crystal will also lie in the flat
surface of a specular hematite crystal, but this surface
need not necessarily lie parallel wi£h the average bedding
foliation laminae.

Typical lineated surfaces are seen under the hand lens
to consist of elongated quartz crystals interspersed with .
speéular hematite crystals. Some of the specular hematite
crystals have their flat side parallel with the bedding
foliation laminae and some are seen on edge, with the edge
of the flat .crystals parallel with the quartz crystal
elongation.

Rotation of specimens about the lineation axis in
directed light produces reflections from the flat side of
the specular hematite cryséals through about 20 degreés on
either side of the foliation laminae. Rotation about axes
in the foliation surface normal to the lineation yields
:eflections over a more limited range. Although the 20
degree rénqe given above is an average figure, some speci-
mens exhibit reflections over much larger rotations;
Crenulation of the foliat;oﬁ.laminae is usually visible in
thege ingtances.

Thése features of lineated quaitz—specular hematite
rocks are considered as evidence for the existence of an

orderly, preferred spatial arrangement of individual
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crystals within the recrystallized rock that can be

described in space by the attitude of the lineation. The
lineation is ofﬁen present throughout a particular outcrop.
Some outcrops contain nonlineated bands among lineated
bands, but there usually isAa mineralogic difference be-
tween these bands. Lineations observed in plane foliation
outcrops are all closely parallel to each other regardless
of how well they are developed in individual foliation
laminae.

A lineation is generélly not presenﬁ in massive rocks

or rocks containing an appreciable portion of granular

hematite. A lineatioﬁ is locally exhibited in the
Wapussakatoo quartzite due to the linear a;rangemeﬁt of
muscgvite flakes in muscovite bearing laminae.

The most strik;né lineation appears in the leachéd
speéular-silicate rocks. The lineation in these rocks is
caused by the parallel arrangement of the altered silicate

needles in the silicate rich laminations.

érenulation. The foliation is not plaAar at some localities
but is irregularly undulatory on a scale ranging from less
than an inch to several inches. The foliation surfaces may
be corrugated, Eedding’laminations may be discqntinuous on
a small scale, or two or more specular heﬁatite schistosity

arrangements may lie at various attitudes with a diamond
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shaped pattern. The crenulated laminaé contain the same
mineralogic lineatién seen in planar foliation surfaces and
the lineation and crenular forms are observed to be para;lel.
The crenulations and llneated planar foliation laminae appear
in‘different parts of a few outcrops: both are parallel to

each other.

COhcordant and Discordant Folds
‘ The geologic investigations begun in 1959 led to the
‘discovery that there vere small folds ih "the deposit whose
axes were parallel with the lineation, and there also were
folds present «whose axes were oriented at 2 hlgh angle to
the lineation.

One of the folds discovered is shovn in figure 2.
The two pieces of core vere six inches apart in a vertical
drlll hole. Both pieces exh1b1~ a lineation on the folia-
tion surfaces, but it doesn t show in the photograph very
‘:well pecause the scale of the lineation is but little larger
than the grain size. The lineation is marked for presenta-
tion and the cores may be oriented with réspect to each
other such that the lineations_are‘directionally parallel.
The upper .core exhibits a foid whose axial.plane strikes
approximately perpendicular to the plane of the photograph
and dips gently to the left. The axes of the fold plunge

left approximately parallel with the photograph.
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Discordant with
‘lineation

concordant with
lineation

Small folds, axes discordant and concordant with

respect to the lineation. Julienne Lake Deposit.

The lower specimen exhibits a fold whose axis is
parallel with the lineation. +s axial plane strikes about

parallel with the plane of the photograph and dips towards

the camera. The two specimens cannot be oriented, in any

combination of relative. positions, so that the two fold axes
are parallel and still satisfy the requi:emeng that the
cores remain vertical. These folds, therefore, exhibit
contradictory geometric relationships between the folds.
The fold axis of one fold is parallel or concordant with
the lineation, the other fold axis is not parallel and is
digcordant with respect to the lineation.

A fold was eventually discovered in outcrop that




41.

provided a clue helpful in unde:sténding the structure of
the deposit., This was found in the:southwest corner of the
deposit near 86404 x B230E where théré is a band of leached
specular~silicate rock about three feét wide. The geherally
planar fo;iation strikes east and dips aﬁout 45 degrees
south. The lineation plunges about 40 degreeé along S30E.
Within this band, a W shaped fold 1esé than a feot wide was
discovered that exhibits about a 35 degree spread between
the limbs. BExcavation of the fold showed that the fold axes
Qeré approximately horizontzl, striking east. pissection of
parts of the fold showed that the lineated silicates tende&
to continue around the hinges of the fold so as to maintain
contxnulty of the lineation to the other limb, and that the
southeast directional property of the lineation was main-
tained. This showed that the plunge of the 1inéation was
locally variable and dependent upon the shape of the fold,
but the lingations lay in planes that were approximately
vertical. Part of‘this fold is shown in figure 3 where ghe"
top view of the reoriented specimen shows the lineation
plunging southeas£ parallel with the pencil, and the end
view shows the fold form exhibited by marked specuiar
hematite laminae on the wést fa;é sawed approximately
parallel vxth the lxneatlon plane.

This is another discordant fold similar to that in




42.

Pepstrnegegesvesey s
g

West

Top View

Altered silicate lineation parallel with the
pencil, scale parallel with fold axes

North South

;Un‘quu ";’!” ! s

Nest end view

Small fold cutlined by white lines in specalar
hematite laminae, scale represents horizontal.
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figure 2. 1In both cases, the lineation direction appears
to be unrelated to the fold while its plunge is dependent
upon the local attitude of the foliation as determined by
the shape of the fold. Essentially, the only difference

between the discordant fold of figure 2 ahd‘the larger fold

‘ represented by figure 3 is a difference in the scale of the

fold in comparison with the scale of obgervation, If this

can occur on a small scale, perhaps it also occurs on a

.

scale applicable to the entire deposit.

Pabric Orientation

The problem offered indicages that folds both concor;
dant and discordant with respect to the lineation exist in
the deposit, that the axes of one fblé set are parallel with
the lineation while the axes of the other set ;ré not parallel,
and that the lineation’appears to be super?mposed upon tﬁe

discordant fold forms. Whether or not these two fold sets

are related to each other in space or time must be deduqﬁéd

from the fabric geometry and other evidence within the de-~
posit. The deposit has been divided into four domains for
examination of fabric geometry. Each is characterized by a

somewhat unique pattern outlined by the stratigraphy.




Surficial Geometry

. Northwest Domain. This part of the deposit exhibits a

weakly arcuate pattern., -Part of this pattern is a tbpo—

- graphic expression of southerly dipping’beds, but eaét of
8250E the membgrs must be foided because the contacts chamge
~trend to a little south of east thle rising through 75 feet.
They then trend arcuately east aﬁd northeast into the cen-
tral pértion of the deposit. Northwesterly trending linea-
ments in the pattern near hole 5 represenE axial traces,
Foliation strikes generally follow the stratigraphic trends,
as interpreted from thé magnetics.

The plot of the foliation and lineation attitudes,
figure 4, shows a polar maximum with about 25 degrees of dip
dispersion and about 60 degfees of elongaiion of poles go

~ foliation. The fabric can be related to a set of orthor-
hombic symmetry pIanes where two planes divide the pole.
distribution and.twc divide the linéatibn field, Turner and
Weiss, (1963), p.65,vp.505. The eastwara elongation
parallels an orthorhomiic symmetry plane, but the southwest-
wﬁrd elongation suggests the possibility of a second sinmehy_
plane. Three possible intersection axes are suggésted by
the distribution, west and horizont#l, south and S30E at

about 30 degrees each. Two observed small fold axes are

known, they plot near the south axis, but both are somewhat
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east of the lineation field which generally corresponds with
down dip lineation with respect to the major part of the

polar maximum.f

Northeast Domain. This area exhibits an arcuate pattern.

Although the magnetically indicated contact of the iron for-
x‘ﬁation‘ al’ong 9750E trends north, the magnetic pattern to
the east is so strongly northeast that northeast trending
submenmbers must underlie the overburden. The orientétion
diagram shows an egg shaped polar maximum that can be
divided by orthorhombic symmetry planes. The lineation is
spread through about 40 degrees of direction and appears to

be down dip lineation.

East Central Domain. The arcuate pattern from the northeast
area continues into the east central area where a fold is.
well indicated by the distribution of the ferruginbus
quartzite band around 105003—10500N‘that contains three
southeast plunging‘small folds. The orientation data shows
an incomplete girdle thét can be divided by orthorhombic
symmetry planes, however, the 90‘degree elongation spread
suggesfs a partial monoclinic distribution as well. The dip
dispersion is about 30 degrees and there appears to be a
slight directionﬁl i;regularity about the attitudes whose

poles plot near the ends of the elongation. The lineations
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are down dip from the major paft of the maximum and about
30 degrees west of the intersection axis suggesied by the

distribution.

South Limb Domain. The south limb of the syncline exhibits
a linear pattern that is weakly arcuate northeast of hole 4.
Steep to vertical attitudes and contorted foliation laminae
are found in an eésterly trending zone passing through the
area around 9500E-8700N. The orientation diagram exhibits
a polar maximum with a tendency for steep dips on both sides
of the northwest symmeéry plane passing through the maximum.
The small fold observed in the south limb is contortéd and
its orientation is only appfoximate. The fold axis from
figure 3 is not plotted, ﬁut it would plot close to the
west, near horizontal intersection, likewise for the fold

found near 10730N and 10100E..

Composite Orientation. The fabric geometry for the entire

deposit is shown in the composite diagram wheré the prin-

cipal parts of the symmetry from each domain is included.

" ghe dip dispersion is greatest near the center of the

maximum and decreases to about 40 degrees or less along the
approximately 90 degrees of elongation.
The center of the maximum is nonsymmetrically

positioned in the dip dispersion plane because about 75
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percent of the attitudes are taken from the north limb of
the syncline. The average intersection axes plunge alfew
degrees along S80W, and 30 degrees along S10E. The linear
elements lie in a field normal to the major portion of the
maximum but centered about 15 degrees west of the average
southerly plunging infersection axis. |
The diagrams suggest that the axes plunging slightly
west may reﬁresent the approximate orientation of the fold
axes of the syncline and may represent the folq axes observed
to be discordant with respect to the lineation. The south
- plunging axes seem to conform with most of the observed
concordant small foldé, large‘scale folds with this axial
orientation would appear to account fbf the arcuate pattern;
The axial traces of the concordant fold set trend north to
northwest and are evident only in the ﬁorth‘limb of the

syncline.
Sub Surface Evidence

Sections 8000 and 9000E. Hole 6, figure 3, shows that the

north limb of the syncline dips south. A band of the fine
grained blue hematite variéty, overlying specular-silicate
rock at depth 300 feet, can be correlated up dip with the
outcrops situated near 8250E-10100N. The same sequence

appears in hole 5 above the siliceous goethite member that
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is underlain by the muscovite schist and quartzite.

ghe scale of the folds which may form the South Limb
is shown on section 8000E. The shapes shown between eleva~
tion 1750 and 1900 feet were derived by west, horizontal
~ projection of member contact positions as far east as 9000E.
The projection suggests the presence of folds’whpse hinges
may be aboutlloo feet apart, and whose axial plane m?y dip
very gently south, though little weight can bevplaced upon
the latter. The interpretation is that the s?ncline is
constructed of iﬁnumeréble small folds with normal and over-
turned south dipping limbs arranged in combination to form
‘ the larger folds. These gfoup to yield a generally ver-
tically standing south limb that likeiy progressively
migrates northward at depth to eventuallé reach the botfom
of the syncline.

The small fold of figure 3 exhibits a separation
between the normal and overturned limbs that ranges from
‘about 20 to 50 degrees, they are approximately symmetrical
with respect to the axial planes which dip between 45 and
55 degrees. Thus, normal limbs dip from ébout 20 to 45
degrees and overturned limbs dip 55-80 degrees south.

A similar, though less pronoﬁnced feature, is ex;
préssed by the surficial geometry. North limb dips are in

the 25-35 degree tangé and south limb dips are in the 40-60
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degree range. The statistical averages are 30 and 45 de-
grees. On the assumption that the majority of south limb
dips are derived from overturned limbs, or normal limbs
angularlyvclose to thé'axial suzféces, it would appear that
the axial planes of the syﬁclinal folds probably dip’about
40 degrees south, at least on the surface.

The shape of the syncline at depth is a matter of

v conjecture, it ﬁay‘exist somewhat as shown or be more V

shaped. The shape of the fold Canno£ pe deduced from pre-
ferred dip informatioﬁ aloné when the relative proportions
of normal ;nd overturned limbs is unknown. About all that
can be done is to project large scale evidence to depth and

£it in a reasonable fold form.

Section 10000E. This is the section, figure 6, that

illustrates the complicated patterms that can be formed when
two fold sets are present. Hole 4 penetrated to the -
ﬂapuséakatoo quartzite, though no schist was encountered.’
Hole 2 penetrated the upper and middle members, but in the
lower portion the specular-silicate member apﬁearsvtwice.
The sketch, 602 feet, illustrates one of the concordant ﬁﬂds
obsgerved iﬁ the core. The core is split parallel to the
lineation direction é%at may be stumed to trend parallel
with the section. |

Hole 1 encouﬁtered three bands of the specular-silicate
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rock; a sketch'of one piece is included to illustrate the
lstyle of folds that commonly appear in tﬁe core. A westward
inclined axial suriace is indicated in this fold. The fold
axes in these two speciméns parallel the lineation. but the
fold found in outcrop south of hole 2 is anothgr discordant
fold whose subhoriéontal axis trends easterly.

| Hole 3 encountered two bands of specular-silicate
before reaching the schist and quartzite. The only informa-
tion between holes 1 and 3 regarding the subsurface p#ttern
is\the strong northeast trending magnetic pattern. As the
typical pattern related to the southeast plﬁnging fold set
is afcuate,‘the northeast pattern in this aréa might be re-
lated to synclinal folds plunging easterly. But if this is
so, it offers no explanation for the repeated occurrences
of the specular-silicate member in holes 1, 2, and 3, far
south of the outcrop area. Outcrops in the vicinity of
suspected hinge areas in the linear pattefn éreé are scarce
and a search in the area around 11500N-10500E to 10750E
disclosed nothing more than south plunging lineations. A
cycloéraphic solution derived_frpm 38 attitudes in the area
of the northeast trending linear pattern shows that axes
plunging about 25 degrees along S30E could reasonably
accommodate the attitude variations. .

Two bands of spgcular-silicate are present in the




54.

northwest end of the stripped area. Further west, and in
the south limb, there is only one band of leached silicate
bearing iron formation. On thé assumption that there is’
only oné'major stratigraphic member conﬁaininq appreciable
amounts of the leached anthophyllite, then the several bands
cut by the drill holes must be explained by folding. The
lack of evidence for easterly plunging folds, plus the
evidence of southerly plunging folds throughout the.deposit,
strongly indicates that these wextra” bands are present due
to the effects OfISOuth plunging folds.

The interpretation is that these bands are vefy tightly
folded about south plunging axes in the style shown by the
specimens on section 10000E, such that the two bands present.
in the stripped area appear as the two upper bands in holes
1 and 2. fThe lower band in hole 1 is probably the fold
hinge 1nterpreted to exist near 10000E~11300N, and the two
bands in hole 3 appear to be due to another 51m11ar1y folded
structure that accodnts for the iron formation occupying the
area north of hblev3. "

In brief the interpretation is that section 10000E is
a cross section with respect to the syncline in the southern.
part and upper portions of holes 1 and 2, but that it is al-
80 a loﬁgitudinal section with réspect to the south plpnging

folds.
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Section 11500E. This section lies east of the zone in which

the arcuate pattern ig strong and is probably about norma;
to the syncllne. The interpretatidn of the syncline's A
shape is speculative due to the existence of only two drill
holes which do not cut the same members. Hole 8 locates
the ferruginous quartzite in the upper iron formation. Hole
7 has cut one band of specular-silicate and probably would
have cut another at depth judging from the amount of iron
formation that is present to the north, where the magnetics
éuggest some sort of southeast trending subsurface pattern.
Hole 9 on 13000E adds nothing to the structural picture and

is not presented.

Folds and Patterns

The scarcity uf attitudes in the stripped area reflects
the fact that although bulldozers creute more exposures,
they also ruin thé little third dimensional rélief there is.
The ekposures are very dirty and it is difficult tofobserve
anything other than foliation trends and mineralogic com-
position. The situution with respect tovthe folding sus-
pected in the northwest end of the stripped area led to a
cleaning project in the fall of 1566. Several spots were
cleaned with a shovel and broom; three places were located

where folds could be observed.
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The fold located at locality A is shown in figure 7a.

The fold is marked by the trace of the specular-silicate
layers on the gently northwesterly sloping surface. One
bed of specular hematite rich material was outlined with
paint for the pictures. Pencils were placed in various
parts of the fold area parallel with the lineation exhibited
by'the leached silicates on the foliation surfaces. The
clip board was placed in a position approximately repre-
senting the configuration of the fold and with its hinge
oriented so as to trend about parallel with the lineation
expressed at the hinge. Lineations varied between about

S10E and S10W in the area uncovered. The picture faces

. §10W towards the man who is standing on outcrop B. Figure

7b shows fold A looking southeast along the axial trace to
show the near parallél plunge of the lineations. Lineations
appear everywhere in this outcrop, the pencils are merely a -
sample; This is congidered as a concordant fold as subsidary
fold axes were found to be éarallel with the lineation.
South plunging crenulations are found in the lineated
speculaf—silicate about halfway between‘ouﬁcrops A and B.
A weak fold or roll is founa at outcrop B in which a
lineation is exhibited in nearly silicate free quaitz—
specular rock., Figure 8 shows this outcrop looking east.

The roll is not developed well enough to yield a reliable
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Locality A, léoking'Slow
Concordant Fold

Locality A, looking southeast
Pencils parallel lineation
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geometric solution for the attitude of its axis, but it
appears to plunge about 20 degrees easterly. The lineation
attitude is repreéénted by the sticks that trend SI1OW. Tﬁe
lineation plunges from a few degrees south through horizon-
tal to a few degrees north. This is considered as evidence
of the plunge of lineation being dependent upon othér folds
and the roll is discordant with respect to the lineation.

Pigure 9 shows another concordant fold. It .is seen
in the south side of test pit 1 at 9770N-10850E. The darker
areas are specular hematife_rich rock, the lighter areas afe
composed of quartiéspecular hematite sand. The pencil is
oriented parallel with the ubiquitous 1iﬁeation. The folded
layer is marked and exhibits an M shaped intrafolial pattern
in which the axial traées lie in the acute angle between the
two preferred attitudes of the foliation surfaces, one of
which is more prevalent than the other. The surrounding
outcrop area exhibits evidence o£ tw6 or more prevailing
sdhistoge orientations that cross each other in the lingation.
The outcrop is crenulated on a very sma;l scale and com-
_positional layering is nearly absent.

These, and the preceding illustr;tions show several of‘
the small concordant folds contained within the deposit.
Host-of thé south plunging folds are too lérge to be directly

observed. Some folds observed in outcrop are open folds in




Outcrop B. Discordant Fold
Sticks parallel lineation orientation.

Test Pit 1. Concordant intrafolial fold.
Pencil marks lineation.
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which the limbs change strike through about 40 degrees or
iess, those illustrated are tightef forms. The surficial
patterns produced by these concordant folds aie arcuate orx
sublinear. The existence of many similar, larger scaled
concordant folds could accommodate the displacements re-
quired to produce the arcuate pattern indicated by the dis-
tribution of the stratigraphic members, and the variations

of attitudes observed from place to place.

Interpretation

Superposed Folds'

The interpretation is that a large, overturned,
appressed syncline exists which is constructed of . innumerable,
subisoclinal folds that are too large to be directly observed.
They may have shapes somewhat siﬁilar to that seen in fig-
ure 3. The limbs of these folds are probably planes and one
1imb cannot be distinguished from the other except for the
tendency of the overturned limbs to be more inclined than
normal limbs. The axial plane of the syncline trends
easterly and the fold axes are predominately subhorizontal.
-The lineation appears to be down dip with respect to the
major portion of the polar‘maximum in the orienfation dia-
grams, and could be interpreted to be subnormal to the fold

axes of the syncline. The lxneatxons are not down dip in
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many outcrops however and certainly are not normal to the
discordant fold axes in figure 3. With only three small
digcordant folds discovered, it is impossible to determine
what the actual relationships Sre between the lineation and
the axes of the syncline. The lineations in plane foliation
laminae acquire their plunge from the interséction of some
nonvisible surface and the attitude of the foliation sur-
face upon which they are formed.‘ As in the fold of figure 3,
where the foliation attitude is a function of a fold form
whose axis is not normal to the lineation, it is believed
thét the l;neations and the concordant small folds are
structures superposed upon the syncline, at least in space
if not in time.

The superposed folds are prefereﬁtially developed in
the north limb of the syncline, which was probably fofmerly
subplanar. This is in agreement with the geometric require-
ment that cylindrical superposed folds must be smaller than
the folds from thch they have formed. They must have
formed from the.planaf.limbs of the larger folds if they afe
to exhibit monoclinic or higher symmetry in'their.poles fg
foliation distribution.

The superposed folding produced an. antiform that
plunges s§uth, down and within the north limb of the syn-

cline in the general area between holes 2 and 5. The




62.

corresponding synform is situated in the»northeast part of
the north limb. The synclinal £olds probably plunge gently
northeastward between the antiform and the synform, as at
locality B, so that the botﬁom of the syncline 1ie$ at a
greater depth east of the superposed antiforﬁ. This is
probably the principal reason why the deposit is 1200 feet '
wider to the east than to the west. It reflects the
approximately 300 feet of amplitude between the antiform
and synfofm hinges as indicated from a structural profile
exami#atioh of these forms.

The superposed folding did not seriously affect the
sough limb of the syncline as indicated by the more linear
pattern and ‘the lack of elongaticn in the orientation aia—
gram. Most of the metamorphically introduced veinleté of
quartz and iron oxide§ are found in the hole 4 area; and

some occupy north trending fractures.

Movement

The feQ concordant folds sﬁall enough to bevdirectly
observed are similar folds and appear to be flow folds.
However, many are exposed over such short ax1a1 trace dis-
tances, or are so open that their full scale form can seldom
be observed passive, cross foliation flow is believed to
be the predominating mechanism responsible for the super—

posed folds.
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The quartz-specular-silicate rock seems t§ be the
most highly deformed variety, though simple quartz-specular
is also highly deformed. Although no folds are obsérved in
the specular-silicate at 11500N-10500E, the rock is very
schistose and exhibits a strong foliation fissility not seen
elsewhere in the deposit. The rock contains features
suggesting strong shear movement in the foliation planes,
compositional banding appears to have been "wiped out®. ©No '
direct evidence of the sense of movemeﬁt is shown except
that the south plunging lineat;on probably represents some
" directional component of the movement picture.

A fault was found in a small expoéure in the stripped
area near 9160N x 10000E. The fault is ‘exposed for about a
foot along its éenerally west strike and for about a half a
foot along its undulose, gently south dipping surface. It
is a ﬁost metamorphic fault and Qhe red hematite gouge ex-
hibits plucked slickensides indicating that the north side
has moved along minus 15 degrées,'SSSW.

Breccia is seen in a few places, the fragments are
normally recrystallized quartz-specular or granular hematite
rocks. They are interpreted to be breccias formed syntec-
tonically with respect to the high rank metamorphism because
the space between the fraghen;s'is filled with quartz, °

crystalline hematite, and goethite‘probably derived from
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magnetite. The breccia zones parallel the foliation and do
not exﬁibit evidence of significani displaéement. V

The hard, fine grained, blue hematite bar@s behéved
brittely during deformation.. They locally are completely
ahatteréd into innumerable fragments that fit together like
pieces of a puzzle. Specular hematite usually cements these
pieces together. |

The kinematic interpretation of lineations in passive-
ly folded rocks has long been a subject of contrm)ersy, the
problem usually involves the question of whether the linear
fabric elements represent the "a” or "b" d:.rect:.on of the ‘
movement plcture. The total fabric geometry, the scale of
homogeneous movements, the geometry of various strains and
the mechanisms ofv deformation should be examined to properly
interpret the kinematic meaning of lineation. Knowledge on
these subjects is presently too limited to permit rigid
intgrpretations of naturally déformed rocks.

For the general situation of pure, passive, cross
foliation flow, the axes of folds and other- ]:ineax: fébric
elements need not have any axial kinematic significance and
they may be incline_d to both the “a” and "b”" kinematic axes,
Ramsay, (1960), p.B9, Turner and Weiss, (1963}, p. 485. In
this situation, the defofmation’ plane need not correspond

‘with a fold form symmetry plane, though it may correspond
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with a sub fabric plane such as the lineation piane. The
symmetry of tﬁe fabric may be‘the same as the symmetry of
movement, but if the fabric contains asymmetric inherited
fabric elements, the total fabric will have symmetry lower
than the symmetry of movement, Turnmer and Weiss, (1963).
p.388. v

If however, the lineations represent kinematically
active physical anisotropisms,' as wt‘xen fléxural deformation
is accompanied and followed by slip-flow on surfaces in-
clined to the bedding-foliation, and with the formation of
axial plane cleavage-foliation and crenulation-lineation at
the J.n!:ersectx.on thh bedding, such lineation is kinematically
significant. ‘In this connectxon, Turner and Weiss, (1963),
p.494, write, *where crenulation lineation maintains a con-
'stant attitude over areas of many square miles and is even
the dominant;. element of a monoclinic tectofxitg fabric, as
in parts of southern New Zealand, it may be identified with
confidence as the "b" kinematic axis”. On the other hand,
if the folding has pr.edominateiy been by‘ passive flow, the
kinem‘atic significance of lineation is 'gmbiguous.'

In the Wabush Lake area, where amphibolite rank
. metamorphism is widespread, m'esoscobic slip surfaces are
lacking. Deformat:.on has apparently ptoceeded by flow

mechanisns on a microscopic scale. It is concluded that
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theAlineation alone has no identifiable relationship with
kinematicvaxés where evidence is lacking to demonstrate what
. the directions of glide or external strain movements were
within the body in space, scale, and time. The presence of
a lineation that is perhaps a late stage mimetic recrystal-
lization featufe need not have any kinematic significance

in relation to the sevefal directions of transport that
prpbably oper;ted variably in scale, time,and orientation

to produce the ﬁulk movements expressed.by the form of the
folds.

The orientation of kinematic “a" could be examined if
there were a significant number of partially reoriented
early fold axes present. The plane, in passive deformation,
containing such reoriented linear elemenés should intersect
the §uperppsed axial plane in kinematic "a", Ramsay, (1960).

If kinematic "a" consistently lies somewhere in the

. o .
superposed axial surface, inhomogenity of movement direction
is expressed by the non uniformiti of orientation éf these
axial surfaces. The axial traces of the large, open folds
trend north to northwest, while the axial traces of thé
intrafolial folds trend westerly as in f;gure 9, and pre~
sumablf also in the hole 1-3 area. Whether these different
fbld.forms represent genetically differént deformations or

related deformations is not known. Perhaps the northwest
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trending axial traces locally curve westward to merge with
the intrafolial axial traces.

The orientation of foliation surfaces is changed by
differential flow during passive deformation such that the
poles to foliation migrate toward the pole to the axial
plane along great circle paths; the effect is apparent
rotation about the fold axes, not physical rotation as a
cause and migration of the pole an effect. The apparent
rotation is shewn by the elongation of the poles to foliation
distribution from some initial distribution. If the syncline
was formed of cylindrical plane folds with subhorizontal
axes, the initial distribution should ideally have been
longer in the dip dispersion direction than across the dis-
tribqtion and woeld have exhibited orthorhombic symmetry by
bisection of tﬁe polar maximum. If they were somewhat non-'
cylindrical plane folds, the pole to foliation distribution
may have been more circular in form and would have exhxbited.
axial symmetry. The passive development of superposed
‘cylindrical folds whose axes plnnge south on the varxously
dipping foliation surfaces would have elongated the initial
pole distribution -along a family of great cxrcle paths that
occupy a range equal to the dip dispersion. No unique axls‘
of superposed folds exists, though a preferred axis appears

that is derived from tlie center of the initial distribution.
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When the superposed folds are fairly open, with the
limbs limited to about 30 degrees of being normal to the
superposed axial plane, the elongateéd distribution is limited
to about 60 degrees from end to end and contains the in-
herited polar maximum. The symmetry remains orthorhombic
when the superposed axial plane is parallel with the dip
dispersion plane of the early folds. The symmetry is also
partially monoclinic with respect to those poles tﬁat have

'been'significantly rotated beyond their initial distribution.
The orthorhombic symmetry would reduce tq monoclinic onl}
if the foliation orientations were such that their poles
were uniformly distributed along the length of the elongation,
or the two fold sets were asymmetrlc with respect to each
other.

The 1arge;scale intrafolial»pattern in the hole 1-3
area, contrasﬁed with the arcuate pattern found elsewhere,
is diﬁficelt to undefstand. It would appear to represent
folding on a large scale in the style exhibited in figure 9.
This would suggest a‘large component of westward apperent
movement of the lower beds. While the geneticvrelation of
the intrafolial pattern to the arcuate pattern is not shown
by the available evidence; a sequence of events can be
imagined whereby differential lateral displacement, perhaps

by interlayet slip—fldw, occurred approximately normal to




69.

the south plunging axes fairly early in the superposed
folding sequence of events. This may have primarily affected
the lower members of the'iron formation situated near a
'boundary condition. The muscovite schist exists immediately
below these intrafolially folded and perhaps strike slip
faulted members. A difference in.rheologic behaviou? could.
be expected in the schist lying between massive iron forma-
tion and quartzite, and the schist may be much more severely
folded than the iron formation. It is hard to imagine how
these large intrafolial folds could have developed con-
¢éurrently with or later than the more open arcuate folds
. seen elsevhere in the déposit. .

The small scale intrafolial folds in figure 9 may be
a small part of the larger, arcuate pattern, fold in the
area. Although the direction of flow in the figure 9 fold
is not known, the shape of the fold would suggest that move-
ments were largely subhérizoﬁtal in the axial surfaces and
ma} well ﬁave been about normal to the pencil that marks the

lineation.

Space and Time Considerations

The statement was made that the lineations lay in a
plane in the fold shown in figure 3. For the deposit as a
whole, it cannot be shown that tﬁe lineations lie in a plane

becauée,of the lack of north dipping foliations in which
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the lineations should plﬁnge.

‘The directional scattef of the lineations is believgd
to be due to the nonplane form of the superposed axial sur-
féces. If they range between about N30W -~ vertical, to
north - vertical to dipping 60 @egrees west, the intersection
with foliation surfaces that dip south through a range of V
40 degrees would lie between about S70E to S20W as observed.v

There appears to be a definite tendency for the '
lineations to trend about 15 degrees west of the follat1on
interséction axes and most of the observed concordant fold
axes. This might be interpreted to mean that the superposed
fold axes are not parallel with the lineation. The lineation
surrounding some concordant folds is closely parallel with
the fold axis as best can be measured; but in others, as in
figure 7a, thé lineation is somewhat variable in direétion.
The wrlter has not been able to find a concordant fold that
could be excavated far enough to see if the 11neat10n is or
is not closely parallel with the fold axis for any significant
distance along the axis.

There may be éeveral reasons for the,appareﬁt éendency
of the lineafions to lie somewhat west of the fold axes.

1) The domains may éxtend beyond smaller areas where
the lineation and fold axes may be closely parallél. V

2) The possibility that the lineation orientation may
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to some extent be inherited from or otherwise related to
the folding that formed the syncline and that this feature
is only subparallel with the superposed fold a#es.

3) The fabrié geometry resulting from fold movements
may not be quite conformable with the geometrf of concurrent
recrystallization lineation.

4) The liheation may be‘genetically 1ater than the
folding and is a mimetic tectonite fabric feature whose
geometry was slightly different than the foldin§ tectonite
geometry.

A certain degree of ihhomogenity of geometric re-
lati onships is to be expected in a superposed fold situation,
Weiss, (1959), especially when the scale of examination is
laréer than the scale of ﬁhe early folds, For all ﬁractical
purposés, it is concluded that the prese§§e~of a prevailing
statistically homogeneous lineation is sufficient to in-
dicate the existence of a deformational event characterized
by linear‘geometry. If the attitude variations yield inter-
section axes generally parallel with‘the linéation, then
both of these fabric elemeﬁts are likély a product éf such
a fold system and the’resglting pétterns indicate the fold
form. |

Where such fabric is shown by other evidence to be

geometrically and physically discordant with respect to
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larger folds, then the concordant folds were imposed upcn

the larger folds énd folds superposed in spéce_are present.
. .

The deformationalVSequence is believed ﬁo be as follows:

1) The development of the syncline with subhorizontal
axes now trending east and whose axial plane dips south.
Although the south limb.stands about vertically, the folia-
tion surfaces dip south in a éange of about 40 degrees.

The folds were probably nearly pylindrical plane folds with
a similar form and a sublinear surface.pattern.

2) The development of superposed, cylindrical folds
whose axial surfaces are_noﬁplane and seem to be variously
oriented with respect to folds of either arcuate or intra-
folial pattern. The fold axes trend south and take their
plunge from the inclination of the foliation surface on
which they have formed. The folds are paséively folded
gimilar folds related to antiform and synform structures
preferentially developed in the north limb of the éyncline.
The foliation attitudes vary #ystematically, exhibit par-
fially developed monoclinic symmetry of orientation, and
describe intersection axes generally parallel with observed
south plunging small folds.. The superposed akial piabe
suggested by the orientétion tends to coincide with one of
the symmetr§ planes of the early fold system, and thg two

fold systems are approximately normal to each other.
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3) The formation of a late stage, mimetic fabric that
is parallel to subparallel with the superposed fold axes.
The small folds whose axes are about normal to the lineation
are probably small folds of the syncline if the lineation
represents superposed kinematic "b" axee. If the lineation
reﬁresents kinematic "a", the small discordant folds may
Tave formed syﬁtectonically with the superposed deformation.
For this reason it is difficult to interpret age relation-
ships before examination of the regional structural pattern.

It is'reasonable to conclude, however, that the super-
pcsed fold stages are related generations of the .orogeny
that affected the Grenville province. The lineation is‘a
me tamorphic recrystallization feature widespread throughout
this part of the Grenville province where emphibolite rank
metamorphxsm is common. Whether or not the syncline is
related to this orogeny is not shown by any evidence yet

discovered within the deposit.
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REGIONAL STRUCTURAL SETTING

General Information

The existence of cross folds in the Wabush Lake - Mt.
Wright district was £ecognized by the writer and his
associates during regional mapping programs in 1956 and
1957. A set of small weakly developed folds whose linear
elements trended northwest-southeast were interpreted to be
older than a prominent set of lérger folds trending north-
easterly in the paper by Gastil and Knowles, (1960). The
age interpretation was based upon scale, relative develop-
ment, and trends subparallel with the northeast trending
Grenville front and the much older, northwest trending fold
system in the central Labrador trough.

A small deposit of iroﬁ formation southwest of Mt.
‘Wright was found to be tightly folded about axes parallel
with a metamérphic lineation plunging southeast during a
drilling program in 1958.. The 1959 investigation of the
Julienne deposit disclosed that the northwest trending foid
set, with southeast plunging folds and lineations, was
superposed upon the northeast trending fold set. This led
the writer to suspect that the age relationships between the
two fold sets was the reverse of that previously held.

- Subsequent work at another locality southwest of Mt. Wright

disclosed that a much larger deposit existed whosé form was




5.

highly dependent upon fold axes parallel with a northwest
plunging lineation, but whose surficial trends were both
’northwest and northeast.

Recollection of southeast trending lineations in many
parts of the Waﬁush Lake area led the writer, in view of
the above mentioned features, to suspect that the northeast
trending fold set might be the oider and tﬂat the northwest
trending fold set might be more widespread than had been
previéusl§ recognized. The regional structural analysis
examines this suspicion.

Several regional mappiag programs were conducted in
the Wabush Lake area during the period from 1950 to 1958.
These programs were sponsored by exploration compahies for
the general pufpose of ev&luating the iron formation. Fahrig,
(1960), examined the area in 195§ as part.of a regional
mapping program for the Geological Survey of Canada. Local
investigations have been conducted in recent years in soﬁé
areas related to mining operations.

The-:esults‘of the work of many geologigés appear in
numerdusvprivéte and public reports and maps on scales as
large as 1000 feet per inch. Regional aerial magnetics were
available to some to hélp inte:pretations. The géologic
information contained in these réports and maps has been

examined by the writer to‘compile the geologic map encloéed.
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Although there are some parts of the map area where the
geology is but poorly known, the general geologic construc-
tion of the area is sufficiently well defined to support a
qualified structural examination.

To the writer's knowledge, none of the geologists
war king in the area gave serious attention to the lineation.
Many recognized the presence of two fold sets but were
unable to devote fhe time to examine the.relationships.

‘The regional and local maps available to the writer do not
contain information about lineations, only a few of the more
obvious folds appear upon the maps.

The writer spent about 10 days in August and September
1966 visiting localities in accessible parts of the area to
specifically.examine outcrops for structural information.
About 100 localities were visited, 95 exhibited lineations
or folds with axes parallel with the. local lineation. These
localities, plus nine localities where fold axes were shown
on old regional maps, are shown in bold'symbois on the
regional map.‘

The number and distribution of ;he localities visited
is but a small sample of ;ﬁe innumerable outcrop areas where
fabric data is available for examinatién. The fact that
noﬁe of the localities visited exhibited lineations trendiné

in any direction other than southeast or northwest, combined
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with preVious observations, convinced the writer that
sufficient information is available to justify the regional
examination and that the two fold sets are real structural

features present throughout the area.

Regional Geology

The formations are regionally distributed in such a
manner that six northeast trending zones, each characterized
by a particular general geoclogic construction, may be dis~

tinguished on the map.

Geologic Zones
Zone 1 contains large bodies of Shabogamo gabbro

surrounded by coarse ¢ gralned granullte and biotite gneiss.
The granullte locally appears in the lxt—par-llt blOtlte
gneisses in zone 2 where little gabbro is found. The gneiss
in zone 2 represents the Katsao formation; and lacking
evidence to the contrary, all gneiss in Zone 1 is interpreted
to represent the Katsao’for&ation.

- Zone 3 cdntains much lake and lowland areas. The
Duley marble underlies most of this zone along the east Side'
of Wabusthake, no other formations appear in the exposed

portion near Lake Leila Wynne. The existence of the marble

in Shabogamo Lake is inferred from the physiography and lack
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of magnetic anomalies. It éutcrops a mile east of the
northeast corner of the map.

Zone 4 contains ridges aﬁd valleys of tightly folded
Katsao, Wapussakatoo and Wabush formations, plus isolated
gabbro intrusions and one band of gneiss believed to be the
Nault formation. Zone 5 is largely lowlands underlain by
folded Wabush and Nault fqrmations. Several areas of
granitic gneiss appear along the squtheast side that are
probably granitized Nault rocks. The biotite isog?ad,
recognized by Pahrig, (1960), trends northeasterly, perhapg
in a more irregular manner than shown. Areas of gneiss,
believed by Fahrig, (1960), to be outliers of the charnockitic
basement gneiss of zone 6, are found to be surrounded by
iron formation and graphitic argillites and arenites of the
Nault formation northwest of the biotite isograd.

Thése zones continue for many miles té the northeast
and southwest and are an expression of a major stratigraphic-
structural ﬁnit thét is present throughout the.entire dis-
trict betweenvnt. Wright and Sawbill Lake, figure 1.
Occurrences of marble and iron formation in the Katsao in
zone 2 are believed to represent down folds of these over-
lying formations. As the stratigraphic sequence is Katsao,
Dﬁley, Wapussakatoo, Huguette (not shown on the map), Wabush,

and Nault; and the distribution of the sequence is older on
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the southeasf to ycunger to the northwest, the formations
appear with a'reversed sequential distribution tﬁat is
probably due to structural reasons. Pronounced breaks
appear in the boundary between zones 2/3 and 4/5 where
younger formations appear on éhe northwest side. These may
be expressions of folds that are deeper on the northwest

‘side, or easterly dipping thrust faults.

Interfolded Formati@hs

That zones 4 and 5 contain large scale, regionalifolds
whosé axial traces trend generally northeastward is expressed
by the distribution of interfolded formations. The forma-
tions’occupying the limbs of these folds trend generally
parallel with eaﬁh other across the countryside for distances
neasﬁreable in miles. The general pattern, expressed‘par-
ticularly by the iron formation, is cha:acterized by long,
continuous isolated bands lying between older formations,
and which only locally are connected in hinge areas wi@h the
next band of iron formation.v

Although the surficial pattern alone is incapabie of
demonstrating whether the axes of these fold# are generally
sﬂbhoriéontal or steeply plunging, the general lack of
connections between bands of iron formation éuggests that
sﬁbhorizontal axes may predominate in many parts of the

area. The Julienne fold is believed to be a syncline with
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subhorizontal axes, the iron formation occupyiﬁg the core

of the syncline can be traced continuously for over 15 miles.
It's continuity under Wabush Lake is shown by aerial and |
surface magnetic anomalies, it has been cﬁt by two drill
holes, and it forms the Wabush Mountain deposit three’miles
south of the cap area.

Large scaled, similar folds probably exist in areas
containing only one for&ation, such as in the marble, the
Katsao of zéné 2, and the large areas underlain by iron
formation northwest of Shabogamo Lake. The formations ﬁay
be so thick, or the erosiénal level'is such that the over-
1§ing or underlying formations do not appear at the surface.
Dip slopes are pa:tly responsible for some of the large
areas underlain by tﬁe Waﬁush'formation northwest of
Shabogamo iake. Interfolds would appear on the map of this
area had the writer been allowed to distinguish between the
upper and locver Webush formations. This distinction’has
beeﬁ shown in the szﬁssakatoo Mountains throuéh the courtesy
of the Iron Cre Company of Canada., Nost of the folds in
this northeasterly trending system are overturned towards

the Superior province.

Structural Pattern
The distribution of the formations across the map

area forms a surficial structural pattern characterized by
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sublipear trends that become arcuate somewhere along their
extension. They are so arranged within the ma§ area that
they appear to bé only a p#rt of a larger, regi6n31 arcuate
pattern outlined by the distribution of the Duley formation.
The northwest trending zone in which the arcuate pattern is
consistently coﬁvex to the northwest is herein referred to
as the Julienne depression; the zone in which the convex
side faces southeast is calléd the Sﬁabogamo rise and is
situated 6 miles to the east.

The regional arcuate pattern is similar with the
arcuate pattern exhibited at the Julienne deposit. The
difference is one of scale plus tﬁe fact that the regional
pattern also includes expressions of the interfold pattern
related to the northeast trending fold set whose limbs
variably trend from north through northeasterly to east and
southeast, then béck to nortﬁeast proceedipg from southwest
to northeast across the map. The dips indicate that the
interfolded formations are usually overturned to the west,
northwest, north, or northeast. These generél observations
lead to considerations of a regional, northwest trending
fold set that may‘be superposed upon the northeasterly

trending fold set.
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ﬂRegiodal Structures

‘The area has been divided into fifteen subareas that
each exhibits a particular pattern. These domains are |
larger than the scale of the interfolds and the fabric
geometry can only suggest the genefal nature of the geometric

relationships.

Area A

The geology of the Wapussakatoo Mouﬂtains is known
better than any other part of the Wabush Lake area. Ex-
posures are plentiful in the highlands, and considerable
drilling has been done in local areas. - Mining operations
have been conducted on tpeFSmallwood deposit for several

years.

The Smallwood Deposit. The Smallwood deposit is a deep,

overturned syncline flanked on the southeast side by a

nearly recumbent féld form. There may be a fault between
the syncline and recumbent forms. It is qnderlain by thé
lower Wabush formation except for a portion along the north-
west limb where gabbro is present. The deposit strikes

about NS0E and most foliation surfaces dip southeast. A

representative cross section in the center of the fold is

" shown in figure 10.

- Mr. George Hamilton conducted a structural examination
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of the south knoll of the deposit in 1962 after the over-
burden had been stripped and washed off. The south knoll

jg the area covering the widest part of the deposit situated
most}y south of section 380. ' He collected eQer one tﬁousand
attitude determlnatlons and divided the twenty two acre area
into sixteen domains. Intersection axes in each domain
plunged 20-30 degrees between about N60E and NSOE.. Most of
the seventy two observed small fold axes plunged similarly
but trended in e wider range between‘about N40OE and S80E.
Tyree axes plunged gentlyvsouthwest and five ﬁlunged about
40 degrees to the southeast. Examination of cross sections
of the deposit demonstrates that theAbottom of the s&ncline
becomes nearly horizontal near section 380 and plunges
gently southwest further northeast. The writer visited nine
localities in the mine and its immediate vicinity. The
11neatxon on the foliation surfaces at each locality was
southeast over all parts of the exposures examined.

The 2100 foot bench of the mine exposed a face Severalv
hundred feet long in the anthophyllite bearing quartz-
specular hematiie jron formation. Examination of ehis face
showed that the lineation described by the parallel orienpa-
tion of clusters of anthophyllite trended within aﬁout 10
degrees of S25E everywhere along the length of the face.

Examination part way up the 50 foot high face showed that
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the lineation direction remaine& nearly constanﬁ vertically
‘as well. Thousands of lineations exist in this rock, but
directional references at a few places are sufficient to
determine the azimuth of the lineation suite. A lineation
is also expressed in normal quartz~specular hematite rock.
The plunge of.the lineations‘is not constant. The
plunge is as variable in the lineation planes as tﬁg folded
foliation surfaces are in dip. At the location exposed at
the time of the visit, the predominating foliation surfaée;
dipped between 10 and 30 degrees S25g, but there were |
numerous small folds presént in which the lineations plunged
at various angles while maintaining the uniform directional
orientation; |
‘The axes of most of the small folds trend sub-
horizonially northeast, parailel with the strike of the
foliation and nearly normal to thellineation plane. The
‘fold forms include well developed crenulations, open folds,
kink bands, and appressed folds. The foliation and
lineatioﬁ follow the fold form and the agial_planes dip
_ aound 45 degrees southeast. Other small folds are found
whose axes plunge southeast. Three speeimeng are presented
to illustrate the fabric features.
Pigure 11 shows a kink band in anthophyllite beariné

quartz-specular hematite iron formation. The top view shows




Pigure 11

Top .view

NV,

8.W. end view
xz.nk band in anthophyllitic quartz specular

_ hematite iron formation
Smaliwood Deposit




87.

the prominent anthophyllite lineation. The anthophyllite
clusters éurve'part way around some hinges, in others the
crystals are straight and meet at sharp angles. Piguré 12
shows another fold from this locality. fhe scale lies
approximately parallel with the lineation plane in each
picture. ’

Figure 13 illustrates another fold; there is very
1ittle anthophyllite in this specimen. The scale in the top
view is parallel with the lineation which is actually a
micro-crenulation parallel with the fold axis. The south-
east view shows this fold from about 20 degree; abo&e the
fold axes, the scale is oriented approximately parallel with
" the axes of the folds shown in figures 11 and 12.

The fold axes in figures‘ll and 12'are discordant with
respect to the limeation while the fold in figure 13 is
_ concordant with respect to the‘lineation. The specimeﬁs §f
figures 11 and 12 were about 100 feet apart along the bench
and the axiai plane of each fold dipped about 45 degrees
southeast. The lineations lie in planes approximately'nor-
mal to.the fold axes, but the most commonly exhibited
lineation plunges 10-30 degrees along S25E andvlies in the
upright'limb’of the fold. The speéimens of figures 11 and
13 were about six feet apétt and the lineation direction of

each fold was S25E. The plunge of the concordant fold of




Figure 12

8.W. End View
Appressed fold in anthophyllitic
quartz-specular hematite iron formation

Smallwood Deposit
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Figure 13

S.W.
Top View .
Micro-crenulation lineation in
foliation surface
N.E. S.W.
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View looking southeast
nearly parallel with fold axis
quartz-specular hematite iron formation
Smallwood Deposit
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figure 13 was about 30 degrees.

The age relationships between these folds ere unknown.
The folds of figures 11 and 12 might be small folds of the
syncline and the lineation superposed, or if the lineation
represents flow movements in the lineation plane, the folds
might have formed during the superposed folding. It may be
that the kink band of figufe llkis a superposed fold and
the appressed fold of figure 12 is an early fold. Some
geologists might consider that there are two folds present
in the specimen of figure 13, an early, somewhat attenuated
jsoclinal fold whose axial surface trace is shown by the
quartzdse zone in the right half of the specimen, plus a
later wave like fold whose axial plane dips steeply south-
west., They might suggest froh this that the ea?liest folds
in the area plunge southeast. It is the writer's opinion
that there is only one fold 1n the specimen and that the
quartzose seam represents silica 1ntroduced durlng metamor-
phism. The fold itself could be a synclinal fold reoriented
through about 90 degrees, oOr, as seems most iikely_to‘the
writer, a fola developed during the period of superposed

deformation. *

It is difficult to visualize how the folds of figures
11 and 13, which share a common 11neat10n plane, could both

be folds of the same deformational event. The gituation is
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similar to that at the Julienne deposit where an interpreta-
tion of age relationships between concordant and discordant
folds is dependen£ upon the kinematic significance of the
lineation. The interpretation of age relationships to be
brought forth later, is based upon regional, large scale
spacial and physical relationships rather than isolated
small gcale features whose structural significance is
ambiguous.

A deposit known as the north outlier is situated
immediately nprtheast of the Smallwood deposit. The two
@eposits are separated by a band of lower Wabush fcrmation;
The north outlier is known from.drill hole information to
‘extend under the Smallwood deposit, and is separated from
it by the band of lower Wabush formation as far southwest as
section 396. The shape and underground extent of this léwer
body has not been established and the structural relation—
ships between the Smallwood syncline and the north outl;er
are unknown; |

Pigure 14 illustrates part of the largest natufal ex-
posure of the northeast trending folds known to the writer.
The exposure is on the southeast side of the north outlier.
The face is a nearly vertical joint surfaée trendiﬁg south-
east; the picture faces southwest. The fbld is anticlinal

and exhibits the low dips found in the southeast limb of-
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the nearly recumbent structure responsible for the shelf in
the Smallwood Mine. The fold is bounded on'the northwest by
a fault zone about a foot thick containing very coarse
specular hematite with very little quartz and is probably a
premetamorphic structure. The fault dips about 60 degrees
southeasi and strikes parallel with the southwest trending
foliation. The iron formation above and around the fold is
well exposed and exhibits an ubiquitous lineation trending
S30E. Examination of the face shows that the lineation

follows the folded féi};;;op surfaces so as to lie in a plane

o

approximately parallel with the plane of the photograph.

Pigure 14

Discordant Fold
smallwood Deposit, North Outlier

FPaint laminae dipping about 40 degrees southeast can

be seen in the picture. These laminae appear to represent




the remains of axial plane cleavage. This is the only in-

stance known to the writer of any fabric element other than
bedding foliation having survived amphibolite rank metamoe—
phieﬁviﬂ the Webush Lake area. These surfaces are foliated
and are mineralogically lineated in the same manner as the
rest of the rock, and the lineation on these surfaces trends
parallel with the lineation that appears in the folded
foliation surfaces.

The entire knob that forms the hinge of the north
outlier exhibits southeast trenéing_lineations on foliation
surfaces that strike and dip in all directions.v The hinge
area is intensely deformed, south&est and southeast trending
strikes predominate, and the lineation direcfion is cleariy
the only homogeneous fabric element.

About 200 feet nor»hwest of the fold in flgure 14,
the folds shown in figure 15 were found in the h1nge area.
There are folds w1th two d1fferent geometries nre=ent in this
‘ pxctgre. The fold 1n the center near the compass.appears
to be larger than the wrinkle to the right, but the wrinkle
is merely a small fol& within a fold too large to be in-
cluded in the same photograph. The fold near the compass is
actually‘smalier than the predominating fold which has a
form similar to the fold in figure 14. The lineation

throughout the entire area is 830E parallel with the tape
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on the left. The 11neat10n plunges between gently southeast
horizontal, to gently northwest depending upon the dlp of
the foliation surfaces. The view looks down the 15 degree
plunge of the concordant fold that'displays left }ateral
displacement. The lower 1imb strikes northeast, dips south~
east; the other limb stands vertically, but is composed
partly éf oyerturned foliaiion surfaces dipping southwest.
The only way to describe the fold geometrically is use of
line element axes, attitudes are as variable about the fold
axes as one cares to look for. This fold is similar Qith

. that of figure 9.

Pigure 15

COncotdant and Discordant Folds
Smallwood Deposit, North Outlier

The tape on the right is parallel with the axial trace

of the discordant fold set. The axes of this fold, and
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others nearby, plunge 10-15 degrees along S50W. The axial
plane strikes southwest and dips southeast. The two folds
share a common limb, the southeast limb of the discordanﬁ
fold merges with the upper limb of the concordant fold.

Here is a siguation where in one location, two foids
with completely different geometry and form exist side by
side and share a common foliation surface as one limb of
both folds. One fold is discordant, while the other is con-
cordant with the lineation which exists throughout tﬁe en—
tire agea and has a homogeneous S30E trend.

’There can be little question about the sequence of
folding events here. The lineation serves as a convenient
marker for fold event reference. It has the properties of
position, ubiquitous in the hinge area; space, directional
uniformity; and time, synmetamorphic (miheralogic re-
‘crystallization) and synte&tonic(parallelism of lineation
and fold axes) with resbect to the folding that produced
the concordant folds. The lineation also exists, in space
and position, discordantly upon larger folds with completely
different orientation, not only upon the folded form (figure
15, right) but also upon their axial plane cleavage surfaces
(figure 14). The lineation, syntectonic with respect to
concordant folds, is theféfore younger than the discordant

folds. 1t is concluded that the concordant folds are truly
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superposed, in both space and time, upon the older dis-

cordant folds.

Carol East. The deposit known as the éarol East, east half,
is the long syncline trending N25E that is situated north-
west of the Smallwood deposit on the other side of the
anticline which brings the Wapussakatoo and Katsao forma-
tions to surface. The felationships of this deposit to
others immediatély west are shown in figure 16. The shape
and size of the syncline ‘as shown is typical of the forms
seen on other sections. The bottom of the syncline is
approximately horizontal northeast of section 404 and lies
near elevation 2000 feet to well beyond section 456. South-
west of section 404,Athe fold»begihsnto plunge southerly;
two drill holes in the hook southwest of sectign 392 pene-
trated over 1500 feet of upper Wabush formation.

Seven localities in this area exhibited lineations.
Piverlocalities in:quartz-magneéite irqn formation di& not
exhibit lineations. All lineations trended between S20E and
S30E and plunged 30-50 degrees southeast depending upon the
dip of the foliation surfaces.

Pigure 17 shows a specimeh of lineated éuartz—specular
hematite rock frém the central part of the area. The linea-

‘tion is mineralogic, not broken ends of foliation surfaces.

The angle of rake of the lineations is about 60 degrees to
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the strike.

Although no folds were observed in this area, the
form of the deposit virtually requires that the‘synclinal
fold axes trend southwest.and,are subhorizontal t§ south—
westward plunging. The lineation is probably discordant
with respect tovthese axes. In order for the Lineation'to
be normal to the synclinal fqld axes, they would have to

plunge 15 degrees along N25E.

Pigure 17

Lineated Quartz-Specular Hematiie
Carol Deposit, East half
Carol West. One other locality is worth mentioning in
detail. This is the area around the north end ofbthe carol
West deposit in the vicinity of section 392. The northwest
tfending arm of upper Wabush formation is tightly folded and

constructed of numerous folds whose limbs strike southeast
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and dip steeply either nortﬁeast of southwest and rapidly
change dip across the strike. A strong lineation is present
that trends uniformly S20E and all lineations plunge about
35 degrees southeast regardless of the local attitude of the
foliation. The'only homogeneous fabric element present in
this area of good exposure is the lineation. While the
writer did not attempt an orientation plot of the foliation
attitudes, there is little doubt but that they would inter-
sect in space parallel with the lineation. This féided area
ié intensely folded about axes plunging towards Heath Lake,
and exten;ions of the body at depth will likely conform with
monoclinic symmetry as long as the fold remains smaller than
the earlier fold upon which it is developed,'or it was
formed from.

About a quarter of a mile to the west some peculiar
forms appear in carbonate iron formation near the contact
with the upper Wabﬁsh formation. These forms are elliptical
to circular in outline ahd several feet wide. They are folds
of some form that plunge 35 degrees approximately S10E.

They appear to have been formed by having been rolled between
oppésitely moving bodies.

vSoufh of section 392 a road and power line exist on
the well exposed, overturned limb of the lower Wabush for-

mation which forms the east side of the Carol West, east
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half, deposit, figure 16, upper léft. The well lineated
cummingtonite-grunerite schist is exposed for about a half
mile and dips unifofmly abouﬁ 50 degrees east. The
direction and plunge of the lineatibn was checked at about
a dozen places along this area, dirgctions were compared
against the straight power line. The lineations plunged
within a gew degrees of 35 degrees along S20E everywhere in

this area, and are clearly homogeneous.

The Wagﬁssakatoo Mountains. The Wapussakatoo Mountains as

ﬁ unit are constructed of large, northeast trending, over-
turned anticlines and synclines with subhorizontal axes.
They exhibit a linear to Iocally’arcuate surface pattern.v
The lineation trends southeast throughout the areas examined
and this probably appligs to the entire area.

The orientaiion diagram for the entire area'appears on
the map. Poles to foliation are distributed about a broad
polar maximum. Northwest dipping attitudes opposite the
‘maxifmum, and the average NZOEitrend:of the large folds with
a linear surface pattern, suggests that the set of orthor-
hombic symmetry plgneé best represénts the geometry of the
northeast trending fold set, the axial plane dips about 35.
degrees southeast.

There is no strong elongation quality of the distribu-

tion to clearly indicate superposed fold geometry.
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A- superposed axial plane trending N4OW and steeply inclined
so as to pass through the maximum and the lineation field
has been drawn. Passive flow folding may have rotated some
of the poles to foliation along a family.of great circle
paths toward the pole of the superposed axial plane, with
each path being different and dependen£ upon thé attitude
of the foliation surface involved. It is not pogsible to
estimate how far the poles have migrated, most have probably
been little affected by the superposed events. There cah be
no unique superposed axes, théy lie in a field in the south-
east quadtant. The field should be rather narrow if the
inclination of the superposed axial surfaces is c¢onstant.
Superposed linear fabric plunging nor;hwest could be locally
expected as was obsérved in the north outlier of -the Smallwood
deposit. The linear fabric elements are pot down dip with
respect to the maximum and conform with the raking pattern
shown in figure 17.

The xntetpretatxon suggests that attltudes striking
between about N55E and S4OE, dipping squtheast to southwest:;
ana attitudés striking north to N40W, dipping east to no;th-
east, may represent attitudes that have been 51gn1f1cant1y
rotated out of early fold orientation by the superposed
folding. Such areas would include the southwest end of the

Carol East syncline, parts of the north end of the Carol .




West fqld, the east limb of the north outlier of the

Smallwood structure, the northwest trending folds southeast
of Luce Lake, and the nofthetn part of the synclines tren-
ding along the west shore of Wabush Lake. Early structures
trending between about north and NSO0E would appear to have
not been significantly affected by the superposed folding.

Klein, (1960), and the writer have observed that
lineation is not everywhere present. Two places along the
west shore of Wabush Lake were found where the silicate iron
formation was not lineated; the iron silicates existed in
random orientation on the foliation surfaces. Bot# of these
places were slightly south of where the name Wabush Lake is
priﬁted. The interpretation placed upon this observation,
and the lack of lineations at a few other places, is that
the existeﬁée of'linéatioh is dependent, not only upon the
existence of a favorable mineralogy so as to be visible, but
also that superposed strain had to.be of sufficient magnitude
to induce a preferred mineralogic arrangement even in
mineraiogically favorable rocks.’

The orientation of the lineation is viewed as repre-
genting the orientation of superposed fold axes had deforma-
tion developgd sufficiently to produce observable folds.
Small concordant fold axes are obsérved to be closely’

parallel with the lineation. The lineation plane is thus




103.

pelieved to‘represent theibuperposed axial surfaces. The
lineation orientation is one point on these surfaces.

The trace of the regional superposed axial surfaces
is best expressed by the Stevens-Luce Lake lineament. This
lineament is physiographically expressed by a pronougced
valley‘transecting the Wapussakatoo Mountains, and it is
geologically expressed as a sone toward which the synclinali
and anticlinal folds plunge. The forﬁation present at the
surface in this synform is the Wabush‘formation. It exists
continuously along the length of the depression several
hundred feet lower than surrounding hills th#t expose older
formations. This is é major sized structure that cuts
across the northeast trending fold set.

A northwest trending gabbro intrusion is situated at
the southeast end of this depression: fufther to the north-
west, gabbro ag;in appears in the depression, but it is
oriented across the depression parallel with the anomalously
oriented Smallwood structure. The lineﬁgion direction in
the schistoée border of‘the gabbro is S20E, the plungé
:anéés from vertical to about 55 degrees and is directionally
the same as the lineation in carbonate iron formation less
than 50 feet away.

Iron Ore COmpanf geologists have mapped an odd shaped,

faulted structure east of the north end of Lorraine Lake.
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The fault trends northwest, and northwest trending gabbro
has intruded the Katsao nearhy. Another northwest lineament
may be present that is marked by the northeast ends of the
deposits, though this is perhaps partly physidgraphic. It
may extend from the bend in the northern part of the Carol
East syncline ﬁo the hook in the aerial_magneiics over
Wabush Lake where some sort of a disruption.in the Julienne
syncline is probably present. This disruption conceivably
could Se a north trending fault zone extending through
Wabush Lake.

Just south of the map area, the Wapussakatoo Mountgins‘
change to a more southwesterly trend and continue towards

Mt. Wright. The general pattern remains similar however.

Area B

This area exhibits open to U shaped arcuate ‘patterns.
A break in the stratigraphic pattern may be caused by a
fault zone between areas A and B, and one between areas B
and ¢, though no direct evidence of ;hese'suspected faults
is known. The area is underlain by Katsao gneiss containiﬁg
an interfold of quartzite. The quartzite apparently thins
out so thét the iron formation rests directly upon the
Kat#ao along the northwest.side. Threé>localities are
known where south to southeast plunging folds or lineations

exist.
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Lineated wWapussakatoo Quartzite
Wabush Lake

Figure 18 shows outcrops of the Wapussakatoo quart-
zite near Wabush Lake. _The cuartzite strikes west and dips
20 degrees south. The picture was taken N30OW pa?allel with
the southeast plunging lineation. The lineation is meso-
scopically expressed aé brownish colored streaks contained
within the quartzite. Hand lens examination shows a slight
elongation of quartz grains plus a linear arrangement of an
unidentified, altered platey ﬁineral. The‘altered mineral
forms thin laminae in the quartzite to §efiﬁe the foliation.
An examination of the outcrops shows that the lineation is
not related to the joint patte?n. One joint set appears as
lines indlined gently left in the picture, the lineation is
the faint streaking plunging directly towards the camera.

The orientation diagram shows two polar maxima and
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jndications of a second pair. The distribution suggeets a
bilateral distribution on each side of'two of the orthor-
hombic symmetry planes sdch that the center of the pole
symmetry is nearly vertical. Superposed folding is believed
to have rotated an early fold pole distribution, formerly
located alqhg the northwest symmetry plane,teward the pole
of the northwest trending superposed axial plahe to produce
the northwest trending gap in the dlstrlbutlon. The early
fold axes now plunge about 20 degrees southwest or 10 degrees
northeast; they probabiy were once neafly horizontal and
normal to the northwest symmetry plane which is interpreted
to be the dip dispersion symmetry plane of the original
distribution, and it is also believed to be the axial plane
" of the superposed folds.

The early pole dlstrlbutlon is spread over "about 40
degrees, with the surfaces that once dipped about 20 degrees
southeast predominating. Whether the early fold distribuﬁpn
represents gently dipping limbs of open folds with a ver-
tical axial plane, or tightly folded, nearly recumbent folds
is not known. The superposed .axes should lie in a narrow
field of variable plunge inherited from the early_fold
attitedes if the superposed axial surfaces closely followed
the older symmetry plane, but this may or may not be true

because little lineation information has been collected.
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fhe 20 degree small circle shown about the center of
symmetry is only a possibility in this diagram, but such a
distributioﬂ does appear in some areas to the southeast.
The folds in the Area aréycertainly more complex than the
orientation diagram would suggest, Mount'Bondurant is com-
posgd of highly déformed Katsao gneis§ rising over 500 feet

above the quartzite to the southeast.

Area C

This area exhibits mainiy east to southeast trending
formations and south to southwest dipping attitudes. It
contains several interfolded synclines and anticlines over-
turned to the northeast. Eight localities are known where
southeast plunging folds or lineations exist. At the |
lgcality just sopth of Almond Lake, 2 bulldozer road has
exposed a band of biotite-muscovite schist immediately below
the quartzite. Thé schist contains a small anticlinal fold
that trends northeast; Smaller, supérposed folds are found
on ﬁhe'variously dipping foliation surfaces. The lineations
and fold axes lie in a vertical plane ﬁrending N1OW. The
linear elements plunge bétween 15 degrees southeast through
horizontal to about 35 degrees northwest.

The quartzite -outcrops near thé entrance to Goethiﬁe
Bay are strongly lineéted, figure 19. Some time was devoted

to examination of the outcrdps and fragments of the rock on
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the beach for some clue as to the c#use of the lineation,
which is not due to foliation surfaces intersecting the face'
of the rock. ﬁo fabric element can bé observed, even under
a hand lens, that cuts across the foliation surfaces. 50m§
quartz crystals are only slightly elongated. The lineation
is actqally an expgession of small weathered out channels or
grooves, as though there has been differential leaching of
some mineral, perhaps a carﬁonate, that was once present in

the quartzite in linear arrangement.

Figure 19
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Lineated Wapussakatoo Quartzite
Quartzite Bay - Julienne Lake
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The origntation diagram shows an elongated éolar
maximum that can be divided by two of the three orthorhombic
symmetry planes. The dip dispersion is about 25 degrees,
but there is a suggestion of a small circle distribution
ﬁh;se center is virtually the same as in aréa B. Tﬁe early
fold axes are indicated to plunge gbout 5 degrees S65W. The
superposed axial surface is bélieved to have generally
followed the northwest symmetry plane of the early folds.
The attitudes have preferentially changed by apparent rota-

tion so as to dip southwestward towards the Julienne depres-

sion, particularly in the southern part of the area.

Area D
This area is the east half of the Shabogamo rise and

is roughly a mirror image of Area C. Part of zone 5 was
included in the domain. The linear pattern‘is localiy
arcuate. Six localities are known where lineations or folds
plunge southeast or northvest. Conforted folds ove;turned
to the north were found years ago in the irop formation near
the gabbro in the southern part of the area. The axes of
'these early folds trend west, are approximately horizontal
with limbs dlpplng both north and south., The lineatioﬁ dn
these forms has not been recorded. About a mile to the
northeast, northwest plunging folds hﬁve been recorded.

The orientation diagram shows a polar maximum with
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about a 30 degree dip dispersion. The interpretation is made
in the same manner as in other areas, namely that the super-
posed axial plane corresponds with the northwest trending
symmetry plane of the early fold setf The superposed axial
surface in Area C is steeply inclined to thé northeast, in

Area D it is steeply inclined to the southwest.

Area E

The Duley marble contains numerous planar, quartzose
strinéers that probably represent cherty seams in the dolo-
mite, figu;e 20. These seams usually exhibit a rough surface
on the quartz—carbonaté boundary and the roughness defines a
lineation. These lineations are dzrectlonally parallel with
the lineation expressed by clusters of tremolite crystals,
arid the lineation expregsed elsewhere by mesoscopic scale
elongate ienses of quartz plunging southeast.

Figure 21 illustrates one of the localities where the’
elongated quartz lenses may be observed. The exposure is .
across about 20 feet of marble that dips about'45 degrees
towards the caﬁera. ~ The guartz ;ens lineation appears on
several of the dip slopes exposed by thé sieplike surface.

Small foldé are apparently rare in the marble, One
poorly developed fold was séen near the»little'pond north of

Lake Leila Wynne: it is irregular in form and appears to

plunge south. One of the outcrops at the north . end of -
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Lake Leila Wynne exhibits foliation dipping 40 degrees east
to near vertical a few feet away across strike. This pro-

bably indicates a fold too large to be»direcily observed.

Figure 20

Planar Quartz Seams
Duley Marble - Lake Leila Wynne Area

The lineations in the marble area were found to every-
where trend between S10E and S30E. More lineation orienta-
tions were collected in this area because the examination
coula be continued here when lake travel was iméossible due
to high winds. | |

vAtea E was confined to one formation to see if the
marble exhibited geometry significantly different than other
areas. Unfortunately, most of the exposures are situated in
the western half of the axcuéte'patterﬁ and the orientation

data is probably not representative of the geometry of the
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A full arc fold. The interpretation of the geometry has been
made in the same manner aé Area A. The polar maximum is
assumed to represent. the pole to the axial plane of the early
folds and that a set of early fold orthorhombic symmetry
planes best represents these folds exhibiting the usual 30-
‘40 degree dip dispersion. There is no way of telling how

far the maximum may have been rotated from some early position

due to the superposed folding.

Elongated Quartz Lenses
Duley Marble - Lake Leila Wynne Area

The superposed axial surface is drawn through the

lineation field and the maximum; its pole falls in a
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generally vacant field, towards which the distribution seems
t9 be elongated. As in Area A, the lineations are not down
dip from the maximum. If the e;stern half of the full arc
‘were equally represented in the diagram, full girdle mono-
clinic symmetry would probably 5ppear about axes plunging
southeast,.and a second maximum might appear in the vacant
field toldevelop a bilateral distribption on either side of
a ﬁore vertical superposed axial plane trending closer to

north.

Area P

This éréa contains the southeastward continuation of
the arcs forming the axial zone of the Julienne depression.
The southwest side of the area has been arbitrarily selected
along a zone‘that exhibiﬁs a reversal of dip that may separate
two 5asin forms.b Eight locaiities are known from the area
that exhibit folds or lineations.

Figure 22 illustrates a small part of a sevefely
folded outcrop of Katsao gneiss on the southwest shore of
Julienne Lake. The fold forms nearby are variable and are
locally tightly appressed or inﬁrafolial with their axial
traces trending west to southwest ;ﬁd dipping southeast.

The axial surface is‘eésentially §ara11e1 with the prevailing

foliation in the intrafolial forms.
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Katsao Gneiss - Julienne Lake

The pictgre ghows a small area where the folds are
more open and regular in form. The picture looks down the
fold axes at 35 degrees along S40E. The da;k bands are
weathgréd biotite rich seams. The axial surface strikes
N60W and dips ébout 55 degrees southwest, ggg this geometry
is valid only for the picture area because the_fold curves
to the west and becomes lost in the general intrafolial
foliation. The fold forms exhibit curvi form shapes sugges-
tivé bf what Wynne-Edwards, (1963). calls refolded folds
developed through unsteady flow. These forms all share
common axes but their axial surfaces are curved and thé folds

are nonplane cylindrical folds. Foliation attitudes in this
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outcrop area are completely heterogeneous, the only homo-
geneous fabric element is the southeast plunging fold axes
and lineations. The outcrop area dzstlnctly shows that the
axial surfaces of the folds can systematically vary as well
ag the foliation surfacés: all intersect in homogeneouély
plunging fold axes. |

Pu;ther down the lake, open folds were obsgrved where
the limbs were 30 degr?es or less apart and form a chevron
- pattern. While‘the'fold axes-lineation direction is S40E at
both localities, thé tréce of the axial surfaces is south-
west at the southern locality. Massive‘granulite appears
further south and no lineations were found there.

Pignie 23 illustrates a large exposure of a fold of
arcuate form found near the l1ittle lake west of the southwest
arm of Shabogamo Lake. &he axes of this fold plunge about
20 degrees along S50E, the axial surfaces strike S80E and aip
southwest. This fold illustrates the fact thgt attitudes
taken from small exposureé of the gneiss may be completely
useléss as a geometric description that is at all reasonably
representative of the general attitude of the rocks. The
Katsao is so severely folded in gome areas that attitudes
are valid only if the scale of the attitude is defined in
positipn. It was felt that thé attitude of the lineation or

observed fold axes were the only fabric’ elements homogeneous
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Katsao Gneiss
S.W. Arm, Shabogamo Lake

The orientétion diagram shows an S shaped distribution
that could be inéetpreted in terms of two halves'of a 20
dégree small circle disttibution,-or a distribution that was
once elongated in a northwesterly direction that has been
split and rotatéd northeastward and southwestward such that
a plane of bilateral separation symmetry inglined abouﬁ 80
deéiees to the nor;hwest may exist. The distribution appears
to be partially symmetric‘with respect to two great circles
;hat intersect in what is interprefed to be the pole of a
northwest t:ending.axial plane such that superposed inter-
section axes plungin§ southeast to gently northwest are in-

dicated.




The southeast arm of Julienne Lake represents the

position of the ﬁrace of the axial zone of the Julienne
depression. Many of the attitudés in the southeastern part
of the area strike parallel with this trend, however it
appears that the geometry of small folds is more dependent

upon local conditions than upon regional scale deformation

conditions.

Area G

This area includes the rgmaining part of the Katsao
situated west of the Lac Michelle area. Two folds had been
previously found in the area, two were located by the writer.
Figure 24 shows a group of similar folds in biotitic gneiss.
The photograph is overexposed. The axiél traces strike due
southvand dip steeply:east. Lineations on neérby dﬁtcrops
plunge 25 degrees along SSOE on less regular shaped folds
that ;ontain small folds compoéed of feldspar whose limbs
are ;ttenuatéd in the north-south foliation direction. The
southeast plunging lineation is present th?oughout the 200
foot long oufcrop area where m?st of the foliation surfaces
- strike south’to southeast. The generaltimpreSSion received
from the area is that the gneiss is so severely folded that
the foliation is nearly parallel Qith the axial surfaces.

The oiientation diagram shows a d;#tribution‘of poles

to foliation that appears to describe a 30 degree small
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circle in the northeast guadrant and a 20 degree small
circle in the southwest quadrant. The significance of these
features is not understood. They migpt repre;ent an early
distribution that has been modified during apparent rotation
toward the pole or poles to the axial plane, or perh;ps the
small circles have some deformation relationship with the
axial surfaces, possibly the centers oflthe small circles

are poles to two preferred axial surfaces.

Figure 24

Mile 12 - Julienne Road

Whatever the relationsﬁips may be, the distribution
strongly suggests that most attitudes are'within'about 30
" degrees or less of being parallei with thé northwest trending
axial planes. No eloﬁgation appears that can be classified

as being preferred so no preferred orientation of fold axes
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is shown. The planes represented by the pr1nc1pal clusters
of poles intersect the axlal plane in a field ranglng from
about 40 degrees southeast to horizontal to ahout 20 degrees

northwest, but intersections outside of this range also occur.

Area H

This area includes moét of the area containing the
Shabogamo gabbro. Information is scarce in this area: the
gabbro often exhibits no fabric and the gneiss occupies the
lowlands. Seven localitiés were visited in the southwestern
part of the area that represents the southeastefn extension
of the Julienne depression. The marble east of Lac Michelle
is a strongly lineated calcium-silicate gneiss; silicate

" iron formation appearé in association with it further north.
Whether the formations are cont;nuous between these outcrops
is unknown. The gabbro in the island in the southwest arm
of Shabogamo Lake has fo;ded'bibtite gneiss on the west side
of the island. No linéations'appear in granulite to the east,
though a weak foliation is locally present.

The. interpretation of the distribution of the gabbro
is a@mittedly‘tenuous. Aerial magnetics are not available
t§‘the writer for this area. The general pattern of the
gabbro bodies is Jinear to arcuate with a tendency to trend
either northeast or northwest. The several sheet-like bodies

that trend northeast may have intruded along some structural
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anisotropigm associated with the northeast trending fold set,
not unlike the Carol Lake gabbro in Aiea A. The northwest
trending bodies may lie along surfaces associated with the
northwvest fold set.

The orientation diagram shows a cluster of poles in
one field that is probably close to the pole of the axial

plane, interpreted to be inclined 80 degrees northeast. As

v in other areas, observed liﬁear fabric plunges southeasterly}

Most of the data is from the Lac Michelle area and reflects

the southeastward increase of deformation.

Area I

This part of the area containing gabbro is somevhat
better known than Area H, the outéropé are more plentiful
ani ground magnetic traversés have helpedvoutline the gabbro.
Two folds were noted in the 1956 work, one in amphibolitized

gabbro. The other localities visited all exhibited southeast

" plunging ‘lineations.

. The large body of gabbro that apparently fo;ms one
long continuous intrusion exhibits both northeést and north-
west trendiné patterns and attitudes, and it locally is
decidedly foliated. . The intetpretétion is that this gabbro
may have been a sill that has been folded about southeast
trending axes.

The orientation diagram exhibits several clusters of
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poies best related to an incomplete girdle field indicating
the possibility of folds plunging southeasterly with a north-

west trending axial surface.

Area J

This area contains the Wabush and Nault formations
and is roughly bisected by the biotite isograd. The'pattern
is arcuate to the northwest, low to moderate dips are common.
Whether the interfolds are open folds or nearly recumbent
forms is not known.

The orientation diagram contains one principal pola?
maximum and three subsidiary clusters in a doubly bilateral
arrgngement somewhat similar to Area B. 'Thevsuperposed axial
plane in Area J appears not to have followed the early
symmetry system but cuts diagonally across it. The majority‘
of poles appear to have rotated southwestward, but it is
possible that the major maximum represents the early distribu-
tion position and the smaller clusters have been rotated
northeastward. There is no way of kno&ing what the orienta-
tion of the early fold system was, so tpe orientation shown
for the early foid axes may represent aniea:ly positién or a
superposed position. The early fold ﬁxiai plane may have

been steeply inclined to the northwest and associated with

" open folds, or gently inclined to the southeast and associated

with tightly appressed folds if the major maximum represents
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the initial position. Otherwise, the early axial planes
may dip about 30 degrees southwest or stand nearly vertical,
trending northeast, following the ortﬁorhombic symmetry
planes shown., The doubly bilateral éymmetry may represent
an early symmetry pattern that has been modified by the
superposed folding without a change of orientation, or it
may be an early §atterﬁ that has been changed in orientation»
by the guperposed deformation. It is unlikely that such a
pattern would develop as a result of one deformational event.
The axial traces of the early fold system in the area
trend, as indicated by the distribution of the iron formation,
between about N20E and somewhat south §f east. These limits
approximately correspond with the strikes of the east and
southwe§§ dipping orthorhombic symmetry planes. Perhap§ the
orthorho@bic symmetry set changes its orientation from plgce
to place and the relationships between the early and super-
posed fola gystems are variable. It is concluded that the
center of symmetry is the only geometric feature common to

both fold systems. . |

Area K
) Little is known about this area, there are only about
44 outcrobs recorded. Part of the area is underlain by

granitic gneiss believed to be granitized Nault formation.

The change of foliation trends outlines an arcuate pattern
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with the same sense of convexity as further southeast in the
Julienne depression. pips are low to moderate and dip eithek
goutheast or northwest. ‘
The orientation diagram shows two maximum with weak
subsidiary clusters, all separated by gaps in the distribu-
tion so that ‘a bilateral symmetry pattern is again present.
The early fold system is interpreted to trend N10E. The
superposed fold axial plane cuts across the early symmetry
planes, reflecting the northeastward elongation. Superbosed
axes should preferentially piunge gently southea_st or nort;,h-

west. |

Areas L, M, N and O

The tigljxtly areuate pattern of interfolded Wabush and
Nault formations in these areas can hardly be interpreted in
ar;y manner except through superposed folding. The alternating
anticlines and sync]:ines may be locally open and opposed dips .
are common in soine parts of the area. Thé axial tx;'aces of
these folds swing arcuately t‘hroug}i the area and locally
change direction by almost 180 deéreeé; Bisection of the
arcuate patteérns yields a family of suspected superposed
fold axial traces that curve across the area to vanish
against the basement, in one area converging to form a v
shaped pattern abutting the gneiss. Five folds v'te’re/observa:l

in this area by other workers, the axes plunge south or’



north and probably represent early fold axes.

FPahrig, (1960), reports that cataclastic zones exist
in the basement gneiss where thé gneiss is in close proximity
to the trough rockes and that the cataclastic cleavage is
parallel with the contacts. He interpfets his observations
to suggest that basement-trough rock contacts are faults and
that the outliers of basement gneiss afe faulted into posi-
tion rather than being windows. He shows a few fault symbols
on his map to indicate the presence of cataclastic zones.

Although tﬁe writer has pot seen the particular
cataclas;ic zones thaﬁ Fahrig, (1960), reférs to, he has seen
cataclastic zones west of Mt. Wright in charnockitic gneiss.
There is no evidence of fault movement'in thése zones, the
gneiss is simply spmewhat crushed ané broken. Fahrig, (1966),
repérts that large areas of gneiss around Lake Ashuanipi, 30
miles to the east of Wabush Lake, and well within the Grenville
province, contain éataélastic structures in an area traversed
by the sillimanite isogiad. Wynne~Edwards, (1961), reports
a similar ‘situation south of Ossokmanuan Lake that involves"
gneiss and large bodies'of gabbro south of the Grenville
front. Duffell and Roach, (1959), and Jackson, (1962},
;ecognized‘cataclas;ic structures in the basement gneiss ;hat
are metamorphically healed. '

The presence of cataclastic cleavage does not

:
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necessarily mean that majo? fault zones exist in zone 5.

The arcuate distribution pattern of the iron and Nault for-
mations in the area around Flat Roqk take is not cut by any
recognizable lineament or lineament sét trending in any
direction. The formations and structural patterns are
essentially continuous across the area from zone 6 go south~
east of the biotite isograd. There may well be local faults
in the area associated with the folds, b;ﬁ there is no-
evidence of a regional, post folding, crosscutiing fault
system associated with the Grenville front zone to the
writer's knowledge.

The orientation diagram from area L shows the doubly
'bilateral,symmetry pattern. The large separation between the
dlstrlbutlons on either side of the west trending symmetry
plane leads one to wonder if there may have been another
deformation that is responsib}e for this 50 degree separation.
If the distribution had geen.along the west trending symmetry
plane immediately prior to the folding associated with the
north&est trending axial surface, the northern distribution
would be expected to lie more to the east than it does. If
an intermediate period of deformation did not occur, then the
early fold distribution must have been considerably larger
than the 55 degrees now indicated between the east and west

set of maxima.
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The orientation diagram for area M shows numerous
isolated clusters of poles that can be related to the doubly
bilateral and diagoﬂal northwest trending superposed axial
plane as iﬁ the other areas. The diagram of area N indicates
that the two symmetry systems may share a common symmetry
plane as in some areas tolthe southeast. The diagram for
area O is a single maximum that is probably fairly represen-
tative of the o;thorhombic distributién th;t the early fold
system is believed to have produced. The distributionlmay be
divided ﬁy two symmetry planes normal to each other and nor-
mal to a third between the upper and lower hemispheres of
projection. There is no quality of the distribution that
cLearly_indicates the‘orientation of any superposed folding,
thoﬁgh irregularities in the distribution indiéate,thag a
northwesterly trending fold system migﬁt possibly be weakly

present.

Review

The set of large scale, regiona; folds outlined by
the distribution of formatlons trends variably but systemat-
1cally northeastward through the map area. The axes of these
folds are regionally subhorizontal. This is shown by the
continuous parallelism of their limbs for distances exceeding

10 miles, locally observed subhoriezontal folds. variation of
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foliation attitudes, and subsurface drill hole confirmation
in three areas. These folds are usually overturned and are"
constructed of tightly folded smaller folds whose limbs are
about 40 degrees apart, nearly recumbent forms are kﬂown to
exist and may regionally be present in one part of the area.

VSmall folds are found whose axes are oriented approxi-
mately parallel with the axes of the iarger folds. At least
one of these is known to be physically related to ihe north~
east treﬁding fold set, is discordant with respect to’the
lineation and nearby smaller concordant folds, and has been
shown to be older than the concordant folds whose plunge is
variable and partly dependent upon the local attitude of the
northeast trending fold set. »

The lineafion and fold axes of the suferposed concordant
folds lie at the intersection of superposed axiai sur faces
and the foliation surfaces of the larger fold. Near vertical
superposed axial surfaces cut across the foliation in many
places where open to‘appressed similar folds are pbserved.

In some areas however, the axial surfaces are honplane and
curve so as to tend to lie parallel with the prevailing
foliation in folds of intrafolial form. The fold axes of
both forms are observed to be parallel to each other.
Although the mineralogic linéation is most likely a

late metamorphic-deformational stage mimetic feature, and is

-
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variably expressed from place to place in different rock
types and structural situations, it is felt that the lineation
is significant in that it is the most widespread expression
of the superposed deformation. The intimate association of
lineated rocks and mesoscopic concordant folds, plué the
congruency of lérger scaled surficial patterns, orientation
data, and other evidence cited previously, all sigﬁify'to the
writer that a perioé of deforﬁation has affected all parts of
the area which‘hés superposed, in space and time, various
deformational features related to axial surf&ces trending
northwest upon the older northeast trending fola‘set.

The regional interference pattern formed by the two
fold sets is variably lineéx to arcuate with the local
development of cggscent and lobate figures. The patterns
are comparable with patterns figured by Ramsay, (1962}, in
his type 2Ainterference struc?ures where the general direc-
tion éf superposed tectonic t?ansport lies at a high angle

-to the axial plane of the early folds, and the suberposéd
axial surfaces lie at high angles to the axes of the early
éolds. ‘He illuétrates the progressive reorientation of
subisoclinal early folds in this superposed folding arrange-
ment, and it may be observed from his figure 8 that the
orientation of the early fold axes is highly dependent onn

the amplitude of the superposed folds. The axes of early
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folds are systematically oriented anywhere in the 90 degreee
between their initial orientation and essentially parallel
with the superposed axial plane in his illustration; and
there is a correeponding change of the interference pattern
from linear parallel with the axial plane of the early folds,
through a variable combination of linear and arcuate forms,
to linearily subparallel with the agial trace of the super-
posed folds.

The amplitude of superposed deformation has not been
great en a regional scale in the Wabush Lake area vwihere
northeast trending structures underlie much of the map area.

Changes of gtrike are gradual and generally limited to about
90 degrees in much of zones 3, 4 and 5. The intensity of
superposed deformation 1ncreases.southeastward however, and
much of the Katsao gneiss exhibits geometry moee closely
associated with the superposed folding trends than the early
fold trends.

Under these circumstances regarding zone 4, it is
felt that the early fold axes have not been significantly
reoriented and in general that large, early foles wnich
initially had subhorizontal axes still hnne generally sub-
horizontal axes, as the Smallwood and Carol East synclines
for example. The open concordant folds with near vertical \

axia1-11neat10n planes are believed to represent new folds



"not have necessarily originated as new superposed folds,
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of the superposed generation. The pattern exhibited on the

- profile face of the fold of figure 13 is remarkably similar

to the regional pattérn, and'fﬁe southeast‘plunging synform
on the left of the specimen could easily represent the
Juliénne depression.

The tight appres;ed, M shaped, southeast plunging
concordant folds, of the style represented by figures 7,‘9,
15 and some folds in the figure 22 aré;, may have a different
history. fhe axial surfaces of these~foids 1ie} br tend to

lie parallel with the prevailing foliation, and are nearly‘

normal to the near vertical axial plane of the open super-

posed folds. These folds, which lie on their sides so to
speak, might be partially to completely reoriented early
folds developed in situations where séperposed deformation
was, at some stage, iocally quite intense.

Thus, all southeast plunging concordant folds need

though their southeast plunging orientation would be due to
superposed event reorientation. Reoriented eagly folds might
exist aﬁong and parallel with new superposed cqncordant folds
of moie open férm, or among refolded supérposed folds, or
even among new_folds tightly appressed against the superposed
axial sﬁrfaces a§ in the figure 24 area. And, as pointed out

previously, discordant folds need not necessarily all be
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‘early folds, some could be new superposed generation folds,

particularly if the lineation represents the "a" kinematic
axes. ;

These conciderations illﬁstfate the complexity of
the structural problems that are inherent in a fir;t attempt
to unravel the structural histcry of the Wabush Lake area.
Much more detailed work, including petrofabric studies,
should be done in order to determine what fabric features
are structurally and kinematically significant, and on vhat
scale they are applicable, before the real significance of
structural data can be established. But on a regional basis?
which is the scale of this investigation, it is felt that the
identity of the twc fold sets is significantly expressed by
the northeasterly crending older linear pattern as modified
rcgionally and locally by the younger superposed fold set
characterized by northwest trending axial traces.

The observed superposed folds are but'individuaI.
£0lds of a northwest trending fold set that is regional in
extent. Regional expressions of this set include the
Stevens~-Luce Lake depression, the axial zones of the Julienne
depression and Shabogamo rise, aﬁd numerous smaller scaled
arcuate patterns that reflect recognizable deformation by
the northwest trending fold set.

Both the northeast and northwest trending fold sets




are viewed as major, regional fold sets that are continuous

across the map area along their respective trends. The folds
of the northeast trending set are. generally uniform along
their trend, but change form southeastward. This variation
is reflected in the geometry of the superposed folds, and
there is also a southeastward increase in the intensity of
superposed folding that is due to changes of rock type #nd
the general southeastward increase in the metamorphic rank.
The deformation associated with the northwest trending

fold set, and the metamorphism, have both been physically J

superposed upon older structure§ and rocks. They are physi-
call;ﬁgssociated with each other and are confined to the
Grenvilie province. As fhere is no evidence for post tectonic-
metamorphic activity other than secondary alteration, it is
reasonable to conclude that the superposed deformation and
metamorphism are two manifestations of the orogeny that
affected the récks ih the Grenville pfovince. The age of

the northeast trending fold set has not been dated by geo-
chronologic methods. Evidence is Brouéht forth in the
following chapter to indicate that the_northeast trending

fold set is probably considerably older.
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STRUCTURAL DEVELOPMENT INTERPRETATIOﬁ

The preceding chapters have presented a sample of
the evidence concerning the large scale éttuctural fabric of
the Wabush Lake area and such interpretations that the writer
considers are justified by the evidence. The following
chapter deals with structural development considerations of
a general and more interpretative nature, ahd their possible
geotectonic significancé.

Northeast Fold System

It has been shown'thag'the northeast trending fold
set is considered to be older thén the northwest.trending
superposed fold set. The guestion is, are they a product of
a single orogenic event or two. unrelated orogenic events?

One method with which to examine this guestion is to look for
similar étructureg elsewhere and attempt a structufal corre-
lation. Before this is done, it will be necessary to show
that the northeast trending folds in the Wabush Lake area
are but paft'of a regional fold system.

Extent in the Grenville Province

The map by Gaétil and Knowiles, (1960), illustrates
the general geology in the Wabush Lake-Mt. Wright district.
The northeast trending fold set is readily recognizable on this

map. Local northeast trending fold sets are but pérts of a
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regional northeast trending fold system that caﬁ be followed
at least to Mt. Wright.

Thé map by Duffell and Roach, (1959), shows the dis-
tribution of frough formations further south and west in a
region characterized by gneiss domes and el;ipéical basins
in the central part of their map.’ The iton formation is more
continuous than shown on their map. Clarke, (1964), examined
parts of the Mt. Wright and Lac Gras areas. He recognized
northeast and northwest trending regional fold systems and
concluded that the northeast trending folds are older than
the southeast or nérthwest plunging folds. The writer's
experience in the Tuttle Lake area, 18 miles southwest of
Mt. Wright, alsé indicates that the northwest or southeast
plunging folds appear to. be superposed upon:a northeast
trending fold system. The superposed deformation is locally
so severe .as to obliterate much evidence‘of‘the other fold 4
system however, and nérthwest structural trehd§ p?edominate

in much of this region. It is concluded that the northeast

trending fold system is an expressioh of a major, regional

scale deformational event whose effects are recognizable

throughout much of the southern Labrador trough.

Structural Correlation
The northeast trending fold system in the Wabush Lake

area can be recognized for only a few miles northeast of the
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map area due to the scarcity of outcrops in the lowlands
north and east of Shabogamo Lake. Figure 25 shows the south-
wesé part of the map by Fahrig, (1960). Part of the struc-
tufal cor;elation path to be followed is contained within
this map area. Unit 6 on this map is the Katsao formation,
believed to be the oldest trough formation ptesené in the
area.

The northeast trending folds in the Wapussakatoo
Mountains are a part of the stratigraphic-structural unit
designated as zone 4 on the regional map. That zone 4 is
structurally related to zone 5 is appargnt gecause both zones
were involved in the superposed deformation.

Zone 5 can be followed northeasterly in figure 25 be-
yond the Wabush Lake sheet with but little change in general
pattern along the Grenville frqnt zone to a lake about 4 .
miles northeast of Steers Lake at the edge of the map. Zones
4 and 3 méy_exist between this unnamed lake and'outcrops of

marble off the map about 3 miles‘further northeast. The

biotite isograd marks one of the metamorphic discontinuities

that exist in this zone.

Northwest of Steers,and Pegrum lakes, the only known
exposufes between the iron formation of zone 5 and the iron
formation nortﬁ of Sawbill ﬁake consist of basement gneiss
and gabbro. Neither Fahrig, (1966), br the writer has seen

the aerial magnetics of this area, but geologists of the
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FIGURE 25
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Iroo Ore Company of Canada have reported 6n several occasions
that there is a 4 mile gap in the continuity of aerlal mag-
netic anomalies south of Sawbill Lake.

FPahrig, (1960)., shows several fault lines trendih§
northeast on his’map. These symbols are intended to desig-
nate. areas where the cataélastic cleavage in the basement

‘gneiss is more pronounced. Fahrig, (1966), has reported that
bhe did not observe evidence{of significant displacement in
these zones, and that they are'common and widespread has al-
ready been mentioned in the discussion of areas L, M N and O.

Thé writer's interpretatien of the sawbill Lake gap
sxtnatlon is that the break in continuity of the ;ron forma-
tion and the overlying Nault—Menlhek formation is due to a
structural disturbance related to the Grenville front zone
that extends aorthwest of zone 5 and which has raised the
trough rocks above the grésional level across the gap. Note
that the attitudes are irregular and moderately to steeply
dipping in ﬁhe Pegrum-Steers Lake area, suggésting a greater
degree of deformation than in that part Bf the Grenville
front lying within the Wabush Lake map -area. The gabbro in
tﬁe gap is the only gabbre body knowﬂ to lie northwest of the
biotite isograd in this région.

Across the gap, the iron and Menihek formations.out-

- crop north of the north shore of Sawbill Lake; They exhibit
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the same stratigraphic relationships to each other and to
the basement gneiss as in zone 5. The difference is struc-
. tural in that north of Sawbill Lake the formations dip at
low angles easterly in a homoclinal structure whose eastern
extent is unknown. The homocline extends ‘in a‘northeast.
north, and northwesterly direction for over 100 miles along
the west side of Menihek Lake to the Knob Lake area.

The relatively undeformed homoéline graduall& approaches
the northwest trending main fold zone of the Labrador trough,
proceeding'northerly along the gently curved eastern edge of'
the Superior province, figure 1. The area between the
Superior province and the main fold zone of the trough apﬁears
,to represent a structural platform in vhich little tectonic
activity has taken place. The homocline is in contact with
the main fold zone northwest of Margaret Lake, see Frarey,
(1961). The contact is probably a thrust fault that extends
through Stakit Lake in the Knob Lake area. Younger trough
formations appear ;ortheast of the Stakit Lake fault so that
a reverseé sequential distribution of trough formations is
present -that ié very similar to the reversed distribution
hétveen zones 4 and 5 in the Wabush Lake area.

The main fold zone of the Labrador trough has a strong
linear‘pattetn that is the result of numerous, large scale,:

faulted folds with subhorizontal axes: most are overturned
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towards the Supgrior province. Representative sections of
these folds are shown in figure 26, reproducedAfrom Stubbins,
et al, (1961).' Schwellnus, (1957), studied three areas in
the Knob Lake area and showed that although the deformation
was apparently accomplished in two or more related phases,
the geﬁmetry was(similar in each phase. The fold axes trend
northwest and plunge St low angles northwest of southeast.
He felt that the deformation plane was near'vértical, tren~
ding southwest. Northeast of Schefferville there are two
additional zones in the main fold zone that exhibit similar
séructﬁres and a,feversed sequential distribution of forma-
tions across their boundaries.

These folds in the méin fold zone are quite similar
in structuril setting and form with the early folds in the
Wabush Lake area. They can be indirectly strucéurally
correlated via the structural correlation path outlined.
They afe simiiar in most respects except directipn. The
directional differences may, perhaps, be a manifestation of
an unusual geotectonic sitﬁation associated with the Labrador
trough.

The nofthwesterly trending st;uctures,ip the main fold
zone in the central trough cbntinue southeasterly in a linear
‘fashion to the McKay-Gabbro LaKe area about 50 miles north-

east of‘Sawbill Lake. The trough formations and structures
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FIGURE 26
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appear to merge into the Grenville province in this area,
trending more easterly as the Grenville province is
approached. Wynne-Edwards, (1961), writes;

“The regular pattern of northwest trending folds
found in the Labrador trough to the north is
obscured around McKay and Gabbro Lakes, where a
second deformation is marked by east-west -cleavage
which becomes more prominent southward. In places
this cleavage is supérimposed on an earlier folia-
tion, both in the Kaniapiskau (trough) rocks and
in the gneisses to the east. The interference of
this second period of folding with the first has
produced a pattern of minor folds and lineations
too complex for study on the present (one inch per
four miles), scale of mapping."

He does not relate the second period of folding to any
specified deformational event. He continues;

Phe Grenville Front in this area is represented

by a broad, roughly east-west belt of deformation

marked by cleavage and low-grade metamorphism in

the Gabbro Lake area, and by cataclasis and thrusting

in the more metamorphosed rocks to the south.”

Be considers that northward thrusting has brought
deeply buried gneiss to the surface south of the Grenville
‘front.

Northwest to neatly west, and northeast to nearly east
trending bands of iron formation and associated formations,
several to tens of miles long, occur along the Grenville
front zone in an area extending from around McKay Lake to
Ossokmanuan Lake and further west towards Evening Lake in

the é:ea mapped by Fahrig, (1960). ‘It would appear to the

writer that there is a possibility that the northeast to .

-
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nearly east trehdiné structures in these areas might repre-
sent structures tectonically complementary with the northwest
to nearly west trending folds in the main fold zone instead
of the northeast to east trending structures being a manifes-
tation of the deformation aésociated with the Grenviile
province.

Could these.northeast trending structures be the north-
eastward extensions of the northeast trending fold system in
' the Wabush Lake area? The writer does not have an answer
. for this cuestion. The idea is presented only as a possi-
bility of structural patterns deveioped from an orogeny that
may have produced northwesterly trending structures over-
turned towards the Superior province in the central trough
that are related in time and space with northeasterly tren-
ding structures overturned towards the Superior province in
the southern trough, with both areas exhibiting simi}a;
structural features. The interﬁretation that the northwest
trending fold set in the Wabush Lake area is, superposed upon
the northeast trending fold set leads the writer to the
belief that if any structural trend is to be classified as
a trend representing the structural grain of the deformation
that last occurred in the Grenville province, this trend is
northwest, nearly normal to the Grenville front, not parallel

with the front.
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The shortest structural correlation path between
Wabush Lake and Knob Lake is along the curved western maréih
of a large triangular shaped shelf that may have been little
affected by the deformationallevents that produced similarly
deformed but éirectionally different structures in each area.
The northéast trending folds produced by this event in the
Wabush Lake area wére‘involved in a later deformation that
produced the northwest trending supefposéd fold set. This
is one possibility of sequential development, it could account
- for a northeast trending fola system already in existence
along the Grenville front before becoming involved in the
metamorphism and deformation found in the Grenvillé’province.

The other possibility is that the northeast trending
fold system in the Wabush Lake area is not orogenically re-
lated whatsoever with the defbrmation in the méin fold zone
of the central.Labrador trough. If not, then the two fold
gystems in the Wabush Lake Area are probably two directionally
different manifestations of the orogeny that affected the
Grenville province, with later generations of deformatién
being superposed ﬁpon earlier developed folds tfending

parallel with the Grenville front.

Age Relationships

The preceding considerations of structural correlations



-and possible s;quences of relative deformational events
raise the subject of the age relationships.

The writer will not attempt to analyze the extensive
geochronological evidence applicable to the area; to do so

would be repetitious. The Tectonic Map of the Canadian

shield by Stockwell, et al, (1965}, shows the various parts %X
of the shield within which major, regional, orogenic events o
have taken place that have been dated in broad time terms.

| The Superior province forms the core of the Canadian
shield ayd exhibits a mean K-Ar age of approximately 2500
million years. The eastern side of the province lies
immediately west of the Labrador trough and includes the
Ashuanipi complex. The‘nearést dateé locality of these rocks

is about 60 miles north of Julienne Lake. Rocks of this age
extend beyond the boundaries of the Superior province as

rocks with similar age dates are locally found along the
Labrador Coast, Stockwell, (1965). That Archean rocks also
occur within the Grenville prpvince has been demonstrated ‘
near Lake Timagami, Ontario, by Grant, (1964). BHe showed
by whole rock isochron analysis that Superior province

granite, with a primary age of approximately 2.2 b.y., exists
within thé Grenville province, and that it was there subjected
to orogeny and metamorphism at approximately'l b.y. This

work only confirms what others have advocated for years since



the appearance of Quirke and Collins' classic work in 1930

on "The Disappearance of the Huronian”.

The Labrador trough began to develop during some un-
known period. The depression became filled with sedimentary
formation# exhibiting most aspects of normal geosynclinal
development. The Kaniapiskau Supergroup of trough formations
is bracketed between 2440 and 1800 m.y., Stockwell, (1964).
The extensive distfibution of the La%e Superior Type iron
formation in the sequence is a not unusuél feature of early
Proterozoic sedimentary sequences. Isostatic vplift and
orogeny in the eugeosynclinal zone of the geosyncline is
probably the basic cause ;f the deformational features pre-
sent in the mai; fold zone of the Labrador trough. Stockwell,
(1964, 1965), indicates this orogeny to be Hudsonian, with a
mean age of 1735 million years in the Churchill province.

The eastern limits of this event are Sut poorly known. A
younger, Elsonian orogeny, averaging about 1350 million years,
oécurred over large areas in the Nain province. Wynne-Edwards,
(196i), reports that basement rocks eést of the trough were
éefbrmed and metémorpho;ed along with trough formations and
that both lie in the saﬁe structural province. Elsonian

dates lying within the Labrador trough amid Hudsonian dates
lead Beall, et al, (1960), and Gastil, et al, (1960). to also

conclude that the centrél Labrador trough had been affected
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by two orogenic evenis. The Elsonian Nain province is viewed
to be partially overlapped upon the Hudsonian Churchill pro-
vince. These may be related orogenic events, a generally
northwest to north trending structural grain throdghout the
Nain and parts of the Churchill provinces may be more than
geotectonic coincidence. It is interestiﬁg to note that
Budsonian ages also appear on the coast of Labrador lying
bétween an area exhibiting Archean dates and the Grenville
province, Stockwell, {1965).

Stockwell, (1964), tentatively places the Sims forma-
tioﬁ of cover rock clastics, lying upon unmetamorphoséd
trough formations north of the Grenville province, as post
Budsonian-pre Elsonian. He classifies large bodies of
anorihositic gabbro in the Gabbro Lake area as Elsonian.
These intrusions are uﬂéltered north of the Grenville front,
but‘similar gabbro in the Grénville province has been altered
and sheared, Wynne-Edwards, (1961).

The Grenville province occupies the e tire south-
eastern side of the Canadian shield and has a mean age of
945 million years, likely representing terminal stage me tamor-
phism. The time of beginning of the orogeny in the Grenville
province has not been geochronologically'es blished.

These dated orogenic events provide the time reference

for interpretation of the sequence of deformational events in
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the Wabush Lake area. Stockwell, (1964), has presented a
working hypothesis for the orogenic history of the Grenville
province, he recognizes that the age of intrusion of anortho-
sites and related rocks is oﬁe key to the problem. The key
to the age interpretation of the two fold systems in the
ﬁabush Lake area also lies with gabbroic intrusions.

The gabbro intrusions have been retrogressively
metamorphosed and deformed, the smaller intrusions to a
greater degree than the larger intrusions. Some are known

to have foliated schist borders that are lineated in the same

~ manner as enclosing rocks. The gabbro was intruded before

the deformation that produced the lineation. It has been
shown that the lineation is one manifestation of the north-
west trending superposed fold system. Elongate gabbro in-
trusions are found trending northwesterly in several places:
at the southeast end of the Stevens-Luce Lake lineament, east
of Lorraine Lake, in the Julienne depression, a series of
plugs situated just east>of the Shabogamo rise, and parts of
the gabbro southeast of Shabogamo Lake trend northwest. It
is believed therefore, that the gabbro was intruded syn-
tectonically with one or more of the early stages of deforma;'
tion associated with the northwest trending superposed fold
system because gabbro lies in structural trends of the éystem

and has also been deformed in the same manner as the rest of
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the system.

Gabbro intrusions also lie parallel with the northeast
trending fold syétem; examples include parts of the large
gabbro bodies southeast of Shabogamo Lake, the Smallwoéd
jntrusion, and the long northeast trending body that passeé
through Carol Lake just‘west of the Wapussaxatoo Mountains.
The rocks in the Qicinity of the Carol Lake gabbro have -
apparently suffered little superposed deformation. Some of
the large bodiesvof gabbro southeast of Shabogamo Lake are
distributed along both northeacu and nor»hwestuard trendé.

Oon the assumPt}on that there was only one orogenlc
period of gabbro intrusion, it would appear that gabbro in-
truded syntectonically with the northwest trending (super-

-poséé) fold system, and which follows physical anisotrOpisms
of both the supgrPOSed fold‘trends and.the northeast fold
trends, including northeast trends that were little affected
by the superposed éeformation. étrongly suggests that the

" northeast trending fold system was already in existence at

the time of intrusion. |
The age of the intrusion of the gabbro is unknown.

Fahrig, (1960), and Wynne-Edwards, (1961), both believe that

the anorthositic gabbros are post trough in age and are
orogenically related with the Grenville province. Stockwell,

(1964). considers the anorthosites in the Grenville province




149.

in the Ossokmanuan Lake area to be Elsonian. He believes
that the Labrador trough formations in the Wabush Lake area
Qere.'folded during the Hudsonian, modified during the
Elsonian, and reworked during the Grenville orogeny"”,
Stockwell, (1964), p.20. This is based upen the assumption
that the Shabogamo gabbros are genetically related with the
ﬁlsonian intrusion of anorthosites and anorthositic gabbros
further northeastward in the Nain provincet‘ If the_syntec—
tonic ahd at least pre-late metamorphic Shabogamo gabbros
are really E!sonian intrusions, then the Elsonian was pro-
bably'the period of the early to middle stages of the orogeny
of the Grenville province that affected the rocks of the
Wabush Lake area.

The writer's concluding interpretation is that there
is a distinct possibility that the northeast trending fold
Asystem in the Wabush Lake area may be a Hudsonian fold sys-
tem that was intruded by Elsonian gabbro syntectonically w1th
the development of the northwest trending superposed fold
sysfem, and that the deformafion in the Grenville province
may have continued over a period of about 300 million years
to cease before or around the time of late stage metamerphism
around 1000 million yeare ago. None of the students of the
Wabush Lake area have recognlzed any significant ev1dence of

two episodes of regional metamorphism of trough rocks. This
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suggests that the metamorphism in the Grenville province was
’ largely progressive, though it naturally was retgogressive
with respect to the intrusive gabbro and basement granuiite
rocks. The age of early stage metamorphism is not suggested
by any known feature, though it would be reasonable to assume
that the processes of metamorphism and deformation were
mutually interdependent and perhaps were episodically related‘
in the manner discussed by Sutton, (1964).

Four K-Ar age determin;tions have been made from rocks
in the Wabushlnake-Mt. Wright district. Three were collected
and reported by Jackson, (1962). COmposite samples from
biotite rich layers in Ashuanipi complex rocks yielded 1580
vmillion years. Samples from either Katsao or Ashuanipi rocks
yielded 1120 million years, and samples of Katsao gneiss
yielded 1250 million years. Fahrig collected samples of the
Katsao gneiss élong the southwest side of Julienne Léke that
are reported by Lowdon, (1961). Muscovite, appearing to bel
younger in thin section than biotite, yiélded an age of 980
million years, blotlte yielded an age of 1125 million years.
The samples reported by Jackson, (1962), xllustrate the usual
gituation where K—Ar age determlnatxons near the GrenV111e
front yield ages intermediate between the Archean and the -

more uniform ages found within the Grenville province.
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Development of the Superposed Fold System

_The preceding interpretation of seqﬁential development
indicates that the northeast trending fold system was already
in existence at the beginn;ngvof the superposed fold deforma-
tion. A certain, unknown, depth of cover i;-assumed to have
'been present, consisting of the up dip continuation of the
presently exposed folds and probably a cover of post trough
rocks. Such rocks are found as erosional remnants on the
trough in the platform area and upon the main fold zone in
the central trough. Stockwell, (1964), interprets the Sims
formation of arenaceous clastics as post Hudsonian-pre
Elsonian. Similar rocks exist in the Evening Lake area near
the Grenvilie front. These rocks trend northeast and contain
a south dipping fracture cleavage whidh Fahrig, (1960);
ascribes to the effects of the deformation in the Grenville
province. They lie 4-6 miles north of Ehe biotite isograd
and northeast trending, large gabbro intrusions are also

" present. It would be reasonable to‘assume that similar cover
rocké may also have been present in:the Wabush Lake area.

While the structurai develspment probably was accom—
plished through a series of deformational phases that likely
changed character in time and position as the metamorphic
environment changed, the availaﬁle evidence doés not permit

a sequential interpretation. It is possible only to suggest
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the manner in which the superposed folds may have generally
developed to their present form through the agencies of ex-
ternal strain movements. A discussion of the physical en~
vironment and the structural situation regarding the environ~
ment will be presented later.

The existence of the older noftheast trending fold
system, whether it is a Hudsonian or later system, permits a
certain amount of assumption about the former gosition and
. orientation of the northeést fold set. Large scale, external
strain movements involving wholesale tfanslation_and-rotation
can be visualized by assuming that the northeaét trending
fold system once had a regionally linear pattern trendingv
about N30-40E, roughly paralLel with the average regional
‘trend of the fold system between Mt. Wright and the Sawbill
Lake area. - The overalllpattern was perhaps not greatly
different than that presently exhibited in the Knob Lake area.
The troﬁgh formations were probably distributed in three'
principal zones, zones 1-2, 5-4} and 5, as a result of the
early deformation; The formations are believed to have not
been metamorphosed to any significant degree.

1t is not possible to infer very much abbut the effect;
' of the early stages of the superposed deformation and metamor-
phism, The observed folds'and metamorphism reflect the end

results of the metamorphic and deformational processes'and
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early stage effects are largely obliterated. It is not known
whether'the suspeéted northwest trending faults are early or
later features; or if the gabbro follows early or later
stage ﬁorthwest trending features. It may only be.concluded
that most gabbro was emplaced before the period of intense
metamorphism and at least some degree of deforﬁation.

There may have been an early period of superposed
flexural deformation. Suggestions of flexural foiding appear
in the orientation diagrams of some areas vhere tﬁe presence
of partly developed small circles might reflect a period of
dome or basin development that distributed poles to initially
suhparallél beds in a cone of about 20 degrees from the axis
of tgctonic transport passing through the center of the cir-
cles. It is also possible that dome and basin development is
a later feature, though later stage deformation seems to bé )
generally exhibited in the elongation of the pole to foliationm
dist:ibution;

The general idea of the development interpretation is
- diagramatically represented‘on figureA27. The early fold
systenm is assﬁmed to have trended about N30-40E as a compro-
mise between a N20E trend if the early folds trended parallel
with the western margin of the trough and about N50-60E if
they trended towards the Gabbro Lake area. The early fold

system is represented by an overturned, subisoclinal,
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horizontal syncline as may have existed in zone 4. Regaré—
less of the scale of the fold, its oriegtation diagram
determined from outcrops would be liké the one shown, with
a polar maximum elongated in the dip dispersio; direction

due to the variation of dips produced by the small folds in

the syncline. The pole distribution would be narrow if the

strikes remained fairly constant. It could be divided by

two of the three orthorhombic symmetry planes. Significanti

local changes of strike would serve to produce a m&re cir-
cular. distributién of poles and destroy the suggestion of
a girdle distribution normal to the early fold axes. The
polar maximum would be centered around the pole to the axial
plane of the syncline.

The fold has a shaée of near infinite length Eombared
to its depth and width. It is constructed of innumerable
subparallel surfaces that dipbsoutheasterly except in the
hinges of its small folds. Its gross shape and internal
mechanical anisotropisms would be such that the direction of
least resistance to deformation by flexural seﬁd§ng would be
directed normal to the bedding anisotropisms. The movements
‘would be down to the northwest or up to the soutﬁeast pro-

" viding that boundary conditions were such that the body was
free to éhoose its own displacement path; that is, that the

responsive displacement of this fold predominated and
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controlled the displacement of adjacent folds.

The superposed fold diagram attempts to portray how
the early fold may have looked after translation and rotation
had developed to a éoint where the limbs trend about 60 de-
grees to ééch other. The fold may have initiated as a
flexural fold whereln the movements were entirely internal,
between or wlth1n the bedding surfaces, but part of the dls-
placgment may also be due to cross bedding-foliation passive
flow. The fold is shown with an apparent io degree rotation
of the southwest limb, and a 30 degree apparent rotation of
the center limb about the average superposed fold axis. The
superposed fold axes can e linear only upon the pianar parts
of the early fold. The pos}tion of fold hinges across the
early fold would define axial traces trending northwest.
Superpoéed fold axes andvlineations woulé lie in the axial
planes that are shown as vertical or steeply inclined. Not
only would a linear-arcuate surface pattern be produced, but
the dzsplacement would have ralsed the syncline on either
side of the superposed synform such that the early fold would
lie lower in the synform hinge area and would form a de-
pression relative to a rise in the antiform area. Fold axes
of the syncline should plunge‘toyard the depression, the
dééree of plunge however would be low unless the displacement

had continued much further ﬁhah shown.
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The effeéts of apparent rotation of foliation atti-
tudes appear in the orientation diagram through the migration
of the poles from their former position alon§ great circle
paths toward theypole of the superposed axial plane, in
passive deformation, by an amount proportionate to the degree
of apparent rotation. The center of the maximum has become
nonsymmetrically eloﬁgated as there was more elongation:in
one direction than in the other. ' Some poles have migratéd
beyond the 40 degree apparent rotation to spread the poles
over a longer elongation. but a full girdle distribution
could hardly be expected from such an open fold. The dis-
persion inherited from the syncline is still present, 55 the
distribution will be rather wide.

Early fold gxes are dispersed depehdiqg upon the fold
mechanisms. If the reoriented early fold has fairly straight
trending limbs as shown, two maxima may appear in.the dis-
tribution that sighificantly reflect the two axial plane
trends df the syncline; if the superpoSed fold has a generally
curved form with an aréuate surféce pattern, there is ligely
to be only a éiﬁglé maximum. The éartially developed girdle
is centered throdgh the poles to the axial planes of the
syncline, so that the superposed intersection axis so des-
eribed lies at.the intersection of the axial planes of the

syncline and the superposed axial plane. Actual superposed



axes would take their plunge from the dip of the foliation

surfaces on vhich they have formed. As displacements with a
parallel sense of movement cannot take place in a coﬁfined
volume about two axes some 30 degrees apart without creating
space problems vhen anistropisms of the early fold are
actively influencing the movement picture, the actual super-
’posed folds probably would preferentially develop only in
one limb of the syncline where the superposed axes could be
.generally parallel, as was shown in the Julienne syncline,
or on a smaller scale as in figure 15. - .

The early fold‘system is believed to have significantly
inflﬁenced the'development of loéal superposed folds. Only
_ the large scale, northwest trending axial zones appear to be

more or less independent of the early fold system.

The diagramatic regional representation of the super-
posed fold system in the Wabush Lake sheet area is presented
to help illustrate tﬁe general structural construction of ‘
the area. The fepresentation'is viewed simply as a much
larger scaled version of the superposed fold diagram.

The representation includes an open fold in zone 5,
and subisoclinal, overturned folds in zones 4, 3 and 2. The
increasingly arcuate pattern from northwest to southeast is
viewed as a reflection of a greater intensity of superp05ed_

deformation in the amphibolite rank area, and particulérly




159.

along the Julienne depfession in zone 2 where space problems
perhaps were ac?te due to translation of the limbs of the
depressioh toward the axial zone. The faults are interpreted
to be features developed on the flanks of the Julienne de-
pression and Shabogamo rise. Gabbro, known to be metamor-
phosed and at least lécally folded, appears to hav; intruded
along or near these fault zones Or in the major axial zones
of the superposed systém. Most of the gabbro is found over
the’southeastern pért of the Shabogamo rise as might be ex-
pected in an area whefe dialational displacements above an
antiform structure may have significantly reduced the effects
of confining‘pressure. Although some of the gabbro ig older
than much of the superposed deformation, one small gabbro
plug outside of the map'area is believed to be a late defor-
mational intrusion. No gabbro is known to exist beyond the
biotite isograd in the district except soptheast of Sawbill
Lake. ’

The highly qﬁartzbse formations in'the Wapussakatoo
Mountain area, particularly the quartzite, are probably
stratigraphicaily thicker than elsewhere. The tightly folded
formations are believed fo have behaved as a block more ]
resistive to superposed deformation than other blocks; this
‘is expressed by a predominantly linear pattern. Perhaps the

Julienne depressibn is not a depressidn in the sense of the
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axial zone having moved down and west, but is'perhaps a hinge
area wherein most displacement occurred in the limbs, par-
ticularly in the east limb. Significant large scale super-
posed deformation in the Wapussakatoo bléck is largely con-
fined to the Stevens-Luce Lake depression. Why the Smallwood
syncline happens to lie askew in this area is not knowvn. Any
consideration of this problem would have to involve a study
extending furthet south where similarly trending folds pre-
dominate. ‘

If the early fold system once trended more or less
uniformly northeastward, then wholesale translational and
rotational external strain movements, systematically arranged
with respect to the Julienne depression may have occurred.
The displacements are viewed to have been largely upward to
thersoutheast, or downward to the northeast approximately
normal to the southeastward dipping early fold system, They
were probably accomplished'through cross layer. bassivé,
‘differential flow sb as to cause aﬁéarént rotation of limbs
through about 40 degrees. 'If the early fold system had a
less uniform northeast trend, the displaceﬁentg need not have
been as large to develop the present surficial pattern.

The Julienne depression is viewed to be the maJor,
regional superposed structure in the area. The axial zone

is reéognizable as areas in which the attitudes trend north-
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west and dip steeply in zone 2, and by the distribution of
hinge areas in the several formations described by the most
arcuate pattern. The depression seems not to be a sinéle,
continuous axial zone. The axial trace zone in the Katsao,
assumed to trend through the southeast arm Bf Julienne Lake,
appears to curve wgstQard, passes through the hinge area in
the Duley marble, and dies out in area B. The Julienne
deposit-ut.qaondurant trace appearé to curve west and dies
out in area K. A similar curvatﬁre appears in the Julienne
deposit and was observed on a mesoscopic écale at the figure
22 locality.

" Areas L, M and N are the most arcuate pa;ts of zone 5.
The t;ght patterns indicate the presence of several synform
‘and antiform fold sets trending northvwestward, but some of
theif traces curve northward or westward and converge or
diverge in the northwest part of the area. They appear to
try to follow the trend of the early fold system west of Flat
Rock Lake, but traces trending nearly west in area L can also
" be observed. The writer has Aot_drawn traces in these areas
" due to the already crowded map and the problem of curved
secondary axial traces that appear to become barallel with
the trends of the early fold syﬁtem. The problem is com-
pounded by the low plunge of the folds in this.area, thé

surface presents, in effect, nearly a longitudinal view of
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the folds. The tightly arcuate pattern does not signify a
great deal of deformation.

A zoné extending from near the basement gneiss of zone
6 in areas L, M, and N, and extending southeastward through

Mt. Bondurant, the Julienne deposit, the southeast arm of
Julienne Lake and into the Lac Michelle areavis considered
to be the zone of most intense superposed deformation. Syn-
forms plunging goutheast occur in most of this zone, but
antiforms are also present., This zone trends about N30W.

The trend of the éuperposed axial surfaces derived from the

" orientation diagrams of areas H, G, F. Julienne deposit, B,
M, and N are also close to N30W. The superposed axial sur-

" faces are interpreted to closely correspond with the dip
dispersion plane of the early fold system in the orientation
diagrams of the Julienne deposit and areas B and N.

The southwest limb of the Julienne depression exhibits

‘a linear to weakly arcuate pattern in areas A, E, J, K, and
parts of L and M. The éarly fold symmetry set in these areas

is oriented about N15-20E. The plunge of the early folds,
interpreted from the center of sfmmetry of the pole distribu-
tion, is subhorizontal in each area except in area J. ‘The
orientation data in area J seems to be a combination of the
single maximum exhibited in area A and the doubly bilateral

arrangement characteristic of zone 5. The diagram was
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interpreted in the same manner as the other diagrams in zone
5; but if it had been interpreted using the major.maximum
As in area,A, the plunge of the early fold system would be
more consistent with £he other areas.

The superposed symmetry set in each of these areas
cuts diagonally across the symmetry set of the early fold
system. The superposed axial planes trend between N40W and
N55W in these areas, area J again excepted as drawn. The
superposed fold system appears to have been nonsymmetrically
imposed on the early fold system throughout thesg ar;as where
the superposed deformation was apparently rélatively'weak
except in the Stevens-Luce Lake depreséion.

The ceﬁtral 1imb of the regional superposed fold sys-
tem is best displayed in area C where the trends are east to
southeast. Further nortﬁ, the trends progressivély change
to more northeast in area O and'no line of demarkation can
be identified that separates early fold trénds from super-
posed fold trends. The lack of interfolded formations in
zone 2 dées not permit recognition of early fold trends ex-
cept that the northeast trending gabbrOSImay mark thesé |
trends. ' :

The west and east limbs of the Shabogamo.rise are
best displayed in the southern parts of areas C and D. The

' symmetry sets of each area are near1y4identica1 except for
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.the inclination of the superposed axial surfaces; for the
rise as a unit they probably are about vertical.

Superposed deformation in areas G and H has been so
severe as to obliterate traces of the early fold system, '
foliation oriented Qithin about 30 degrees of the axial sur-

" faces is indicated. This feature is less pronounced in areas
Fand I. sﬁperposed axial surfaces trending about N20W are
indicated from the orientation diagrams. Similar trends »
appear on the map locally, but parts of some of the larger
bodies of gabbro trend N45W to ﬁsow;

The principal feature of regiopa1 extent that:appears

" on the map is the systematic arrangement of the linear to
arcuate patterns. The pattern§ reflect the eﬂd result of a'
long period of complex yetamorphic and deformational events
that have herein been interpréted~in terms of.two regional
fold systems developed at high angles to each other. The
axiai‘trends of the superposed system are approximately nor-
mal to the early fold system in zone 4 east Of the Julienne
depreséion and in one part of zone 5. West of the dep}ession
in zones‘3, 4, and 5, tﬁe superposéd fold systeﬁ lies
diagonally upon the eérly fold system. The reéional super-
posed fold system trends approximately uniformly northwest-
ward.

If the early fold system also once trended uniformly[
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the relationship between the two fold systems should be the
game in all areas. The fact that the relationships are
regionally different, that is normal or diagonal, suggests
that one of the two relationships is the result of superposed
reorientation. As the western areas, where the two fold
systems are diagonally related, exhibit the least degree of
superposed deformation; it is believed that the superposed
fold system was diagonally imposed upon the early fold system
and that the areas exhibiting a normal relationship between
the two fold systems have been significantly reoriented by
the -superposed deformation. This argument would be invalid
if the early fold system originally trended nonuniformly
northeastward. Aé there seems to be some évidence to support
this in comparing the nearly linear trends in the northern
parts of the area against trends iﬁ the western part of the
area, it may be that there is mofe §f an element of coinci-
dence in the areas of normally relatéd fold systems thah there
is o: significant wholesale regional reorientation. ‘Signifi-
cant superposed deformation is clearly apparent in the
Julienne depression and Shabogam§ rise areas however, even
though the rocks may not ha#e been displaced great distances
from their fbrmer position.

The trough formations apparently'exist‘as a relétively

thin cover lying upon basement gneéiss in zone 5. The biotite



isograd lies on or near the southeast side of exposed areas

of the gneiss in areas L, M, N, and. 0. Southeast of the
isograd, the formations are thicker, or lie deeper as no iron
formation is exposed until zone 4 is reached. The strip be-
tween the isograd and zone 4 contains several areas of
leucocratic granitic gneiss. These gneisses are believed to
be granitized trough rocks, though they might be basement’
éneiss.

These general relationships do not apply in area J
however, and in area N the iron formation also lies astride
the biotite isograd. This would suggest that the metamorphlc
isograd is a Fpg;yallykinduced metamorphic feature perhaps Em?w:
ﬁot physically related to a structural change present along
the length of zone 5, such as an abrupt increase in the depth
to the basement, which may have lnfluenced the p051t10n of
the isograd. v

The cataclastic aspects in the basement gnelss north-
west of the isograd suggests brittle behavxour durlng deforma-
tion, as though conf1n1ng~pressures and temperatures were re-

'latively low, though probably they weie sufficiently high to
permit ductlle deformation of trough formations. Fahrig,
(1960), makes no mention of cataclastxc features in the
trough formations in these areas. The writer does not know

whether the trough formations in zone 5 have deformed
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flexurally or passively as he has not examined the area. It
is suspected that the ductility contrast between the gneiss
and the trough formations was high in an environment condu-
cive to low to moderate mean ductility. A difference in
deformational behaviour could be expected under these circum-
stances, wl_nich is perhaps the reason for the development of
folds in the trough formations and cataclastic cleavage in
the basement gneiss. A thorough examination of the structures
to éetgrmine the mechanism or mechanisms of deformation that
have operated along the Grenville front zone would be of
great value to bhelp infer what the physical conditioné were
during the period of development of the front. Criteria for
distinguishing fold classes and the gemeral Arelaticnships ‘
between these and the mechanical properties of the rocks and
the physical environment are sunmarized by Donath and Parker,
(1964) .

The Labrador trough fomationsv are viewed to con—
tinuoﬁsly exist along zone 5 and to rest upon the bésement
gneiss. They were folded by the early defor@tion into folds
~ trending generally parallel with the length of the zone.

" The Grenville front zone is believed to have followed this
pre-existing zone. Superposed metamo;phisn was approximately
equal along the length of the. zone, but increased southeast-

ward across the zone. Superposed e formation produced
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cataclastic features trending generally pafallel with the
front or contact with trough rocks in basement gneiss. It
produced folds in traugh rocks trending about normal to the
front zone with deformation increasing in intensity south-
eastward. The temperatures and confining pressures were
probably relatively low along the zone in the low rank mata—
morphic areas, temperatures at least increased southeastward.
There is no macroscropic evidence of large scale, fault linea-
-ments that disturb the continuity of the forgations or fold

patterns.

Implications Regarding the Grenville Province

The indicated matamorphic and structural relationships
between the Superior province, -the Labfador trough, and the
- Grenville province are such that the present position of the
‘Labrador trough, as a structural unit within and without the
Grenville province, must be accounted for in ahe operation
of the orogenic eventg that are responéible for the geology
of the Grenville province. ‘

The classic concept of high rank regional metamorphism
involves the idea of deep burial of the metamorphosed
rocks in the earth's crust so that they were brought to
a high pressure-témperature en;ironment that was conducive to .

regional metamorphism. The reason is that the environmental



169.

conditions required by petrologic evidence can be found at
great depths according to geophysical evidence. Geotectonic
processes are called upon to accomplish the mass transport.
FPyfe, Turner and Verhoogen, (1958, p.237), indicate

a temperature in the order of 600 degrees centigrade and 600
bars of load-watef pressure as the minimum order of magnitude
for the environment necessary to produce amphibolite rank
metamorphic rocks from water saturated sediments. They con-
sider, p.183, that such a situation could exist at about a
minimum depth of 20 kilometers where fluid pressure equals
_load pressure ané temperature is a normal function of load.
If water were able to escape from the system, they suggest
about 12 kilometers as a minimum depth for the greenschisi—
amphibolite transition. In considering their tentative
stability fields, they ask, p.239, "Should not progressive
regional metamoréﬁiém in some cases lead fo metamorphic zones
characterized respectively by glaucophane‘schists, green-
schists and amphibolite in order of.increasing grade?",
wherein temperature increase as a normal function of depéh
is what they mean by “in some cases”. This arrangement is
basically present in the Wabush Lake-Mt. Wright area in the
Grenville province. Regionally distributed metamorphic
facies range from greenschist through the amphibolite to

lower granulite facies in some areas, there are also gneiss
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domes and suggestions of metasomatism. From the classic
metamorphic point of view, the Labrador trough rocks are
supposed to have been buried at least 12-20'kilometers in
the earth's cfust in order to have beeﬂ so metamorphosed.
From é structural point of view, this would have required
such burial with subsequent erosional exposure. This is the
mechanism adopted by Wynne-EdVards, (1964), in his analysis
of the tectonic aspects of the Grenville province, he em-
phasizes the heterogenity of tﬁe province and concludes that
much of the Grenville province is composed of recycled base-~
ment rocks.

The classic concept of deep burial for regional meta-
morphism and deformation has been guestioned by several
European geclogists. Sutton, (1964)L p.-21-25, reviews some
of the broad aspects of metamorphic areas and believes that
regional metamorphism results, not froﬁ burial, but from the
accession of heat; that deep burial alone AOes not neces-
sarily résult in metamorphism; and that metamorphism, being
basically a thermal phenomenon, may be indepehdent of depth
of burial. Part of thg question involves the fairly recent
recognition that there are several series of metamorphic
mineral assemblages which are believed to reflect different
éombinations of pressure-temperature increase rates ranging

_from low temperature gradients at high pressure to steep
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température gradients at low pressures. He, and Pitcher,
(1964), question the significance of pressu;e-temperature
estimates for natural rocks. They peint out that present
estimates are based upon the s;ability of individual minerals,
not with physical systems, and that the stability relation-
‘shipg of natufally occurring miherals have yet to be simulated
close;enough £o make reliable estimates of the pressure-
temperature conditions. -

Under these circumstances, the broad geologic relation-
ships exhibited‘along the Grenville front in the Wabush Lake
area may be considered to see if the idea of deep burial for
the classical concept is consistent»with the available evi-
dence. Thé considerations that follow deal largely with
masses of rock from a‘structural point of.view. .Sufficient
evidence is, unfortunately, not available to attempt to
_properly assess the significance of the biotite isograd and
other metamorphic and etructural evideﬁce that should be
examined before rigid conclusions can be reached about the
development of the Grenville front.

The‘formations and structures of the Labrador trough
serve as a time-position marker on both sides of the Grenville
front, A timé marker in the sense that the trough formations
were in existence before the orogeny in ﬁhe Grenville province,

and a position marker in the sense of an elevation and
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geographic marker.

The trough formations were deposited in a near shore
environment and extended far north and south of the later
Grenville front. These formations were subsequently deformed'
in an environment not conducive toymetamorphiém_ip the wes-
tern part of the central trough, but they were metamorphosed
in the eastern parts of the central trough. The we;tern
parts of the central trough were, accordingly, probably
close; to the surfacg that the eastern parts. As, the trough
formations and structures in the Wabush Lake~Sawbill Lake
area are part of the western Labrador frough, it would seem
reasonable to conclﬁde that the trough formations and struc-
tures were probably relatively near the surface and extended
continuously across the Grehville front zone prior to the
orogeny in the Grenville province.

. The trough may have had an unknown thickness of cover
rocks lying upon it, but this cover was apparehtly not res-
ponsible for the metamorphism in the Grenville'province
because remnants of cover rocks lie upon unmetamorphoséd
trough rocks north of the Grehville province.

The classic concept for regional metamorphism and
deformation would next require that the troﬁgh formations
within the Grenville province be transported, "en m;sse“.

to a dépth of about 12-20 kilometers. There would have to
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have been created a zone of differential transport along the
zone where the Grenville front crosses the Labrador trough
because just north of the front the trough rocks are unmeta-
morphosed and undeformed. At least they were not carried

to a depth as great as those south of the front assuming that
the metamorphic environment at depth extended uniformly and
horizontally on either side of the front.

Purther, as the trough formations and structﬁres
exist at the present surface faf within thevGrenville pro-
vince, later or ?ost brogenic eventé would have had to retérn
transport the tfough, "en masse"”, metamorphosed and folded
but preserving eariier structures, upwards, right back to
the same level in the crust that they started from because
the Labrador trough now exists at the same level in the
earth's crust on both sides of the Grenville front. This
situation would seem‘to be a most remarkable geo;ectonic
feature that would have required the Grenville front to be

a zone of tremendous differential movement with respect to

rocks on either side of the front.

The evidence exhibited by the geology along the
Grenville frdnt in zonels seems to be in disagreement with
a concept ofrdifferentiél burial. Any scheme involving
about 10 or more kilometers of differential transport, éown

and up, in a zone about 4-6 kilometers wide, and involving



formations and structures only a few hundred feet thick,

would have so completely shredded these markers that all
continuity would be destroyed.

| The Grenville front zone exhibits completely oppo-
site features. The metamorphic rank more or less systemati~
cally incréases southeastwérd from greenschisf to amphibolite
facies in trough formations. Not only are the formations ‘
and early fold structures relatively continuous along the
f:qnt zone, the northwest trending superposéd fold system
locally appears to be-éontinuous-across the {ront zone.
Even if the rocks in the Grenville province had become
deeply buried without étructurally disturbing the Labrador
trough, it would seem that post deformééion, differential
return traﬁsport should have developed displacement linea-
ments of some sort that could be recognized in the distribu-
tion of the trough formations.

Differential transport along the trough-badsement
contacts could be called upon so as to not cut acrossytrough
rocks. But as the basement-trough contacts appear to be
nonpiane, irregular surfaces, they could‘hardly be discreet,
return fault surfaces. Although a jarge amount of differen-
tiai displacement could pro@abl? be accomrodated by slight
di;piacementé in numerous distributed cataclastic zones in

the basement gneiss, these displacements would accumulate
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in trough formations and be expressed in a breakup of their
continuity anyway. There seems to be no escaping the fact
that the preservation of formational and sé?uctural con~
tinuity of the Labrador trough along the Grenville front in
zone 5 precludes any significant amount of differential
displacement between the Superior and Grenville provinces
along the Grenville front in the Wabush Lake area. Neither
Fahrig, (1960}, or Duffell and Roach, (1959), noticed any
major northeast trending structural breaks in the basement
gneiss of the Superior province.

The evidence regarding the relationships between thev
Superior pravin;e, the pabrador trough, and.the Grenville
province in this area indicate that the Labradér trough
formations and st?uctures within the Grenville province now
exist at essentially the same level, relative to the Superior

" province, as tpey did before and during the period of orogeny
in the Grenville province. It is felt that thé orogeny was
-imp;sea 6ppn the formations and structures of the Labrador
trough, and the bésement gneiss, "in éitu“, aﬁd without
significant relative vértical movementé between the rocks

of the Superior and Grenville prévinces.

If the rocks in the Grenville province have not been
transported to the site of the metamorphic and deformational

enviromuent, then the environment probably came to the site
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of these rocks. The rocks conceivably could have been
affected at a depth perhaps not significantly greater than
the amount of general erosion that has taken place over the
Canadian shield since the middle Proterozoic.

?he distribution of imposed features ascribed to the
orogeny in the Grenville province is, from northwest to
southeast, low rank metamorphism of trough formations, meta-
somatism, and fairly uniform higher rank metamorphism over
large areas; deformational aspecis change from ;ataclastic
featﬁres in the basement gneiss to incfeasing cdeformation
characterized byvpassive flow in the amphibolite rank area.

Hetamorphically ﬁea1éd cataélastic aspects in gneiss,
believed to represent basement rocks and situated well with-
in the Grenvilie province in the Wabush Lake-Mt. Wright'
region, have beenvreported by several workers. ‘Synmetamor-
phically brecciated iron ﬁormation_is iocally_found in many
places in the amphibolite rank areas around Wabush Lake.
These features ére interpretéd to indicate that a relatively
low temperature-pressure environment once affected these
rocks preceding a period of higher pressures and temperatures.

These general relationships across the front zone,
and features within the Grenville province, indicate that
the metamorphic an§ déformationa; environment changed

position in space and time during the course of the orogeny .
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As thé evidéﬁce along the Grenville front seems to discount
ﬁhe possibility of significant physical differential move-b
ments of the rocks that became involved in the.imposed en-
vironment, then the environment must have been nonphysical
in form, that is, that it had the capacitj to migrate throuch
nonmoving media.

Energy, manifested in terms of heat and pressure,
would seem to be the environmental control factor that has
migrated. The flov of heat imposed upon the rock sfstem
was perhaps systematically variable, reflecting dynamic

changes at depth.

The implication of the general situation would sug-
gest'tﬁat the geology of the Grenville province in the
Wabush Lake area i$ a result of the operation of metamorphic
and deformational processes upon existing rocks, "in situ”,
as a result of the variable imposition, in space and time,
of energy from outside sources related to regional, long
term crustgl diastrophism.

Some of the probably signifiéant expressions of the
diastrophism with respect to the Grenville province in

. general, inciude:

1. The broadly uﬂiform amphibolite rank metamorphism

on a geographic scale intermediate between that of older

shield areas and younger orogenic belts. .
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2. The presence Of numerous large bodies of
anorthositic intrusions which probably represent additions
of maﬁerial to the crust, perhaps’largely as extensiveiy
di;tributed cover rocks now eroded away.

3. The apparenely indiscriminate supefposition of
diastrophic processes upon rocks of'older‘provinces, and a
possible space-time association with the Elsonian-Nain pro-
vince, whiéh also contains anorthositic intrusions.

4. The possible remobilization of basement rocks
and the development of gneiss doﬁes in many areas.

5. The narrovness and gradational aspects of the
Grenville front zone with the preservation of pre and syn—
orogenic features along the front zone in some areas.

6. The pronounced,‘broad gravity low associated with
the front zone, Innes, (1957)i ‘Note, the gravity survey has
been extended through tﬁe t7abush pake area but has yet to be

published.

7. Axial zone trends of the last deformational
event which.trend about normal to the Grenville f;ont in
some areas.

é. The possibility of migration of the metamorphic
and deformational eﬁvironment in time and space resulting
from tﬂe variable imposition of heat, probably from outside

~

sources presumably lying at depth.
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Interpretation of the histori;:al development of the
Grenville prqvince must be able to account for these features,
and such others that are as yet unrecognized.

The writer wishes to emphasize that the preceding
implications about the development of the Grenville province
in the Wabush Lake area, and the points about the province
in general, are merely preliminary thoughts based upon the
available information. As even general knowledge about the
province is very scarce, and an integrated examination .
covering all genecic expressions in any one area has not been
conducted, the preceding considerations are useful only as
points to be evaluated in future investigations of the

geologic prdblems associated with the Grenville province.
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SUMMARY AND CONCLUSIONS

The rocks present in the Wabush Lake area consist
of Archean, Superior province gneisses and early Proterozoic,
metasedimentary Labrador trough formations. Both of these
rock systems have been involved in regional metamorphic and
deformational events that Jdifferentially affected these rocks
in‘the Grenville province.

Six Labrador trough formations are present; they
are systematically distributed and are readily distinguish-
able. They_provide a most unusual opportunity to examine the
effects of regional metamorphism and deformation upon older
rock systems. They serve as time, lithologic, and position
markers that exhibit the resul;s of these events. Amphibolite
rank regional metamorphlsm affected much of the area,: but the
rank decreases to lower greenschist faCLes across the |
Grenville front zone. The metamorphism'progressively meta-
morphosed trough formations and retrogressivelyfmetamorphosed
basement gneiss and gabbro intrusions. The distribution of
- the Labrador trough formations permits recognition of north-
east and northwest trending fold systems'in the metamorphic
. tectonites.

The Julienne deposit of mefamorphosed iron forma-
tion in the center of the area is known from stratigfaphic,

structural, and drill hole evidence to be a large northeast
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trending overturned syhcline with subhoiizontal axes.
Hineralogic'variations within the deposit mark stratigraphic
members that can be followed across, and to some extent
within, the deposit to outline the shape of the folds.
General foliation is parallel with the stratigraphic layering
and compositional banding. The foliatioﬁ laminae locally
exhibit a small scale schistose arrangement of platey,
specular hematite crystals. A lineation is formed by the
intersection axes of the arrangement, and these axes are
parallel with the length of elongated quartz crystals.
Lineation is also defined by parallelism of silicate crystals.
The lineations are observed to be parallel with crenulations
and the axes of some small folds. Other small folds exist
however, whose'axes,are oriented at high angles to these
linear fabric elements. The lineation is probably a mimetic %
feature and evidence to demonstrate its kinematié meaning is ﬁ
.lacking.

The linear fabric elements consiétently plunge
southeast on foliation surfaces that vary in strike from
east to north and dip south, southeast to east at variable
angles. The submembers of the iron formation havé a linear
to arcuate surficial pa£tern along and across the deposit.
The ?aﬁtern suggests that félds are present with northwest

trending axial traces. Analysis of fabric orientations
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shows that the foliation surfaces tend to intersect in space
parallel with the southeast plunging linear fabric elements.
Other evidence shows that the deposit has been significantly
deformed about axes plunging southeast only in one limb of
the syncline. The southeast plunéing fold set is interpreted
to have been superposed upon the larger, northeast trending
syncline. '

An examinétion was undertaken to investigate the
regional structu;al setting of the area to determine, if
possible, the extent of the northwest trending fold set and
its relationship to the northeast ttending cet. The 350
square mile area had been previously mapped and the general
geology reésonably establishéd. A survey was conducted
believed to be sufficient to strongly indicate that the
southeast plunging lineation and small folds are éresent
throughout most éf the area. ‘

The reglonal distribution of Labrador trough forma-
tions outlines a large scale, northeasterly trendlng fold
set that extends across the map area. It is known that thesé
folds are part of a nottheast trending told system that is
yresent throughout much of the southwestern extension of the
Labrador trough in the Gxenvxlle province.

The northeast trending fold system exhibits an

arcuate pattern not unlike the smaller scale pattern observed
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in the Julienne deposit. The prevailing trends throughout
the area are northerly, northeasterly and easterly, most dips
are moderate to the east, southeast or south as a result of
the overturned character of the northeast trending fold sys-
tem. The general absence of splits in/the formations indi-
cates that most of these folds have subhorizéntal axes.

One fold was found in the regional survey that con-
clusively demonstrates tkat the southeast plunging folds are
superposed in space, tire, and position upon one limb of the
larger northeast trencing fold systém. Lineations in the
same area’are consistently directionally parallel with the
’ suéerposed axes, but iake their plunge from the dip of the
foliation surface upon vhich they lie. The axial planes of
some superposed folés tends to lie parallel Qith the foliation
of the early folds, but open, similar superposed folds exist
whose axial traces trend northwest acro#s the foliation.
These two types appear to be closely related in some areas,
lthe first may represent reoriented early folds, hut such large
reorientation is believed to be insignifican; on a regional
) scale in most parts of the area.

The area was divided into 15 large subareas for |
examination on the basis of the regional pattern. These
areas are larger than the scale of the northeast trénding

folds and monoclinic symmetry of orientation cannot ideally
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exist. The generally subisoclinal nature of the éarly folds
permits use of large domain areas however due to the limited
dip dispersion. The superposed intersection axes described
by the pole distribution generally represents‘the orientation
of the interQection of the superposed regional axial-linea-
tion surfaces and éhe axial plane of the early‘fbld‘set,
The regional examination shows that the superposed folds
consistently plunge southeast, or locally northﬁest where tﬁe
early fold limbs dip in that direction. The interpretation
of the orientation data indic;tes that the northwest trending
£0ld system has been diagonally superposed upon the northeast
trending foid system west of a northwest trending axial-hinge
zone that regionally crosses the nortﬁeast trending fold sys-
tem. The two fold systems eghibit a normal relationship in
this zone and in areas to the east. At least parts of the
areas where the two fold systems are‘nofmal to each other are
believed fo have been significantly reoriented during the
superposed deformation by passive flow mechénisms.f

The northeast trending fold system can be struc-
turally correlaéed with the northwest trending, Hudsonian
fold System in the ceﬁtral tabrador trough. A possible ex-
planation of the nearly 90 degree difference in trends be-
tween the two areas is presented. The gabbfos in the Wabush

Lake area follow both the noftheast and northwest structural
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trends and are known to have been affected by superposed
metamorphism and deformation. Although these intrusions have
not been geochronologically dated, there is reason to believe

that they may be Elsonian intrusions. If so, this is perhaps

. about the time of early to middle stage metamorphism and

deformation in the Grenville province.

The Grenville front is a northeast trending zone
about 4 miles wide that follows the nbrthwestern side of the
Labrador trough for over 30 miles in the Wabush-Sawbill Lake
area. The‘metamorphic rank in trough rocks increaseé south~
eastward across the zone, superposed deformatiénal effects
range from cataclastic features in Superiof province base-
ment gneiss with folds in trough rocks, to passive folds of
variable amplitudé in amphibolite rank areas.

The formations and séructﬁres, both-garly and
superposed, are basically continuous along the Grenville

front zone. They are not cut by any recognizable regional,

pdst metamorphic—deformational fault sysfem. The>presence

of sedimentary trough formations on both sides of and along
the Grenville front must be ac;ounted for in the operation
of the metamorphic and deformational processes that affected
the Gren;ille province in the Wabush Lake area. The re-
lationships between the Superior province, the Labrador

trough and the Grenville province are inconsistent with a
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~ concept involving differential transporttof the rocks in the
Grenville province relative to the Superior prévince so as to
carry Grenville province rocks to depth to reach an environ-
ment conducive to regional metamorphism and deformation.

the structural situation implies, as a working
hypothesis, that the environment ﬁigrated to the site pre-
sently occupied by the Labrador trough in the Wabush Lake
_area. The geology of the area is believed to be a result bf
.the operation of metémorphic aﬁd deformétional processes upon
existing rocks “in situ" as a result of the variable impési-
tion, in space and time, of heat from outside sources related
Ato the regional, long term, crustal diastrophism that is
résponsible for the_deyglopment of the Grenviile province.

It is concluded that deformation associated with
regional metamorphism in the Grenville province in the Wabush
Lake area produced a fold system of regionai extent that
trends nqrthwest approximately normal to the northwest eége
of the p;ovince,vand that the structures and metamorphism
were fegionally superimposed upon the formations and north-
easf trending fold system of the Labrador trough, and also

upon Superior province basement rocks.
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