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ABSTRACT

The Nimish Subgroup igneous suite is a linear belt of

volcanic and plutonic rocks in the Dyke Lake area of the

southern Labrador Trough.

The volcanics are interbedded with the sediments of the

Wishart and Sokoman Formations of the Aphebian aged, Knob

Lake Group. The Sokoman Formation forms a time stratigraphic

horizon that separates the lower Petitsikapau Lake Formation

from the upper Astray Lake Formation of the Nimish Subgroup.

The

occurrence of these volcanics within the Knob Lake Group

is unique relative to Labrador Trough stratigraphy, as elsewhere

the

and

the

and

the

Knob Lake Group is a dominantly sedimentary succession
volcanics are restricted to the younger Doublet Group.
Stratigraphic relationships between the Nimish Subgroup and
Sokoman Formation indicate contemporaneous volcanic, clastic
chemical sedimentary activity. The internal stratigraphy of

Sokoman Formation exhibits a three-fold subdivision that is

broadly correlatable with similar subdivisions in the Scheffer-

ville "main ore zone", 30 miles to the northwest. A detailed

facies and paleogeographic model relating the volcanic activity

to iron formation deposition in the Dyke Lake area is presented.

(i1)





The rocks of the Dyke Lake area have been affected by
lower greenschist facies metamorphism during the Hudsonian
orogenic event, circa 1735 my. Geochemical evidence indicates
that the igneous rocks of the Nimish Subgroup have been
metasomatized with large degrees of mobility in NaZO, KZO’

Ca0, MgO, SiO FeO and Fe, 0, suspected. The "immobile trace

2° 273

elements", Ti, Zr, Nb, Y and Ga imply that the Nimish lavas

are a mildly alkaline suite that has an alkali basalt-trachyande-
site-comendite differentiation scheme.

The rare earth element, REE, geochemistry of the Nimish
Subgroup is supportive of the alkaline nature of the volcanics
and has been used to model the fractional crystallization
petrogenesis involved in the two volcanic cycles. The geological,
geochemical and geophysical evidence indicates that the Nimish
Subgroup lavas are possibly a rift facies, alkaline suite
related to the tensional tectonic regime that preceeded the

extrusion of voluminous tholeiitic lavas of the Doublet Group.

(ii1)
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CHAPTER I

INTRODUCTION

1.1 - Location and Access:

The Dyke Lake - Astray Lake area 1s located in the
Labrador Trough, 60 miles southeast of Schefferville, between
latitudes 54° 15' and 54° L45' N and longitudes 66° 00' W and
66° 30' W. The area is accessible by an unpaved road from
Schefferville to Astray Lake then by boat along the Astray -
Dyke Lake system. The lakes are open to float plane and
canoe from mid-July to October but spring flooding makes
landing difficult in places. Access within the area is quite
good as the area is surrounded by lakes with many deep bays

indenting the larger peninsulas.

1.2 - Previous Work:

The first systematic mapping of the area was by Fahrig
(1949) of the Iron Ore Company of Canada (I.0.C.) who carried
out one inch to one half mile mapping over the whole area. His
stratigraphic scheme was a southerly extension of the geology
of the Knob Lake (later named Schefferville) mining district
and included recognition of the Nimish Volcanics, a suite of
mafic to intermediate lavas and tuffs interbedded with sedi-

mentary rocks in what was termed the Nimish Group.





This work was followed by more detailed, 1" - 1000',
I.0.C. mapping projects (Stevenson, 1952; Meliherscik, 1952;
Kavanagh, 1952; Perrault, 1952; Usher, 1953) which covered
the whole Dyke Lake - Astray Lake area.

In conjunction with the mapping of Usher (1953), Sauvé
(1953) completed an M.Sc. thesis on the sedimentological
features of the Nimish volcanic and sedimentary rocks of the
Dyke Lake - Astray Lake Peninsula. The Dyke Lake area was

also discussed briefly by Zajac (1974).

1.3 - Present Investigation:

This thesis embodies the results of eleven weeks field
work during the summer of 1977 followed by petrologic and
geochemical investigations through the summer of 1978. The
work is a continuation of the project done with the Newfound-
land Department of Mines and Energy of which the preliminary
results are published in Evans (1978). This work was expanded
by obtaining rare earth element analyses of a selected suite
of samples and using these data as a base for petrogenetic
investigations.

Mapping was conducted on 1:50,000 scale with specific
emphasis being placed on the internal stratigraphy of the
Nimish volcanics and their relations to the interbedded lenses

of iron formation. Numerous sections of iron formation were





measured to develop an internal stratigraphy for the iron
formation and a paleogeographic model for the area.
Laboratory work included petrographic studies of the
various rock types and whole-rock chemical analyses of the
volcanic and associated intrusive rock suites. Major and
trace element data on the various facies of iron formation
were collected to test for any intermixing between the cherty

iron formation and volcanic detritus.

1.4 - Physiography and Glaciation:

The physiography is controlled by the underlying bedrock
which, as in other areas of the Trough, has a prominent northwest-
southeast structural grain. The volcanics are responsible for
the main relief and form long curvilinear ridges with a maximum
relief of 200 m above lake level. Other lithotypes form the
gently sloping inland areas. In the extreme western part of
the area, north of Marble Lake, fig. 1, the ridges are formed
by the Fleming Chert Breccia. Faults modify this topography
producing some very steep cliffs notably west of Point Lake and
east of Roger Lake. There is about 15 percent bedrock exposure
on average but the Attikamagen, Denault, Wishart and Menihek
Formations are very poorly exposed with less than 5 percent

exposure in most places.





Much evidence exists to show that the Dyke Lake region
was strongly affected by glaciation. Hilltops have been
scraped clean and littered with numerous large glacial erratics.
Glacial striae are found both at the shoreline and on the
hilltops implying an ice thickness of at least 200 m. Stoss-
side smoothing and polishing and lee side plucking have
produced small-scale roche moutonegé. Eskers up to 3 km long
with a relief of 70 m can be discerned on air photographs south
of Esker Lake. With the exception of the hilltops the whole
area has been covered by morainal deposits.

Two periods of glaciation are recognized within the area.
The first and most prominent glaciation followed the structural
grain of the area with the ice moving from the northwest to the
southeast, while a later recessive event shows a mean strike of
northeast. This later event is only recognized by glacial
striae and stoss-side smoothing in the northern part of the

area (Usher, 1953).

1.5 - Statement of Problem:

The occurrence of the mafic to intermediate volcanics of
the Nimish Subgroup within the quartzite-iron formation sedi-
mentary succession of the Knob Lake Group is unique within the
Labrador Trough (Dimroth et al., 1970). Elsewhere in the Trough

volcanic rocks are almost solely ultrabasic to basic in





composition and are associated with thick shale and intrusive
gabbro sequences. The different sedimentary and geochemical
associations of the two main occurrences of volcanic rocks in
the Labrador Trough imply that different tectonic-petrogenetic
factors controlled these two cycles of volcanism. Geochemical
data on the volcanics of the Doublet Group are presented in
Baragar (1960) and Dimroth et al. (1970).

Further study of the Dyke Lake area in the form of this
thesis was undertaken with five main goals:

(1) To produce a map outlining the general stratigraphy
of the area and how the Nimish volcanics locally disrupt the
otherwise continuous stratigraphy of the Labrador Trough.

(2) To look at detailed facies relationships within the
iron formation.

(3) To test for any possible genetic links between the
volcanics and the cherty iron formation.

(4) To obtain geochemical data on the Nimish volcanics
in order to assess their petrologic affinities and internal
petrogenetic relationships.

(5) To compare the geochemical results with the available

data of the Doublet Group.
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CHAPTER II

GENERAL GEOLOGY

II.1 - Introduction:

The map area lies about 30 miles southeast of Schefferville
in the centre of the Labrador Trough. The area is underlain
by a supracrustal sequence of the Aphebian age Circum-Ungava
geosyncline (Dimroth et al., 1970). The stratigraphy of this
area is unique within the Labrador Trough in that volcanics
occur within the Knob Lake Group as well as the Doublet Group.

The volcanics occur in a large lens-like body that extends
southeast of Schefferville for about 125 km and covers an area
of 400 kmz. These mafic to intermediate volcanic extrusive
and hypabyssal rocks occur interbedded with the Wishart and
Sokoman Formations with possible tuffaceous equivalents occurr-
ing as early as the Attikamagen Formation.

Since the Nimish volcanics are found to occur at several
stratigraphic horizons within the Knob Lake Group it is no
longer possible with the rules of the American Commission on
Stratigraphic Nomenclature (1970) to continue the use of the
term Nimish Group (Usher, 1953; Sauve, 1953), or Nimish
Formation (Melihercsik, 1952). Those volcanics which overlie

the Sokoman Formation (largely restricted to the western part





of the area) are now termed the Astray Lake Formation, fig. 1;
while those which underlie the Sokoman but overlie the Wishart
Formation (restricted to the eastern part of the area) are now
termed the Petitsikapau Lake Formation. The two volcanic
formations and associated intrusive rocks are collectively termed
the Nimish Subgroup.

The oldest exposed rocks in the area, Table 1, are the
thinly bedded grey siltstones and shales of the Attikamagen
Formation. The base of this unit is not exposed but it is
probably conformably underlain by the sandstones, conglomerates
and arkoses of the Seward Formation (Wardle, 1976). Conformably
overlying, and in part possibly a facies equivalent to the
Attikamagen Formation, are the finely laminated dolomites and
dolomite breccias of the Denault Formation.

North of Marble Lake the Denault Formation is disconformably
overlain by the Fleming Chert Breccia while elsewhere in the
area it grades conformably into the Wishart Formation. Contacts
between the Wishart and Fleming Formation north of Marble Lake
are gradational. The Wishart Formation represents a trans-
gressive sequence of basal siltstones, sandstones and quartzites
with an upper siltstone member which thickens markedly to the
southeast.

The Wishart is conformably overlain by the Sokoman cherty

iron formation in the central part of the area while north of





TABLE 1

TABLE
ERA FORMATION AND LITHOLOGY
THICKNESS (METRES)
Menihek Formation (1.000 %) Gray 1o black siltstones and shales: minor
argillite.
CONFORMABLE CONTACT
Astray Lake Formation (0-700) Mainly aphyric hasic and intermediate
lavas: minor tuffs, agglomerates and sand
stones,
GRADATIONAL CONTACT
Sokoman Formation (20-150) Oxide. silicate. carbonate and clastic facies
of Superior-type cherty iron formation
GRADATIONAL CONTACT
Z Petitsikapau Lake Formation Mainly aphyric basic and ultrabasic lavas;
= (0-1.000) minor tuffs. agelomerates and porphyritic
£ lavas
H
Ed

CONFORMABLE CONTACT

Wishart Formation (100-700) Orthoquartzite, feldspathic sandstone and
siltstone.

GRADATIONAL CONTACT

Fleming Formation (0-130) Massive chert breccia: minor chert rich
sandstone.

DISCONFORMABLE CONTACT

Denault Formation (0-500) Laminated dolomite and silty dolomite,
dolomite breccia: minor siltstone and shale.

GRADATIONAL CONTACT

Attikamagen Formation (1,000 ) Gray siltstones, shales, and slates: minor
wifs and sandy beds

10.





11.

Marble Lake and in the eastern part of the area it is overlain
by volcanic and sedimentary rocks of the Petitsikapau Lake
Formation. Interbedding of Wishart lithologies with small
lenses of intermediate volcanic rocks occurs east of Dyke Lake
and Fawley Lake and on the peninsula at the south end of

Dyke Lake.

The Sokoman Formation is interbedded with, and conformably
overlies, the Petitsikapau Lake Formation in the eastern part
of the area and occurs below the Astray Lake Formation volcanic
rocks in the central part of the area. Structural and sedi-
mentological relations between the Sokoman, Astray and Petitsi-
kapau Lake formations indicate contemporaneous volcanic activity
with both clastic and chemical sedimentation. The Astray Lake
and Sokoman Formations are conformably overlain by the gray
silstones and shales of the Menihek Formation, the top of which
is not recognized in the study area. A series of pre-tectonic
dioritic to gabbroic sills and sheets, have intruded the rocks
of this area.

The area was deformed in the Hudsonian orogenic event,
circa 1,735 m.y. (Stockwell, 1964) which produced a series of
upright to slightly overturned open folds separated by numerous
high angle reverse faults. The area can be divided primarily
into three main structural/stratigraphic blocks with boundaries

along faults running the length of Dyke and Astray Lakes.
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These faults separate an area in the east where the volcanics
(Petitsikapau Lake Formation) occur predominantly below the
iron formation, from an area in the centre where the volcanics
(Astray Lake Formation) occur primarily above the iron
formation. The western most fault block has very few volcanic
rocks exposed. The deformation was accompanied by prograde
lower greenschist grade metamorphism and the inhomogeneous

development of chloritic and micaceous penetrative fabrics.

II.2 - Stratigraphy:

II.2.1 - Attikamagen Formation:

In the Dyke Lake - Astray Lake area the Attikamagen
outcrops sporadically with best exposures occurring north of
Marble Lake. The thickness of the unit is unknown as the base
is not exposed, but an estimate of 300 to 700 m was given for
the Knob Lake area (Zajac, 1974) while in the Andre Lake area
it varies from 375 to 1700 m (Wardle, 1976).

Typically the Attikamagen Formation is a laminated to
thinly bedded, gray to black fissile shale or siltstone with
minor argillaceous beds. Beds and lenses of silty dolomite
are present north of Marble Lake while graded bedding and the
presence of minor amounts of volcanic detritus suggest a
tuffaceous component to the shales at the south end of Dyke

Lake. Up to 15 percent fine sand-size angular fragments of
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quartz and feldspar are present in some beds associated with

a matrix of altered silicates, chlorite, clay minerals and
opaques. Thin carbonaceous laminae occur sporadically along
bedding planes. The cement is usually a very fine grained
quartz but dolomite is present north of Marble Lake. In the
areas where the Attikamagen Formation are highly sheared, a
poorly developed penetrative cleavage of muscovite and chlorite
is visible.

The Attikamagen Formation conformably overlies the Upper
Seward Formation (Wardile, 1976) and passes gradationally into
the Denault Formation dolomites in the west.

The fine laminations, lack of major cross-bedding, and
interbedding with minor quartzite and dolomite beds imply a
near shore, low energy environment of deposition for these
rocks. The juxtaposition of carbonaceous shales and carbonate
rocks in the upper Attikamagen Formation implies large changes
in the Eh/pH conditions of the sedimentary basin possibly
resulting from local relief in a restricted depositional basin.
Such a paleogeography could promote lens-like accumulations of
carbonates with fine scale interbedding at the margins, as

seen locally in the Dyke Lake area.
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II.2.2 - Denault Formation:

The best exposure of the Denault Formation is along
the long peninsula separating Astray and Marble Lakes.
Typically the Denault Formation is extremely variable in
thickness, ranging from 200 m to 1,000 m over a 35-mile stretch
in the Knob Lake area (Zajac, 1974). A complete section of
the Denault is missing in the Dyke Lake area, but it is at
least 500 m thick across the Astray Lake - Marble Lake
Peninsula.

The formation consists of interbedded, finely laminated,
variably clean, silty and cherty dolomites. An upper member
of gray siltstones and shales very similar to the Attikamagen
Formation is present above the carbonates west of Fawley Lake.
These sedimentary rocks are provisionally included in the
Denault Formation but correlations with the work of Wardle
and Doherty (1977) may show them to be members of the Dolly
Formation as described by Harrison et al. (1972). Typically
the carbonates are gray on fresh surface but weather to a deep
orange color. Low angle planar crossbeds and fine scale
sedimentary slumping structures are preserved in some
localities.

Outcrops on the Astray Lake - Marble Lake Peninsula have
spectacular beds of coarse dolomite breccias interbedded with

finely laminated dolomites. These breccias contain rectangular
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blocks of massive to laminated silty dolomite up to 1 m across.
The blocks are aligned with long axes parallel to bedding

planes and are set in a cherty dolomitic matrix. No sedimentary
structures such as graded bedding or crossbeds were noted

within these breccia units.

A common feature, unique to the Denault Formation, is a
well developed system of rectangular fractures. This fracture
pattern exists on scales up to 3 metres and occurs both within
and cutting across fragments in the dolomite breccia. Little
or no movement occurred along these fractures and they are
commonly filled with veins of gray to black chert and quartz.

In thin section the Denault Formation shows irregular
subplanar bedding defined by concentration of clay minerals
along bedding planes. Angular silt size detrital quartz makes
up to 15 percent of some silty beds while trace amounts of
detrital mica occur near the contact with the Attikamagen
Formation north of Marble Lake. The dolomite forms a mosaic
of anhedral to subhedral rhombs up 30 mm in size. Some beds
show development of orbicular shaped pure dolomite lenses
about 3 mm across, aligned parallel to bedding.

Contact relationships of the Denault Formation with other
formations are variable. The base of the Denault is a
gradational contact with the Attikamagen Formation while the

upper contact varies from a disconformable relation with the
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Fleming Formation north of Marble Lake to a presumed
gradational contact with the overlying Wishart Formation on
the east short of Dyke Lake. The Denault seems to be missing
in the southern part of the Dyke Lake - Astray Lake peninsula
where the Attikamagen Formation appears to be directly over-
lain by the Wishart Formation. Alternatively the lower section
of the Wishart Formation in this area could be the upper
siltstone member of the Denault Formation, or Dolly Formation
as recognized by Wardle and Doherty (1977).

In all aspects the Denault Formation resembles an
evaporitic, lagoonal type dolomite formed by diagenetic
alteration of calcerous muds. The close assoclation of fine
shales and silty dolomites, the possibly storm generated intra-
formational dolomite breccias and the rectangular fracture
pattern within the dolomite clasts (typical of shrinkage
cracks in an evaporitic environment) are common sedimentological
features of restricted shoreline basins in a tropical environ-
ment (Wilson, 1975). Algal structures, which are often
associated with modern tropical lagoonal environments, were
not recognized in the Dyke Lake area but have been noted within
the Denault Formation of adjacent areas (Harrison et al., 1972;

Donaldson, 1966).
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II.2.3 - Fleming Formation:

Regionally the distribution of the Fleming Formation
is restricted to areas underlain by the Denault Formation
(Dufresne, 1952). 1In the Dyke Lake area the Fleming Formation
is restricted to the westernmost fault block where it
immediately overlies the Denault dolomites. Exposure of the
Fleming Formation is very irregular as it outcrops in large
lens-1like bodies with intervening areas not exposed. The
Fleming Formation varies from 0 to 130 m in the Dyke Lake
area.

The unit consists almost entirely of chert breccia. Thin
beds of cherty quartzite are interbedded with the massive
breccia on the islands in Marble Lake. The breccia contains
angular fragments of laminated to massive, multicolored chert
up to 0.5 m across, set in a fine grained, recrystallized,
quartzose matrix. No sedimentary structures or regional grain
size variations were recognized in the area. In thin section,
fragments of well rounded, occasionally fractured, spherical
quartz grains up to 5 cm in size, comprise up to 20 percent of
the clast population. Traces of cryptocrystalline, carbonaceous
opaque material define the chert laminations. Minor chlorite
and opaques were recognized within the matrix.

Generally it is accepted that the Fleming Formation is an

intraformational conglomerate with variable contact relations
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(Zajac, 1974). Considering its coarse grained character and
the abrupt lithologic change, the Fleming Formation probably
disconformably overlies the Denault Formation. Harrison (1952)
maintained that a band of slate 1-4 feet thick separates the
two formations in the Knob Lake area but this has not been
recognized in the Dyke Lake area.

Contact relations with the overlying Wishart Formation
are also complex. In the Dyke Lake area the interbedding of
thin quartzite beds and massive chert breccia and the chert
cement in the lower units of the Wishart Formation implies a
gradational, conformable contact. Conversely, immediately
northwest of the Dyke Lake area the chert breccia becomes
much thicker and outcrops very close to the Sokoman Formation
(Usher, 1953) implying that the Fleming Formation may be in

part a facies equivalent of the Wishart Formation.

II.2.4 - Wishart Formation:

The Wishart Formation forms the most continuous unit
in the area and is used as a marker horizon for structural and
stratigraphic interpretations. In the Dyke Lake area, the
unit is variable in thickness and ranges from O - 100 m in the
northwest to 500 - 700 m in the southeastern section of the
map area. Best exposures of the Wishart Formation are in fault

blocks on Astray Hill at the southern end of the Dyke Lake -
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Astray Lake Peninsula and on the peninsula at the south end
of Dyke Lake.

The dominant lithology of the Wishart Formation is a
light gray, massive to well bedded, medium to coarse grained
quartzite with 5 - 10 percent argillaceous material. From
northeast to southwest the rocks generally become thicker
bedded, more poorly sorted and more feldspathic in composition
and interbedded lavas and sills become more prevalent. Towards
the top of the formation interbeds of gray siltstone become
more abundant.

A lean, gray, massive chert horizon of about 3 m thickness
lies at the top of the Wishart Formation south of Charlie Lake.
This chert member was also recognized in the Schefferville
area (Harrison et al., 1972).

Sedimentary structures of the Wishart Formation in the
Dyke Lake area are restricted to occasional occurrences of
low angle, herring bone cross-bedding.

Petrographically, the Wishart lithologies consist chiefly
of quartz fragments with alkali feldspar and composite chert
grains rarely making up more than 15 percent of the rock. The
development of strained, undulose extinction, subgrain boundaries
and dislocations is quite common. Despite their quartz-rich
composition, the detritus is angular to subrounded and poorly

sorted, even in orthoquartzite examples. In the feldspathic
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wackes and interbeds of siltstones and shales, the silt size
matrix constitutes up to 30 percent of the rock. This silty
material is occasionally recrystallized to a muscovite,
stilpnomelane, chlorite and opaque assemblage which defines a
fissility usually parallel to bedding.

Locally the Wishart Formation exhibits clouding of quartz
grains, a porous texture and thin films of hematite coating
vugs and grain boundaries. This is attributed to weathering
processes resulting from subaerial exposure during a period
of Cretaceous block faulting (Harrison et al., 1972).

Contact relations with the Wishart Formation and adjacent
formations are not well exposed in the Dyke Lake area. The
interbedding of chert breccia and chert cemented quartzite on
the islands of Marble Lake implies a gradational basal contact.
Regionally, however, the base of the Wishart Formation is
transgressive since it overlies the Attikamagen Formation in
the centre of the Trough and oversteps the Fleming and Denault
Formations, with local interbedding of Wishart and Denault
(Harrison, 1952; Baragar, 1967), to unconformably overlie the
Archean at the western margin of the Trough. The contact is
usually marked by a conglomerate horizon in the Knob Lake area
(Zajac, 1974).

The upper contact of the Wishart Formation is marked by a

lean chert and basal units of the iron formation in the west
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and by thick volcanic flows of the Petitsikapau Lake Formation
in the east giving conformable to paraconformable contacts.
Elsewhere in this area of the Trough, the top of the Wishart
is marked by a well developed quartz pebble conglomerate
possibly reflecting near shore deposition during a short lived
regression in the area (Zajac, 1974).

The Wishart Formation in the Dyke Lake area shows features
indicative of a littoral to sublittoral depositional environ-
ment. Sedimentation was essentially continuous with the
near shore conglomerates and related disconformities of the
Schefferville area being replaced in the Dyke Lake area by

finer grained sedimentation and gradational contacts.

II.2.5 - Nimish Subgroup:

II.2.5.1 - Nomenclature:

The Nimish volcanics were first recognized by Fahrig
(1949) who used the term to name the volcanic rocks interbedded
with the Knob Lake Group sediments in the Astray Lake - Birch
Lake area. Succeeding workers used the term "Nimish" in
varying contexts. Melihercsik (1952) assigned the volcanics
formational status, Usher (1953) and Sauvé (1953) used the term
Nimish Group, while Kavanagh (1952), Perrault (1952) and
Stevenson (1952) used the term Nimish volcanics to describe the

lithotype, not assigning them any formal stratigraphic status.
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Work in the 1977 field season has shown the need for recognition
and further subdivision of the Nimish volcanics into an upper
and lower formation based on stratigraphic, petrologic and
geochemical data. The author proposed the term Petitsikapau
Lake Formation for those volcanics that occur below and inter-
bedded with the lower Sokoman Formation, fig. 1, while Astray
Lake Formation was proposed for those volcanics and

associated sediments that occur above and interbedded with the
upper Sokoman Formation (Evans, 1978). The term Nimish
Subgroup includes the Petitsikapau Lake and Astray Lake
Formations as well as the gabbroic intrusive rocks associated

with the volcanics.

II.2.5.2 - Distribution and Thickness:

The two volcanic formations are dominated by basalts
which occur throughout the area. The areas west of Point Lake
and on Jasper Mountain (the hill immediately east of Roger
Lake, fig. 1) represent two centres of volcanic activity for
the Petitsikapau Lake and Astray Lake Formations respectively
and are distinguished by porphyritic intermediate to acidic
volcanic and tuffaceous rocks. A maximum thickness of 1,000 m
is suggested for the Petitsikapau Lake Formation and 700 m for
the Astray Lake Formation, but thicknesses are difficult to

estimate because of inconsistencies in the volcanic stratigraphy
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and the numerous folds and faults that repeat the section.
Considering the general lithologic similarities of the

Petitsikapau Lake and Astray Lake Formations, the lithologic

descriptions will be combined with any features unique to

either formation noted in the text.

II.2.5.3 - Lithology and Petrography:

Massive to amygdaloidal, intermediate to mafic
aphyric volcanic rocks make up 65 - 75 percent of the two
formations. These rocks are massive to slightly vesicular
in outcrop with some examples showing a concentric veining
pattern of up to .50 m in diameter. Vein minerals are chlorite,
hematite, quartz and epidote which along with calcite and
potash feldspar are the dominant minerals infilling vesicles.
The origin of this veining is somewhat enigmatic. Usher (1952)
described it as liesegang banding resulting from weathering
processes in arid environments but the presence of the green-
schist grade metamorphic mineral epidote in some examples
would seem to indicate a hydrothermal origin.

Pillow lavas up to 1 m across with 10 cm chloritic rims
are only well preserved in the north end of the Dyke Lake -
Petitsikapau Lake Peninsula but are recognized sporadically
throughout the area. These lavas always have finer scale

concentric veining within the pillows. Thin lenticular beds





24,

of volcanogenic sandstones are interbedded with the pillow
lavas.

In thin section the lavas are invariably altered to
lower greenschist facies assemblages of calcite, chlorite,
albite, epidote, opaques and minor quartz. Adularian potash
feldspar is seen locally as a replacement mineral after
plagioclase and as a vein mineral. This combined with the
high and erratically distributed K20 values of the volcanics,
Section V.3, indicates some form of potash metasomatism. The
opaque minerals are dominantly magnetite with secondary
hematite occurring locally. Magnetite occurs as anhedral
masses and small subhedral microphenocrysts implying high
level crystal fractionation of iron oxides along with
secondary metasomatic opaque formation. No primary ferro-
magnesian phases or pseudomorphs were recognized in thin
section. Groundmass albite laths are locally aligned in flow
textures and surrounded by a chloritic mesostasis. An aphyric
intersertal to pilotaxitic texture is the most common igneous
texture preserved in these rocks.

Porphyritic lavas are generally restricted to the
Petitsikapau Lake Formation where they make up about 20 percent
of the exposed lavas. Porphyritic lavas are only found in

small amounts in the Astray Lake Formation east of Roger Lake.
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The porphyritic lavas are very homogenous and
individual flows can be traced for 2 - 3 km along strike.
Small scale concentric veining is developed locally but no
large scale pillow lavas were recognized within the
porphyritic flows.

The dominant phenocryst phase is altered euhedral to
subhedral crystals of plagioclase up to 5 cm long. The
plagioclase is usually partially replaced by albite, adularia,
carbonate and lesser amounts of muscovite and epidote. These
minerals often occur in simple and twinned plagioclase
pseudomorph aggregates forming coarse glomerophenocrysts.
Relict zoning is sometimes preserved through the alteration.
Subhedral phenocrysts of augitic clinopyroxene up to 1 cm long
were found in two sections. The pyroxenes are relatively
fresh with only thin chloritic rims. Magnetite occurs as an
abundant microphenocryst phase similar to the aphyric lavas.
Groundmass mineralogy and textures are also similar to the
aphyric lavas giving porphyritic to glomeroporphyritic,
intersertal to pilotaxitic textures.

Acid volcanic rocks are restricted to two localities,
immediately east of Point Lake and west of Roger Lake, where
they make up about 5 percent by volume of the Petitsikapau
Lake and Astray Lake Formations. In these localities the lavas

occur at the top of a thick mafic volcanic pile. The geographic
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restriction of the silica rich volanics, their associations
with coarse angular sediments and their stratigraphic
relationships with the mafic volcanics imply that these areas
are volcanic centres associated with the Petitsikapau Lake
and Astray Lake Formation volcanic cycles.

The acidic rocks are massive in outcrop and of limited
aerial extent. Flow alignment of feldspar phenocrysts is
developed locally. The rocks vary petrographically from
dacites to coarse feldspar phyric trachytes, rhyodacites and
rhyolites. They are typically porphyritic with small euhedral
phenocrysts of orthoclase and albite set in a groundmass of
aligned albite laths. Phenocrysts are often corroded and
partially replaced by carbonate or potash feldspar. Quartz
and adularia veins are quite common making the primary nature
of the potash feldspar phenocrysts somewhat dubious. Euhedral
microphenocrysts of magnetite are present in some examples.
Chlorite, quartz and clay minerals make up the mesostasis. A
porphyritic trachytic to pilotaxitic texture is common in
these rocks.

Tuffaceous and volcanic-sedimentary rocks of the
Petitsikapau Lake and Astray Lake Formations may be divided
into coarse conglomerates and agglomerates which are spatially
associated with the acidic volcanics, and finer grained

tuffaceous and agglomeritic rocks which occur more distally.
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A crude qualitative concentric zonation pattern of clast
size within the fragmental rocks is developed around centres
west of Point Lake and east of Roger Lake.

On Jasper Mountain, east of Roger Lake, there is a series
of coarse agglomerates and conglomerates interbedded with
acidic volcanics and tuffaceous sandstones. The dominant
clast lithologies represented are red microcrystalline jasper,
fine grained red rhyolite, rhyolite porphyry, aphyric mafic
volcanics and minor amounts of oxide facies iron formation and
gray Wishart Formation sandstones. The fragments are up to
0.75 m across and are subangular to well rounded. Generally
they are very poorly sorted boulder conglomerates but some
of the finer grained sandstones are moderately well sorted.
The matrix of the agglomerates is very similar to that of the
associated sandstones, consisting of angular sand size particles
of quartz, feldspar, chert, and mafic and acidic volcanics.

Sedimentary structures are rare as the conglomeratic beds
exhibit massive bedding up to 2 m thick, and in places a clast
supported texture. Poorly developed, small scale trough
cross-beds and graded bedding are preserved in the finer grained
sandstones.

The very coarse, immature nature of the sedimentary
structures within the conglomerate units and the association

with acidic volcanics imply that these fragmental rocks are
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part of an alluvial fan, or coarse river deposit, formed
around the subaerially exposed volcanic centre responsible
for the interbeds of acidic volcanics.

The tuffaceous rocks found in the surrounding areas
contain only 5 - 15 percent clastic material. The most common
lithotype is red jasper with lesser amounts of rhyolite,
basalt, quartz and feldspar. No recrystallization has occurred
along the clast boundaries. The gravel-sized clasts are
usually well rounded, moderately well sorted and occur in
continuous horizons either at the top or bottom of flows.
Poorly developed graded bedding was the only sedimentary

structure recognized.

II1.2.5.4 - Intrusive Rocks:

The intrusive rocks of the Dyke Lake area were
originally included in the Montagnais intrusive suite by
Stevenson (1952), Perrault (1952) and Usher (1953) who used
the term to describe all the pretectonic sills intruded into
the Kaniapiskau Supergroup in the Dyke Lake area. In this
report the intrusives are included as part of the Nimish
Subgroup, since it is later demonstrated that they are
chemically similar to, and therefore probably cogenetic with,
the Petitsikapau Lake and Astray Lake Formations. Best
exposures are southeast of Hughes Lake and at the north end

of Marble Lake.
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The intrusive rocks consist of a suite of massive,

medium to coarse grained rocks that range from dioritic to
gabbroic composition. The suite is very homogenous with only
small variations in color index noted. In thin section the
intrusives show a mineralogy of clinopyroxene, plagioclase

and skeletal magnetite with accessory apatite, chlorite and
occasional orthoclase, quartz and micropegmatite. The sill to
the west of Point Lake has a more alkalic composition and
locally contains 15 - 20 percent modal potash feldspar and
cumulus apatite. Textures are quite variable with phenocrysts
of clinopyroxene, plagioclase, magnetite and occasional potash
feldspar and apatite occurring sporadically in a groundmass

of ophitic to subophitic intergrowths of clinopyroxene and
plagioclose. The feldspars are partially altered to albite
and adularia and the groundmass is largely recrystalized to
chlorite and opaques. The phenocrysts of opaques and clino-

pyroxenes remain relatively fresh.

II.2.6 - Sokoman Formation:

II.2.6.1 - Nomenclature:

The Sokoman Formation is a cherty Precambrian iron
formation of the Superior type (Gross, 1965). It is the most
important economic formation within the Labrador Trough and

is mined for iron ore in the Schefferville area.
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Early subdivisions of the stratigraphy of the Knob Lake
region (Harrison, 1952; Dufresne, 1952) recognized two
formations between the top of the Wishart Formation and bottom
of the Menihek Formation. The term Ruth Formation was applied
to all the black ferruginous siltstones and shales overlying
the Wishart quartzites while the Sokoman Formation included
all the cherty iron formation units between the Ruth and
Menihek Formations.

In the main ore zone of the Schefferville area, the Ruth
Formation included parts of the Lower Sokoman Formation, which
when highly altered is indistinguishable from the Ruth silt-
stones. This situation has been further complicated by the
work of Zajac (1974) who showed that the Ruth Formation of the
main ore zone is stratigraphically equivalent to the lowermost
silicate-carbonate facies of the Sokoman Formation in the
Stakit Lake and other areas. On the basis of these strati-
graphic inconsistencies, and petrologic evidence which implies
a similar diagenetic history of iron enrichment for the Ruth
and Sokoman Formations, Zajac proposed that the Ruth Formation
be included as a member of the Sokoman Formation.

In the Dyke Lake area, the Ruth Formation is very thin or
absent and is only exposed in three isolated areas making it
a minor component of the stratigraphy and not worthy of

formational status. The writer has therefore followed Zajac
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(1974) and included the Ruth Formation as a basal member of
the Sokoman Formation. The Sokoman Formation can be divided
into Lower, Middle and Upper Iron Formation units based on

the variable mineralogy and sedimentary structures present.
These divisions are believed to be equivalent to the similar
subdivision proposed by G.S. Card for I.0.C. workers of the
Schefferville area (Harrison, 1972). The common abbreviations

for the facies and the lithologic types are given in fig. 2.

II1.2.6.2 - Distribution and Thickness:

The Sokoman Iron Formation is poorly exposed through-
out the Dyke Lake area with best exposures occurring west of
Tee Lake and Evans Lake and south of Charlie Lake.

In the eastern Dyke Lake - Petitsikapau Lake Peninsula,
the Petitsikapau Lake Formation underlies and is interbedded
with the Lower Iron Formation while in the western Dyke Lake -
Astray Lake Peninusla, the Petitsikapau Lake Formation is
largely missing and the volcanics of the Astray Lake Formation
overlie the iron formation. Relative to these periods of
volcanism, the iron formation forms a continuous time-
stratigraphic horizon that has a continuous internal strati-
graphy. A facies of iron formation rich in clastic detritus,
termed magnetic graywacke by the I.0.C. geologists, is

similarly recognized in the Dyke Lake area. The magnetite
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graywackes occur as separate homogeneous units stratigraphically
equivalent to the main body of the iron formation, as on the
western shore of Petitsikapau Lake, or as lenticular interbeds
within the volcanic pile as in the Tee Lake and Icombe Lake
areas, (fig. 2).

Considering the lack of outcrop and degree of interbedding
with the volcanics, accurate thicknesses of the iron formation
are very difficult to establish. Figure 2 gives the composite
stratigraphic sections for 14 different localities and shows
how the iron formation and its stratigraphic subdivisions vary
in distribution and thickness throughout the Dyke Lake area.
Thicknesses quoted in this diagram are approximate as contacts
are often unexposed, sections often incomplete and thicknesses
of facies of the Iron Formation within each locality variable,
all making the diagram somewhat schematic.

Despite these problems minimum thicknesses for the iron
formation can be estimated, varying from 20 m at Eileen Lake
(section XII, Figure 2) to 150 m at Pierres Point (section V).
The Iron Formation might be 500 m thick on the large peninsula
at the north end of Dyke Lake (section I) where outcrops of
steeply dipping magnetite graywacke outcrop on each side of
the easternmost peninsula. No outcrops are available inland

to confirm their continuity.
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11.2.6.3 - Lithofacies and Petrography:

The sedimentological and petrologic features of the
iron formation are best described by taking each facies in
turn. In this section "primary" will be used for all textures
resulting from the deposition of the sediment, while
"secondary" and "secondary diagenetic" will be reserved for
all features related to post-sedimentation, pre-metamorphic
processes.

The basal unit of the iron formation in the Dyke Lake area
is comprised of black ferruginous siltstones and shales (old
Ruth Formation) which outcrop at the base of sections south
of Charlie Lake (section VI, Figure 2), north of section III
and on the peninsula at the south end of Dyke Lake. These rocks
are very poorly exposed and often highly fractured; consequently
any large scale primary sedimentary structures are obscured.

In thin section they are finely laminated with 1 - 2 mm beds
defined by traces of carbonaceous material.

The rock is comprised of 50 - 60 percent angular to
subrounded, silt size quartz, plagioclase and potash feldspar
fragments set in an opaque clay size matrix. In places this
matrix has recrystallized to a stilpnomelane-muscovite-chlorite
assemblage forming a strong primary fissility subparallel to
bedding. In exposures at the south end of Dyke Lake and

northeast of Section III, the rock contains euhedral, 3 mm
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sized crystals of pyrite distributed along bedding planes.
This unit is distinguished from the other two siltstone and
shale members of the Knob Lake Group by the presence of potash
feldspar and the abundance of carbonaceous material.

The silicate-carbonate facies is best exposed in Sections
I and X. It shows well developed subplanar bedding of 1 - 2 cm
thickness with beds defined by variations in the carbonate and
silicate mineral proportions. Rocks poor in carbonate are
usually poorly bedded and commonly exhibit an irregular
conchoildal fracture.

The primary mineralogy of this facies is highly variable.
The most common primary assemblage found is siderite, greenalite,
magnetite and chert with minor amounts of minnesotaite. In
assemblages vold or low in carbonate, minnesotaite becomes
the dominant silicate phase, almost to the exclusion of greenalite
and carbonate. It is also associated with an increased magnetite
content.

In this facies siderite occurs as subhedral rhombs and
composite mosaics, up to 100 nm across, intergrown with anhedral
microcrystalline chert. Greenalite is present as pleochroic,
subhedral, tabular crystals of 50 nm size when in its primary
state and as large irregular felted masses when replacing other
silicates or oxides. Minnesotaite is usually present as

bundles of radiating acicular crystals. These crystals are
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usually spread randomly throughout a bed or clustered in a
crude spherical pattern reflecting a relict granular texture.
Secondary diagenetic magnetite occurs as a series of subhedral,
50 nm crystals aligned roughly parallel to bedding or in
crystal aggregates forming a relict granular texture similar

to minnesotaite. This "fish net" texture, typical of
minnesotaite and magnetite, represents diagenetic remobilization
of iron and recrystallization of primary Fe-Si gels (French,
1973). Occasional large anhedral crystals of magnetite are
probably the result of diagenetic or secondary replacement of
iron carbonates.

The grain size and texture of the recrystallized quartz
varies from mosaics of cryptocrystalline rounded blebs to
homogeneous angular crystals up to 100 nm across. The large
quartz grains are assoclated with relict granular and oolitic
horizons. Gross (1961) suggested that these sand-like horizons
would have had a higher interstitial water content than the
thinly layered non-granular types, which would promote diffusion
and recrystallization to form larger grains.

A unique silicate-carbonate facies has been noted in many
sections. In this rock type all the primary iron silicates
are pseudomorphically replaced by stilpnomelane while the
carbonates are replaced by iron oxides. The pseudomorphic

textures indicate that this mineral assemblage probably
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developed in the diagenetic environment. The geochemistry

of this facies, as discussed in Evans (1978), indicates that
the primary SCIF was diluted by volcanic ash and subsequently
recrystallized. Iron formation facies of this type are
called Volcanic - SCIF facies.

The carbonate iron formation, best exposed in Sections V
and XIII, typically forms thick subplanar beds with lean chert
interbeds 3 - 7 cm thick. Finer laminations are discernable
in thin section. The primary mineralogy is siderite and
chert with minor amounts of magnetite and iron silicates.
Variations in the percentage of siderite and chert define the
bedding with siderite occurring as interlocking subhedral
crystals up to 100 nm long surrounded by anhedral intergrowths
of recrystallized quartz. Primary oxides and silicates rarely
make more than 5 percent of the rock. Alteration and leaching
effects are similar to those noted for the silicate-carbonate
facies.

The oxide facies of the iron formation is the most variable
rock type. It can display very regular, well developed planar
bedding or high energy sedimentary structures such as coarse,
high-angle trough cross beds, graded beds and intraformational
conglomerates. Granular and oolitic textures are also common
but are often obscured by diagenetic processes which tend to

remove the iron from the oolitic layers and recrystallize the
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chert. In thin section oxide facies rocks consist almost
entirely of chert, magnetite and hematite. Magnetite usually
forms as anhedral aggregates crudely aligned along bedding
planes or as relict granules similar to the textures in the
oxides and silicates of the silicate-carbonate facies.
Hematite, when in its primary state, forms very fine grained
crystals in bedded nodular horizons or in detrital jasper
phases such as oolites, granules and intraclasts. In these
cases it is usually disseminated throughout the granule or
clast and has undergone little or no remobilization.

The impure clastic facies of the iron formation, magnetite
graywacke, 1s primarily restricted to the northeast section
of the Dyke Lake area with smaller occurrences also found in
Sections VI and VII. This facies is quite variable in grain
size, sedimentary structures and its relation to the surrounding
rock type.

Along the western shore of Petitsikapau Lake and in
Sections I and II, it occurs as a homogeneous sedimentary
succession possibly up to 500 m thick bounded by the
Petitsikapau Lake Formation volcanics at the bottom and the
Menihek Formation at the top. In contrast the unit also occurs
as lenticular beds interbedded within these volcanics (Sections
VI, VII and VIII). These intravolcanic units range from 20 -

50 m long and up to 25 m wide and pinch out laterally. The
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magnetite graywackes are in conformable contact with the
associated volcanics and were probably deposited in small
sedimentary basins or ponds within the volcanic pile.

In outcrop, the graywackes commonly show graded bedding,
low angle planar cross bedding, rip up clasts and a rhythmic
alteration of medium to coarse graywacke and pebble
conglomerate with thin laminae of magnetic gray chert. Load
casts, ball and pillow structures and soft sediment deformation
features are common in some of the finer grained samples.

The characteristic sedimentary structures, the preservation

of chert laminae within conglomeratic units and the interbedding
with submarine pillow lavas imply that these rocks result from
down slope movement of unconsolidated sediment deposited in
isolated structural and stratigraphic pools along slopes and
on the basin floor. These deposits could possibly be likened
to turbidites with the typical sedimentary structures,
alternation of coarse and fine sediments and the thin chert-
oxide laminae classed as equivalent to the pelagic unit that
is sometimes preserved at the top of classical turbidite
sequences.

In thin section, this unit is rich in detrital volcanic
material, quartz, feldspar, jasper, magnetite and occasional
fragments of iron formation. Grain sizes and proportions of

these phases are highly variable. Most of the fragments are
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subrounded and fresh in appearance and have probably undergone
previous sedimentary reworking. Mafic volcanic fragments are
invariably altered to chlorite, albite and opaques with minor
amphibole and epidote. Sauvg (1953) recognized ilmenite and
titanium-rich magnetite within these graywackes implying that
the volcanics as well as the iron formation were sources for
the detrital opaques. Diagenetic structures and matrix
mineralogy of the magnetite graywackes are variable but
generally similar to the different facies of the cherty iron

formation.

II.2.7 - Menihek Formation:

The best exposure of the Menihek Formation is at Pierres
Point (Section V, Figure 2) with smaller outcrops being found
in the syncline north of Evans Lake and along the west shore
of Petitsikapau Lake. A complete section of Menihek Formation
is nowhere exposed in the Labrador Trough, but a minimum of 330
m was measured at Pierres Point (Usher, 1953). In the core of
the Petitsikapau syncline (Wardle and Doherty, 1977) the
Menihek Formation has a minimum thickness of approximately
1,000 m.

The Menihek Formation consists of a monotonous series of
well bedded gray to black siltstones and shales with minor

argillaceous and graywacke beds. The rock is composed of
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angular to acicular fragments of quartz and plagioclase
feldspar surrounded by a dense intergrowth of chlorite,
sericite and opaques. Minor amounts of carbonaceous material
are present in the darker shales (Harrison, 1952). The rock
is also pyritiferous in exposures north of Evans Lake. A
well developed fracture cleavage occurs sporadically through-
out the area.

Contact relations with the underlying Sokoman Formation
at Pierres Point are conformable but the presence of subaerial
volcanics, pyroclastics, and conglomerates above the Sokoman
Formation on the Dyke Lake - Astray Lake Peninsula indicates
a possible local disconformity.

The Menihek Formation, as the uppermost member of the
Knob Lake Group, represents a return to a quiet, deeper water
environment of deposition similar to that of the Attikamagen

Formation.





CHAPTER III

STRATIGRAPHY OF THE SOKOMAN FORMATION

III.1 - Internal Subdivision of the Sokoman Formation:

In the Schefferville ore zone the boundary between the
Lower and Middle iron formation, LIF - MIF, is marked by a
transition from a lower silicate-carbonate facies, SCIF, to a
jasper bearing oxide facles, JMIF (Schwellnus, 1957). In the
Dyke Lake area however, this JMIF marker horizon is usually
separated from the SCIF lithology by a jasper—free)oxide
facies unit, ChMIF (Sections VI, VII, VIII, X), fig. 2. In
these cases the boundary was put at the top of the last SCIF
horizon, marking the major mineralogical and Eh-pH change in
the sedimentary environment.

Recent petrographic studies of unmetamorphosed iron
formations (Klien, 1973) have proposed that the presence or
absence of jasper does not really reflect variations in the
depositional environment but rather a different diagenetic
history for the sediment. Thus the ChMIF unit found on top
of the SCIF in the Dyke Lake area could be stratigraphically
equivalent to the JMIF of the Knob Lake area. Alternatively,
this difference may be a result of the bathymetry of the

basin, with the presence of jasper reflecting a more oxidizing,

-4 -
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turbulent, near shore environment (James, 1954). Figure 3,
taken from Zajac (1974), gives the generalized Eh-pH diagram
for the Fe-C-0-H system. Jasper in the form of disseminated
hematite, is favoured by acidic to neutral, relatively
oxidizing solutions, while magnetite, siderite and the iron
silicates are thermodynmically more stable in more basic,
reducing waters. These chemical relations may reflect
bathymetric conditions with oxidizing, neutral waters found

in turbulent, near shore areas and basic, reducing waters in
deeper water areas where circulation is more restricted. This
latter argument is supported by the fact that where the SCIF -
JMIF transition is developed (Sections II, V and XIII) the
area is geographically close to, and directly correlateable
with the Schefferville area stratigraphy (II and V), or is
associated with an inferred paleohigh which implies a near
shore depositional environment (Zajac, 1974).

Similarly, the boundary between the Middle and Upper Iron
Formation, UIF, is not directly comparable between the Knob
Lake and Dyke Lake areas. In the Knob Lake area the boundary
is taken as the last occurrence of jasper rich beds,
representing a transition from a JMIF facies to a CIF facies
(Schwellnus, 1957). In the Dyke Lake area the Upper Iron
Formation is poorly represented as it is usually either

unexposed (Section III, XI, XII) or its place is taken by
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volcanic flows and interbedded sediments (Sections II, V, VI,
VII, VIII, X). In localities where chemical sediments in
the Upper Iron Formation are developed, Sections I, IV, V,
XIII, XIV, the MIF - UIF transition is marked by a change to
a CIF and SCIF lithology, similar to that found in the
Schefferville area. The MIF - UIF boundary is therefore put
at the top of the last oxide facies unit.

The similarities and differences between the general
stratigraphy of the Schefferville and Dyke Lake areas serve
to indicate that they were both part of the same sedimentary
basin, undergoing the same regional fluctuations in Eh-pH
conditions of basin water but that they both possess specific
features, peculiar to certain areas, which reflect the temporal
variations in volcanism and paleogeography of the Schefferville -

Dyke Lake sedimentary basin.

III.2 - Stratigraphy and Paleofacies Environments of the

Sokoman Formation:

III.2.1 - The Lower Iron Formation:

The stratigraphy of the Iron Formation in the Dyke Lake
area is best analyzed by dividing the area into eastern, western
and central zones with zone boundaries running along the
lengths of Dyke and Astray Lakes (Figs. 1 and 2). Relative

to Figure 2, Sections I, II, III, IV, IX, XIII and XIV belong
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to the eastern zone, Sections VI, VII, VIII, X, XI and XIT

to the central zone and V to the western zone. These zones
are distinguishable both on the basis of their regional
stratigraphic relationships to the volcanics and the internal
stratigraphy of the iron formation. They are separated by
major high angle reverse faults.

Immediately preceeding the deposition of the iron formation,
the Schefferville - Dyke Lake sedimentary basin was probably
part of the large epicontinental sea that surrounded the Ungava
Craton (Dimroth et al., 1970). The preceeding transg@ression
of the Wishart Formation had eroded the Archean Craton down
sufficiently to preclude any significant clastic input during
the deposition of the iron formation. Similarly, slopes within
the basin must have been very shallow. The eastern part of
the Dyke Lake basin was also affected by submarine and subaerial
volcanism of the Petitsikapau Lake Formation. The structures
of the volcanics indicate that they formed a large submarine
volcanic pile that covered the whole of the Dyke Lake -
Petitsikapau Lake peninsula. At least one subaerial volcanic
centre was present west of Point Lake. This inferred paleo-
topography had a strong control on the facies distribution
during LIF deposition.

The Lower Iron Formation of the eastern zone is

characterized by a thin JMIF facies iron formation west of
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Point Lake, Section (XIV), which grades northward into a
sequence of interbedded SCIF - CHMIF at Evans Lake (XIII).
This trend, which apparently represents increasing water
depth, continues to the north with the Tee Lake (IX) and Dale
Lake sections (IV), showing an interbedding of submarine
mafic pillow lavas and magnetite graywackes. The northern
extremity of this zone (sections I and II) reflects a return
to chemical sedimentation with the deposition of SCIF
lithologies similar to those of the Schefferville area.

These facles variations are readily explained when related
to the associated volcanics. Directly below the iron
formation in the southern regions (Sections XIII and XIV) is
a series of intermediate to acidic volcanics and associated
tuffaceous and conglomeratic rocks. The sedimentological and
petrological evidence is compatible with a model of a
subaerially exposed volcanic centre around which the final
products of a Petitsikapau Lake Formation volcanic cycle were
erupted. This model of a volcanic island within the sedi-
mentary basin provides, a paleo-high for the development of
slope controlled Eh-pH gradients from north to south, a source
for the abundant volcanic detritus within the magnetite
graywackes and also the required slope instability to account
for the possible mass flow features in the magnetite graywackes.

The northernmost sections (I and II) were probably unaffected
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by these mass flow deposits and hence reflect the general
chemical sedimentary nature of the LIF outside of the Dyke
Lake area.

The section at Charlie Lake, (VII), typifies the probable
sedimentary succession of the Lower Iron Formation in the
central zone. In this section the Wishart Formation is over-
lain successively by lean chert, black ferruginous siltstones,
lean chert and SCIF lithologies. The lean chert that lies
at the top of the Wishart Formation has been recognized
elsewhere in the Trough (Zajac, 1974; Klein, 1976) and marks
the beginning of large scale, homogenous, chemical sedimentation
within the sedimentary basin of the Labrador Trough.

The Lower Iron Formation of the central zone probably
represents a broad platformal basin of little relief that was
a southern extension of the Schefferville basin.

Chemical sedimentation prevailed in the western zone during
the Lower Iron Formation with the section at Pierres Point
(V) showing CIF at the base grading up into a thin SCIF unit.
This basal CIF unit is also present to the northwest of Pierres
Point where it is the dominant facies of Zajac's member 1 in
areas east of the Stakit Lake paleohigh (Zajac, 1974).

In summary the stratigraphy of the Lower Iron Formation
in the Dyke Lake area depicts a series of subaerial volcanic

islands in the southeast with a sedimentary basin in the north
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and west which maintains relatively low relief throughout

the area of the central and western zones, as shown

schematically in Figure 4a.

III.3.2 - The Middle Iron Formation:

The Middle Iron Formation in the Dyke Lake area shows a
change to oxide facies chemical sedimentation throughout the
area except in the northeast where clastic magnetite graywackes
and minor volcanics prevailed (Sections I and II). This change
is also seen in the Schefferville (Schwellnus, 1957; Zajac,
1974) and Andre Lake areas (Dufresne, 1950; Wardle, 1976)
implying a basin-wide change in Eh-pH conditions. Zajac (1974)
has demonstrated that this change to oxide facies mineralogy
in the Schefferville area is strongly related to the development
of sedimentological features characteristic of high energy,
near shore conditions. This is also the case in the Andre Lake
(Wardle, 1976) and Dyke Lake areas where cross-bedding, intra-
formational jaspilite conglomerates and oolites are common.

The associated mineralogical and sedimentological variations

are best explained by an overall lowering of the sea level or
regression, exposing more land area to turbulent, more oxidizing
waters.

The LIF - MIF transition proceeded differently in the

various zones of the Dyke Lake basin. In the eastern zone,
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the northern and central areas underwent mixed cherty oxide
facies and magnetite greywacke sedimentation. The volume of
the latter increases to the north where Sections I and II are
dominated by magnetite greywackes and minor mafic volcanics

of the Astray Lake Formation. With the overall lowering of
the water level these volcanics were probably subaerially
exposed and contributed to the greywackes associated with them,
fig. 4b.

In the central zone the change to Middle Iron Formation
deposition shows a transition zone of interbedded CHMIF and SCIF
units throughout the zone. This mineralogical association
possibly reflects the deeper water conditions that were
similarly prevalent during Lower Iron Formation deposition in
the central zone. The upper units of the Middle Iron Formation
in the central zone are more typical of the general regression,

showing turbulent, near shore JMIF facies deposition.

IIT.2.3 - The Upper Iron Formation:

The Upper Iron Formation, UIF, in the Dyke Lake - Knob
Lake basin shows a general reversion back to more reducing
conditions indicated by the CIF and SCIF facies present in the
eastern and western zones. The basin-wide change in the Eh-pH
conditions accompanied by the development of quiet water
sedimentary structures is interpreted as a large scale trans-

gression and deepening of the basin waters.
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In the central zone this transition is replaced by an
abrupt change to a volcanic - graywacke stratigraphy, typical
of the LIF of the eastern zone. This shift in the centre of
volcanism to the Jasper Mountain - Charlie Lake area (Sections
VI and XI) becomes the dominant paleogeographic feature
controlling the internal stratigraphy of the iron formation.

The UIF of the eastern zone is marked by CIF facies in
the south (Sections IV, XIII and XIV) and a mixture of CIF and
clastic magnetite graywackes in the north (Sections I and II).
The presence of deep water, SCIF facies at the top of Section
XIV implies that by the time of UIF deposition the volcanic
island in the Point Lake area had been eroded below wave base
and was not contributing clastic detritus to the sedimentary
basin. Therefore, the graywackes of the northern sector of
the zone must have come from another source, either the volcanic
islands that were developing to the southwest in the central
zone, or from some other unexposed volcanic centre.

Figure l4c represents the paleogeographic interpretation of
the UIF stratigraphy in the Dyke Lake area. The figure
represents a conical-shaped depositional basin with a ring of
laterally graded, coarse to fine clastic sediments located
around the volcanic centre of Jasper Mountain. Farther away
from this subaerially exposed 1sland the areas were generally

deeper and devoid of clastic input which resulted in CIF and
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SCIF deposition. This model correlates well with Zajac (1974)
who showed that the southern section of UIF in the Knob Lake
Basin is dominated by clastic facies of iron formation, while
those further away from the volcanic centres retained CIF and
SCIF faciles chemical sedimentation.

The contact of the Iron Formation with the overlying
Menihek Formation is not exposed in the Dyke Lake area. The
carbonaceous and locally pyritiferous mineralogy of the
Menihek Formation indicates continued restricted circulation
within a closed sedimentary basin, but the lack of chert and
iron rich horizons implies a substantial change in the chemistry

of the basin waters.





CHAPTER IV

STRUCTURAL GEOLOGY

The structural geology of the Dyke Lake - Astray Lake
area is dominated by a series of northeast trending, high
angled reverse faults and tight to open, upright to slightly
overturned folds formed during the Hudsonian orogenic event
(circa - 1735 m.y. Stockwell, 1964).

Faults are marked by steep topographic depressions and by
disruption of stratigraphic lineaments that are easily
recognized on air photographs. The major faults of the area,
which run along the lengths of Dyke and Astray Lakes, separate
the western central and eastern blocks described in previous
sections. Each of the structural zones contains numerous minor
faults, but these do not appear to have seriously disrupted
the stratigraphy. Since the Dyke Lake and Astray Lake faults
Juxtapose zones of contrasting stratigraphy it is likely that
considerable amounts of section have been removed along their
length.

In the cross sections A - B and C - D (Fig. la) the
faults are shown as high angle reverse faults that sole out at
depth in the Attikamagen and to a lesser extent, Menihek
Formations. The middle formations of the Knob Lake Group appear

- 53 -
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to have behaved as passive structural masses that were moved
along shear planes located in the less competent shales of

the Attikamagen and Menihek Formations. This style of
deformation was also described by Harrison et al. (1972) whose
detailed work in the Schefferville area proved the existence
of many major décollements within the shale members of the
Knob Lake Group.

Definite structural evidence of Cretaceous block faulting,
which was instrumental in the formation of ore grade material
in the Schefferville area, is lacking in the Dyke Lake area,
but numerous sections of the iron formation do show Cretaceous
age leaching effects similar to those in the Schefferville ore
zone.

Fold axes in the Dyke Lake - Astray Lake area parallel the
NE-NNE trend of the thrust faults and are probably pre- and
synkinematic with respect to faulting. The style of folding
is one of long, sinuous, upright to slightly overturned, tight
to open anticlines and synclines that are usually complicated
by reverse faults along fold axes and fold limbs. Dips of
strata vary from 40° to vertical in the central and eastern
zones, while the western zone shows more gentle dips consistently
around 45°. Perhaps the presence of a thick volcanic mass
acting as a large competent structural body in the central and

eastern zones prevented the development of the regular fold
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pattern that is typical of other areas in the Trough and
caused the tight upright folding and closely spaced thrusting
noted. The apparent deflection of the fold axes north of
Evans Lake on the Dyke Lake - Petitsikapau Lake Peninsula is
probably secondary and related to a sinistral strike-slip
component in the faults north of Evans Lake.

As described in Chapter III metamorphic recrystallization
and replacement reactions associated with this Hudsonian
metamorphic event produced sub- to lower greenschist facies
mineral assemblages in all formations. This facies of meta-
morphism is consistent with the general distribution of meta-
morphic isograds within the Labrador Trough which ranges from
essentially unmetamorphosed sediments on the western margin
to garnet bearing amphibolite grade assemblages at the eastern
margin of the Trough (Dimroth et al., 1970; Zajac, 1974;
Wardle, 1976; Wardle and Doherty, 1977). Further discussion on
the degree of geochemical mobility associated with the meta-
morphism and the relation of the regional metamorphic event to
more localized metamorphic/metasomatic processes possibly
associated with the Nimish volcanic activity is presented in
Chapter V.

Metamorphic realignment of minerals during the Hudsonian
orogenic event is very poorly developed in the Dyke Lake area

and seems to be largely controlled by local structures. In
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the Wishart Formation quartz grains have retained their
randomly distributed undulose extinction angles and the
dolomite crystals of the Denault Formation similarly show

no evidence of realignment of deformation. Evidence of
metamorphism within the Sokoman Formation is nonexistent or

is masked by diagenetic reactions, while very weak S1 chloritic
fabrics are found near some small shear zones within the
volcanics.

The best evidence of mineral alignment is found in the
Attikamagen or Denault Formation siltstones found at the south
end of Dyke Lake. In these rocks chlorite and muscovite form
a 81 fabric oriented parallel to bedding in highly sheared
outcrops. The fabrics are vertical to slightly overturned to
the east implying slight overturning of the folds to the west.
These fabrics are not found in unsheared outcrops of the
Attikamagen Formation and, similar to the chloritic fabrics of
the Nimish Subgroup, seem to be more closely related to local
shear zones than a regional metamorphic pressure gradient.

No metamorphic recrystallization is present within the
Menihek Formation. Outcrops in the northeastern sector of the
area show evidence of brittle fracturing while those exposed

elsewhere show little or no effect from the orogenic event.





CHAPTER V

PETROCHEMISTRY OF THE NIMISH SUBGROUP

V.1 - Introduction:

The volcanic rocks of the Nimish Subgroup have been shown
to be stratigraphically divisible into two major volcanic cycles
warranting subdivision into the Petitsikapau Lake and Astray
Lake Formations (Evans, 1978). The main purpose of this thesis
is to use the whole rock chemical data of the two formations
to check for .similarities and differences between the two
formations and to determine possible geochemical affinities of
the volcanic suite (Appendix B). A limited number of the samples
were analyzed for the rare earth elements (Table 7 and 20),
and a series of models were derived from these data to test
fractional crystallization relationships between the rock types
and to provide geochemical evidence in support of the proposed
subdivision of the Nimish volcanics.

The ensuing discussion offers a brief review of current
work on the geochemical effects of submarine hydrothermal
alteration, followed by a discussion of the effect of such
alteration on the Nimish Subgroup. The standard means of
presenting major element data arereviewed and some of the more

recently developed petrologic discrimination diagrams based on
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the relatively immobile trace elements are used to provide a
general geochemical classification for the Nimish Subgroups.
This classification is discussed in relation to the petro-
graphy of the samples and the geochemical classification based

on major element chemistry.

V.2 - Theoretical Geochemical Effects of Low Grade

Metamorphism:

Since all the volcanic rocks of the Dyke Lake area have
undergone sub- to lower greenschist facies metamorphism some
knowledge of the effects of this metamorphism on the bulk
chemistry of the volcanics is needed before discussing the
igneous geochemistry.

Numerous studies have been carried out on the effects of
low grade metamorphism on the geochemistry of mafic igneous
rocks (Hart, 1970; Thompsen et al., 1970; Cann, 1969, 1970;
Smith and Smith, 1976; Hajash and Scott, 1976; Wood et al.,
1976; Condie et al., 1977; Floyd, 1977). The alteration
processes have also been simulated in the laboratory through
the hydrothermal experiments of Hajash (1975) and Bischoff
and Dickson (1975). These studies have resulted in a series
of somewhat contradictory conclusions which are related to
variations in the experimental method and the conditions of

metamorphism studied. Integration of these results leads to
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recognition of a threshold of significant alteration for each
element which is a complex function of temperature, pressure,
brine chemistry, original rock composition, gaseous pressures,
ete.

Miyashiro et al. (1969) demonstrated the applicability of
this concept by showing the change in behaviour of the Fe+3/
Fe+2 ratio from sub- to lower greenschist facies metamorphism
of submarine mafic volcanics. The dependence of Cu and Ni
mobility on the temperature and duration of the hydrothermal
experiments of Hajash (1975) also recognizes the complex nature
of geochemical mobility. Laboratory work on ore solution
geochemistry has produced quite elaborate models noting the
effects of the various geochemical parameters that control ore
mineral transport (Krauskopf, 1967). The natural environment
is much more complex than can be experimentally modelled, so
generalizations about the degree of mobility of any element
must be considered relative to other elements or other
conditions; in this sense ideas on metasomatic alteration
are highly subjective.

Aside from the chemical factors, certain physical parameters
also control the mobility of elements during low grades of
metamorphism. Coish (1976) and Spooner (1977) have shown that
many metamorphic facies assemblages may be present in obducted

ophiolite suites which were presumably affected by only one
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period of alteration. Frey et al. (1974) have pointed out
that the glassy and crystalline portions of basaltic lavas
respond differently to low temperature alteration. Similarly,
Hajash and Scott (1976) have stressed the large temperature
and brine composition variations present in the alteration
environment assoclated with the formation of pillow lavas.
These range from the very high temperature deuteric alteration
connected with the trapped volcanic fluids to sub-greenschist
temperature alteration related to secondary halmyrolysis.

The combination of all the physical and chemical factors
possibly involved in obscuring primary lava chemistry in the
metamorphic/metasomatic environment along with the chemical
changes that occur upon subaerial exposure reduce the effect
of alteration studies on igneous petrology and petrogenesis to
one of generalizations and assumptions. The general consensus
on the mobility of the major elements during average submarine
alternation, as compiled from the aforementioned documents, is
summarized in Table 2. The subaerial weathering data are taken
from Wedepohl (1974).

The behaviour of trace elements for the most part follows
that of the major elements for which they show affinities during
normal igneous processes. Specific studies on the behaviour
of trace elements (Cann, 1969, 1970; Frey et al., 1974; Wood

et al., 1976; Condie et al., 1977) have led to the recognition





TABLE 2

61.
MOBILITY OF THE MAJOR ELEMENT OXIDES
DURING LOW_GRADE METAMORPHISM
SUBMARINE WEATHERING
VERY MOBILE: +H,0, +Fe*3/re*?, +K,0, -Ca0, -Mg0
MOBILE: -NaZO, -SiO2
SLIGHTLY IMMOBILE: + Fe
IMMOBILE : TiOZ, A1205, PZOS
SUBAERIAL WEATHERING
VERY MOBILE: -Ca0, -NaZO, -MgO0, —KZO, +H20
MOBILE: -5102, —PZOS
IMMOBILE: Fe, A1203, T102
GREENSCHIST GRADE METAMORPHISM
VERY MOBILE: -Ca0, +H20
MOBILE: +Na,0, +810,, +Mg0, +Fe0, -K,0, -Al,0,
IMMOBILE : Ti0,, Fe*3/Fe™?, po
2 275
* NOTE: '+' refers to a net addition of that compound while '-' refers

to a net loss during the period of geochemical mobility.
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of a group of trace elements which are relatively insensitive
to most hydrothermal alteration processes. These "relatively
immobile elements" (Cann, 1969) are generally the heavy,
highly charged, transition ions. The relatively incompatible
nature of these elements is also especially useful as they
serve as good discriminating factors between altered tholeiitic
and alkalic basalts. The list of generally accepted immobile
elements has grown since the original use of Ti, Zr, Nb and Y
by Cann (1970) notably with the addition of Hf and Sc (Frey
et al., 1974), Ta (Wood et al., 1976), P2O5 (Floyd and
Winchester, 1975) and Ga and Ce (Winchester and Floyd, 1977).

The compatible transition elements such as Ni, Cr, Co and
V have been shown to be immobile in some studies (Frey et al.,
1974; Condie et al., 1976) and also have been used in magma
type discrimination diagrams (Bloxam and Lewis, 1973) but the
experimental work of Hajash (1975) indicates that they are
susceptible to high temperature alteration. In addition, their
susceptibility to slight variations in the degree of fraction-
ation distort distributions on a discriminant diagram if the
stratigraphic control is not perfect.

The susceptibility of the rare earth elements, REE, to
secondary hydrothermal alteration was originally discussed by
Frey et al. (1974), who showed that the REE as a whole were

only slightly affected by submarine alteration processes.
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Generally there was a tendency for a slight increase in the
light rare earths, LREE, La-Nd, and a decrease in the heavy
rare earths, HREE, Er-Yb. This would have the effect of
increasing the La/Yb and steepening the REE pattern, making
the rock seem more alkalic.

This conclusion was similarly reached by Wood et al.
(1976), Condie et al. (1977) and Floyd (1977) but in general
the degree of variation caused by this process is considered
small and the use of the REE as a magma type discriminant in

altered rocks is generally accepted (Herrmann, 1972).

V.3 - Metamorphism of the Nimish Subgroup:

As discussed in Chapter II.2.5.3 the mineralogy of the
Nimish volcanics implies that a sub- to lower greenschist facies
metamorphism has affected these rocks. The development of large
chloritic rims on the pillow lavas and the general restriction
of quartz and epidote as vein and amygdaloidal minerals to
pillow lavas implies that the recognized grade of metamorphism
occurred at or near the time of extrusion of the volcanic rocks.
Later regional metamorphic effects on the volcanic rocks appear
to be minor as the compressive forces only produce small non-
penetrative shear zones with localized mineral alignment. The
presence of low grade metamorphism in mafic volcanic rocks

that formed in submarine basins implies the Nimish volcanics
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have been affected by a submarine hydrothermal event similar
to that documented in submarine volcanic centres of today.
In this aspect the general conclusions reached in Section
V.2 and Table 2 would probably apply to the geochemistry of
the Nimish volcanics.

Figures 5 and 6, from Hughes (1973) give an indication of
the degree of alteration the Nimish Subgroup has undergone.
The area between the two curves represents the bounds of all
recognized primary igneous compositions, with analyses outside
these boundaries considered altered. The Petitsikapau Lake and
Astray Lake Formations, and associated intrusive rocks, or
Nimish Subgroup, as they will be referred to when no distinction
is made on the diagram discussed, show a strong shift towards
potash enrichment with about 25 percent plotting outside the
igneous spectrum. In contrast the Doublet group shows a
shift towards soda enrichment; behavior more typical of split-
ization. The potash enrichment of the Nimish Complex is
mineralogically represented by the partial replacement of
plagioclase by muscovite and potash feldspar and the minor vein
and amygdaloidal occurrences of quartz and adularia. Potash
enrichment is significant as it implies metasomatism under
conditions quite unlike those associated with normal

spilitization where soda enrichment is the norm.
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Figure 5: 'Spilite diagram’, Hugnes (1973), for the Doublet Group and Lac Musset Volcanics.
+= Doublet Group, Baragar (1960)
+ = Doublet Group, Dimroth et al. (1970)
A= Lac Mussett Volcanics, Dimroth et al. (1970)
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(W) x 100
Figure 6: ‘Spilite diagram’, Hughes (1973), for the Nimish Subgroup.
+ — Petitsikapau Lake Formation
+ — Astray Lake Formation
A — Intrusive rocks
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Figure 7: Nay0 versus K0 diagram for the Nimish Subgroup
Symbols the same as Figure 6.
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The lack of a strong negative correlation between Na20
and K2O, (fig. 7), discounts Na - K substitution as a means of
generating the high KZO content of the Nimish Subgroup lavas.
Possibly these high values have resulted from the net addition
of K as a replacement for Ca in feldspar sites.

Experimental and theoretical work by Hemley (1959) and
Helgeson (1964, 1969) have shown that metasomatic alteration
in the feldspar system is controlled by the ionic ratios,
kt/nat, kt/ca’™ and Nat/ca’™ in the metasomatic fluid, and to
a lesser extent by temperature, with a high temperature causing
a greater degree of potash fixation. Considering the low grade
mineral assemblages of the Nimish volcanics, high K+/Na+ and
K+/Ca++ in a metasomatic fluid altering the volcanics at normal
spilitic temperatures (200 - 300°C) would seem to be the best
explanation for the observed alteration.

This unusual fluid composition may be the result of an
increased K+/Na+ ratio in the brines of the volcanic - sedi-
mentary basin caused by the deposition of Na - Fe - Si gels
in the formation of the contemporaneous iron formation (Eugster
and Jones, 1968; Eugster, 1969; Eugster and Chou, 1973; French,
1973). Alternatively this potash enrichment could be explained

by fluid migration through the K,0 rich shales of the

2
Attikamagen Formation or through a high K20/Na20 in the

original magma and/or late-stage volcanic fluids.
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Potash metasomatism is not a widespread phenomenon and
has only been documented in a few places. Vallance (1960)
in an historical review of the mineralogy of spilitic rocks
noted that DeRoever (1942) described a suite of alkali basalts
from the Permian of Timor in which all of the primary feldspar
had been replaced by an adularian feldspar forming a rock he
termed "poeniite". Vallance also described occurances from
the Rhine Valley and Yellowstone National Park in the U.S.A.
where potassic alteration of feldspars was noted but not on
the scale of DeRoever's description. More recently Gunn and Roobol
(1976) has described a few samples from the lesser Antilles
island arc of the Caribbean which show potash enrichment.

The exact nature and origin of the alteration for the above
suites is unknown, but like the Nimish area it must be a
function of the fluid chemistry and temperature of the
metasomatic environment.

The effect of this potash metasomatism on the major and
trace element contents is analyzed through the use of
correlation coefficients, as presented for the mafic members
of the Petitsikapau Lake Formation in Table 3. This limited
population was chosen in an effort to isolate an homogenous
group of samples which are geographically and stratigraphically
distinct, and have presumably undergone a similar primary

petrogenetic history but varying degrees of secondary alteration.
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Through this restriction all recognized correlations should
either be a result of the spilitization process or slight
variations in phenocryst concentrations as documented in the
petrography section.

Geochemical evidence for normal spilitization reactions
is seen in the positive correlation of FeO and MgO with LOI and
the complementary negative correlation of 8102 with LOI. The
compatible trace elements Ni, Cr and V all show low correlations
with LOI implying that, in contrast to MgO, these trace
elements were not affected by the alteration and that the
maximum temperature of the alteration is consistent with the
lower greenschist mineral assemblages present (Hajash, 1975).
The divergence of MgO and FeO with the compatible trace elements
during this alteration is supported by the relatively low
positive correlation between these groups of elements and
indicates that MgO and FeO were mobile during the alteration.

The relations among the alkali and alkali earth metals are also
presented in figures 6 and 7. The strong negative correlation
of K, Rb and Ba with Ca is consistent with the noted plagioclase
alteration and their similar susceptibility to hydrothermal
processes as well as normal plagioclase fractionation within
these lavas. Sr shows a low correlation with Ca and therefore
could have been mobile during alteration as Sr and Ca should
be strongly positively correlated if due to plagioclase

fractionation.
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The interrelationships of the relatively immobile
elements P, Zr, Nb and Y are all positive and show high
correlations ranging from +682 to +844. As a group these
elements show a high positive correlation with SiOZ, a high
negative correlation with MgO and show little or no
correlation with LOI which implies that they remained
relatively immobile. The correlation of these elements with
TiO2 are very low and presumably reflect erratic amounts of
magnetite phenocrysts given the assumption that TiO2 is
immobile during low grade metamorphism (Table 3).

These results are consistent with the findings of Cann
(1969, 1970), Thompsen et al. (1970) and Wood et al. (1976).
Therefore it is likely that the distribution of these
relatively immobile elements reflect the pre-metamorphic
geochemistry and that the alteration had little effect.

Views on the use of alkali trace element ratios as
petrogenetic indicators and their susceptibility to secondary
alteration is varied (Hart, 1969; Jakes and White, 1970;
Hart, 1970). Hart (1969) has shown that there is a decrease
in K/Rb as K20 increases in most altered basic volcanics
except in glass rich spilites where K/Rb decreases as K20
decreases. The former trend he equates with greater Rb
fixation during low temperature alteration while the latter

is explained by the high Rb concentration in the easily leached
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volcanic glass. These views differ from those of Jakes and
White (1970) who argue that there is no change in the K/Rb
ratio until amphibolite grade metamorphism despite a
compilation of K/Rb ratios from various calc-alk aline suites
in the South Pacific which showed a range from 300 - 600.
Table 4 gives a comparison of the average K/Rb and Rb/Sr
ratios of the mafic members of the volcanic formations and
the least altered samples of the Petitsikapau Lake Formation
(Sample #JS-133, Js-57, Js-517, JB-57), and Astray Lake
Formation (Sample #JS-205, JB-79, JS-15). The large standard
deviations of Rb/Sr and K/Rb ratios within the groups of
samples noted confirms the mobility of these elements. Although
the deviations cast some doubt on this approach the increase
in the average K/Rb and Rb/Sr from the unaltered samples to
the total suite for each formation is consistent with distinct
additions of K and to a lesser extent Rb. This trend of
increasing K/Rb ratio with metamorphism is contradictory to
the general trends of greenschist grade metamorphism which
usually involve a lowering of the K/Rb ratio due to greater
Rb fixation at lower temperatures. This may be due to a
peculiar fluid composition abnormally rich in K. The higher
Rb/Sr ratio in the altered and unaltered samples of the Astray
Lake Formation relative to the Petitsikapau Lake Formation
reflects the lack of Sr rich, plagioclase porphyritic lavas

in the Astray Lake Formation.
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TABLE 4

K/Rb AND Rb/Sr RATIOS FOR THE BASALTIC MEMBERS OF

THE NIMISH SUBGROUP, LITTLE ADEN SUITE

AND STANDARD AVERAGE BASALTS

K/Rb Rb/Sr

TOTAL PETITSIKAPAU LAKE FORMATION 410 0.119
(70) (.110)

UNALTERED PETITSIKAPAU LAKE FORMATION 365 0.073
(99) (0.036)

TOTAL ASTRAY LAKE FORMATION 42y 0.190
(111) (.134)

UNALTERED ASTRAY LAKE FORMATION 41k 0.091
(121) (.027)

PERALKALINE LITTLE ADEN SUITE 311 0.097
OCEANIC ALKALIC BASALT 418 0.040
OCEANIC ISLAND THOLEIITIC BASALT 1000 0.025
CALC - ALKALINE BASALT 340 0.030

# Data from Engel et al., (1967), Cox et al., (1970), Jakes
and White, (1970), and Appendix B. Numbers in brackets

are standard deviations.
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In conclusion there seems to be ample evidence for

significant mass transfer of K, 0, CaO, MgO, FeO and Fe

2 203
causing important changes in the chemical composition of
the Nimish Subgroup lavas. The classical methods of petro-
genesis, as discussed by Green and Ringwood (1967) and O'Hara
(1968) would be of little use in discussing the petrogenesis
of the Nimish Subgroup given this conclusion. Therefore, I
have attempted a petrologic classification based upon the
recognized immobile trace elements and have treated the
petrogenesis solely through the use of rare earth elements.
Due to the limited number of samples analyzed for REE
and the desire to only analyze the least altered samples
available, it was impossible to test the degree of geochemical
mobility that has affected these elements. Given the general
geochemical similarity of the REE with incompatible elements
such as Zr and Y, which have been shown to be immobile in the
Nimish Subgroup, and the studies in the literature which
support the relative insensitivity of the REE to secondary
hydrothermal alteration (Frey et al., 1974; Wood et al., 1976),
it was presumed that the REE concentrations reflect the original
pre-alteration concentrations. As such, geochemical data for
Ti, Zr, Y, Nb and the REE are used with much more certainty

than the major elements throughout the thesis.
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V.4 - Igneous Geochemistry of the Nimish Subgroup:

V.4.1 - Introduction:

Discussion of the geochemistry of the Nimish Subgroup will
be divided into four main sections. Initially the major
elements will be reviewed using a few standard diagrams to
provide a background for comparison of the trace element data.
A subdivision of the analyses will then be based upon the
relatively immobile trace element abundances and the rare earth
element data will be discussed in relation to these groupings.
Finally the rare earth data will be used to place some limits
upon the possible petrogenetic relations between the proposed
lava types.

With regards to the preceding discussion on the secondary
alteration of the Nimish volcanics the author realizes that
the distributions of the major elements may be altered and that
generalizations made upon this data are questionable. As a
result the discussion will be brief and the diagrams will be
presented mainly for reference.

Raw geochemical data is given in Appendix B with

representative averages presented in Table 5.
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V.4.2 - Major Element Geochemistry:

V.4.2.1 - Harker Diagrams:

The major element oxides are plotted against SiO2
in Figure 8. A feature common to all the diagrams is the

lack of many intermediate volcanics (52 percent £ 8102 £ 66
percent) in the Petitsikapau Lake Formation. Similarly a lack

of acidic volcanics (Si0O, > 66 percent) could be postulated

2
for the Astray Lake Volcanics, as the four analyses plotted
(JS-500, 501, 502, 503) represent agglomeratic (rhyolite)
clasts. This deficiency in intermediate and acidic volcanic
rocks is possibly due to normal igneous volume relationships,
however this lack of differentiation seems to be common through-
out the Labrador Trough where only two or three localities of
acid or intermediate volcanics have been found (Dimroth, 1970).
The distribution of the major elements in Figure 8 reflects
predictable igneous inter-element associations. The roughly

parallel trends of MgO, FeO and Fe is very similar to a

2%
variation diagram scheme originally documented in Iceland
(Carmichael, 1964). Carmichael concluded that the similarity
of these patterns was a result of a high f02 in the melt which
favoured the coprecipitation of magnetite with the ferro-
magnesian phases. In the Dyke Lake area this high f02 could
be due to an original high magmatic f02 increased through

differentiation or interaction of the magma chamber with

seawater or connate waters.





@ N
© AL
R o
. LI
FeO -
6 .
2
o
o
e N .
4 ;
B by F
fae .
Fe,0y W e . .
. £pt S aa .
o
2 . R
o
200
mv{ &
50 P
- 423
2 s & arge
2o e, .
Total . &
0 a
Fe
00 s
0 .,
<o .
20
o L
0 ) ) 10 o
si0,

Figure 8a: Variation diagram for the major oxides Fe0, Fe,05and total Fe for the Nimish
Subgroup

+ — Petitsikapau Lake Formation
+  Astray Lake Formation
A — Inuusive rocks





Al,04

Tio,

7.

a8
s
s
s
s
s
e
. s
e
P
a - N
-
Sa . .t
2ot
b da “
B
a & .
P . .
e .
%0 E)
S0,

« — Petitsikapau Lake Formation
+ — Astray Lake Formation
A - Intrusive rocks

Figure 8b: Variation diagram for the major oxides Ca0, Al, 04 Ti0,, MnQ in the Nimish Subgroup





K0

No,0

. te
RN . . ;
$10;

Subgroup.

« - Petitsikapau Lake Formation
+ - Astray Lake Formation

A — Intrusive rocks

Figure 8¢: Variation diagram for the major oxides Mg0, K,0, Na,0, P, Oy, in the Nimish

78.





79.

The large degree of scatter on the CaO v. 8102 variation

diagram could be attributed to secondary mobility of CaO and
clinopyroxene accumulation in the gabbros. The distribution

in the AIZO3 V. SiO2 diagram represents variable percentages

of plagioclase phenocrysts in the Nimish Subgroup mafic and

intermediate lavas. The sharp depletion of Al in the acidic

203
rocks of the Astray Lake Formation serves to distinguish them
from the equivalent acidic rocks of the Petitsikapau Lake
Formation.

Although not readily apparent in Figure 8 there seems to

be a variation in the fractionation behaviour of A1203 between

the two volcanic cycles. In general Al builds up to a peak

2%3

of 16 - 17 percent at about 48 - 52 percent SiO, and then under-

2
goes gradual depletion in the Petitsikapau Lake Formation,

while in the Astray Lake Formation Al reaches its maximum

203

at 60 percent SiO and then drops off suddenly. This variation

23
in the A1203 distribution is readily documented in the petro-

graphy of the two formations, as the mafic lavas of the
Petitsikapau Lake Formation are commonly plagioclase porphyritic
while those of the Astray Lake Formation are aphyric.

The depletion of TiO represented by titaniferous

23
magnetite microphenocrysts, continues from the basaltic rocks

through the intermediate and acidic members of the suite. TiO2

is distinctly lower in the intrusive rocks possibly resulting
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from variations in fO, during crystallization of the intrusives

2
and the resultant effect on magnetite stability.

MnO shows only slight variations marked by a preference
for incorporation into the abundant pyroxene of the intrusive
rocks and an overall depletion with fractionation.

K2O exhibits an expected highly scattered linear increase

with Si0, until the acidic rocks, while the distribution of

2
Na20 vs. 5102 reflects the low correlation coefficient of

these two elements, (Table 3). Comparison of the NaZO and KZO
Harker diagrams with Figures 6 + 7 confirms that potassium was
the dominant mobile element during metasomatism.

PZOB shows a very erratic distribution, presumably caused

by an overall high P content associated with sporadic inter-

205
section of the apatite stability field during differentiation.

The high P content of plutonic sample JS-048, 1.30 percent,

205
reflects the cumulus apatite in this sample.

V.4.2.2 - Na .0 + K. 0 Versus SiO, Diagram:

2

Figures 9 + 10 give the Na20+K20 vs. 8102 diagrams

for the igneous rocks of the Doublet Group and Nimish Subgroup

respectively. The boundary lines, as defined by Kuno (1966),
classify the Doublet Group as a transitional tholeiitic to
high alumina basaltic suite, while the Nimish Subgroup plots

as a strongly alkalic suite. 1In unaltered rocks this diagram
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is a very sensitive indicator of the degree of alkalinity

of a volcanic suite, but in consideration of the metasomatism
documented in Section V.3 this conclusion is doubtful based
on this diagram alone.

The trachyandesite samples collected from the volcanics
within the Seward Formation north of Schefferville (Dimroth
et al., 1970) are seemingly only mildly spilitized, Figure 5,
and hence their alkalic tendencies in Figure 9 might truly be

indicative of their primary geochemistry.

V.4.2.3 -~ AFM Diagrams:

Figure 11 compares the chemical trends of the
Petitsikapau Lake and Astray Lake Formations and associated
intrusive rocks with some well documented suites on AFM diagrams.
The Little Aden suite comes from the southern Arabian Peninsula
between the Red Sea and the Indian Ocean, where it is associated
with initial stages of rifting of the Red Sea (Cox et al., 1970).
The oceanic island tholeiite trend is taken from Thingmuli,
Iceland (Carmichael, 1964) while the calc-alkaline trend comes
from the Cascades suite, as summarized by Carmichael et al.
(1974).

The distribution of the two volcanic cycles and intrusive
rocks on the AFM diagram are superficially similar, and when

plotted together form a coherent, well-defined variation trend.
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As expected, the intrusive rocks plot closer to the MgO - FeO
Jjoin while the mafic members of the extrusive cycles plot
more in the centre of the diagram. The relative lack of
intermediate rocks in the Petitsikapau Lake Formation relative
to the Astray Lake Formation is also displayed here.

As a whole the rocks of the Nimish Subgroup plot on a
trend roughly similar to the oceanic island tholeiite suite
of Carmichael (1964) or the Little Aden suite as described by
Cox et al. (1970). Petrogenetic affinities of the Nimish
Subgroup to either of these igneous rock series are not
possible to establish from this diagram.

The strong iron-enrichment trend of the Doublet Group is
typical of a tholeiitic trend, and according to Dimroth (1971)
the Doublet Group shows a close similarity to modern ocean

floor tholeiites.

V.4.3 - Trace Element Geochemistry:

In this section the trace element geochemistry of the
Nimish volcanics will be only superficially treated in an
attempt to generate a classification scheme from which the
discussion of the petrogenetic relations of the Nimish Subgroup
may be related. 1In this study it was found that a recent set
of diagrams devised by Winchester and Floyd (1977) provided

an internally consistent petrologic nomenclature.
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Figures 12 - 15 are the set of diagrams devised to
discriminate between different magma series on the basis of
the fractionation of immobile trace elements (Winchester and
Floyd, 1977). They are not meant to imply tectonic settings
or mode of origin of the suites but are designed to give an
indication of various differentiation trends relative to some
well documented, unaltered volcanic suites. The application
of these diagrams to the Nimish volcanics seems justified as
the classification suggested is internally consistent and
generally compatible with those of previous diagrams. No
significant differences were noted among the Petitsikapau Lake
and Astray Lake Formations or associated intrusive rocks in
these diagrams.

Despite some degree of scatter the general differentiation
trend shown in Figures 12 - 15 is alkali basalt - trachyandesite’ -
comendite/pantellerite. This classification is similar for all
four diagrams with inconsistencies only occuring in the
separation of alkali and sub-alkali basalts in Figure 15,
andesites and trachyandesites in Figure 12, and rhyolite from
the comendite/pantellerite field in figures 12 + 13.

In consideration of the large degree of generalization
and subjective interpretation that went into the preparation of
these diagrams, the boundaries presented in Figures 12 - 15

should be considered as fields of transition rather than sharp
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lines and as such the accuracy inherent in this system is
suspect. The author realizes the limitations involved with
this sort of classification system and uses it only as a base
from which to discuss the application of standard major
element classification schemes to the Nimish Subgroup. The
author believes that the general tendency for the Nimish
Subgroup samples to cluster within only three petrologic fields
in any one diagram, and the internal consistency of this
classification within the group of diagrams supports the use
of this form of classification despite its limitations.
Furthermore the consistency of classification implied by these
diagrams is much greater than that noted for other classifi-
cation schemes, Section V.4.4, and as such if any further
discussion is to follow, this classification must be taken as
the basis for comparison. REE data presented in Sections VI.2.2
and VI.3.2 support the general classification presented here.
Classification of the more silicic differentiates of the
Nimish Subgroup is less precise than the mafic members because
the trace element concentrations and ratios depend strongly
on what accessory phases are crystallizing; e.g. crystallization
of apatite strongly depletes Y and raises the Nb/Y ratio in

the melt. Similarly, changes in f0, through normal differen-

2
tiation or interaction with seawater and groundwater affects

the precipitation of oxides and hence TiO2 contents.
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The argument against the use of the Zr/TiO2 ratio as a
discriminant parameter in the Nimish Subgroup on the grounds
of fluid/magma interactions does not seem justified because
if significant seawater or groundwater interaction occurred
it should affect the basic as well as acidic members. Given
the mafic volcanic's relatively greater degree of alteration
(see Section VI.3.2) and the submarine volcanic structures
noted in these rocks, this type of interaction should produce
wide variations in the Zr/TiO2 of the mafic members which is
not seen in Figure 12. Similarly, following the period of
water introduction, further fractionation in a high pHQO
environment would produce higher Zr but lower TiO2 contents
because the TiO2 would be effectively depleted by the preceding
fractionation step. These factors should produce a positive
correlation of Zr/TiO2 with 8102 as an index of differentiation.

This does not seem to be the case as there is an essentially

vertical trend in the 40 - 50 percent SiO, range before the

2
trend towards positively correlated higher Zr/TiO2 ratios
develops. The general shape of a vertically oriented "tail"

on this diagram was also noted in all unaltered suites published
by Floyd and Winchester (1977). Therefore opaques in the
basaltic members of the Nimish Subgroup are probably the result
of high initial T102 and total Fe in a relatively oxidized

magma rather than interaction with seawater or groundwater.
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In Figures 12 - 15 the Nimish Subgroup is compared to
the available data for the Little Aden suite (Cox et al., 1970)
and the Doublet Group of the Labrador Trough (Baragar, 1960).
These comparisons serve to distinguish the dominantly tholeiitic
trends of the Doublet Group from the mildly alkaline trends
of the Nimish Subgroup and strengthen the comparison of the

Nimish Subgroup with the Little Aden suite.

V.4.4 - Discussion of the Petrologic Classification:

The use of the petrologic names given in Figures 12 - 15
for the volcanic rocks of the Nimish Subgroup do not strictly
comply with the rules of petrologic classification of igneous
rocks as described by Carmichael et al. (1974), and Irvine
and Baragar (1972). Perhaps this is to be expected considering
the way numerous rock types were grouped together under the
common headings as presented in Figures 12 - 15 (Winchester
and Floyd, 1977). For example the grouping of alkali basalts
includes the following igneous rock types as described in the
literature: olivine basalt, alkali olivine basalt, trachybasalt,
hawaiite and mugearite.

According to Carmichael et al. (1972) the basalt family,
which is distinguished by having a silica range of 45 - 52
percent, a calcic plagioclase with An > 50 and by the presence

of augite with or without olivine, is petrographically divided
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into two main groups using such features as the phenocryst
and groundmass phases, and slight textural variations. Geo-
chemically they are distinguished primarily on the presence
of hypersthene in the CIPW norm (Carmichael et al., 1974)
along with the alkali metal and incompatible trace element
concentrations. The hypersthene normative, or subalkaline
group of basalts, may be further divided into tholeiitic and
high-alumina basalts, the latter being non-porphyritic basalts
having greater than 17 percent A1203. Irvine and Baragar
(1972) base their division of alkaline and sub-alkaline
basalts on the total alkalis versus silica diagram, projections
within the basalt tetrahedron and the use of the ternary plot
01-Cpx-0px (Chayes, 1966).

The alteration of the Nimish volcanics makes use of all
of these classification parameters except the A1203 distinction
inapplicable. The feldspars have been partially replaced by
adularia and albite leaving an average of only 30 percent
molecular proportion of anorthite in the mafic rocks (Appendix
B). Olivine or olivine pseudomorphs have not been recognized
and fresh clinopyroxene as a phenocryst or groundmass phase
is very rare.

Plots of the recalculated normative proportions show a very
large scatter of values straddling the critical plane of basaltic

undersaturation. Most samples of both formations are both
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olivine and orthopyroxene normative and are metaluminous
with about equal proportions of (Ca+Na+K) and Al. A similar
straddling of the alkaline-subalkaline boundary, but with a
greater degree of scatter, was noted for the 01-Opx-Cpx
diagram of Chayes (1966), (not shown).

Most of the mafic rocks are metaluminous but JB-29 of
the Petitsikapau Lake Formation and JS-193 of the Astray Lake
Formation have the extreme peraluminous character with 2.83
and 2.07 wt. percent of corundum in the norm. Although the
suite 1s generally high in A1203, no non-porphyritic rocks
of basaltic composition in the Nimish Subgroup have A1203
contents greater than 17 percent and hence show no affinity

with the high Al basalt family.

2%
In conclusion on the basis of major elements alone the
basic rocks of the Nimish Subgroup are metaluminous, olivine-
hypersthene normative basalts, a conclusion that is in contra-
diction to that reached on the trace element diagrams, Figures
12 - 15. The more sub-alkaline character predicted by the
major element chemistry could be the result of silica and
alkall metal addition during the alteration of the feldspar
for which there is petrographic and geochemical evidence.
Similarly MgO and FeO mobility may have strongly affected

these results.
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The petrologic classification of the intermediate rocks
is much more vague and the general trachyandesite grouping
of Floyd and Winchester (1977) includes all trachyandesites,
latites and benmoreites described from the literature.
Irvine and Baragar (1972) use a system based upon the nature
of the associated basaltic parent, normative plagioclase
composition and normative color index to classify intermediate
lavas. All of these parameters are inapplicable to the altered
Nimish lavas. Carmichael et al. (1974) distinguish andesites
from trachyandesites on textural evidence and the presence of
quartz or nepheline in the norm recalculations. The alkali
and alumina chemistry of the pyroxene and amphibole phases is
also taken as an indicator of the degree of alkalinity.

The majority of the intermediate analyses of the Nimish
Subgroup are quartz normative although sample JS-208 does
have 1.41 percent normative nepheline. The rocks are equally
split between peraluminous and metaluminous character with
JS-208 of the Astray Lake Formation having a high of 2.83
percent normative corundum. The peraluminous character of
some mafic and intermediate lavas is not unexpected considering
the nature of the metasomatic alteration in which the plagioclase
fledspar to alkali feldspar transition would release excess
alumina which would not be readily transported out of the

system.
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The division between the comendite/pantellerite
association and the dacite-rhyolite association is based on
the relative abundance of alkalis and alumina, with the
comendites and pantellerites having a peralkaline chemistry
by definition. Petrographically this results in aegirine
augites and alkali amphiboles as phenocrysts in pantellerites
while comendites are the associated leucocratic varieties.
The rhyolitic rocks of the Nimish Subgroup approach the
dividing line with cation proportions of (Na+K)/Al consistently
over .90 and normative corundum below 1.0 percent in all
samples except JS-111 where it is 1.07 percent. According to
the classification schemes of Macdonald and Bailey (1973) and
Macdonald (1975a)all the acidic analyses of the Nimish Sub-
group consistently plot as comendites despite their (Na+K)/Al
ratios. This inferred peralkaline chemistry is strongly
supported by the REE chemistry of these samples as discussed
in Section VI.3.2.

These analyses again stress the transitional alkaline -
subalkaline chemistry of the Nimish volcanic suite as is
demonstrated by the whole rock chemistry of the more mafic

members in the various trace element diagrams, Figures 12 - 15.





CHAPTER VI

IGNEOUS PETROGENESIS OF THE NIMISH SUBGROUP

VI.1 - Introduction:

Detailed petrogenetic discussion of the Nimish Subgroup is
limited by the degree and nature of the secondary alteration,
sample distribution, analytical errors and uncertainty as to
whether all the volcanic rocks of a given formation are
directly related through the same fractionation process. As
a result the present treatment of this subject is highly
generalized and contains many subjective assumptions, but the
author does believe that this discussion demonstrates a number
of possible igneous interrelationships that could have been
involved in the petrogenesis of these volcanics. As with all
modelling exercises the demonstration of a possible genetic
process does not identify the "true" or even necessarily the
most probable process in consideration of the large number of
variables involved. The author recognizes these limitations
and only attempts the modelling as a means for tentatively
linking the more geochemically extreme members of the two
volcanic formations.

Following from the previous discussion the rocks will be

divided into chemical subdivisions based on SiO2 content.
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Variations in major and trace element chemistry within these
groups will be discussed and a number of representative
samples will be identified. The REE chemistry of these
samples will be discussed and,following a brief description
of the REE modelling process, the feasibility of a number of

key petrogenetic transitions will be demonstrated.

VI.2 - Rare Earth Element Geochemistry of the Petitsikapau

VI.2.1 - Geochemical Subdivision of the Petitsikapau

Lake Formation:

As discussed previously there is a disparate number of
basic and slightly ultrabasic lavas in the Petitsikapau Lake
Formation. Aside from obvious inconsistencies, such as in
Na20 and K2O contents, the average composition for this group
of rocks, Table 5, resembles an olivine-hypersthene normative
basalt with moderately high TiOz, PZOE and Zr. The average
values for these latter elements are well above any of the
representative ocean floor, continental or volcanic arc type
tholeiitic basalts compiled by Carmichael et al. (1974).

They do however compare rather favourably with some of the
alkalic oceanic island and continental alkalil basalt suites
compiled in that study. Most notable are the Canary Islands

(Ibarrola, 1969) and the previously mentioned Little Aden suite





TABLE 5

o~
= AVERAGE ABUNDANCES FOR THE PETROLOGIC SUBDIVISIONS OF THE NIMISH SUBGROUP+
PETITSIKAPAU LAKE FORMATION ASTRAY LAKE FORMATION

AVERAGE INTERMEDIATE ACIDIC LAVAS PLUTONIC ROCK AVERAGE AVERAGE INTER- AVERAGE

BASIC LAVAS LAVA - JS-104  JS-111  JS-098 JS-L6L* BASIC LAVA MEDIATE LAVA  ACIDIC LAVA
510, 46.84 - (2.78) 54.46 69.17  67.90 61.26 45.98 - (1.68) 57.54 - (2.58) 77.21
T10, 2.24 - (0.53) b 0.88 0.51 1.02 2.23 - (0.47) 0.96 - (0.11) 0.29
AL0,  14.33 - (1.24) 15.34 16.11 13.88 15.57 14.29 - (1.40)  15.41 - (1.08) 10.75
F2,0, 6.06 - (1.67) 3.25 0.20 1.65 2.01 6.76 - (1.65) 2.96 - (0.77) 1.30
FeO 9.11 - (1.45) 6.70 0.92 2.12 3.99 10.35 - (1.66) 5.29 - (1.29) 0.82
Mno 0.22 - (0.0b) 0.16 0.10 0.03 0.04 0.20 - (0.0k) 0.15 - (0.07) 0.01
Mg0 6.87 - (2.54) 0.50 0.00 0.70 0.48 5.38 - (1.61) 0.79 - (0.66) 0.41
cao 5.24 - (1.63) 1.37 0.19 0.24 0.89 §.97 - (1.75) 1.98 - (1.51 0.05
Na,0 2.96 - (0.77) 3.32 1.51 4.51 3.59 2.70 - (0.28) 3.37 - (1. 3.15
K0 2.84 - (1.81) 7.14 11.52 5.12 6.95 2.77 - (1.02) 7.05 - (2 1.68
05 0.35 - (0.16) 0.21 0.15 0.05 0.25 0.39 - (0.13) 0.16 - (0 0.04
LOI 3.96 - (0.49) 2.99 0.72 1.05 1.77 4.33 - (0.73) 2.15 - (0 0.41
ir 189 - (49) 276 502 927 510 173 ~ (33) 233 - (32) 866
sr 523 - (233) 76 39 788 72 381 - (189) 183 - (132) 20
Rb 5L - (28) 152 205 135 163 57 - (27) 9k - (35) 178
Zn 117 - (23) 193 23 Lo 77 121 - (22) 101 - (9) Lo
Cu 50 - (30) 21 8 11 2 - (9) 19 - () 9
Ba 1346 - (733) 948 1133 658 789 1161 - (373) 1382 - (489) 190
Nb - (1) 30 L6 114 66 - (1) 29 - (12) 95
Ga 21 - (3) 30 15 27 27 23 - (2) 24 - (3) 29
Pb 3 - (4) 11 4 i 0 b (b)) 4 - (3) 7
Ni 50 - (50) 7 4 10 7 30 - (20) 10 - (3) 13
Cr 38 - (L7) 4 8 9 0 22 - (15) 11 - (3) b
v 258 - (85) 28 21 20 4o 271 - (111) 68 - (13) 15
Y 31 - () 53 42 127 51 31 - (6) 34 - (W) 151

# Sample taken from the Point Lake pluton, Appendix B.
+ Bracketed numbers indicate standard deviations.
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(Cox et al., 1970). The close similarity of the Nimish mafic
lavas with the basalts of Canary Islands among the wide
ranging geochemistry seen in volcanic oceanic islands is very
interesting because both suites contain highly alkaline
rhyolites as the predominant acidic fractionation product.
Standard deviations of these averages show a significant
degree of spread within this group. Closer examination of
the individual analyses (Appendix B) shows that the deviation
is largely a result of the presence of a number of distinct
subgroups. Specifically the samples JB - 57, JS - 181, JS - 57
and JS - 133 form a coherent group that is uniformly depleted

in Ti0 P,0. and Zr and enriched in MgO, Ni and Cr. Similarly

2° "275
the samples JS - 517 and JS - 46 are significantly higher than

the general basaltic average in P and Zr and have comple-

205
mentary lower MgO, Ni and Cr. Averages taken on the remaining

14 basic lavas alone only marginally differ from the figures

in Table 5 but the standard deviations drop by an average of

35% signifying that these centrally distributed 14 lavas form

a coherent subgroup.

A total of four samples were chosen to give a representative
cross section of the mafic lavas for REE analysis (JB - 57, JS -
41, JB - 24, JS - 62). The first of these 1s a member of the
relatively depleted subgroup and was chosen as a representative

sample because 1t is petrographically relatively unaltered and
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has low NaZO and K20 contents, which are taken to indicate a
minimum of secondary alteration (Section V.3). The other
three samples are all relatively unaltered members of the middle
subgroup or the normal basic lavas. Unfortunately REE data
for the enriched mafic lavas areunavailable due to analytical
problems.

In going from the mafic to intermediate members of the
Petitsikapau Lake Formation there is a predictable increase
in incompatible elements and decrease in compatible elements
which continues into the acidic members. The small number
of samples available from these more fractionated rock types
is indicative of their percentage exposure and as such they
have been taken to be representative of the acidic and
intermediate members of this formation.

The major element chemistry of the acidic sample JS - 111
is strikingly different from the other acidic sample JS - 098.

The very high K,0 content is representative of the high

2
percentage of potash feldspar phenocrysts. The REE data for
this sample should be treated in recognition of this factor as
it does not represent a true liquid composition and is possibly
uniformly depleted in the REE by up to 35% based on estimated
phenocryst/matrix percentages.

The three non-mafic members of the Petitsikapau Lake

Formation (JS - 104, JS - 111, JS - 098) were all analyzed for
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REE so this total of seven samples gives the best possible
representation of the volcanic rocks within the Petitsikapau
Lake Formation.

Petrographic descriptions of these representative samples

are given in Appendix F.

VI.2.2 - Rare Earth Element Abundances of the

Petitsikapau Lake Formation:

The rare earth element concentrations of the seven
representative samples of the Petitsikapau Lake Formation are
listed in Table 6 and are plotted normalized to the chondritic
abundances of Haskin et al. (1968) in fig. 16. The precision
and accuracy of these analyses are discussed in Appendix A.

The first feature apparent from the REE patterns 1s the
consistent steeply inclined nature of the patterns. This trend
of a linear decrease in abundance with increased atomic number
of the rare earths is typical of alkalic rocks of all tectonic
settings (Frey, 1969; Herrmann, 1974; Floyd, 1977) and is
consistent with the tentative conclusion of an alkalic chemistry
for the Nimish volcanics based upon the major and trace elements.
These general patterns could be also typical of a non-alkaline
volcanic rock that has undergone significant fractionation of
minerals compatible with the MREE and HREE such as hornblende
or garnet, but the high overall REE concentrations in the mafic

members of this formation discounts this possibility.
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Table

6

RARE_FARTH_ELEMENT CONCENTRATIONS OF SELECTED VOLCANIC ROCKS®

T ia w T i B i E By & g w
2038 | 7.4y 748 | 9.4 812 210 .47 w57 Loz - -
102.46 3.3 7.84 5.43 - -
X V.45 8.40 5.6 - -
18 = 038 100.40 1,86 2.1 .76 = |
82.86  [153.% 15.50 | 69.71 13,36 w01 9.76 7.59 3.81 - -
7.7 15306 | 1765 | 9522 | 1s9y 335 | 10,99 8.85 .62 135 -
597.07 _[1086.70 | 104.18 | 385.69 | 72.21 12.59 49,71 3681 14.09 0 £ |
24.50 47.61 5.10 25.09 5.40 1.38 417 3.21 1.34 - - i
4r.51 82.59 9.74 42.53 8.88 1.2 5.76 2.49
.60 | 9210 | 1108 | 50.00 | t0.a1 866 6.55 2.2
50.43 | 93.90 9.59  |a22 8.30 2.80 6.41 494 20 - - 4,
|
49.73 102,65 | 12.28 48.51 9.79 2.53 8.40 7.83 413 3.88 0.60 ¢
Fariched Tntermed(ate Tavast i ﬁ
s - a0 o0 L | s | s S
I
157,40 262 | 19.90 e | 99 oo |
hondrite Normaltzing Values:® | 0.1 0.069 0.2 a0 oo |

ALl data tn ppm.

* Chondritic values from Haskin et al.,

(1968).
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The basic geochemical subdivision of the Petitsikapau
Lake Formation is supported by variations in the rare earth
element patterns. The depleted basic volcanics, as
represented by sample JB - 57, show a steeply inclined dis-
tribution ranging from 120x chondrites for La to 8x chondrites
for Er with a slight negative Eu anomaly. JB - 57, as with
most other analyses of the Petitsikapau Lake Formation, shows
a slight La "kick" or distinct break in the pattern at Ce,
implying relatively high values for La. This problem was found
in most all of the analyses and was inherent in the experimental
procedure at the time of analysis (Eby, 1972; B.J. Fryer,
pers. comm.).

The normal basic lavas form a very coherent group except
for a slight divergence for the heavy rare earth elements Dy
and Er. La concentrations range from 146 to 166x chondrites,

a spread of 13 percent, while Er varies from 1lx for JS - 041
to 16x for JB - 024 giving a spread of 37 percent. All the
normal basic lavas exhibit a slight positive Eu anomaly.

The rare earth pattern of the intermediate sample, JS - 104,
is distinguished from the normal basic lavas by having higher
LREE (La=251x chondrites) but similar MREE abundances. The
heavier REE also appear enriched. This is consistent with
larger bulk Kd values for the middle REE than either the LREE
or HREE in the phases that fractionated to form this lava.

JR - 104 exhibits a slight positive Eu anomaly.
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The relatively depleted acidic sample, JS - 111, shows a
pattern very similar to that of JS - 104 except that it is 10 -
30 percent higher in all the REE except for La, Ce and Eu.

This sample has a distinct negative Eu anomaly with a calculated
Eu/Eu¥* = .778 (Philpotts, 1972). The enriched acidic sample,

JS - 098, is distinctive by virtue of its very high overall
abundances and relatively large Eu anomaly, Eu/Eu¥* = .610.

The large difference in the REE chemistry of the two acidic
samples complements the large variations in Zr, Nb and Y
(Appendix B). These differences are consistent with the
previously described "phenocryst volume/incompatible trace
element concentration" relationships, and a greater degree of

fractionation in JS - 098.

VI.2.3 - Rare Earth Element Petrogenetic Relations in the

Petitsikapau Lake Formation:

Since the REE patterns for the recognized sub-divisions
for the Petitsikapau Lake Formation differ, specific features
of these patterns can provide petrogenetic restraints on
possible parent - daughter relationships. One way to pinpoint
the role of specific minerals in petrogenetic relations is to
observe how certain REE ratios change with differentiation as
each mineral will fractionate between any two REE to a different

degree. An example of this approach is given in fig. 17 and 18.
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In fig. 17 the Ce/Sm ratios are plotted against the Sm
abundances. Similar parameters with a Sm/Er ratio are used
in fig. 18. The different mineral vectors point in the
direction that the REE composition of the melt would go if
the representative mineral was removed from the system. The
reciprocal vector would represent accumulation of these phases.
The different lengths of the vectors are meant to imply the
relative effect of the different minerals. For clinopyroxene,
orthopyroxene, olivine, plagioclase and magnetite the length
represents the result that would occur if 50 percent
fractionation of that mineral occurred. The value for apatite
is calculated for 1 percent fractionation while that for zircon
in fig. 17 is for 5 percent. The large decrease in the Sm/Er
ratio caused by even 5 percent fractionation of zircon is too
large to show on this scale and the vector is only meant to
imply direction in fig. 18. The dashed lines BKD are calculated
on the basis of taking a fractionating assemblage of 40 percent
olivine, 30 percent clinopyroxene and 30 percent plagioclase
which is mixed with apatite in the ratio of 150:1 and fractionated
to 50 percent volume reduction. The strong effect of apatite
on plots of this type is illustrated by this calculation.

These diagrams should not be interpreted by looking for
general trends formed by the Petitsikapau Lake or Astray Lake

Formations, but more specifically as a seriles of imaglnary
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vectors between any two data points which indicate the
fractionating or accumulating mineral assemblage that could
have been involved in the derivation of one sample from another.

The analytical precision implied by this diagram is
deceptive as all data points should have = 10% error bars
both horizontally and vertically. Addition of this precision
data would seriously reduce the clarity of the diagram so all
discussion of petrogenetic implications generated by these
diagrams should be interpreted in relation to this analytical
error.

By using this approach the validity of the proposed
stratigraphic subdivision of the Nimish Subgroup can be tested.
Similarly by isolating particularly distinct inferred parent -
daughter relationships, more detailed trace element modelling
calculations can offer insight into the specific nature of
the fractional crystallization process responsible for the
petrogenesis of the Nimish Subgroup.

Derivation of the normal basic lavas from the relatively
depleted basic lava subgroup is possible with the fractionation
of ferromagnesian minerals from the latter, fig. 17, but would
seem to require some apatite removal in fig. 18. This inferred
apatite fractionation is inconsistent with the sharp increase

in P that is noted between these rock types (Appendix B).

2%
The discrepancy in the two figures is not significant in
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consideration of the implied error bars and hence the
derivation of the normal basic lavas from the depleted basic
lavas is consistent with a ferromagnesian mineral fractionation
assemblage that does not include apatite.

The plot of the intermediate sample JS - 104 relative
to the distribution of the normal basic lavas demonstrates
the necessity of apatite crystallization in the formation of
the former from the latter as the increase in Ce/Sm is higher
than is possible by clinopyroxene alone, fig. 17. The decrease
in Sm/Er also exceeds the capabilities of plagioclase. The
inferred fractionating mineral assemblage for this transition
18 ol+cpx+p1agtopx+mag+apat, with clinopyroxene probably as
the dominant ferromagnesian phase.

The derivation of the relatively depleted acidic sample,
JS - 111, must have followed much the same pattern as the
intermediate sample of the Petitsikapau Lake Formation with a
slightly higher degree of fractionation. The fractionating
mineral assemblage would be the same as that for JS - 104
except that clinopyroxene would seem to be of less importance.

The hypothetical derivation of both the intermediate and
depleted acidic sample from an average normal basic lava by
ferromagnesian minerals fractionation is consistent with the
drop in FeO, MgO and CaO, Table 5. The especially large drop

in Ti0, (60%), P

> (45%), and V (90%) signify the onset of

2%
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magnetite and apatite fractionation that was not present in
the derivation of the normal basic lavas from the depleted
basic rock type.

The derivation of the depleted acidic sample JS - 111 from
the intermediate sample is only marginally possible in
recognition of experimental error, fig. 17 and 18. This
transition is considered unlikely because the transition calls
for an actual decrease in the La content while Zr increases by
100%. No known mineral or combination of minerals is capable
of doing this. Therefore the normal basic lavas are considered
the most probable source rock for JS - 111.

The possible parent to the subvolcanic plutonic rock which
is very closely associated with the acidic rocks of the
Petitsikapau Lake Formation, JS - 464, (fig. 1; Table 7), can
not be discerned from these diagrams as the average normal
basic lava, intermediate or relatively depleted acidic samples
are all capable of producing this composition with slight
variations in the proportions of olivine, clinopyroxene,
plagioclase and apatite in the fractionating assemblage.
Similarly major and trace element data offer few constraints.
Decision on the probable parent to JS - 464 will rest on the
best fit models as derived from each of the proposed source

rocks (Section VI.5.2).
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The enriched acidic sample JS - 098 could be derived
from JS - 464 by 80 - 90% fractionation of a clinopyroxene +
plagioclase + apatite * olivine + magnetite assemblage.
Apatite and/or zircon would have to be very prominent in this
fractionation step in consideration of the steep extrapolated
derivation line, fig. 18.

Note that it would be impossible to derive the enriched
acidic sample from the depleted basic, normal basic, inter-
mediate or depleted acidic samples as in all cases apatite
would have to be a very minor phase in the fractionating
component. This is inconsistent with the large drop in PZOS
noted for all these cases, Table 5; so the closely associated
pluton was considered the most probable source rock for JS -

098.

VI.3 - Rare Earth Element Geochemistry of the Astray Lake

Formation:

VI.3.1 - Geochemical Subdivision of the Astray Lake

Formation:

Comparison of the composition of the average basic lava
for the Astray Lake Formation with that of the Petitsikapau
Lake Formation, Table 5, reveals no significant differences,
so the discussion on the general geochemical affinities of the
average composition of the basaltic members of the Petitsikapau

Lake Formation presented in Section VI.2.1 applies.
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The close similarity in the geochemical distributions
within the basic members of the two volcanic formations is
consistent with their similar geologic setting, general
petrography and period of formation. The two volcanic
formations are possible examples of separate cycles of
volcanism that are generally related to the same larger scale,
geotectonic event, but which fractionated under slightly
different pressure - temperature conditions.

A closer look at the standard deviations presented for
the Astray Lake Formation in Table 5 reveals further
similarities with the Petitsikapau Lake Formation. As with
the younger volcanic cycle, a more depleted basic subgroup
(JS - 31, JB - 79) is identifiable by having roughtly 40%

less TiO Nb, Y and Zr and 25% more MgO and CaO. No

22 P205’
significant analyses complementary to the enriched basic rocks
of the Petitsikapau Lake Formation were noted.

As a means of obtaining a good distribution of repre-
sentative samples for REE analyses, JB - 79 was chosen from
the depleted basic subgroup and JS - 15 and JS - 193 from the
more centrally distributed normal basic subgroup. These samples
were chosen from within the respective subgroup on the basis
of petrographic evidence on alteration and low NaQO/K2O ratios.
Petrographic descriptions of these representative samples are

given in Appendix F.
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In going from the mafic to intermediate and acidic
members of the Astray Lake Formation the close similarity with
the Petitsikapau Lake Formation is lost. An initial divergence
lies in the percentage exposure of the acidic rocks in the
two formations. Only three individual samples were collected
from the Petitsikapau Lake Formation while the intermediate
and acidic averages for the Astray Lake Formation are derived
from six samples taken from relatively well exposed outcrop
areas.

Geochemically the average intermediate analysis of the
Astray Lake Formation is similar to the intermediate sample
of the Petitsikapau Lake Formation, JS - 104, for all elements
except P205, Zr and Y in which the average intermediate
analysis of the Astray Lake Formation is significantly depleted.
The true meaning of this comparison is hard to determine
considering the stratigraphic control available, but it is
interesting that no rock similar to JS - 104 was found in the
well exposed section on Jasper Mountain which could indicate a
divergence in the fractionation pattern of the two formations
during their respective stages of "trachyandesite" formation,
figs. 12 - 15.

More evidence for this divergence is present within the
acidic members of the two formations. Petrographically the

acidic members of the Astray Lake Formation are red, generally
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aphyric very fine grained to glassy alkali rhyolites while

the complementary rocks in the Petitsikapau Lake Formation

are rich in feldspar and quartz phenocrysts set in a more
granular roughly flow banded matrix. The chemistry of the

two groups of acidic rocks also reflects a profound difference.
As mentioned previously the four samples from the Astray

Lake Formation are very similar. These volcanic rocks are

characterized by high SiO total alkalis, Zr, Nb, Y and REE

22
and low alumina making modal NaZO + KZO almost equal to modal
A1203. The two acidic samples of the Petitsikapau Lake
Formation differ in having higher TiO2 and A1203 and signifi-
cantly lower SiOz. The magnitude of these geochemical
differences, Table 5, supports the contention that the two
formations represent two separate cycles of volcanism.

The consistency in the acidic rock analyses of the Astray
Lake Formation should be noted with only Y, Rb and Ba showing
any significant variation (Appendix B). The low Rb and high
Ba of sample JS - 502 is primarily due to the presence of
about 15% modal potash feldspar phenocrysts that is not
present in the other three acidic samples. The reason for
the differences in Y values is unknown.

The strong preference of potash feldspar for a high
Ba/Rb is shown by the average rhyolite Kd values of 6.12 for

Ba as compared to 0.34 for Rb (Appendix E). This relationship
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also holds for the acidic rocks of the Petitsikapau Lake
Formation in that the K - feldspar phyric sample JS - 111

is richer in Rb and Ba than the Na - feldspar phyric JS - 098
which is richer in Sr (Appendix B). The preservation of

these apparent primary alkali trace element abundances provides
evidence to support the observation that in general the

acidic rocks of the Nimish Subgroup escaped the large scale
metasomatism that so strongly altered the basic and inter-
mediate rocks.

In order to get a representative sampling of the inter-
mediate and acidic members of the Astray Lake Formation for
REE analyses, three intermediate samples (JS - 033, JS - 505,
JS - 204) and two acidic samples (JS - 502, JS - 503) were
chosen. All these samples are of typical rock types found in
the formation and were specifically chosen because of their
relatively unaltered petrography and major element chemistry.
Sample JS - 204 was chosen because of its unique chemistry
within the intermediate lavas, having high Zr and Nb with
relatively low P205.

Petrographic descriptions of these rock types are given

in Appendix F.
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VI.3.2 - Rare Earth Element Abundances of the Astray

Lake Formation:

The rare earth element concentrations of the eight
representative samples of the Astray Lake Formation are listed
in Table 6 and plotted normalized to the average chondritic
values of Haskin et al. (1968) in fig. 19.

Similar to the Petitsikapau Lake Formation, the depleted
basic lava, JB - 79, is conspicuous by its low overall
abundances, slight negative Eu anomaly and steeply inclined
pattern. The pattern of this sample is almost identical to
that of the depleted basic lava of the Petitsikapau Lake
Formation with approximately 20 - 30% lower abundances (La =
7Ux chondrites).

The REE patterns for the two normal basic lavas are sub-
parallel throughout the REE. The largest difference occurs
at Eu where JS - 193 has a slight positive Eu anomaly and an
abundance of 54x chondrites, and JS - 15 has no Eu anomaly
and a 40x chondrite concentration. The normal basic lavas
show a distinct flattening of the steeply inclined patterns
in the region of the HREE Dy, Er, Yb and Lu.

Relative to the depleted basic lavas the intermediate
sample JS - 033 is slightly richer in La (153x chondrites)
but markedly depleted in the HREE (Dy = 11x chondrites). As

such it is generally classified as a depleted intermediate lava.
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This sample shows a much steeper REE pattern than the normal
basic lavas with a small positive Eu anomaly, Eu/Eu¥ = 1.1L,
and a slightly concave up pattern for the LREE. No levelling
off is present in the HREE abundances. The REE pattern of
this sample relative to the normal basic group, having

higher LREE and lower concentrations of the MREE and HREE,
poses strict limitations on the genesis of this intermediate
sample from the normal basic rocks (Section VI.5.3).

The normal intermediate sample JS - 505 has a similar La
content (151x chondrites) but is significantly enriched in all
other REE relative to JS - 033. The LREE abundances are the
same as the average normal basic lava but the HREE are
markedly enriched showing a similar levelling off pattern.
This sample has a negative Eu anomaly, Eu/Eu¥* = 0.84.

The relatively enriched intermediate sample, JS - 204,
shows a pattern more similar to the straight, steeply inclined
pattern of JS - 033 than to JS - 505 but with greater overall
abundances (La = 279x chondrites). This Ca rich, feldspar -
phyric sample has a large positive Eu anomaly, Eu/Eu* = 1.28.

It should be noted that the general increase in REE
abundances from JS - 033 through JS - 505 and JS - 204, is
complemented by a similar increase in the Zr, Nb and Y contents
(Appendix B). This supports the earlier assumption that the

REE remained relatively immobile during secondary processes
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as was documented for Zr, Nb and Y (Section V.3). These
internally consistent geochemical variations and the different
petrography for the three samples (Appendix F) are the basis
for the general subdivision of the intermediate lavas of the
Astray Lake Formation into depleted, normal and enriched
intermediate subgroups.

The REE patterns for the two analyzed acidic samples of
the Astray Lake Formation are remarkably similar as are their
major and trace elements. The LREE have a slight concave-up
pattern and a high La value of U478x chondrites. The HREE
show a pronounced levelling off and develop a small concave-up
pattern centred at Dy before turning strongly convex down-
wards at Yb. Both samples have large negative Eu anomalies,
with the aphyric sample JS - 503 having a slightly greater
anomaly, Eu/EU%¥ = .32, as compared to .36 for the slightly
potash feldspar phyric JS - 502.

The rare earth patterns of these acidic samples are
very significant because they are identical to the low Fe,
transitional comendites/pantellerites of the type area of
pantellerites, the volcanic island of Pantellaria in the
Channel of Sicily, Mediterranean Sea (Villari, 1975). The
analyses given by Villari have the same concave-up pattern
for the LREE, steep negative Eu anomaly and concave down

pattern for the HREE, also showing a marked point of inflection
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at Yb. The HREE patterns for the associated mafic volcanic
rocks of Pantellaria are very similar to the mafic and
intermediate samples of the Nimish Subgroup. The uniqueness
of these REE patterns offers strong support to the tentative
classification of the Nimish Subgroup as an alkaline volcanic
suite.

Comparison of the REE patterns of the representative
samples for the Petitsikapau Lake and Astray Lake Formations
show distinct similarities and differences generally supporting
previous discussions based on major and trace element chemistry.
More specifically the two relatively depleted basic samples
show almost identical patterns with minor differences in their
absolute abundances. Similarly the normal basic lavas of the
two formations are very consistent within their own formational
subgroup and generally similar to each other.

Within the intermediate and acidic members there is more
divergence as is expected from major and trace element data.
The intermediate sample of the Petitsikapau Lake Formation,

JS - 104, looks very similar to the relatively enriched
intermediate sample of the Astray Lake Formation, JS - 204.

The other two intermediate analyses show no direct counterparts
within the Petitsikapau Lake Formation but the distinct HREE
flattened pattern of JS - 505 implies close petrogenetic

affinities with the similar tendency seen in the acidic samples
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of the Astray Lake Formation. The REE pattern of these
alkali rhyolites is similarly not directly comparable with
the straight, steeply inclined patterns found for the acidic
Petitsikapau Lake Formation volcanics. The uniqueness of
their REE pattern poses distinct limitations on their

possible mode of genesis (Section VI.5.3).

VI.3.3 - Rare Earth Element Petrogenetic Relations of

the Astray Lake Formation:

The petrogenetic relations of the Astray Lake Formation
were treated in the same manner as the Petitsikapau Lake
Formation. Fig. 17 and 18 give the positions of the
representative analyses on the Ce/Sm vs. Sm and Sm/Er vs. Sm
diagrams.

The parent-daughter relations between the depleted basic
and normal basic lavas are consistent with about 30 percent
fractionation of an olivine gabbro assemblage. The somewhat
high Sm value for the depleted basic rock JB - 79, fig. 19,
gives an anomalously low Ce/Sm and high Sm/Er which may imply
a significant proportion of augite, fig. 17, and apatite,
fig. 18, in the fractionating assemblage. Application of the
ut 10 percent error bars for both the depleted basic and normal
basic lavas would discount the significance of this hypothesis

(Appendix A).
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The plot of the relatively depleted intermediate lava
JS - 033 to the average normal basic lava in fig. 17 reflects
the dominant role that apatite played in that fractionation
step. This is consistent with the sharp drop in PZOS noted
between these two rock types. Similarly the large drop in
T:LO2 signifies the onset of magnetite crystallization. Both
of these petrogenetic implications are similar to those
documented for the Petitsikapau Lake Formation. The apparent
discrepancy between the normal basic lavas indicated in fig. 18
is insignificant in consideration of the * 10% error bars
for each data point (Appendix A).

Alternatively the depleted intermediate lavas of the Astray
Lake Formation are plagioclase prophyritic (up to 20% modal
phenocrysts) and as such there would be a component equiva-
lent to the mirror image of the plagioclase vector involved in
diluting the REE abundances. This would have little effect
on the Ce/Sm ration, fig. 17, but could partially account for
the actual decrease in the Sm and Sm/Er relative to the normal
basic lavas, fig. 18.

Similarly another factor that could be involved in this
discrepancy is the REE pattern of the normal basic lavas
themselves, in which the levelling off of the HREE gives a
higher Sm/Er ratio than if the pattern remained linear. This

levelling off tendency is also developed in the normal
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intermediate lava JS - 505. Modelling calculations relating
a HREE enriched sample to a sample with a linear pattern
proved to be very difficult in obtaining a good fit and
indicate close genetic relations between volcanics with
similar HREE patterns.

The extrapolated fractionation line between the average
normal basic lava and JS - 505 is marginally shorter than a
similar line to JS - 033, fig. 17, implying smaller degrees
of fractionation in the former case.

Figure 18 negates the formation of JS - 033 from JS - 505
while fig. 17 shows that the derivation of JS - 505 from JS -
033 is improbable but possible within the limits of
experimental error. The improbable nature of this latter
transition is also supported by the major element data. Firstly

JS - 033 contains lower TiO, and Cr relative to JS - 505,

2
while Ni, MgO, Ca0 and V are only marginally higher. Although
the data areonly for a single sample and perhaps not
statistically significant, it would take a very precise
combination of olivine, augite and magnetite in the fractionat-
ing mineralogy to generate a set of bulk Kds which could
produce the required trends.

Secondly the percentage of increase in the incompatible
elements is also inconsistent with JS - 033 as a source for

JS - 505. Nb and Y increase by 29% and 12% respectively
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whereas Zr increases by only 9%, and this is over an interval
where a certain amount of apatite fractionation must occur

in order to decrease the P205. This relationship seems
unlikely as apatite fractionating would strongly deplete Nb
and Y, but have little effect on Zr (Appendix E). If this is
the case a small amount of zircon must also have fractionated
which seems unlikely because no zircon was found in this
section and zircon crystals are not normally recognized in
basic to intermediate lavas with only 200 ppm. Zr (Williams
et al., 1954). The combination of these factors makes it most
likely that the normal basic lavas are the source rock for
both JS - 033 and JS - 505.

A more detailed discussion of the REE modelling impli-
cations of this transition is left to Section VI.5.3.

The relatively enriched incompatible trace element
concentrations and unique REE pattern of the enriched inter-
mediate sample of the Astray Lake Formation, JS - 204, implies
that it was formed under different circumstances than those
for the other intermediate samples. The effects of a higher
degree of fractionation and a smaller amount of apatite in
the cumulus mineralogy is readily displayed in figs. 17 and 18.
No generalizations regarding possible plagioclase/olivine +
clinopyroxene ratios in the cumulus phases can be made from

these figures, but the derivation of these rocks from some





form of normal basic lava through fractional crystallization
is not a difficult transition with respect to the REE patterns
and modelling calculations; as such it will not be discussed
further.

Relatively little information is available from fig. 17 or
18 as to the possible parent to the acidic members of the
Astray Lake Formation. Fig. 18 supports the tentative
conclusion that the enriched intermediate samples could not
have been the source rock for the acidic samples because such
a step would call for close to 1 percent modal cumulus apatite
which is inconsistent with the slight drop in average P205
values of the two groups (Table 5). Among the other three
possible choices (normal basic lavas, JS - 033 and JS - 505),
the second would seem to be the least probable relative to
fig. 18 as it calls for a moderate amount of apatite fraction-
ation which would conflict with the P205 values. A higher
silicate/apatite cumulate ratio is needed for the normal
intermediate samples as a source rock relative to the normal
basic lavas; an implication which is consistent with the major
and trace element data.

A conclusion on the most probable source rocks for the
acidic members of the Astray Lake Formation will be left to

the REE modelling section, VI.5.4.
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VI.4 - Rare Earth Element Geochemistry of the Intrusive Rocks

of the Nimish Subgroup:

The REE abundances of six intrusive rocks of the Nimish
Subgroup are listed in Table 7 and plotted normalized to
chondritic values in fig. 20. The analyses are grouped
according to the different plutons of the area (Appendix B),
the locations of which may be inferred from fig. 1.

The most striking factor in the REE patterns of the
intrusive rocks is their close similarity with the associated
volcanic rocks. The slopes displayed by these samples are
comparable with the volcanics and the absolute abundances are
within the range of the extrusive rocks. No intrusive samples
show any levelling off in the HREE as noticed in some of the
volcanic samples. Little or no Eu anomalies are developed in
these patterns. The only well displayed difference between the
intrusive and extrusive is the tendency for the intrusive rocks
to have a slight concave down pattern. This is probably
indicative of the abundant clinopyroxene in these samples,
the Kds of which mimic this curved pattern.

The close similarity of the REE abundances of the intrusive
and extrusive igneous rocks of the Dyke Lake area supports
the conclusion, based on major and trace element data, that
they are genetically related. The similarity of the patterns

also implies that the intrusive rocks are not the cumulate
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chambers for the various fractionation steps as modelled in
Sections VI.5.2 to VI.5.4, but are more probably intrusive
equivalents to the volcanic rocks that did not reach the
surface. This implies that the main fractionation/accumu-
lation chambers of the aforementioned petrogenetic steps are
concealed at depth and not represented by the exposed
intrusive bodies; as 1is supported by the lack of cumulus
textures in the gabbroic bodies.

Only moderate amounts of internal fractionation within
individual plutonic bodies are implied by the trace element and
REE data. The Point Lake Pluton is an exception to this
conclusion as it shows wide ranges in REE, Zr, Nb, Y and
P205. This large range is partly due to the inclusion of
sample JS - U464 which is not connected to that main body of
the pluton and shows the most extreme incompatible element
concentrations. The PZOS and Zr abundances of JS - 095 and
JS - 048, both of the Point Lake Pluton, however confirms
some degree of internal fractionation (Appendix B).

Due to the somewhat inconclusive stratigraphic-structural
relations and small but significant degrees of fractionation
within the plutonic bodies of the Nimish Subgroup, no attempt
was made to coordinate them into any modelling scheme except
to show that their REE patterns are similar to the extrusive

rocks and hence could be derived by similar processes.
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VI.5 - Rare Earth Element Modelling of the Nimish Subgroup:

VI.5.1 - Introduction:

The use of the REE in studies of igneous petrogenesis
has been made quantitative by the determination of a series
of mineral-liquid distribution coefficients for each element
(Schnetzler and Philpotts, 1968; Nagasawa and Schnetzler,
1971; Shimizu and Kushiro, 1974). The distribution coefficients

are defined by the following equation:

i &
de Cx
i
¢ liq
where: ClX = Concentration of element i in mineral
phase x.
Ci
liq = Concentration of element i in the
coexisting liquid.
Kdi = Distribution coefficient of element 1

between phase x and coexisting liquid.

which describes the behaviour of an element in any crystal-
liquid system during fractional crystallization or partial

) melting processes. The Kd values were originally determined
by separating phenocryst and groundmass phases and analyzing
each for their trace amounts of REE (Schnetéler and Philpotts,
1968). As more studies are published it becomes evident that
the Kd values in any situation depends upon the temperature,
pressure, f02, and the nature of the coexisting phases, but

that measured Kd values of similar rock types are comparable.
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In general the REE behave as a coherent group during
most petrologic processes and show a regular internal
fractionation. The systematic and predictable nature of the
REE behaviour along with their resistance to secondary
alteration makes them quite useful in modelling the petro-
genesis of altered volcanic rocks.

The petrogenesis of the Nimish volcanics has been
approached using these assumptions. The REE abundances of
relatively unaltered samples from the recognized subdivisions
of the Nimish volcanics are taken to be representative of
those groups and are mathematically modelled to test the
proposed parent-daughter relationships. In this section only
the key petrogenetic transitions, as identified through figs.
17 and 18 and associated discussions, will be modelled.
Specifically these exercises will include: (1) determining
the most probable source rock for JS - 464 among the various
rock types of the Petitsikapau Lake Formation, (2) demonstrating
the possibility of deriving the intermediate rocks J3 - 033
and JS - 505 from the normal basic lavas of the Astray Lake
Formation, and (3) testing the possibility that the peculiar
REE patterns of the alkali rhyolites for the Astray Lake
Formation could be formed through fractional crystallization

of the associated volcanics.
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The results of these modelling calculations were
obtained through the operation of the computer program STEM
(System for Trace Element Modelling), developed by the
author and presented in documented form in Appendix C.
Discussion of the logic of the program, origin of the
modelling equations and user oriented features are given in
Appendix D while the Kd values used are tabulated in Appendix E.
The set of Kd values used for each case of modelling are those
most consistent with the rock types modelled and are presented
in the following discussion. All calculations were done
with the assumption that only the surface of the phenocryst
phases was in equilibrium with the coexistent liquid. This
was done in consideratiun of the abundance of zoned phenocrysts
present which support surface equilibrium conditions and the
assumption that the Nimish Subgroup underwent high - level,
low pressure fractionation (Arth, 1976).

Previous discussions indicated that the intrusive rocks
of the Nimish Subgroup are not cumulate in nature and that any
cumulate rocks associated with the formation of the extrusive
rocks are not exposed in the Dyke Lake area. In general this
would imply that fractionation occurred deep in the crust
and that crystal - liquid Kd values representing a total
equilibrium situation should be used (Arth, 1976). This

conclusion is untenable both on the nature of the phenocrysts





present and the fact that a maximum of 3 - 5 km of supracrustal
rocks are exposed in the area. As there is no evidence for a
significant erosional break between the Wishart Formation

and the Nimish Subgroup - Sokoman Formation complex, this
thickness implies a 1 - 2 Kb minimum pressure range for
fractionation of the Nimish Subgroup. As no concrete geologic
evidence supports the contention that the fractionation
occurred much below the 3 - 5 Km depth and the petrologic data
supporting high level fractionation, I have assumed that any
relevant fractionation probably occurred within a 5 - 15 Km

(2 - 5 Kb) range. As such this is generally classified as
high level fractionation (O'Hara, 1965, 1968) which justifies
the use of surface equilibrium Kd values (Arth, 1976).

The abundances of the minerals used for the model source
materials deviate somewhat from the average normative
proportions listed in Appendix B. This was found necessary
because the CIPW norms calculated with the substantially
altered major element chemistry are quite unrealistic in some
cases and are generally unworkable in the modelling equations.
The major problems are in the normative K - feldspar, plagio-
clase and diopside abundances. Predictably K - feldspar was

anomounously high which tended to deplete the Al in the

2%
first step of the CIPW calculations which in turn results in a

low abundance of normative anorthite. This effect is compounded
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by the overall loss of CaO during the alteration. Similarly
following the steps of CIPW calculations most of the CaO

is used to balance the excess of A12O3 in anorthite and very
little is left for the formation of diopside. In the mafic
members this also tends to give a complementary over-
abundance of olivine and/or orthopyroxene.

As a result the normative compositions were adjusted to
compensate for these problems by increasing the diopside and
anorthite components and decreasing the potash feldspar,
olivine and orthopyroxene proportions to give more realistic
normative compositions for these slightly alkalic volcanic
rocks. For ease of calculation any orthopryoxene in the
norm was disregarded and roughly, equally divided between
diopside and olivine. This latter generalization produces
only minor, symmetrical changes in the modelled REE patterns
with the estimated error in accuracy overshadowed by the
range in percentage fractionation used in the modelling
diagrams.

The author believes that these somewhat arbitrary
adjustments do not discount the underlying validity of this
approach. Given that the REE are relatively immobile and as
a group they portray a mildly alkaline volcanic suite it is
reasonable to start with a generalized alkali basalt

normative composition. Furthermore slight variations in





the composition of the starting material produces only minor
effects on modelled REE abundances and the adjustments only
become significant in the extreme case where one mineral
phase is almost totally used up. With the very low
proportions of diopside in the normative recalculations the
loss of this phase was a constant restraint on modelling
calculations. Some form of adjustment was necessary in order
to even generally discuss the inferred petrogenetic relation-
ships through REE modelling. Given the exotic and very
divergent nature of some of the REE patterns of the Nimish
Subgroup it was thought that investigation into the possibility
of cogenesis of these lavas was necessary to support the
previously discussed recognition of two separate volcanic
formations. Only through these generalizations is this 1line
of inquiry possible.

The modal abundances in the cumulate fractions are
consistent with the major and trace element chemistry of
these adjusted norms and are adjusted within these inferred
limitations to produce a best fitting pattern.

The trace elements Cr, Ni, Ti, Y, Nb, Zr and V were also
modelled through the computer program. The Kd values for
these minerals have not been as well studied as the REE but
the sample calculations given produce reasonable results and
serve as a good check on the assumptions used for the

fractionating assemblage.
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The ranges of fractionation used in the modelling
exercises were estimated from the relative Zr contents of
the source and daughter rocks assuming that Zr is "perfectly

incompatible".

VI.5.2 - Rare Earth Element Modelling of JS - 464 of

the Point Lake Pluton:

Generally no specific limiting factors could be placed
upon the possible source rock or fractionating assemblage
that was involved in the production of the plutonic rock JS -
464, but the normal basic lavas, the intermediate lava, JS -
104, and the acidic lava, JS - 111, are all possible source
rocks.

With any one of these parent minerals the fractionating
assemblage should consist predominantly of plagioclase +
potash feldspar t diopside and magnetite. From fig. 17
clinopyroxene would seem to be a more prominent phenocryst
phase with a normal basic source rock than with JS - 104 or
JS - 111. Similarly apatite should be expected to play a
very small role in any of the models tested. The use of
zircon in the source and cumulate mineralogies was introduced
to give more accurate modelled Zr values while the very small
amounts used produce only very small effects on the modelled

REE abundances.





These petrogenetic inferences are included in the
various starting assemblages, cumulus mineralogy and
percentage fractionation data used in the generation of
the three best-fitting modelled curves, fig. 21. The input
data used to generate these curves arepresented below.

Normal Basic Lavas: - 82.5% fractionation, Average basaltic
Kd values

0liv. Aug. Plag. Apat. Zirc. Kfeld. Mag.

Source 10.00 30.00 40.00 1.00 0.20 6.80 12.00

Cumulates 11.70 35.00 L47.00 0.20 0.10 2.00 4.00

Intermediate Lavas: - 75% fractionation, Average dacitic Kd
values

0liv. Aug. Plag. Apat. Zirc. Kfeld. Mag.

Source 0.0 14.50 55.00 0.30 0.20 22.00 8.00

Cumulates 0.0 9.00 68.00 0.10 0.10 20.00 2.80

Acidic Lava, JS - 111: - 65% fractionation, Average Rhyolitic
Kd values

Aug. Plag. Apat. Zirc. Kfeld. Mag. Qtz.

Source 2.00 25.00 0.30 0.50 50.00 2.20 20.00
Cumulates 2.75 27.00 0.0 0.25 68.00 2.00 0.0

Obviously the most probable source rock type for JS - 464
is the normal basic lavas in which the modelled REE abundances
are within 20 percent of the measured abundances in all cases,
fig. 21. The very large Eu anomaly produced by the
fractionation of JS - 104 or JS - 111 reflects the improbability

of these source rocks. The strong modelled depletion for Eu
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could be partially a result of inappropriate feldspar-Eu Kd
values, as they are a function of f02 (B.J. Fryer, pers. comm.),
but the range of deviation seems too great. Alternatively

this anomaly could result from Eu mobility during secondary
alteration (Sun and Hanson, 1978), but previous discussions

on the relatively unaltered K, Rb and Ba contents and the

fresh petrography of the acidic samples of both formations
probably discounts this possibility.

The lack of an Eu anomaly in the modelled normal basic
pattern is the only significant divergence from the actual
pattern of JS - 464 in this source rock case. Aside from
inappropriate feldspar - Eu Kd values, this anomaly could be
explained by the positive Eu anomaly of the average normal
basic lava whose Eu value is somewhat artificially high due
to the presence of 10-15% plagioclase phenocrysts character-
istically rich in Eu. Slightly less clinopryoxene in the
cumulate phases and/or the source rock for the normal basic
model might have produced a tighter modelled fit for the
MREE and HREE but the large degree of fractionation restricted
the proportions of fractionating phases.

The modelled trace element abundances for the normal
basic case, Table 8, are fairly consistent with this
crystallizing assemblage. Modelled Nb and Y are quite high

because of the low abundance of cumulus apatite. This low value





TABLE 8

TRACE ELEMENT ABUNDANCES IN JS - 464 OF THE

POINT LAKE PLUTON

ACTUAL MODELLED
cr 0 0
Ni 7 1
Ti 1.02 0.73
Y 51 75
Nb 66 84
7r 510 476

v 4o 3

* Calculated at 82.5% fractionation.

TABLE 9

% DIFFERENCE

- 86%

- 28%
u7%
27%

- 7%
- 93%

+ +

TRACE ELEMENT ABUNDANCES OF THE DEPLETED INTERMEDIATE

LAVAS OF THE ASTRAY LAKE FORMATION

ACTUAL MODELLED

Cr 10 1
Ni 1.2 3
Ti 0.92 1.13

31 29
Nb 25 22
Zr 209 233
v 75 41

* Calculated at 15% fractionation.

# DIFFERENCE

- 90%
- 75%
+ 23%
- 6%
- 12%
+ 11%
- 45%
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was used because if more apatite was subtracted a signifi-
cantly higher degree of fractionation is needed to approach
the REE pattern of JS - 464, which would imply a higher amount
of zircon fractionation. Detailed mineralogical studies have
not revealed significant amounts of zircon crystals in the
acidic or intermediate volcanics of the Nimish Subgroup (T.
Krogh, pers. comm.) and hence it seems that the stability
volume of zircon was never achieved. Therefore calling for
extensive zircon fractionation is unreasonable. As it stands,
the normal basic model calls for .10 percent zircon fraction-
ation. Without this added loss of zircon the modelled

abundance of Zr would be 871 ppm.

VI.5.3 - Rare Earth Element Modelling of JS - 033 and

JS - 505 of the Astray Lake Formation:

The discussion in Section VI.3.3 showed that the derivation
of JS - 033 and JS - 505 from an average normal basic lava of
the Astray Lake Formation were very critical petrogenetic
steps. Figure 17 showed the important role that apatite
played in this transition while the sharp decrease in TiOz, v
and Cr indicates the presence of magnetite fractionation
(Appendix B). The larger change in the Ce/Sm ratio coupled
with a smaller increase in Zr for JS - 033 (fig. 17; Appendix B),

implies that a slightly smaller percentage of fractionation





142.

was involved in the formation of JS - 033 than JS - 505
from the normal basic lavas of the Astray Lake Formation.
Similarly apatite, which is the controlling mineral with
respect to the Ce/Sm ratio, must have been a more important
phase in the formation of JS - 033.

Some generalizations can also be made on the clino-
pyroxene/plagioclase ratio in the fractionating assemblage
for these two cases. The REE chemistry, figs. 17 and 18,
implies that clinopyroxene is a more important phase in the
formation of JS - 033 than JS - 505 as it would complement
the increase in Ce/Sm and decrease in Sm/Er caused by apatite
fractionation, helping to explain the large changes in these
ratios noted with an inferred derivation from a normal basic
source rock.

These geochemical/petrogenetic inferences are supported
by the petrography of JS - 033 and JS - 505 (Appendix F). JS -
033 is a plagioclase porphyritic intermediate lava with
occasional flow alignment textures. The relative densities
of plagioclase and typical basaltic liquids precludes the
settling out of these plagioclase phenocrysts so it is possible
that these phenocrysts could have been carried up with the
fractionated liquid that formed sample JS - 033. As such7loss
of plagioclase through fractionation in the formation of JS -
033 would be minimal and a high clinopyroxene/plagioclase ratio

in the cumulus phases relative to JS - 505 would be expected.
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Conversely JS - 505 is a potash feldspar - phyric inter-
mediate rock that lies immediately above JS - 033, fig. 1.
The absence of plagioclase feldspar phenocrysts in this sample
is significant in its possible implication that plagioclase
feldspar had totally fractionated out of the system during
the petrogenesis of this sample. A high plagioclase/clino-
pyroxene ratio in the fractionating assemblage for JS - 505
was used to account for these observations.

These general limitations are incorporated into the
modelling input data as summarized in figs. 22 and 23.

Accurate modelling of JS - 033 was extremely difficult
as apatite totally dominated the bulk Kd calculations for the
LREE and MREE. As a result when the MREE bulk Kd values are
made high enough to produce the required depletion over the
small percentage of fractionation, the Kd values for La and
Ce approach 1 and hence little LREE enrichment was possible.
This results 1n low modelled La and Ce abundances, fig. 22.

A similar problem was experienced in the HREE where the
chemically measured depletion was more than that allowed by
apatite modelling alone. In this case large amounts of
cumulus clinopyroxene were added in an effort to decrease the
modelled abundances of HREE and as called for in the previous
discussion. The results indicate that it was not enough in

that Dy and Er are still modelled too high. A small amount
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of zircon fractionation would produce a closer fit for the
HREE but this was considered improbable with the low Zr
contents of the two rock types. The reason for this
modelling discrepancy could be due to inaccurate apatite Kds
or to possible anomalously high Dy, Er, Yd and Lu abundances
in the normal basic lavas resulting from their peculiar

HREE levelling off pattern. Further discussion of the
variation in HREE patterns is left to Section VI.6.

The other modelled trace element abundances, Table 9,
agree very closely in all cases except Cr. This relatively
close correspondence is surprising considering the amount of
apatite and magnetite fractionated and their strong control
on the listed trace elements (Appendix E).

The best fit model for the generation of the normal
intermediate lava, JS - 505, from the normal basic lavas is
presented in fig. 23. The fit is fairly good for the LREE
and MREE but is low for the HREE. These low abundances persist
despite the HREE levelling pattern for the normal basic lavas,
and the low clinopyroxene/plagioclase ratio in the
fractionating phase. This serves to emphasize the larger
degree of HREE enrichment displayed by the normal intermediate
sample relative to the normal basic lavas. These HREE
enrichments are in turn superceded by the acidic rocks of the

same Astray Lake Formation.
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