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Abstract

The Taltson magmatic zone is a north-trending belt of
Early Proterozoic¢ granitoids exposed over an area exceeding
18,000 km® in the Northwest Territories. It is flanked to the
east by the Archean Churchill Province and to the west by the
Buffalo Head terrane, a geophysically and chronologically
distinct litho-tectonic crustal entity of Archean crustal age
overlain by Paleozoic sedimentary rocks. The Taltson zone is
contemporaneous and continuous with the Thelon tectonic zZone,
a continental are and collisional orogen which lies
immediately north of the Taltson magmatic zone.

Three petrologically and chronologically distinct
intrusive suites comprise the Taltson zone. These are the 1986
Ma Deskenatlata suite, the 1955 to 1925 Ma Slave suite and the
1935 Ma Konth suite. The Deskenatlata suite is composed of a
biotite-hornblende diorite to granite suite whose major and
trace element chemistry supports derivation by arc magmatism.
Initial €,y values for the Deskenatlata suite range from -2.7
to -3.6.

The Slave and Konth suites are leucocratic granitoids

which contain numerous xenoliths of dominantly pelitic high
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grade paragneiss and display $-type granite mineralogy which
commonly duplicates that of the pelitic gneisses. Bulk rock
chemistry for the Konth suite is consistent with a homogeneocus
crustal magma source  whereas the Slave suite is
compositionally more heterogeneous. Initial €, values for the
Konth suite cluster within -4.7 and -5.6 and are completely
overlapped by the -4.1 to -5.8 range of the pelitic xenoliths.
The Slave suite has initial ¢y values ranging from -4.8 to
-7.5, overlapping the Eng(1-94 Ga) values of the western
Churchill Province and the pelitic xenoliths.

Compatible with the evolution of the Thelon zone, the
Deskenatlata suite is considered as continental arc-derived
granitoids resulting from eastward subduction of oceanic
lithosphere beneath the Churchill Province. The Slave suite
is regarded as the result of melting of various segments of
heterogeneous Archean crust whereas the Konth may have evolved
exclusively from melting of pelitic metasediments. Generation
of the Slave and Konth suites may have resulted from collision

of the Buffalo Head terrane and the Churchill Province.



Sommaire

La zone magmatigue Taltson comprend une ceinture de
granitoides d'édge protérozoique inférieur qui s'allonge dans
une direction nord et qui recouvre plus de 18,000 km? dans
les Territoires du Nord-Ouest. Cette zone est bornée a l'est
par la province archéenne de Churchill et a 1l'ouest par le
terrain Buffalo Head, un segment de crolte archéenne qui est
géophysiquement et chronologiguement distinct et présentement
recouvert de sédiments paléozoiques. La zone Taltson est
contemporaine et continue avec la zone tectonique Thelon au
nord, qui elle comprend un arc continental et une orogéne
collisionelle.

Trois suites pétrologiquement et chronclogiquements
distinctes composent la zone Taltson. Celles-ci sont: la suite
Deskenatlata (1986 Ma), la suite de 1'Esclave (1955 & 1928 Ma)
et la suite Konth (1935 Ma). La suite Deskenatlata est
composée de diorites a biotite et hornblende dont les éléments
majeurs et traces suggérent une origine par un arc magmatique.
Les valeurs initiales ¢,y de la suite Deskenatlata vont de
-2.7 a =3.6.

Les suites de 1'Esclave et Konth sont toutes deux

composées de granitoides leucocrates avec une minéralogie de



type S et de nombreux xénolites de gneiss surtout pélitiques
et de haut grade. La géochimie suggére pour la suite Konth
une source crustale homogéne, alors que la suite de 1l'Esclave
est plus hétérogéne. Les valeurs initiales ¢ de la suite
Konth vont de -4.7 a4 -5.6 et sont complétements encaissées par
les valeurs des xénolites pélitiques gui eux vont de -4.1 &
-5.8. La suite de 1'Esclave posséde des valeurs initiales gy,
de -4.8 a -7.5 qui recouvrent les valeurs ¢,,(1.94 Ga) des
gneiss de l'ouest de la province Churchill et des xénclites
pélitiques.

La suite Deskenatlata est considérée comme le produit d'un
arc continental associé a4 une subduction de crolte océanique
sous la province Churchill. Ceci est compatible avec les
modéles suggérés pour la zone Thelon au nord. La suite de
1'Esclave résulte de 1la fusion de plusieurs segments
hétérogénes de crolte archéenne alors que la suite Konth
résulte peut-étre exclusivement de la fusion de métasédiments
pélitiques. Les suites de 1'Esclave et Konth sont possiblement
les produits d'une collision survenue entre le terrain Buffalo

Head et la province Churchill.
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Introduction

Neodymium isotopic studies of Precambrian orogenic belts
have contributed immensely to the understanding of the
tectonic evolution of continents and the growth of continental
crust, which can be viewed as the result of addition of new
materials differentiated from the mantle and mechanical
assembly of pre-existing crustal entities. The similar
geochemical behaviour of the samarium-neodymium pair and the

“7gm make the

long half-life of the radicactive parent isotope
Sm-Nd system ideal for identifying crustal and mantle
contributors to the products of crustal growth and for
retracing the tectonic processes by which the continents
accreted.

This study is primarily a regional scale Nd isotopic
survey of the granitoid intrusive suites of the Early
Proterozoic Taltson magmatic zone and of its proximal gneisses
exposed in the Northwest Territories. The objectives of the
study are two-fold: 1) to reconstruct the petrogenetic history
of the intrusive suites of the Taltson zone, placing emphasis
on potential source materials and, 2) to identify the role of
the Taltson magmatic zone in the framework of regional

Precambrian tectonics. As a first chapter, a synthesis of

current knowledge of the tectonics of the northwestern
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Canadian Shield and a general overview of the geology of the
study area are presented. This is followed by petrographic and
bulk rock chemistry characterization of the granitoid suites
of the Taltson magmatic zone. In the following chapter, Sm-Nd
isotope principles and systematics are reviewed, procedures
for isotopic analysis are discussed and data for the different
lithologies of the study area are presented. Special attention
is brought to lithologies which, by field relationships,
appear as potential source rocks to the granitic suites of the
Taltson 2zone. Finally, in the concluding chapter, the
petrogenesis of the intrusive suites is summarized and

tectonic implications are contemplated.



Chapter 1: Regional geolegy

1.1 Tectonic setting

In the northwestern Canadian Shield, three cratonic blocks
of Archean crustal age pertain to this study (Fig. 1). These
are the well exposed Slave and Churchill Provinces and the
Buffalo Head terrane, the latter being entirely overlain by
Paleozoic sedimentary cover.

The Slave Province consists of plutonic-metamorphic
terranes which accreted 2.7 to 2.5 Ga ago (Padgham, 1987;
Mortensen et al., 1988; van Breemen and Henderson, 1988) by
virtue of compressional tectonics (Kuskey, 1989). Nd crust
formation ages for the Slave Province are in the vicinity of
2.7 to 3.3 Ga (Dbudas, 1989; E. Hegner, pers. comm., 1988). A
Nd model age of 4.0 Ga has been obtained from the Exmouth
terrane, an outlier of the Slave Province found as basement
to the Wopmay orogen (Bowring et al., 1989). The Slave
Province is bounded to the west by the 1.9 to 1.8 Ga Wopmay
orogen (Coronation Supergroup, Great Bear and Hottah arcs)
(Hoffman, 1980; Hoffman and Bowring, 1984; Hildebrand and
Bowring, 1984) and to the east by the 2.0 to 1.9 Ga Thelon
orogen (Henderson et al, 1982, 1987; van Breemen et al.,

1987a, 1987b).



Fiqure 1:

Map of major tectonic elements of the northwestern
canadian shield. Cratonic blocks of Archean crustal
age are Buffalo Head terrane, churchill Province and
slave Province. The latter is overlain by
sedimentary thrust and fold belts:Coronation
Supergroup, Goulburn Supergroup and Great Slave
Supergroup. The Thelon-Taltson zone is truncated by
the Snowbird tectonic zone (Stz) and the Great Slave
ILake shear zone (GSLsz). The western limit of
exposed Precambrian is delineated by the dashed
1ine. Area of study is outlined in red.
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The Churchill Province has been subdivided by Hoffman
(1988) into a northern segment (Rae Frovince) and a southern
segment (Hearne Province). The Rae and Hearne segments are
divided by the mainly subsurficial Snowbird tectonic zone, a
3000-km long northeast-trending structural discontinuity which
is evident on gravity gradient and magnetic anomaly maps
(Sharpton et al.,1987). Of greater significance to this study
is the Rae segment, which extends eastward to New Québec and
northward into the Arctic archipelago. The Rae segment 1is
dominated by felsic gneisses and plutonic rocks ranging in age
from 2.9 to 2.6 Ga with relics of older, 3.1 to 2.9 Ga
gneisses (Hoffman, 1989).

The Buffalo Head terrane is a dominantly wagmatic terrane
overlain by Paleoczoic sedimentary rocks of the western
interior platform. It is characterized on gravity and magnetic
anomaly maps by the lack of a consistent internal fabric, in
sharp contrast with the Taltson zone which displays strong
north-trending gravity and magnetic patterns east and west of
the Buffalo Head terrane (Ross et al., in prep.). The Great
Slave Lake shear zone and the Snowhird tectonic zone bound the
Buffalo Head terrane to the north and south respectively.
Dating of zircons of drill cores from the Buffalo Head terrane
has yielded distinct crystallization ages falling in the 2.3

to 2.0 Ga bracket, distinctly older than the Taltson magmatic
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zone. Nd crust formation ages approximating 2.7 Ga are
characteristic of the Buffalo Head terrane (Thériault and
Ross, 1990).

A total dextral displacement of 700 km along the
northeast-trending Great Slave Lake shear zone (Hoffman, 1987)
and the presence of the conjugate Bathurst and McDonald faults
transecting the Thelon tectonic zone have lead to the
postulation of eastward convergence and collision, followed
by indentation of +he Slave Province into the Churchill
Province (Gibb, 1978; Gibb et al., 1983; Hoffman 1988).
Evidence in support of this theory is as follows. The 80 to
100 km wide Thelon tectonic zone, composed of highly deformed
2.0 to 1.9 Ga (van Breemen et al., 1987b) dioritic to granitic
plutons 1lying between the Slave and Churchill Provinces
(Henderson et al., 1982) is inferred to represent arc
magmatism resulting from eastward subduction of oceanic crust
beneath the Churchill Province as well as syn- and post-
collisional magmatism (Hoffman et al., 1986; Hoffman, 1988).
The westerly-verging thrust-fold belts and foreland basins in
the Goulburn and Great Slave Lake Supergroups are believed to
be related to the Thelon orogen (Hoffman, 1988, 1989). In the
Goulburn Supergroup, drowning of the shallow shelf Kimerot
platform at 1.967 Ga (Bowring and Grotzinger, 1989) by

southeasterly-derived detritus (Bear Creek  foredeep)
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(Grotzinger and McCormick, 1988) closely estimates the Slave-
Churchill collision. Granulite grade metamorphism, dated in
the interval 2.0 to 1.95 Ga (van Breemen et al., 1987a, 1987b)
is interpreted as the result of collision between the Slave
and Churchill Provinces. The indentation of the cold and rigid
Slave Province into the hot and ductile Churchill Province was
accommodated by the conjugate Bathurst and McDonald faults
and by the uplift and northward translation of the Queen Maude
uplift of the western Churchill Province. Paired gravity
anomalies in the eastern Slave and western Churchill Provinces
indicate crustal thickening of the eastern portion of the
indenting Slave Province (Gibb et al., 1983; Henderson et al.,
1987).

South of the McDonald fault, the Taltson zone appears to
be coeval to the Thelon zone although the former is less
deformed and metamorphosed to a lesser grade. The Taltson zone
extends beneath the subsurface of the Province of Alberta and
is truncated by the Snowbird tectonic zone (Hoffman, 1989;
Ross et al.,in prep.).

Magnetic anomalies distinct to the Thelon zone and Queen

Maud uplift can be traced northward to Boothia peninsula

(Hoffman, 1989).
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1.2 General geology of the Taltson magmatic zone and proximal
gneisses of the Churchill Province
Two major lithologic packages relevant to the study are
described below. The first package includes gneisses belonging
to the western part of the Rae segment of the Church.ll
Province whereas the second encompasses rocks comprising the
Taltson magmatic zone (Fig. 2). The Taltson magmatic zone and
Churchill Province are separated by a north-trending belt of
mylonitic rocks. The rock units are presented in chronologic
order. Unless stated otherwise, all ages quoted are based on
U~-Ph isotopic analyses on zircon and/or monazite. Detailed
geology and specific localities mentioned in the text are
shown on the geological and sample location maps of Appendix

ITI.

1.2.1 Gneisses of the Churchill Province

Bostock and Loveridge (1988) recognize two distinct gneiss
terranes in the Churchill Province immediately east of the
Taltson magmatic zone. These are referred to as the eastern
granitic and western mixed gneisses (Bostock and Loveridge,
1988).

The eastern gneisses constitute a poorly mapped terrane
of mostly granitic gneisses to the north and east of the

western mixed gneisses. The dominant rocks are biotite-,



Figure 2: Generalized map of major lithologies of the
Taltson magmatic zone and proximal gneisses
exposed in the Northwest Territories.

Brown: mixed gneisses of the Churchill

Province;
Grey: granitic gneisses of the Churchill
Province;

Green: mainly pelitic paragneisses of upper
amphibolite to granulite grade
amidst intrusive rocks of the Taltson
zone, and of sub-greenschist grade
overlying Churchill gneisses;

Red: Deskenatlata intrusive suite;

Yellow: Slave intrusive suite;

orange: Konth intrusive suite;

Wavy pattern: mylonites.



Great Slave Lake

western
interior
platform
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hornblende- and potassium feldspar-rich granitic gneisses with
varying proportions of mafic inclusions. These rocks are
commonly intruded by granite pegmatites. Metamorphic grade is
lower amphibolite and greenschist facies and deformation is
dominantly brittle (Bostock et al., 1987). A north-trending
band of sub-greenschist grade greywacke and mudstone overlies
the eastern granitic gneisses at Hill Island Lake (Bostock,
1984) (c.f. Appendix III). These metasedimentary rocks are
intruded along their western margin by muscovite-bearing
granitoids and pegmatites.

The western mixed gneisses form a longitudinal, northward-
tapering wedge between the eastern gneisses and the Taltson
magmatic zone. The western gneisses are extremely variable and
may be granitic, pelitic or mafic. These deformed gneisses
have undergone north-trending ductile shear and have been
retrograded to greenschist facies {Bostock et al., 1987;
Bostock and Loveridge, 1988). Numerous granitic plutons
varying in age from 1935 Ma (Bostock et al., 1987) to 2334 Ma

(Bostock and Loveridge, 1988) intrude the mixed gneisses.
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1.2.2 Rocks of the Taltson magmatic zone
Three chronologically and petrographically distinct
intrusive suites comprise the bulk of the exposed Taltson
magmatic zone. These are the Deskenatlata, the Konth and the
Slave intrusive suites. The petrography of these three suites
is only outlined below, along with the other geological units
of the area. The detailed petrography of the Taltson granitoid
suites is found in the next chapter. Dominantly pelitic
metasedimentary gneisses are scattered throughout the area and
occur mostly as xenoliths in the intrusive suites.
Amphibolitic gneisses are present in lesser amounts and occur
mostly in the western region of the study area as xenoliths
in the Deskenatlata intrusive suite. a regional metamorphic
gradient is not recognizable although mineral assemblages in
paragneiss xenoliths suggest that these have undergone upper
amphibolite to granulite grade metamorphism (Bostock, 1987:

Bostock 1988; Bostock et al., 1987; Culshaw, 1984).

1.2.2a Deskenatlata intrusive suite

The Deskenatlata intrusive suite, the western most of the
three suites, is dominantly granodioritic and is exposed over
an area of approximately 2600 km®. It is bounded to the north
and west by the Great Slave lake shear zone, to the south and

west by Paleozoic cover which extends into Alberta and to the
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east by the Slave intrusive suite. Rocks of the Deskenatlata
suite are distinguished by a generally massive texture and
I-type (Chappell and White, 1974) granite mineralogy (Plate
1) . They are generally medium grained and equigranular.
Typically, the phases accompanying quartz, plagioclase and
potassium feldspar are biotite and hornblende, with chlorite
dominating locally. Titanite, magnetite and hematite are
commonly observed as accessory phases.

Xenoliths of amphibolitic and pelitic gneisses are
abundant in the eastern part of this intrusive suite, where
north-trending planar deformation is intense (Bostock, 1981;
Bostock et al., 1987). The xenoliths range in size from a few
centimetres to more than a metre in diameter and show partial
to almost complete resorption into the surrounding plutonic
rock. Xenoliths of amphibolite are more abundant than those
of pelitic paragneiss. An age of emplacement of 1986 Ma for
the Deskenatlata suite has been determined by Bostock et al.
(1987).

The Gagnon Lake granodiorite, a large intrusive body
resembling the Deskenatlata in mineralogy, lies immediately
east of the mylonites separating the Taltson magmatic zone
from the gneisses of the Churchill province. A crystallization

age for this body is yet to be determined.
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Plate 1: Medium-grained, massive Deskenatlata granodiorite.
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1.2.2b Slave intrusive suite

Exposed in the Northwest Territories over an area of about
6500 km?, the Slave intrusive suite forms north-trending
parallel segments. The largest of these segments is bounded
to the north by the Great Slave Lake shear zone, to the south
by Paleozoic cover, to the west by the Deskenatlata intrusive
suite and to the east by the Konth suite. Smaller segments of
the Slave suite are found in the eastern and southern sectors
of the Konth suite. Contacts between the Slave and Konth
suites are often gradational (Bostock, 1982). Foliation,
defined by flattening of quartz and feldspar grains, is most
pronounced proximal to mylonites and shear zones in the
eastern portion of the Deskenatlata suite and the western
margin of the Churchill Province. The foliation is generally
parallel to the mylonites and shear zones.

Rocks of the Slave suite are mostly medium-grained and
equigranular. Their mineralogy typically includes biotite,
chlorite, garnet, sillimanite, andalusite and cordierite
(Bostock, 1982; 1987; 1988; Bostock et al., 1987) (Plate 2).
These minerals are irregularly distributed throughout the
suite and, in hand specimen, generally do not appear to have
grown from pre-existing mineral phases. Occurrences with

coarse-grained, potassium feldspar are often difficult to
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Plate 2: Coarse-grained, foliated Slave granite with garnet
Xenocrysts. Lens cap is 6 cm in diameter.
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distinguish from the Konth suite (described below) since both
rock types display similar peraluminous accessory phases.

Mainly pelitic metasedimentary xenoliths, with subordinate
quartzo-feldspathic members, ranging in size from a few
centimetres to tens of square kilometres are found in the
Slave intrusive suite. Remnants of primary sedimentary
structures, such as graded bedding (Plate 3), are commonly
preserveg within these. The xenoliths display varying amounts
of resorption, from unresorbed to almost completely resorbed,
suggesting assimilation of sedimentary material by the
granitic magmas.

The Slave suite has yielded ages of crystallization of
1955 Ma (Bostock et al., 1987) and 1925 Ma (H. Bostock, pers
comm., 1989). Discontinuous remnants of a similar rock type
continue south of the Alberta-Northwest Territories border

where they have been called the Slave granite (Godfrey and

Langenberg, 1978}).
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Plate 3: pPreserved graded bedding in an interlayered pelitic

and quartzofeldspathic paragneiss xenolith in the
Slave suite.
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1.2.2c Konth intrusive suite

The Konth intrusive suite, exposed over an area exceeding
9100 km?, is the largest intrusive suite in the Taltson
magmatic zone. It is bounded to the north by the Great Slave
Lake shear zone, to the south by Paleozoic cover, to the west
by the main body of the Slave intrusive suite and to the east
by north-trending mylonite belts which define the boundary
between the Taltson magmatic zone and the Churchill Province
(Bostock, 1988; Bostock et al., 1987; Bostock and Loveridge,
1988; Culshaw, 1984). Although it is generally coarser-grained
and richer in potassium feldspar than the Slave suite, the
Konth suite resembles the Slave suite in mineralogy and
metasedimentary xenoliths. Similar to the Slave suite, mineral
phases in the Konth suite are not systematically distributed
and are apparently not products of metamorphism of earlier
phases. A diagnostic feature of the Konth suite is the
presence of potassium feldspar megacrysts which reach 3 or 4
cm in length in an equigranular fine to medium~grained matrix.
The foliation, defined by the planar orientation of
megacrysts, varies in intensity and generally strikes north
with steep to moderate easterly dips (Bostock et al, 1987).
Similar to the Slave suite, the Konth suite is emplaced into,
and incorporates multiple lenses of chiefly pelitic paragneiss

(Plate 4).
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Numerous ages of crystallization have been obtained for

the Konth suite. These are 1935 Ma for the northwest zone of
the Konth intrusive suite (Bostock et. al, 1987), 1938 Ma for
the southwest zone, 1936 Ma and a tentative age of 1922 Ma for

the central zone (Bosteck and Loveridge, 1988).

1.2.3 Nonacho group

The Nonacho basin constitutes a structure infilled by
dominantly terrigenous clastic sedimentary rocks which
unconformably overly mixed and granitic gneisses northeast of
the Taltson magmatic zone. The coarse nature of the sediments,
development of cycles up to thousands of metres thick, the
presence of conglomerates and sandstones and soft-sediment
deformation all indicate that syn-depositional faulting and
deformation took place. The Nonacho Group is severely deformed
along its western margin where it becomes incorporated in

north-trending mylonites (Aspler, 1985; Bostock et al., 1987).

1.2.4 Mylonites

Zones of north-trending mylonite and faults are
predominant along the eastern edge of the Taltson magmatic
zone and the western edge of the Churchill Province (Bostock,
1982, 1987, 1988, Bostock et al., 1987, Culshaw, 1984). The

largest of these mylonites is about 1 kilometre wide and is
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located along the western shore of Lady Grey Lake (c.f.
Appendix III), east of the Konth intrusive suite, and then
splays into different segments to join the Allen Fault zone
in Alberta (Bostock, 1987; Bostock et al., 1987). A second
major mylonite belt extends southeast from Lady Grey Lake into
the Churchill Province. A crystallization age of 1906 Ma on
the Benna Thy monzogranite, a small intrusion between
mylonites at the boundary of the Taltson magmatic zone and the
Churchill craton has provided a minimum age for the shearing
(Bostock and Loveridge, 1988). Less prominent mylonite and
fault zones are found in the western part of the study area,
where they trend northward along the eastern edge of the

Deskenatlata intrusive suite (Bostock, 1981, 1986).

1.2.5 Sparrow dykes

Gabbro dykes of the Sparrow swarm are common throughout
the study area. These are generally less than a meter thick,
have a southeasterly strike and a vertical dip (Bostock, 1982,
1987). Sparrow dykes intrusive into sediments of the Nonacho
group have been dated at about 1700 Ma by the K-Ar method
(McGlynn et al., 1974).
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Chapter 2: Petrography

2.1 Introduction

Over sixty thin sections from the Deskenatlata, Slave and
Konth intrusive suites were examined. A synthesis of these
observations is presented in the following pages. Because this
study deals with the petrogenesis of the granitic rocks of the
Taltson zone, petrographic descriptions of their many
potential Churchill Province parent rocks are not presented.
Exception is made for the paragneiss xenoliths engulfed by the
Slave and Konth suites, as field observations show intrinsic
relationships between granitoids and xenoliths and
petrographic examination provides valuable insight on the

granitoid-paragneiss association.

2.2 Deskenatlata intrusive suite

The Deskenatlata  intrusive suite is dominantly
granodioritic and ranges compositionally from gquartz diorite
to granite. Rocks of the suite are generally medium to coarse-
grained, massive and equigranular with little evidence of
strain. |

Quartz, whose modal percentage varies from 10 to 30%, is
usually inclusion-free and commonly has uniform extinction

although recrystallized finer-grained, strained quartz is
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observed in the minority of cases. Quartz poikiloblasts and
rutile needles occur in biotite (Plate 5). Plagioclase (Any,)
is usually present in amounts of 15 to 25%, occurs as coarse
to medium grains, is anhedral to subhedral and shows some
internal zoning. Anhedral tco subhedral potassium feldspar is
mainly microcline and perthitic exsolution is pervasive.
Potassium feldspar is commonly present in amounts of 10 to 15%
and rarely exceeds 20%. Feldspars exhibit various extents of
sericitic alteration.

Medium~grained brownish-red to green subhedral to euhedral
biotite is the dominant mafic phase and comprises up to 20%
of the most mafic members of the Deskenatlata suite. Biotite
contains inclusions of quartz, rutile, apatite and zircon.
Green and brown hornblende is present locally and appears to
replace clinopyroxene (Plate 6). Amphibole occurs in the more
mafic members of the Deskenatlata suite in amounts of 5 to
15%. Minor to extensive alteration of the mafic silicate
phases to chlorite is common. Apatite, present in abundances
of up to 5%, titanite and zircon are minor constituents of the

Deskenatlata suite.



Plate 5: Quartz-plagioclase~biotite assemblage in
Deskenatlata granodiorite under crossed-polars.

Note acicular rutile in biotite. Crossed polars,
X 50.

Plate 6: Clinopyroxene altered to hornblende in Deskenatlata
granodiorite. Crossed polars, X 50.
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2.3 Slave intrusive suite

The composition of the Slave suite varies from
granodiorite to syenogranite, with monzogranite being the most
common rock type. The rocks are medium to coarse-grained,
generally hypidiomorphic and show variability in degree of
alteration. The foliation varies in intensity and is defined
by the elongation of coarse potassium feldspar and quartz
grains and the parallel alignment of phyllosilicates. Locally,
fine-grained quartz- and feldspar-rich matrix surrounds coarse
grains of quartz and potassium feldspar.

Fine to coarse~grained gquartz is a major mineral
constituent of the Slave suite and varies in abundance from
25 to 50%. It shows extensive undulose extinction and is also
the major constituent of the matrix. Abundant, small fluid
inclusions are visible in the coarsest quartz grains. Quartz
is commonly present as myrmekite (Plate 7). Potassium feldspar
exhibits perthitic exsolution or microcline twinning and is
present in abundances ranging from 30 to 70%. Megacrysts of
potassium feldspar occur in the coarsest rocks. Plagioclase
(An,;) occurs as fine to medium grains peripheral to potassium
feldspar, is antiperthitic and shows no zoning. Plagioclase
comprises 20 to 40% of this rock type. Feldspars are variably
altered to sericite. Fine-grained, quartz and feldspar-rich

matrix commonly surrounds coarse quartz and potassium feldspar
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Plate 7: Fine to medium-grained biotite and spinel
(isotropic) and myrmekite interstitial to coarse
grains of quartz and alkali feldspar in Slave
granite. Crossed polars, X 50.
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grains. The matrix generally has a granular texture and
typically grain boundaries form 120° angles.

Bright reddish-brown to orange fine to medium-grained
biotite often occurs in clots and is commonly chloritized.
Fine grained chloritized biotite commonly occurs as parallel
wisps in the quartzo-feldspathic matrix. Locally, garnet
and/or dark green spinel (gahnite?) are associated with
biotite. Garnet and spinel are abundant in amounts up to 10%
and are not idiomorphic., Spinel is commonly rimmed by an
unidentified, anisotropic and colourless mineral. Medium to
coarse-grained anhedral cordierite, whose modal abundance
ranges up to 10%, displays cyclic twinning (Plate 8) when not
altered to pinite, contains abundant quartz inclusions and
frequently occurs proximal to pelitic paragneiss xenoliths.
Garnet and cordierite do not appear to replace pre-existing
mineral phases. Orthopyroxene is present in minor amounts as
fine to medium anhedral grains. Medium grained, euhedral
sillimanite appears to be primary and is not subordinate to
other phases. Fibrolitic sillimanite is present in lesser
amounts. Zircon, monazite and apatite are generally fine-

grained minor phases.
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Plate 8: Twinned cordierite, coarse-grained quartz and alkali
feldspar and fine-grained leucocratic minerals in
Slave granite. Crossed polars, X 50.
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2.4 ¥Konth intrusive suite

The Konth intrusive suite is compositionally restricted
to syenogranite. It 1is characterized by megacrysts of
potassium feldspar and quartz. The mineralogy of the Konth
suite approximates that of the Slave suite (Plate 9). Various
amounts of strain are exhibited in unfoliated to highly
foliated specimens. The development of an intense foliation
is most conspicuous to the east of the study area where the
Konth suite 1is adjacent to north-trending mylonites.
Megacrysts are typically surrounded by fine-grained matrix
similar to that described for the Slave suite. The proportion
of matrix is greater in the Konth suite than it is in the
Slave suite.

Megacrysts of anhedral to subhedral perthite and quartz
can reach up to 4 cm in length. Potassium feldspar commonly
comprises 40% of this suite whereas quartz is usually present
in amounts of 20 to 25%., Inclusions of quartz, plagioclase,
microcline and biotite are common in the potassium feldspar
megacrysts which occasionally are extensively altered to
sericite. Quartz megacrysts contain abundant fluid inclusions,
show variable extents of undulose extinction and are commonly
polycrystalline, preserving recrystallized aggregates of finer
quartz grains displaying grain boundaries at 120°. Myrmekitic

quartz is common. Fine to medium grains of plagioclase (An,,)
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Plate 9: Biotite, orthopyroxene around spinel (isotropic),
sillimanite and perthite in Konth
syenogranite. Crossed polars, X 50.
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are often peripheral to potassium feldspar and are seldom in
excess of 5% of the mode.

Biotite, present in amounts of up to 10%, is medium to
coarse-grained, euhedral, bright orange to rust in colour
(Plate 10) and variably altered to chlorite. The biotite does
not appear to be a late alteration product and contains
inclusions of zircons and monazites with pleochroic halos.
Anhedral, coarse to medium grains of garnet and dark green
spinel are often proximal to or in contact with biotite. As
in the sSlave suite spinel is typically rimmed with an
unidentified mineral phase. When present, garnet and spinel
can each constitute up to 10% of the mode. Anhedral, medium-
grained, twinned cordierite, commonly altered to pinite, is
present in amounts up to 7%. Commonly disseminated medium
grains of euhedral sillimanite are present in abundances
rarely exceeding 5%. Subhedral to anhedral pleochroic
orthopyroxene occurs locally in abundances of up to 2 or 3%.

Zircon, monazite and apatite are minor phases.
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Plate 10: Orange-red biotite, dark green spinel and

disseminated sillimanite in Konth syenogranite,
Crossed polars, X 50.
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2.5 Paragneiss xenoliths in the Xonth and Slave suites

Mainly pelitic paragneiss xenoliths, varying in size from
a few centimetres to over 10 kilometres in length, are
intruded and exhibit varying degrees of resorption by the
Konth and Slave suites. The gneisses are typically pelitic
with subordinate quartzo-feldspathic members although
metavolcanic rocks are reported by Bostock (1981, 1986) to
occur mainly near Thubun and Tsu Lakes (c.f. Appendix III)
immediately east of the Deskenatlata intrusive suite.
Metamorphic grade is of amphibolite and granulite facies
(Culshaw, 1984; Bostock, 1982, 1986, 1987, 1988).

Pelitic paragneisses are fine- +to medium-grained,
equigranular, grancblastic and are commonly compositionally
layered from pelitic to quartzo-feldspathic. Quartz, perthite
or microcline and plagioclase of variable anorthite content
comprise matrix material interstitial to coarser grains of
peraluminous minerals. Quartz and feldspar can alsoc be
porphyroblastic and their occurrence is most common in
leucocratic layers in the paragneiss. Euhedral orange to rusty
brown biotite and muscovite are commonly coexistent. Anhedral
garnet with inclusions of quartz is associated with dark green
spinel and biotite (Plate 11). Patchy cordierite grains are
porphyroblastic and exhibit well developed cyclic twinning

(Plate 12). Sillimanite commonly occurs as disseminated
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euhedral medium grains (Plate 13). Orthopyroxene is subhedral
and pleochroic. Rounded zircon and monazite grains are proper

to quartzo-feldspathic members.

S

Plate 1i: Garnet, spinel and red biotite in pelitic
paragneiss. Plane polarized light, X 50.



39

Plate 12: Green spinel and euhedral sillimanite in metapelite.
Plane polarized light, X 100.
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Plate 13: Twinned cordierite grain and spinel in

metapelitic xenolith. Crossed polars, X 50.
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2.6 Discussion

The three intrusive suites of the Taltson magmatic zone
can be classified into two compositional categories. The first
category, comprised solely by the Degskenatlata intrusive
suite, is characteristically more mafic than the second
category and displays little evidence for the incorporation
of a sedimentary precursor. The granodioritic composition, the
absence of aluminosilicate phases, the zoned feldspars,
equidimensisinal euhedral to subhedral grains and granular
texture are suggestive of derivation from iglocous sources at
depth.

The Slave and Konth intrusive suites form the second
compositional category. In contrast with the Deskenatlata
suite, the Slave and Konth suites are characterized by garnet,
spinel, sillimanite, cordierite and monazite. The similarity
in mineral assemblages of paragneiss xenocliths and Konth and
Slave suites is striking. The dark green colour and roundegd,
anhedral habit and size of the spinel is the same in Xenoliths
and granitoids. The spinel in the paragneiss xenoliths differs
from that in the Konth and Slave suite in that the former is
not rimmed by another mineral phase. Cordierite in the
xenoliths has identical 1looking cyclic twinning, quartz
inclusions and grain size as the cordierite in the Slave and

Konth suites. The habit of the sillimanite in the paragneisses
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is the same as in the two leucocratic granitoid suites. The
quartz and potassium feldspar porphyroblasts in the xenoliths
are reminiscent of the megacrysts which characterize the
Konth. The peraluminous phases in the Konth and Slave suites
are not considered to be the result of post-crystallization
metamorphism. This is primarily due to the lack of a
metamorphic zonation on a regional or local scale. Secondly,
biotite, sillimanite, cordierite and garnet are not intergrown
with and do not appear to be subordinate to earlier phases.
Euhedral, medium—-grained sillimanite may have grown as a
primary phase or may be restitic material from ultra-
metamorphosed and melted pelitic paragneisces, whose remnants
exist as xenoliths and xenocrysts. The medium grain size and
euhedral habit of the sillimanite are also compatible with
uninhibited growth in a melt. Other xenocrystic and/or primary
magmatic phases in the Konth and Slave suites may be biotite,
spinel, garnet, cordierite monazite and orthopyroxene.

Garnet, sillimanite, cordierite and spinel have been shown
to be common primary magmatic or restitic phases in many
leucogranites worldwide; notably in the Himalaya (Foord, 1877;
Gogte and Ramana, 1982), in the Lachland fold belt of
Australia (White and Chappell, 1977; 11988) and in the
Hercynian belt of Spain (Corretge et al., 1977; Lorenzoni et

al., 1979). Furthermore, biotite, sillimanite, garnet, spinel,
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cordierite and orthopyroxene are all mineral phases which can
coexist with a water-saturated granitic melt (Clarke, 1981;

Clemens and Wall, 1981).
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Chapter 3: Major and trace element gecchemistry

3.1 Methods

A total of fifty one samples from the Deskenatlata, Slave
and Konth intrusive suites were analyzed for major and trace
elements. Tables of results are shown in Appendix I. Major
elements are reported as weight % oxides whereas trace
elements are reported in ppm.

The major and trace elements were analyzed on a Philips
PW1410 automatic sequential X-ray fluorescence (XRF)
spectrometer. Glass discs were prepared by fusing a mixture
of 1.5 g of sample powder with 4.5 g of Li,BO, and 0.5 g of
LicC,. Duplicate and standard samples were run for precision
and accuracy. The precision for the major elements is
estimated *o be within 2% while that of trace elements is
approximately 10%. Ferrous and ferric iron determinations were

carried out by the titration method of Wilson (1960).

3.2 Major element variations

The granitic rocks of the Taltson magmatic zone display
a considerable compositional range in which the Deskenatlata,
Slave and Konth suites occupy distinct domains. The more mafic
character of the Deskenatlata is reflected by its lower range

of S10, contents (from 58.72% to 74.42% with a mean of
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68.61%). The Deskenatlata S5i0O, values fall within the range
typical of granodiorites worldwide (LeMaitre, 1976; Debon and
LeFort, 1983).

The Slave and Konth suites display generally higher silica
contents compared to the Deskenatlata. Slave suite §i0, values
range from 67.65% to 75.93 % with a mean of 73.28% while
values for the Konth suite fall between 66.20% and 75.28% with
a mean of 71.69%. Also fundamental to the general geochemical
characterization of the Taltson magmatic zone granitoids are
variations in Fe,, (Fig.3), Mg0 (Fig.4) and (K,0 + Na,0)
(Fig.5). The Deskenatlata suite's higher range of Fe, (1.10%
to 7.30%) and MgO (0.02% to 2.75%) contrasts with the Slave
and Konth's lower Fe,, (0.90% to 3.74% for the Slave and 0.71%
to 4.60% for the Konth) and MgoO (0.00% to 1.51% for the Slave
and 0.01% to 0.89% for the Konth). In terms of total alkali
contents, the range of (KO + ©Na0) values for the
Deskenatlata, Slave and Konth suites are 5.77% to 8.74%, 5.88%
to 8.89% and 7.50% to 9.66% respectively. Although there is
overlap in the (K,0 + Na,0) content of the three suites, a
progressive trend toward alkali enrichment is observed from
the Deskenatlata (average 7.19%) to the Slave (average 7.96%)
and the Konth (average 8.62%), compatible with an increasing

metasedimentary contribution from the Deskenatlata to the

Konth suites.
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Fach intrusive suite has distinct ranges of CaO
abundances. For the Deskenatlata suite, Ca0O values span from
0.74 to 4.84%. Ca0 falls in the 0.71 to 2.77% range for the
Slave suite and in the 0.61 to 1.39% range for the Konth
suite. Variations in ca0 with respect to Na,0 in granitoids
have been correlated with tectonic environment (Maniar and
Piccoli, 1989). They observe an increase in Na,0/Ca0 with
increasing influence of continental crust in the petrogenesis
of granitoids. Furthermore, these authors report that Na,0/Cal
approximates 1 in island arc granites, seldom exceeds 4 in
continental arcs and generally ranges from 2 to 10 in
continent-continent collision-derived granitoids. Except for
two data points lying within the collision-derived granite
field, the Na,0/Ca0 ratios (Fig. 6) for the Deskenatlata suite
are less than 2 and three data points have values less than
1. This set of values is spread over Maniar and Piccoli's
(1989) range of Na,0/Ca0 ratios for island arc and continental
arc granites. The Slave suite also displays continental arc
Na,0/Ca0 ratios which are less than 4. All but three Slave
suite data points plot within the area for which collisional
and continental arc granites overlap, indicative of derivation
from crustal sources. Values for the Slave suite are generally

more elevated than those for the Deskenatlata, suggesting a

lesser involvement
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of mantle~derived material in the petrogenesis of the Slave
suite compared to the Deskenatlata. Konth suite Na,0/Cca0
ratios cluster near the 3.0 value within the continental arc
and collisional granite fields. Such tight grouping reflects
a degree of homogeneity not observed in the other two
intrusive suites. Although the Konth's values are ambiguous
in terms of tectonic discrimination, dominance of homogeneous
crust in the petrogenesis of the Konth is suggested,
Illustrated on Figure 7 . are the A/CNK
[molar (Al1,0,/Ca0+Na,0+K,0)] vs %Si0, for the three intrusive
suites of the Taltson zone. All three suites are peraluminous
as most A/CNK indices fall above 1.0. The peraluminosity of
the three suites is reflected by the normative corundum (c.f.
Appendix II) in all three rock suites. The A/CNK indices for
the Deskenatlata suite range from 0.90 to 1.24, and average
1.07. High peraluminosity is unexpected for the Deskenatlata
suite which does not petrographically or geochemically
manifest an important metasedimentary precursor. In contrast
with the Deskenatlata suite, the granodioritic western
batholiths of the Peninsular Ranges display similar bulk
geochemical features to the Deskenatlata suite and typically

have A/CNK values of 0.9 (Bateman and Dodge, 1970; Bateman,
1983).
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The Deskenatlata suite is not as peraluminous as the other
two suites. The Slave suite yields A/CNK indices ranging from
1.01 to 1.24 and an average of 1.12. The Konth intrusive
suite's A/CNK values cluster within the 0.99 to 1.19 bracket
and average 1.12. High peraluminosity is expected for granitic
rocks exhibiting an "S-type character" (Chappell and White,
1974; Pitcher, 1982; White and Chappell, 1988) such as the
Slave and Konth suites, which are mineralogically peraluminous
and which have clearly incorporated, to varying extents,

enclaves of pelitic paragneiss of mappable dimensions.

3.3 Trace element variations

Based on trace element variations, empirical geochemical
classifications of granitoids into distinct tectonic
environments has been proposed by Pearce et al. (1984). The
classification scheme is based on a data base containing over
600 trace element analyses of granitic rock samples from well-
established tectonic settings. The method of Pearce et al.
(1984) has been recently applied to Tertiary continental axc
volcanic rocks and related granitic batholiths of New Mexico
(Lipman, 1988), Early Proterozoic arc and collisional
granitoids of Wopmay orogen (Lalonde, 1989) and Mid-

Proterozoic anorogenic granites of southwest U.S.A. (Anderson

and Bender, 1989).
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Figure 8 illustrates the distribution of data for all
three intrusive suites on a Rb vs (Y+Nb) discrimination
diagram developed by Pearce et al. (1984). The granitic rocks
are classified as oceanic ridge granites (ORG),volecanic arc
granites (VAG), within-plate granites (WPG) and syn-
collisional granites (COLG). On this figure, the VAG field is
essentially exclusive to the Deskenatlata and some of the
Slave suite. The COLG field accommodates the remainder of the
Slave data and the Konth. Some data for the three suites plot
in the WPG field, reflecting enrichment in Y and Nb
independently of Rb content. It is pertinent to note that the
data for the Deskenatlata are distributed in the Rb-rich area
of the VAG field. This suggests that a Jjuvenile component
introduced by arc magmatism may be present in the
Deskenatlata, but that it is largely attenuated by a
Rb-enriched component. The Slave suite data shows dispersion
into the VAG and COLG fields, suggesting that its source is
heterogeneous relative to the other two intrusive suites, and
that components of juvenile and evolved material are
incorporated in its m%gmas. The data for the Konth intrusive
suite lie mainly in the COLG field, implying that its
protolith was essentially Rb-rich continental crust with no

influence of 7juvenile material.
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Figqure 8: log Rb vs log (Y+Nb) discrimination diagram (after
Pearce et al., 1984)for Deskenatlata (circles),
Slave (triangles) and Konth (squares) intrusive
suites. VAG = volcanic arc granites; COLG = syn-
collisional granites; WPG = within-plate granites;
ORG = oceanic ridge granites.
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Figure 9 illustrates the range of Rb and Sr abundances
for the three intrusive suites of the Taltson zone. Lines
defining Rb/Sr ratios of depleted mantle, upper crust and
lower crust (Taylor and McClennan, 1985) are superimposed on
the data points. Lower Rb/Sr values are inherent to the
Deskenatlata suite, suggesting a greater involvement of
depleted mantle or lower continental crust in the genesis of
the Deskenatlata relative to the other two intrusive suites.
The trend of the Deskenatlata suite toward more elevated Rb/Sr
ratios may be due to contamination of these magmas upon the
incorporation of metasediments, accounting for the
peraluminosity of this suite.

The data for the Slave suite scatter over a broad spectrum
of Rb/Sr ratios (from 0.16 to 4.5) and overlap regions covered
by the Deskenatlata and the Konth suites. The Rb/Sr ratios of
the Slave suite are consistent with incorporation of a variety
of protoliths varying from lowar crust or depleted mantle of
low Rb/Sr ratios to upper crust with more elevated Rb/Sr.

The Konth Rb/Sr ratios range from 0.5 to 2.5 and cluster
near the Konth average of 2.5. This implies derivation from

a homogeneous, upper crustal source.
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Figure 9: Rb vs Sr diagram for Deskenatlata (circles), Slave
(triangles), Konth (squares) intrusive suites and
pelitic paragneisses engulfed by Slave and Konth
(crosses). Lines corresponding to Rb/Sr ratios for
depleted mantle (0.03), lower crust (0.02) and
upper crust (¢ 3) are from Taylor and McClennan
(1985). Line repesenting Rb/Sr = 2.5 is based on
average of Konth suite.
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3.4 Discussion

The geochemical data presented in this chapter leave
little doubt as to the affinity of the Taltson zone granitoids
for crustal sources. The granitic compositions, high
peraluminosity, general tendency toward continental arc and
syn-collisional fields on major and trace element
discrimination diagrams and generally elevated Rb/Sr ratios
all point to an important ensialic crustal component in the
composition of the Deskenatlata, Slave and Konth intrusive
suites.

Each intrusive suite  has, nonetheless, distinct
geochemical features which echo its petrogenetic evolution
and thus, constitute the compositional asymmetry across the
Taltson magmatic zone. The Deskenatlata suite is characterized
by lower silica and alkali contents, greater abundances of Mg
and Fe, very slightly lower peraluminosity, island arc and
continental arc-like Na,0/Ca0 ratios, affinity for the Rb-rich
area of the VAG field on a Rb vs (Y+Nb) plot mantle and
tendency to lower crust Rb/Sr values. The Deskenatlata suite
appears to bear a depleted juvenile component that is not as
strongly recognized in the Slave and Konth suites. Along with
its more mafic geochemical composition, the Deskenatlata's
affinity to the volcanic and continental arc fields and

generally low Rb/Sr ratios support the interpretation that the
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Deskenatlata magmas may have originated as lower, underplated-
crust derived magmas containing an unspecified, but
subordinate amount of mantle material. Another plausible
explanation for the generation of the Deskenatlata magmas is
melting of older igneous rocks of a more metaluminous
composition (Chappell and Stephens, 1988).

The Deskenatlata suite nevertheless displays a
geochemical affinity for an evolved continental crust
component by its peraluminosity and trend toward upper crustal
Rb/Sr ratios. The low abundance of metasedimentary xenoliths
in this suite relative to the Konth and Slave suites, can be
explained by its greater ability for assimilation. This could
be caused by higher liquidus temperatures as suggested by the
higher An-content of the plagioclase and by the presence of
amphibole in the Deskenatlata suite.

The Slave intrusive suite exhibits a greater crustal
signature in its geochemical data compared to the Deskenatlata
suite. This is indicated by higher §i0,, K,0+Na,0 and A\CNK
values as well as lower MgO and Fe,, contents. Furthermore, the
presence of Slave suite data in the COLG field of the Rb vs
(Y+Nb) plot, tendency toward continental arc and collisional
granite on a Na,0/Ca0 diagram and Rb/Sr ratios ranging well
into enriched crust values suggest a dgreater proportion of

crust in the protolith of the Slave suite relative to the
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Deskenatlata suite. A feature unique to the Slave suite is the
dispersed distribution of its data on Rb vs (Y+Nb) and Rb vs
Sr diagrams. This is indicative of heterogeneity in source
material. Thus, the Slave intrusive suite may be the result
of melting of various segments of ensialic crust, from the
base of the crust- which way have interacted with juvenile
material -to shallower levels where metapelites reside. The
Slave suite can be considered as the product of a later mid
to upper crust-consuming generation of magma, which followed
the Deskenatlata event: an earlier form of magmatism with
greater amounts of basal crust and depleted mantle.

The elevated silica and alkali contents, high
peraluminosity and low magnesium and iron abundances of the
Konth suite are compatible with derivation from a crustal
source. The position of the Konth data on Na,0/CaC and Rb vs
(¥ + Nb) tectonic discrimination diagrams clearly indicates
the dominance of a crustal source in the genesis of the Konth
suite. An obvious source for the Konth magmas, as strongly
suggested by field observations and petrography, are the
pelitic metasedimentary xenoliths which host the suite.

The intrusive suites of the Taltson magmatic zone display
compositional asymmetry with respect to crystallization age
and, to a certain extent, geographic location of each

individual intrusive suite. The 1986 Ma Deskenatlata suite,
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the oldest and westernmost suite, is the most compositionally
juvenile of the three suites and may be comparable with
subduction-derived calc-alkaline batholiths, notably the
western Peninsular range of the southwestern U.S.A. (Silver
and Chappell, 1988) and the pre-India-Eurasia collision
Transhimalayan (LeFort, 1975; Pitcher, 1982; Debon et al.,
1986) .

East of the Deskenatlata suite lies the 1925 to 1955 Ma
Slave monzogranitic suite whose geochemistry reflects
compositional variation and prevalence of evolved continental
crust in its petrogenesis. Coeval with Slave suite plutonism,
the 1935 Ma Konth syenogranitic suite exhibits geochemical
features which are consistent with derivation from a single
crustal protolith with no distinguishable presence of a
primitive component. The Slave and Konth suites are comparable
to other well-studied leucogranites intrinsically related to
surrounding paragneisses, notably the Himalayan leucogranites
(Vidal et al., 1982; France-Lanord and LeFort, 1988), the
Hercynian leucogranites of western Europe (Lorenzoni et al.,
1979; Orsini, 1979; Harris et al., 1986) and "S-type" granites
of the Lachland Fold Belt (White and Chappell, 1988).

Compositional asymmetry related to time and location of
plutonism is documented in many plutonic belts (e.g Andes,

Rogers and Hawkesworth, 1989; Peninsular Range, Silver and

.- il
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Chappell, 1988; Himalayas, Debon et al., 1986) where
progressive contribution of continental crust correlates with
belt evolution. Particular to the Taltson zone, the transition
from the subduction-related character of the Deskenatlata to
the collisional aspects of the Slave and Konth suites is
remarkably analogous to the pre-collision arc-related
Transhimalayan granitoids and syn-collisional North, Upper and

Lesser Himalayas (Debon et al., 1986).
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Chapter 4: 8m-Nd jsotope geochemistry

4.1 Introduction

The Sm-Nd isotopic evolution of the intrusive suites of
the Taltson magmatic zone and proximal gneisses is central to
the elucidation of the petrogenetic history and, ultimately,
the tectonic significance of the Taltson zone. Sm-Nd isotopes
provide an insight, practically unaffected by the ambiguities
of chemical mobilization in the crust, into the evolutionary
history of the Taltson zone granitoids and associated
gneisses. This chapter discusses Sm-Nd principles and
systematics, analytical techniques and presents data from
analyses of thirty two samples representing the three
intrusive suites, xenolithic material within these suites and

Archean gneisses of the Churchill Province.

4.2 Sm-Nd principles and systematics

Sm and Nd are both light rare earth elements with similar
valencies (+3) and ionic radii (1.08 A for Nd and 1.04 A for
Sm). The Sm-Nd pair are relatively inert to partitioning by
crustal geological processes in comparison with other element
pairs with greater differences in charge and ionic radii (e.qg.
Rb and Sr). Sm and Nd are fractionated with respect to each

other by partial melting and fractionation of mafic, depleted
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mafic, depleted mantle into more felsic material. Because Sm
has a slightly smaller ionic radius than Nd, it has a tendency
to remain in the mafic residue whereas Nd is preferentially
incorporated in the melt fraction. One of the isotopes of Sm
(*’sm) is radiocactive and decays by alpha emission to a stable
isotope of N4 (MaNd) . The long half life of 1975m (T1/2 = 1.06
Ga, A = 6.54 x 10?2 y'), combined with the similar geochemical
behaviqpr of Sm and Nd in the lithosphere, make the *sm-'Nq
isotopic system particularly appealing for addressing
questions of long term crustal evolution. In order to show
the evolution of "sm and N4 with time, relative abundances
of "sm and '*Nd are expressed as sm/'Nd and '¥Nd/'¥Nd. *Na
is the denominator because 1) it is stable and therefore does
not vary in abundance with time and, 2) can be measured
accurately because it comprises an important proportion
(23.85%; Faure, 1986) of Nd in nature.

Sm-Nd isotopic studies are based on the assumption that
continental crust and mantle formed by partial melting of a
undifferentiated, chemically wuniform <chondritic earth
approximately 4.6 Ga ago (DePaclo, 1988). Partial melting of
the chondritic uniform reservoir (CHUR) resulted in the
formation of a light rare earth enriched (LREE) crust and a

residual light rare earth depleted mantle (DM) .

Differentiation caused CHUR to have a Sm/Nd ratioc lower than
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that of the depleted mantle but higher than that of the

enriched crust. As a consequence, CHUR, the depleted mantle
and ' the enriched crust followed different '¥Nd/'*Ng
evolutionary trends over time. It is assumed that all rocks
forming the continental crust were derived by chemical
fractionation processes from the mantle (DePaolo, 1988). It
is possible to calculate for a sample of continental crust
its age of extraction from a depleted mantle source. This is
done by measuring the sample's present-day ng/'*NaG  and
Wgm/1%Nd and extrapolating the '®Nd/'Nd evolution curve of
the sample to a point of intersection with the Nd isotopic
evolution curve of the depleted mantle. Such an age, commonly
referred to as an Sm-Nd model age or Tp, age meaning time of
extraction from the depleted mantle reservoir, can be
calculated according to the equation

T = »-'[1n[1l + (0.51315 - *3Na/'Na)/(0.2138 - "sm/'Nd) 1]

Egq. 1 (from Miller et al., 1986)

where T is the model age, '®Nd/*Nd and 'sm/''Nd are the
measured present-day values for the sample. The constants
0.51315 and 0.2138 are the present-day values for ‘*Nd/'*Na
and 147Sm,/'“Nd (Goldstein et al., 1984) for the depleted mantle
assuming the latter's '®Nd/'*Nd evolved linearly since its

initial formation from CHUR 4.6 Ga ago.
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The '¥Nd/'*Nd of geologic materials can be compared for

any time T to that of CHUR by means of the epsilon (é€y)
notation where |

4
Endm) = [(143Nd/144NdTsampla)/(l43Nd/144NdTCHuﬁ) -1] x 10* Eq.2

'%34q/"Nd; are calculated by means of the equation
e/ MNa = Mg/ N, - Wem/"Na,_ (e} - 1) Eq.3

Present day '@Nd/'Nd and "Wsm/'¥'Na values for CHUR are
estimated to be 0.512638 and 0.1967 (Jacobsen and Wasserburg,
1980) . The €y, notation amplifies and permits to distinguish
the significance of very small differences in 199na/1%Ng.

€y = 0 is assigned to CHUR for any time T. Because Sm/Nd for
the continental crust and the depleted mantle differ from each
other and from CHUR, ¢,, for the crust and depleted mantle
diverge from each other and from CHUR with time (Fig. 10).
Sm/Nd is usually higher in the mantle than in CHUR. Therefore,
the depleted mantle has positive €y, values. Conversely, the
enriched crust has negative €y, values due to its Sm/Nd being
lower than CHUR. In Eq. 2, T is usually the age of formation
(or crystallization) of the sample. Many modern workers (e.g.
Nelson and DePaoclo, 1987; Patchett and Arndt, 1986; Patchett

and Kouvo, 1986; Patchett and Ruiz, 1987; Patchett and Todt,
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1987) use U-Pb zircon ages for reasons of accuracy. ¢,
calculated at the age of formation of a rock is often referred
to as the initial €. The ¢y, value of a segment of
continental crust at any given time is not strictly dependent
on the time elapsed from its differentiation from the mantle
reservoir. Assimilation of surrounding crust by an intruding
magma or mixing of isotopically differing magmas will result

in a hybrid magma differing from its source(s) in €y and Ty,

and reflecting the relative contribution of each source.
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Figure 10: The variability of ey, with time in depleted
mantle and crust. Ty, corresponas to the time at
which the mantle partially melted from the crust
(from DePaoclo, 1988).
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4.2.1 Limitations of Sm-Nd model ages
The estimation of the time of extraction of LREE-enriched
crust from a depleted mantle reservoir hinges on assumptions
which are, in the great majority of cases, not verifyable.
Firstly, in the calculation of Ty,, it is assumed that the
depleted mantle reservoir evolved along the Nd isotopic
evolution path defined by Eq. 1. The Precambrian mantle was
depleted to varying extents (e.g. Shirey and Carlson, 1988;
smith and Iudden, 1989) and, thus, various models for the
evolution of the mantle may be considered. Secondly, Tp, ages
depend on the .slopes of the samples' ¢,y evolution lines
which, in turn, depend on the samples' Sm/Nd ratios. Thus, it
is assumed that the samples' Sm/Nd ratios have not changed
since extraction from a depleted mantle reservoir and that
crustal processes prior to their final crystalliz.tion have
not caused significant partitioning of Sm and Nd. Crustal
rocks typically have 1‘47Sm./144Nd ratios close to 0.1 (DePaolo,
1988) . Samples whose “7sm/'Nd fall outside the 0.08 to 0.12
range are suspected of having vndergone some fractionation of
Sm and Nd during their crustal history and are, therefore not

taken into consideration in model age estimates.
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4.3 Analytical methods

Sm-Nd isotopic analyses were performed at the Geological
Survey of Canada. The samples were prepared in the rock
crushing facilities whereas the chemistry and mass
spectrometry were <carried out at the geochronology
laboratories. Chemical work was performed in a clean air
chemistry laboratory. Isotope dilution was used in the
elemental abundance determinations. Isotope dilution, chemical

procedures and mass spectrometry are discussed below.

4.3.1 Isotope Dilution

Isotope dilution was used in all iso’opic analyses in
order to determine isntopic composition and elemental
concentration in the same analysis. The method consists of
adding to a measured quantity of sample powder a measured
quantity of reference solution (spike) whose isotopic
composition and concentration of the element to be analyzed
are known. The spike is enriched with one of the isotopes of
the element. The sample and spike form a isctopically
homogeneous mixture during the dissolution of the sample.
After chemical separation, the element in the <ample-spike
mixture is analyzed on a mass spectrometer.

The isotopic composition of the element is expressed as

a ratio of two stable isotopes (A and B):
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Asp + A,
(A/B)ggy = —— (Eq. 4, after Webster, 1960)

By, + By
where A and B are the amounts of isotopes in molar units and
soln, sp and sa designate sample-spike solution, spike and
sample respectively. The ratio of isotopes A and B can be
expressed as

R =A/B (Egq. 5).
Thus, we can write

A = RB (Eq. 6)
and substitute Eg. 5 and Eq. 6 in Eg. 4 to give

Ry By, + Ry, By,

Rygn = (Egq. 7, after Webster, 1960).
Bsp + B,

The only unknown in Egq. 7 is B,. Mass analysis of the
sample~spike solution gives R.,,. Previous calibration of the

spike solution has yielded R,, and B,,. R, is the ratio of the

stable isotopes A and B in nature.

4.3.2 Chemical Procedures

The chemical procedures used in the extraction of Sm and
Nd are a modification of those outlined by Richard et al.
(1976) . Three steps are involved: weighing of sample and mixed
spike, dissolution and homogenization of sample with mixed

spike, and extraction of Sm and Nd. These steps are reviewed
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below. Typically, the total procedure blanks are 100 to 300
pg for Nd and 30 to 100 pg for Sm.

4.3.2a weighing of sample angd spike

The amount of rock powder weighed is such that about 200
ng Nd were provided for mass analysis. Such an amount of Nd
is usually obtained from approximately 200 mg of rock powder.
The samples were weighed in PFA teflon scrawtop vessels and
moistened with approximately 1/2 ml of 16 M HNO, which is an
oxidant during dissoclution. Samples were immediately spiked
with a mixed tracer enriched in "sm and 'Nd. The spike
solution is highly enriched in these isotopes and its isotopic
composition has been accurately measured (F.C. Roddick, pers.
comm., 1989), thus permitting determination of isotopic
composition and concentration on the same sample solution. The
amount of spike isotope added to the sample was such that
error maghification was minimal on the calculation of the
concentration. This was usually achieved by adding an amount

of spike solution approximately half the weight of the sample.

4.3.2b sample dissolution

The dissolution process consisted of a first dissoluticn
in TFE teflon bombs on a hot plate and a second, pressure

dissolution in TFE teflon bombs in steel jackets (Plate 14).
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Plate 14: Exploded view of sample dissolution apparatus.
From right to left: 1) lid for teflon bomb; 2)
teflon bomb which holds sample~spike mixture;

plastic sleeve around 1) and 2); 4) and

sSpacers placed above and below 1), 2) and 3);

steel jacket which holds 1), 2), 3), 4) and 5);

screw-top lid sealing contents of 6).
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The first step consisted of adding about 3 ml of 48% HF
to the teflon bombs and placing them on a hot plate for at
least 12 hours at 150°C. This allowed decomposition of major
silicate phases and formation of SiF,. Sample were then dried
at 150°C, volatilizing SiF,.

The second dissolution step involved taking the dried
residues up in 3 ml of HF and 1/2 ml of HNO, and placing the
bombs in pressure-resistant steel jackets; the samples were
decomposed under pressure at 200°C for one week. This
procedure ensured complete dissolution of all refractory
phases and equilibration of sample and spike. Sample solutions
were then dried and fluorides were converted to soluble
chlorides by adding up to 20 ml of 6N HCl and heating them at
about 80°C for up to four hours. Finally, samples were dried

and redissolved in 1 ml of 2.5N HCl.

4.3.2c extraction of Sm and N4

Extraction of 1light rare earth elements (LREE) and
separation of Sm and Nd were doﬁe by elution through two
stages of cacion exchange columns. The first stage column
chemistry served as a method of ILREE separation from the

sample solutions whereas the second stage colomns separated

individual LREE.
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Sample solutions of 1 ml were centrifuged to remove
possibly undissolved fluorides and pipetted onto first stage
columns made of AGS50W-X8 cation exchange resin packed in
fritted quartz glass tubes (Plate 15). The columns were
calibrated such that the REEs were collected as a 30 ml cut
of 6.2 N HCl after eluting 117 ml of 2.5 N HCl and 15 ml of
6.2 N HCl. The REE cuts were dried at low heat and the
residues were dissolved in 0.4 ml of 0.18 N HCl. The REE
solutions were then centrifuged to remove possible resin beads
from the first stage columns and pipetted onto second stage
columns made of a 10 part teflon powder and 1 part HDEHP
(Di(2-ethylhexyl) orthophosphoric acid) mixture packed in
fritted quartz glass tubes (Plate 16) which allowed separation
of the individual REEs. Elution of 13.6 ml of 0.18 N HCl was
followed by collection of Nd in 6 ml of 0.18 N HCl. An
additional 4 ml of 0.4 N HCl passed through the columns before

Sm was collected in 5 ml 0.4 N HCl.
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Plate 15: Quartz columns packed with 15 ml of AG50W~-X8
cation exchange resin used to extract REEs from

sample spike solutions.
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Plate 16: Quartz columns packed with 3 ml of teflon powder
and HDEHP mixture used to extract Sm and Nd.
Note: yellow anion exchange resin .above teflon
powder-HDEHP mixture used as filler to allow
teflon powder-HDEHP mixture to remain in place.
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4.3.3 Mass Spectrometry

Isotopic measurements were made on a Finnigan MAT 261
solid source, thermal ionization mass spectrometer equipped
with 6 variable Faraday cups and one fixed collector (Plate
17) . The instrument was used in static mode to measure Nd and
Sm isotopes. Samples were loaded in 2 pl of H,PO, on
evaporation filaments of double Re filament assemblies (Plate
18) which had been outgassed at 2000°C for ten minutes.
Loading of samples was carried out in a clean air cabinest.

During analysis of Nd, the ionization filament (Plate 18)
was kept at approximately 1900°C and the evaporation filament
at 800 to 1000°C, resulting in a '"Nd signal of 1.5 to
3 x 102 A. Atomic masses 143, 144, 145, 146, 147 and 148 were
collected. Mass 147 was monitored to detect and correct for
the presence of Sm, one of its isotopes which has an isobaric
interference on '“NA. The ratios were corrected for mass
fractionation by normalization to 'Nd/'™Nd = 0.7219. In
static mode, 80 to 100 8-second mass integrations yielded an
internal precision for '®Nd/'*Nd equal or better than 10°. The
external precision is estimated to be better than 2.5 x 1073,
Ten analyses of LaJolla Nd standard yielded a mean '*Nd/'Na
of 0.511832 +/- 0.000028. Baseline measurements were done
after every 10 integrations and amplifier gain calibrations

were done prior to every analysis.
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electromagnet flight tube

source housing. multicollector assembly

plate 17: Finnigan-MAT 261 mass~-spectrometer. The magazine

is placed in the source housing where sample
ionization takes place. The ion beam is then
accelerated into flight tube by a 10 kV difference
of potential. The ion beam is resolved into
individual masses by a magnetic field. The
individual mass beams are collected in Faraday
cups in the multicollector assembly.
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evaporation filament ionization filament

Plate 18: Double Re filament assembly mounted on magazine. A
shielding plate with slit covers each filament
assembly. This prevents cross~contamination during
sample ionization.
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For analysis of Sm, the ionization and evaporation
filaments were brought to temperatures similar to those for
Nd. Data was collected when '¥sm was emitting a signal of
approximately 4 x 102 A. Atomic masses 147, 149, 152 and 156
were collected, the latter to monitor Ce0 which interferes
isobarically with “?Sm. The 147/149 ratio was normalized to
147/152 = 0.56081. An analysis typically consisted of 48
8-second mass integrations. Amplifier gain calibrations were

done after every three analyses.

4.3.4 Results

Thirty two samples representing the major lithologies of
the study area were analyzed. Results are shown in Table 1
and Figs. 11-18. Also included in Table 1 are results of two
duplicate analyses (samples 85-BK 703 and 81-BK-838) and from
the whole rock standard BCR-1.

€yq Values for the granitic rocks of the Taltson magmatic
zone were calculated according to Eq. 2 at their ages of
crystallization, namely 1986 Ma for the Deskenatlata suite,
1940 (average of 1955 and 1925 Ma crystallization ages) for
the Slave suite and 1935 Ma for the Konth suite (Bostock et
al., 1987; Bostock, pers. comm., 1989). Xenoliths in the Konth
and Slave suites and Churchill Province gneisses proximal to

the Taltson zone, whose ages
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of emplacement are unknown and by their field relationship
are considered potential protoliths to the S-type Taltson
granitoids, had their ¢, values calculated at 1940 Ma. The
1940 Ma age was chosen because it represents an intermediate
age for the emplacement c¢f the more voluminous and
peraluminous (hence possibly crustally derived) Taltson
magmas, namely the Slave and Konth intrusive suites. The ¢,
values for the xenoliths in the eastern region of the
Deskenatlata suite were calculated at the 1986 Ma age of their
host suite. The error for the ey, values is within +/- 0.5
€y @nd has been estimated by duplicate analyses of various
samples by staff at the geochronology laboratory of the
Geological Survey of Canada. Ages of extraction from a

depleted mantle reservoir were calculated by means of Eq. 1.

4.3.4a Deskenatlata intrusive suite

The five samples from the Deskenatlata suite yielded
initial €y values ranging from -2.7 to -3.6. The T, age for
this suite is approximately 2.6 Ga. (Fig. 11). A broad range
of "sm/'*Nd ratios (0.0650 to 0.1499) as well as Nd (15.66 to
83.92 ppm} and Sm (1.68 to 13.79 ppm) abundances is observed
in this suite. The similarity in the €, values, despite the

considerable geographic spacing between sample locations (c.f.

Appendix III), suggests an isotopically homogeneous magma



85
source. Source homogeneity is supported by the isochron,
defining an age of 1920 +/-45 Ma (20 error), obtained by
plotting 'Nd/'Nd against "sm/"N4 (Fig. 12). The fact that
the data points fall on an isochron (MSWD= 1.1) suggests that
each sample has evolved from a single, isotopically

homogeneous source.

=]
=
@
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4 sDaskenatlata intrusive suite
+Xenoliths in eastern
-6 Deskenatlata sulte
-8

1.5 2.0 2.5 3.0
T(Ga)

Figure 11: €y, vs time diagram for Deskenatlata intrusive
suite and xenoliths in eastern portion of
Deskenatlata suite. Samples with 1475m/144Nd ratios
outside the 0.08 to 0.12 range do not have their
evolution lines extrapolated prior to the time of
crystallization of the Deskenatlata suite.
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variations in Sm and Nd concentrations (from 1.68 to 13.79

ppm fcr Sm and 15.66 to 83.92 ppm for Nd) as well as
“gm/"NG ratios may be the result of crystal fractionation.

If fractionation had not taken place, it would be highly

coincidental that the Nd isotopic evolution paths for
different samples would converge toward the narrow -2.7 to

-3.6 €y range at the time of crystallization of this suite.

4.3.4b Xenoliths in the eastern Deskenatlata suite

Two samples representing the most common lithologies of
xenoliths found in the eastern portion of the Deskenatlata
suite were analyzed. The rock types are an amphibolite
(89-BK-8) and a metapelite (89-BK-7). €y values for the
xenoliths were calculated at 1986 Ma in order to compare the
Nd isotopic composition of the xenoliths with that of the
Deskenatlata suite at the time of emplacement of this
intrusive suite. Although the age of the amphibolite and
pelite remain unknown, they are clearly older than the
intruding Deskenatlata and calculating their ey, values at
1986 Ma does not constitute an extrapolation of their Nd
isotopic evolution prior to their time of deposition. At 1986
Ma the €y, values for the amphibolite and metapelite were +2.0

and -2.8 respectively (Fig. 11). The €, value of +2.0 for the

amphibolite is the most juvenile Nd isotopic signature
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obtained in the study area. The amphibolitic rocks proximal
to the eastern Deskenatlata suite may represent:

1) metamorphosed Early Proterozoic 7juvenile igneous rocks
derived from a LREE-depleted source, or: 2) mafic xenolithic
material from the lower crust or upper mantle which was
transported by Deskenatlata magmas. The Wgm/"Na ratio of
0.1541 and the low Sm and Nd concentrations of 2.7 and 10.6
ppn are suggestive of a depleted source for the amphibolite.
The metapelite's €y, value is in the range of values observed
for the Deskenatlata suite and is distinctly less radiogenic
than other metapelites in the study area. This leads to
believe that metapelitic xenoliths found in the Deskenatlata
suite are derived from a source similar in Nd signature to the
Deskenatlata itself or are the result of mixing older and

juvenile sediments.

4.3.4c Slave intrusive suite

The €,y values for the Slave intrusive suite range from
-4.8 to -8.6 and show much greater disparity than those of
the Deskenatlata suite, suggesting a less homogeneous magma
source for the Slave suite (Fig. 13). The average €,y value
for the Slave suite is -6.8, indicative of a greater overall
contribution of older crust than the Deskenatlata suite. The

Wgn/*Nd ratios range from 0.0841 to 0.1068. The Ty, ages for
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Figure 13: €y, vs time diagram for Slave intrusive suite.
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the Slave suite range from 2.6 to 2.9 Ga and average 2.76 Ga.
The average Tpy for the’ Slave suite is older than the model
ages (2.6 Ga) for the Deskenatlata rocks. The older model age
for the Slave suite support its more negative average ¢y,
value in that both of these indicate a greater involvement of
older crust than in the Deskenatlata intrusive suite.
Plotted on an '™®Nd4/'™Nd against ¥sm/'Na diagram

(Fig. 14), the data for the Slave suite do not form an
isochron but scatter about an errorchron (MSWD = 54.6)
defining a poorly constrained age of 2298 +/-1200 Ma (20
error). Little geological significance can be attributed to
this plot other than the scattered data appear to indicate
that the Slave suite was derived from isotopically
heterogeneous sources. Sample 81-BK-837 has an initial ¢y
value of -4.8, falling in the range of the pelitic xenoliths
and thus accentuating a potential genetic relationship between
certain segments of the Slave suite and pelites, as suggested
by field observations, petrography and bulk rock chemistry.

Some overlap in ¢y, values between Churchill gneisses and

Slave suite is observed.
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4.3.4d Konth intrusive suite

The four samples from the Konth intrusive suite show a
clustering of initial ey values between -5.0 and -5.6 (Fig.
15) whereas 1‘"’Sm/W‘Nd ratios vary from 0.0756 to 0.1066.
Similar to the Deskenatlata, the close grouping of ¢, values
for the Konth suite suggests an isotopically homogeneous and,
potentially, a wunique source. Also supporting source
homogeneity, the Konth suite data align on an “na/Ng
against 14"Sm/"“'Nd isochron (MSWD = 0.6) (Fig. 16) defining an
age of 1760 +/- 145 Ma (20 error), an age which does not
concord with but whose error overlaps the 1935 Ma U-Pb age.
The Konth €, values suggest a greater involvement of crustal
material in its genesis compared to the Deskenatlata but are
somewhat indicative of a source with a more primitive
signature than the Slave intrusive suite (except for Slave
sample 81-BK-837 which has an initial €y of -4.8). The range
of €yy values observed for the Konth suite is completely
overlapped by the range of gy values for the pelitic
xenoliths in the Konth and Slave suites. The Tpy ages for the

Konth intrusive suite vary from 2.6 to 2.7 Ga.
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4.3.4e Metapelitic xenoliths in Konth and Slave suites

Five samples of dominantly pelitic rocks engulfed by the
Konth and Slave suite were analyzed. Their ¢, values,
calculated at 1940 Ma, span from -4.1 to -6.0 whereas the
model ages vary from 2.6 to 2.8 Ga (Fig. 17). Their
1479m/"Nd show little variability (from 0.0948 to 0.1120) and
are typical of continental crust-derived sediments worldwide
(Miller et al., 1986). The €yg Values of the pelites cover the
range of those of the Konth suite and overlap the Slave
suite's less negative €y, value of -4.8. The T,y ages of the
pelites also cover the 2.6 and 2.7 Ga model ages of the Konth
suite as well as the 2.6 to 2.8 Ga ages of four of the five
Slave suite samples. The similarity in isotopic composition
of the pelitic rocks with those of the Konth suite and a
sample from the Slave suite (81-BK-837) appears to reinforce
the intimate relationship between metasedimentary xenoliths
and leucogranites suggested by field observations, petrography

and bulk rock chemistry.
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4.3,3f Rocks of the Churchill Province

Eleven of the thirty two samples analyzed for Sm-Nd
isotopes are from the Churchill Province proximal to the
Taltson magmatic zone. The large number of analyses on rocks
of the Churchill Province is justified by the great variety
of rock types found immediately east of the Taltson zone, the
most common which must be assessed as potential sources to the
granitic magmas of the Taltson zone. As described in chapter
1, the rocks comprising the Churchill Province east of the
Taltson magmatic zone are subdivided in an eastern granitic
gneiss terrane and a western mixed gneiss terrane. Five
samples from the granitic gneiss terrane were analyzed. Their
€yg Values, calculated at 1940 Ma, and model ages vary from
-5.2 to -10.4 and from 2.7 to 2.9 Ga respectively (Fig. 18).
It is noteworthy to mention that the more positive ¢, values
(-5.2, -6.4 and -6.6) of these rocks are similar to those of
the Konth and Slave suites.

The mixed gneiss terrane has an older crustal signature
than the other litho-tectonic entities discussed so far. Four
sanples of these gneisses yielded €,y values at 1940 Ma
ranging from ~9.2 to -11.6 and corresponding Tpy ages from
2.8 and 2.9 Ga (Fig. 18). The older signature of the western
gneisses is in sharp contrast with that of the eastern

granitic gneisses and further accentuates the lithological
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Figure 18: €y, Vs time diagram for mixed gneisses and
granitic gneisses of the Churchill Province and

for Hill Island lLake metasediments.
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differences between the two terranes.

Two samples (RT-88-2 and RT-88-3) of subgreenschist
metamorphic grade pelites from Hill Island Lake (c.f. Appendix
ITI}) were analyzed. These pelitic rocks are part of a
sedimentary assemblage which overlies granitic gneisses of
the Churchill Province, in the eastern sector of the study
area. Both samples yielded an €, of -4.1, a value that makes
these rocks indistinguishable, in terms of Nd isotopes, from
the pelitic rocks found among the Slave and Konth granites in

the Taltson zone.

4.3.5 Discussion

Much 1like the petrographic and geochemical data, Nd
isotope signatures display a certain asymmetry across the
Taltson magmatic 2zone. Less negative initial ¢,y values
characterize the Deskenatlata intrusive suite whereas more
negative initial ¢, values are distinct of the Konth and
Slave suites. Furthermore, inferences can be made about the
genetic relationships between the various gneiss terranes of
the study area and the granitic suites of the Taltson zone.

Two features are dominant in the data from the
Deskenatlata intrusive suite. Firstly, €y, values are
clustered in a narrow range and secondly, these values are

less negative than those of the other lithologies of the study
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area (except for the xenoliths in the Deskenatlata suite
itself). The narrow range of €y, values and the isochron plot
imply a large, isotopically homogeneous magma source for the
Deskenatlata suite. The narrow range of initial €, values
over such a large area (c.f. Appendix III) is difficult to
explain by assimilation of mid and upper crust by melts
generated at depth. An unusual amount of heat would be
required to thoroughly mix the assimilated heterogeneous
continental crust with the intruding magmas on the scale of
the Deskenatlata intrusive suite. The uniformity of initial
€yg Values of the Deskenatlata may be explained by the mixing
of crustally-derived melts with mantle-derived melts prior to
emplacement of the plutons. The involvement of some mantle
derived material in the genesis of the Deskenatlata is
supported by the less negative ¢y, values relative to the
other intrusive rocks of the Taltson zone as well as I-type
petrographic and geochemical features. Mixing of juvenile and
crustal components resulting in homogeneous magmas can be
achieved by: i) melting at the base of the lithosphere and ii)
incorporation of crust-derived sedimentary material overlying
a subducting oceanic plate in an arc environment. Emplacement
of the Deskenatlata suite magmas at deep crustal levels and
slow quenching are suggested by the apparent fractionation of

sm and Nd as reflected by variable 1""Sm/"mbk.i ratios as well as
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variable Sm and Nd abundances cbserved in this suite.

The broad -4.8 to -8.6 range of initial €y values for the
Slave suite is suggestive that the source of this suite was
isotopically heterogeneous continental crust, thus precluding
the dominance of the depleted mantle as a component of the
Slave suite magmas. Source heterogeneity is supported by the
failure to obtain an isochron from the Slave suite data. The
Wsm/*Nd ratios, which approximate the 0.1 value for LREE
continental crust (Goldstein et al., 1984; Miller et al.,
1986; DePaolo, 1988), are compatible with crustal sources for
the Slave suite, one of which may be the pelitic xenoliths
found in the Konth and Slave suites, Other socurces for the
Slave suite appear to be continental crust of Archean age, as
indicated by the T,, of 2.7 to 2.9 Ga. Such crust appears to
be more prevalent in the western Churchill province (this
study; E. Hegner, pers. comm., 1989) than in the Buffalo Head
terrane where model ages tend to be in the 2.5 to 2.7 Ga range
with few exceeding 2.8 Ga (Thériault and Ross, 1990).

The Konth intrusive suite has more tightly grouped and
generally less negative ¢, values than the Slave suite.
Moreover, the €., range of the metapelitic xenoliths
completely overlaps the range of €y values of the Konth suite
and this suite has a similar average €y value (-5.2) to

average €,y value (-5.1) of the xenoliths. The clustering of



102
€,y values and the obtention of an isochron from the Konth
suite data are compatible with the involvement of a
homogeneous sedimentary component. The most simple explanation
for the Sm-Nd isotopic features of the Konth is that the
latter was mainly generated by melting of the pelitic
xenoliths found within this magmatic suite.

Nd isotope systematics indicating crustal melting on the
scale of the Slave and especially the Konth suite, have been
documented in regions where continent-continent collision has
led to tectonic thickening of the continental crust. For
example, the well-studied Manaslu leucogranite of the High
Himalayan has initial ¢y values of -13 to -16 and mimics
isotopic compositions and heterogeneities observed in
associated paragneisses of the Tibetan crustal slab (Deniel
et al., 1987). France-Lanord and LeFort (1988) invoKke crustal
melting exclusively as the process responsible for the
production of Himalayan leucogranites with initial €y values
ranging from -11 to -16. Leucogranites in the Hercynian belt
of France have Nd isotopic signatures which support derivation
by melting of surrounding Cenozoic, Paleozoic and Proterozoic
sedimentary gneisses (Peucat et al., 1988).

The Nd isotopic data obtained from the mixed paragneisses
in the eastern Deskenatlata suite are enigmatic in that no

source terrane, igneous or sedimentary in nature, can be

werriTs < S
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identified in the vicinity of the study area. The presence of
juvenile material signaled by the +2.0 €, value obtained from
an amphibolite may be related to potential basic volcanism
associated with Deskenatlata plutonism. Alternately, the
amphibolite may represent lower crustal or upper mantle
material which was transported to shallower levels or younger
gabbro dykes that have been reworked. The more negative
initial €y, values of the Deskenatlata suite may be explained
by long term crustal assimilation by the basic magmas at
depth. The pelitic gneiss within the Deskenatlata suite may
be the result of mixing of juvenile material with an older
crustal component, yielding Nd isotopic signatures which are
not as strongly crustal as those generally observed in the
study area.

The contrasting ey, values of the granitic and mixed
gneiss terranes support the proposition of Bostock and
Loveridge (1988) that both gneiss terranes are distinct
geoclogic entities. This is further accentuated by the fact
that the mixed gneiss terrane is bounded from the Taltson
magmatic zone and the granitic gneiss terrane by structural
discontinuities. The range of ¢y, values for the granitic
gneiss terrane overlaps the more negative wvalues of the
pelitic paragneisses within the Konth and Slave suites,

suggesting that the latter may be partially derived from the
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former. The full range of the €, values in the pelites may
reflect the Nd isotopic composition of rocks which were at
the surface of the western Churchill Province at the time of
deposition of the pelitic sediments. Other potential source
terranes for the pelites is the eastern Slave Province, whose
€yg evolution is identical to that of the pelites (E. Hegner,
pers. comm., 1989) and the Buffalo Head terrane which also has
Nd crustal ages in the 2.7 Ga range (Thériault and Ross,
1990) . However, the similarity of ¢y, values of the pelites
in the Taltson with those overlying the Churchill gneisses at
Hill Island Lake suggests that the pelitic rocks have a common
source and may be part of a same sedimentary assemblage which
may have overlain the western Churchill Province prior to
Taltson plutonism. The isotopic 1link between the pelites
within the Taltson and those at Hill Island Lake is strong

evidence in favour of the emplacement of the Taltson granites

into Cchurchill crust.
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Chapter 5: Conclusions

The isotopic, chemical and petrographic data presented in
previous chapters demonstrate that the Deskenatlata, Slave and
Konth intrusive suites have distinct sources and petrogenetic
histories. In light of the information presented in this study
and present knowledge of western Canadian Shield tectonics
presented in chapter 1, the evolution of the Taltson magmatic
zone can be placed in a regional tectonic context.

The Deskenatlata intrusive suite displays the most mafic
character of the three granitic suites comprising the Taltson
zone. The I-type mineralegy is indicative of an igneous source
for this suite., Petrographic observations are sﬁpported by
major and trace element geochemistry. The Deskenatlata
exhibits lower Si0, (59% to 74%) and greater MgO (up to 2.8%)
and FeO + Fe,0, (1.1% to 7.3%) contents than the other two
suites and exhibits an affinity for island and continental arc
fields on Rb vs (Y + Nb) , Na,0 vs CaC and Rb vs Sr diagrams.
Given the geochemistry and petrography of the Deskenatlata
suite, anomalously elevated A/CNK values may be explained by
thorough assimilation of a pelitic contaminant. Initial e,
are less negative than those of the Konth and Slave suites and
reflect mixing of juvenile and evolved crustal sources. The

petrographic, chemical and Nd-isotopic features of this
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granitic suite are similar +to those of arc-derived
granodiorites of the Andes and southwest U.S.A..

The Slave and Konth intrusive suites are in sharp contrast
with the Deskenatlata; they show evidence for a greater
involvement of continental crust than the latter. Potassium
feldspar megacrysts and a syenogranite composition typify the
Konth suite whereas the Slave suite shows compositiocnal
variability from granodiorite to syenogranite.
Petrographically, the Konth and Slave suites are difficult to
distinguish. Both suites contain restitic and/or primary
garnet, spinel, cordierite and sillimanite in abundance. This
mineral assemblage closely resembles that of the pelitic
xenoliths assimilated by the Konth and Slave suites. The
leucocratic nature of these suites is demonstrated by elevated
$8i0, values (66% to 76%), low MgO (0% to 1.5%) and FeQ + Fe,0,
(0.7% to 4.6%) contents. The Slave suite plots in volcanic
arc, continental arc and collisional granite fields on Rb vs
(¥ + Nb), Na,0 vs Ca0 and Rb vs Sr diagrams whereas the Konth
suite plots in fields suggesting a strictly crustal
derivation.

Initial €, values ranging from -4.8 to -8.6 and Ty, ages
from 2.6 to 2.9 Ga for the Slave suite suggest assimilation
of various Archean crustal sources, including pelitic

paragneiss xenoliths whose ¢, values (at 1.94 Ga) span from

—
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-4.1 to =5.8. Initial €y, values for the Konth suite range
from -4.7 to -5.6 and are completely overlapped by the ¢,
values of the pelitic paragneisses engulfed by the Konth and
Slave suites. Thus, production of the Konth suite by melting
of pelites is suggested by isotopic data and corroborated by
petrography and bulk rock chemistry. Commonly a magmatic belt
dominated by products of widespread crustal melting, as
observed in the Taltson zone, is associated with tectonic
thickening and melting of continental crust during continent-
continent collision. The Himalayan and the Hercynian belts are
appropriate analogs to the Taltson zone.

Partial melting of Archean gneisses of the western
Churchill Province, whose €, values at 1.94 Ga fall in the
-5.2 to -11.6 spectrum can account for the Nd isotopic
signatures observed in the Slave suite. Thus, the Slave suite
could result from the fusion of various segments of Archean
crust varying in isotopic composition and geochemistry.
Remobilization of Churchill Province crust is supported by €ng
values of -4.1 at the time of Taltson plutonism for low grade
pelitic metasediments overlying Churchill granitic gneisses
near Hill Island Lake. On the basis of Nd isotopic signatures,
the Hill Island Lake pelites cannot be discriminated from the
pelitic rocks engulfed by the leucogranites of the Taltson

zone. This implies that metasediments in the Taltson and
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Churchill may have belonged to a single sedimentary package
overlying the western Churchill Province whose westernmost
margin has undergone remobilization during the Taltson event.

As discussed in chapter 1, the Taltson zone is part of an
early Proterozoic magmatic belt which includes the Thelon zone
and its potential northward extensions. Oblique, eastward
subduction of oceanic lithosphere beneath the cChurchill
Province is believed to be responsible for Thelon plutonism.
This was followed by collision and indentation of the Slave
Province into the ductile Thelon zone and adjacent Churchill
Province at approximately 1967 Ma. Being contemporaneous and
continuous with the Thelon zone, the Taltson zone would have
evolved by processes compatible with the evolution of the
Thelon. Hence, subduction of oceanic lithosphere beneath the
Churchill Province and related arc magmatism is represented
by the 1986 Ma Deskenatlata intrusive suite (Fig. 19a) which
pre-dates the circa 1967 Ma Slave Province-Churchill Province
collision. The Deskenatlata event would have been followed by

closure of the oceanic basin and collision of the Buffalo Head

terrane
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with the Churchill Province. Widespread collision-related
melting of Archean crust would have resulted in the production
of the Slave and Konth intrusive suites (Figs. 19b and 19¢).
The 1955 to 1925 Ma crystallization ages for the Slave suite
provide time constraints for crustal melting due to the
Buffalo Head terrane-Churchill Province collision. Production
of Slave suite magmas is essentially due to fusion of Archean
Churchill Province crust at various depths due to tectonic
thickening along the western margin of the Churchill Province
(Fig. 19b). Continued compression and crustal thickening would
have resulted in further Slave suite magmatism as well as the
generation of the Konth suite by fusion of supracrustal

metasediments (Fig. 19¢).
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Min: Mylonite

Ngp: Nonacho Group: unmetamorphosed clastic sediments

Ksy: Konth intrusive suite: dominantly folliated megacrystic syenogranite

Smaz: Slave intrusive suite: dominantly foliated coarse-grained monzogranite

Dgd: Deskenatiata intrusive suite: dominantly massive medium-grained granodiorite

D-Prg: Deskenatlata intruding abundant xenoliths of mainly granulite grade pelitic,
quartzo-feldspathic and calcareous paragneiss and amphibolite

Prg: Paragneiss: granulite and amphibolite grade peiitic and subordinate quartzo-
feldspathic paragneiss and minor volcanics

Hms: Hill 1sland Lake metasediments: mainly lower to sub-greenschist pelites and
greywackes

Ggd: Gagnon Lake granodiorite
Cp: Granitic plutons intruding Churchill Province gneisses
Cgg: Churchill Province granitic gneisses

Cmg: Churchill Province mixed gneisses

————— Asummed or defined geological contact
—-—-—Limit of exposed Precambrian rocks
---------- .+ Limit of unmapped Precambrian rocks

RT-88-1~ Sample location



Yo . R

“:‘;‘ . ﬁ"(';},i"" e -

Y Y ERFTY ¢ ‘.

P S ETIRY 4 -

an AVERLIE L F

PR A
E GLS

PNy
N

F S
L [t
..,?—5){'-""3’.:'( _;‘Q "_.’3 .
i Sy OO P
(1254 ST

iy
‘k{‘
,
&

.
o)
J
4

G vy g

Nl




Sc AN A D A_ EDITION 3

10900 45 W

- .
T e e T W

s = O-:"
L AR = oS
a ° é; Lapnv N, : r4

" " Ty \ .

.'A B ol of o P e
W o ;y.h}")f’(. v ’_-7’/\7 _;://';;‘f'?n

lMl.‘A .

.,
—

3
P

- o
e

R
o ”—215’?/

YN : J - i
£ L U{ TN
P

\

s A e
‘:—:’ \ muu‘z)}: "‘ i /\-}"

o
%4

o)

AL T P e =y
}."f R ]‘? PR N Vi N RNPE ',".C.: f}%{f‘h?




. S A

e
5 T
tont

TR

A




it N
ey

(AN

B

1 dos, :

Compried 195960 by 18e ARMY SURVEY ESTABLISHMENT. R.CE.

THE DECLINATION OF THE CUMPARS NETDLE 1967 fram aur photoperass Tgnon Pibdaot - -
DECLINA 0N MAGKET JvE Eh LU Printed 1463 H I ]l
|- . . e .
] \. STE

> Copies 1y Do oStunad frym the Map U treaten O




’ . . . F
§ o s ap N 3
Stk
N o ‘ )
A -
. - .
: 4
" -+
& o A
o 2 - ar v .
Vet . v . o
' - ? ' < ' N . .
et v . - %
Lo .- . ‘s .
) o
B 7 .
N D -
’ s ) o Y e
4 & n s . -
1 [4 - . . : -
. - . " )
A T, 5 { - L
e ; ' ~ T B .
; y ,
G I . .
S ,"/_"-J“, v J‘“"\":‘ XS -—; ' e .
Oy e L . é;"i[-\ A 1, EEn Y !
17 J:-‘\-‘ v - l-‘;’! e 1, T -~ < '\;. . \
1 ) ' L - v ' A
c [y . ) A . .
> !:r.n(.J &2 “"\F . . : .
. L5 ¥ “ - .
L - : NEUR
0 N .
’ 4 L \
: "~ KRR 4 )
r e ; I
Fall . )
2 ) "-
=
frey , s
Y LI 1—) .
~ ’ gt )
; N by
in* . . .
3 ] ]
) o - - B
1 : -
. T
B
\ tor " ) . .
3 ! s
(e R . PN
i : . ‘
, AN ‘ ' [ SN . ;- : . . S e ‘ mat ol ;
- ’e Vo) S - ) S . {144‘,,,.\7.4 P ( " ] R
} < : ' . . . T - B .
2 / H (_.h- . - - ; T s i o
S Y e : e W T
o/ j, - : - FES .
AN S s : R .
NV s Lo . : e Y 6 .
A . . ,.. . L . : ! ’ ‘
. ) RN : i ! . ‘
? - R ‘ M . . .
8 A : .

Y,
P

=-h

CSERVICE TOPOGRATHIQU E DE F'ARMLL,
e A

T I R

LL ISLAND LAKE




-
1ot

»

LERVICE TOPOGRAPHIQUE DE TARMEE, g (T e
L e e en D nn T 75E 75F
T1ALTSON NONACHO 'i

LAKE LAKE

T

McCANN

LARE

o

i
b



- > ——
IR
' SR * . » - -
. . .
A R v > B ' = - Ky R )
'~ o . N : ) ‘ ‘.\ * . z
e . LA - - . L
N o AR . S = . B o :
H o - ) v ) ': § e \;‘w . , ]
.. 4 Y . B . o o .
. ' T
PR\ T . - &
1 O
e — -
) SURVEY ESTABLISHMENT, RC.E.
THE DECEINATI " TF TWE 1 MFASS SITDUE 1962 i
DECLINA, LR MAGKES QU BN Ly, IE 1[ ][ |
’ T Coapren iy be cblaee? frwn dne Map Detribution Olce, |
' Department of Mimes angt Telhniea Sueveys, Otlawa.
.
)
Rraol Reules.

he Gocunaticn of the COMpats Aevtlle 4 deceosung 5 munutes anagally
La dechnainon magrdtsque oécrol de S minutes annuelipment

It irgr
)

1004 tyuttate, all weather |, Of prawmer, foute suson. Dy de d

Miles
2

FFLIRCFYANS T 11 P, . Geterre, Senther L, L

Spol e'evation precioe, dpprortuale L, Powt co's, (16¢, 4 TN LRGS0 Kilometres $ o
Boundary mergmen! ... .. ... .+ Botne trontiede N 3 '
Pingo.. . . e e veee. -Bullesgeltetre oL L L L P TR
T — -
DCB'!H‘CH CEMIOLIT. ot « . ianeaasean. COuthes Of Cunette ... e e weaaraas : . . den werLe Mf,"f‘
North Amencan
Clirprizareet .. ......... . . . oo Falace ou rebef poy accentus . . \ MR Contour Inter
I
2T T R £ 1T PR el R e Etevationy in feet abe



L ISLAND LAKE

DISTRICT OF MACKENZIE

NORTHWEST TERRITORIES
Scale 1:250,000 Echelle

e vt

5 10 15 20 o 25

st Projection Frojohon seamtuir g do Noercas! o
aturn 1927 ‘*""81'3-._4 AepdS U rued amere en grudie B
100 teet s Eguaisiance des courbes 100 peds
» Mean Sea Level - Eidvations en Lieds au dessus du NvEdu Mayen de lg mer
. \
|
N

20 Milles

oy S T e e SERVICE TOPOGRAPHIOUE DE 1 ARNMLE,
WA * o e T

i Pt o i

I R IR I .

[T, Tonn trle

Pabetete Oy o
By oL . Hat v el PR P RN § o) CRNSVEDAS U PRI
P e . Hurr ot rooietene ttes ta '
hgeeh . | S i Mapas; ety Hapder ¢k e
fenl L L. Froe . L& M saptp Marns ry e e
Avtrger v angmact | Hepete anto s oaaguk Lb g B R R T Y
ROMP Doty seent DR RN S | et crGUe Phoanpode glace Co 2t o
B pantal gantes pot Pert geodenQue . . ., Tundr Peggon Aol puyponaus
Larz =g prowms Frte daltere wape T tundea Ponds 1 Langy g6 e 1



[ . (‘, p
- T N i
T
;‘ 4 L. S
- ./'( ?i L
. [ . R e
L . L
.. 4 o e
. . .-
Wt
; e o 7
. . - © PV A,
. LG L)
. - 4 HY .
' " i '
(7Y ~
- EENAY . . : 1/ é,‘a
. - - - Y ! r\ o
4 " . B BN - S .
. 14T - : 4 _/‘-);’ e TMUHTT A0 PARN
e reerye————— ——— i
(b oS

T —

O SERVICE TOPOGRATHIQUE BE ARMLE, 1o i - o
. A, [ * 75E 75F 756"

. o TALTSON  NONACHO ' MCCANN

LU L LAKE  Lake  LME

hl} - [ETR— I
75D U5 L 758
FORF ;’mu_ ISLAND,  ABITAU
SMTH B oL o lake
Lo NORTHWEST TERRITORES
gt it ittt e g L e & b e et TP o W Za Lo .2 S, -
’ B o a R , 74M: 74N 74 0,
Woarea e b e Bt Tt tuse L L elee Henr | [ [ TAZIN I‘-::nml-r LAC !
. FITIGERALD * - FONDDU.
in v o Hapads, favy Fap.gee: cPrule vt ) GERALD | LAKE i ot duls t
: ) ALBERTA SASKATCHEWAN
L . & Mavhreiagnp Marais oy marecage - o “:v - . ___h;w_ - e
L T T I S Mara, on chapmint D] - A Mg . e Natgrd Toppeaghe Setem

Tat'egu Sassemsage du Symtere Hangra' ge Releren ¢ Catlagrashque

Vo b T L Liete o Gler Fhamp e plate ou glacier H“—L ISLAND LA KE

oot geoteedos . Lo oo Tupden Peogenne oty ey Enraue . 75 C
Frte d b ere apn h g Tursva Fords | o LBtangs de toundg EDIT'ON 3

ae



1:250,000

112200 '
810 PRSI S Y 'L;n{s
A TS A S IS R T
:d.‘&"g‘t; \r’./ .Lg'.-' ('F-T’D‘é; ; ‘r@'j{‘ v
NN
Y SmE . Y
LT oo
laasi '_-.;- '__ {1.9)‘/"} o

0
s u*,f'“?-rf-r—-*q«in T T
N R O .
> g( ;;‘_\_\,‘u-
p; VR fA

V.

i
!
\
i . [
| (e g i)
| .'905—-"{"{“\ 5‘\}‘“\\4

,-’]"\

|
t
A A A AR




CANADA

[BREANY

EDITION 2 «ssn i

L PRt

“ - "
N .
) - ‘\
Chev
S [N
. ¥ )
fo s h
R IR i
.C . .
! L .
\
. L
\ " .
.' ¥,
. S, et
Lot 5
e -
R v
' N . -
PR RSy
. -
s [——
B A
I . + -
R
LAt o
* ‘l of 3
AR
- )
o, OGNS (S
L : .
Bl =
. '\‘ ‘, . )
\
[y
.o I
. ), ‘f
oy .
) VY
N
i) ’

‘ m..h .
o mulu VRApy
me—' o
v 0
'J A

4‘," . --R,\ . ,‘ g

\ -),bmtg 0 Ny

fone " '3
s L--‘f' q—-RT—88~




D
EDITION 2 csese 00 ;

' 70 ‘
Refer to . {DITON 2 MCE 19671

. <“8rBK-366., '
. 7 . -.'.F l'.' i

Vo

54
: =
L -
1 - . . - “_ . EVJ
NI R4 ) ] > \ T ‘ 3 ;
n.fl AN o o | B y e .
Ny b 0 S ; RS . P .:
l . A 0 o . . é
. Q
(=
z
1=
31 .
B4
=1
! z
H v
2 o
>
~
m
rlz8
I ’-2‘>&%
E m
o
‘ 2
| g ;
Qo
-
| .33‘
! ~
|
| .|
' .
&
i
|
| £
| s
!
|
|
|
1




1 octhey

SR Ry
/'_ Miscigt ‘ ).". .

. Lake K

RT-88-13" '

L AT-g8v2 }g\,z’

T % Rapuid e
e \ *l:*:l-‘ ,’.... -,_.7_:8 & A
I R UUIDA Bh SUREE Y A R Py

- . I RN 2

R R Y Xy ]
- e N fis
o .....:.'?" '\

—

o

Rk gm

gﬂ‘
g

Fitzgerald 14m ]

Compiled, 1060-61, by the SURVEYS AND MAPPING BRANCH,
DEPARTMENT OF MINE:

Trans Mercatot Projucton
S AND TECHNICAL SURVEYS: A ey {1+

h ; - Merth Amcrican Datem 1927 (1956)
om h . i P
f]'%?:‘" photographs taken in 1955, Field surveys 195 rinted Contour tnizrent 100 feet
Elevations in faet alinve Mean Sca Luvel

Copies may be obtained from the Mep Distribution Magnetic declination 28936 Eatat centre of map 1967

Qtfice, Department of Mines and Technical Surveys, Annual change (degeasing) 5.6¢ NOR

Ottaw. ., 2 lanes or maore Interim corrections 1967.
Rousd, loose or slabilized surface, all weather . .Reute, gravier spplomeérd, toute 531500 . ¢ memme © Dl
Power tiznsmission e, . ... <., Lgrede transport d'érerge oL L L L 2 v0uwes 0y plus Inleim coreclions 1977

[KET- TR T Cnemin, taute wrson R e
R L IR CHEt o0 detetre oy ¢ hiver,



- -‘. B

Sepihe f

. . '
,
[T
¢ . .
PR
I SO SR
b 4 - SRR
n T
‘ E Y !
- ' . -
¢

FORT SMITH

NORTHWEST TERRITORIES
DISTRICT OF MACKENZIE

Seale 1 2530000 E\'I'IL'”L‘

iy LA CARL
FEVIS TR

St are et ke e gt gt
Corrections provisoires 1667,

Corrections Provisoies, 1977



O3 "1
—Q.T_\.\‘ \..x q.IL

e

i
£
- 2, L
T e a ' em v, f —aa "

—h—A -

nﬂ'?

-~ -

.}\ u\i:L’.K‘ vy '"
ot kY e
11N

17T

Rédigde en 196 61, par la DIRECTION DES LEVES ET DE
LA CARTOGRAPHIE, MINISTERE DES MINES ET DES RE
LEV FSTE( HNTQLES, €aprds o4 photagrapn « J\ R o
en o Travaue eapcutés sur e teeraet en 1 Raa-LLU TN
s,

Lt e

B . PR o
[ 0 u
4 .t n
.1
a
[ .
S ;
. ,.ll. ‘!
IS P T | h
: vCarlh
e 1PVVLCOTLY

TEN THOUSAND METRE
UNILRSAL  TRANSVIRSE MERCAIGR GRID
ZONE 12



'
Futzgesald 14m

[] T . . . -
Low0§ L 5370 C Loyt
S St Tl [—— ] T b T aa— - ¢.r

e
Ty ALBERTA

Y et P " e 1

Compiled, 1960-6.. oy the SURVEYS ANDMAPPING BRANCH,

DEPARTMENT OF MINES AND TECHNICAL SURVEYS
{r0m 31t DhOtO@rADRS taken in (G55 Fueld syrveys 1957

Prirted

1962,

Wi, locse of

Powet tranames on e, L

Comer may be obtained from the Map Distr.butan
8::'“. Department of Mines and Technizai Surveys,
awa.

stabibized surface, all aeather . Roule, grager cp;glornéré, loute sais0n. .

2 lanes or more

Teanw,eree Morcat tPranzg on
Hertr Somee an Dt (6,07 ([ G6n!
LTORE InTe el 100 e
Elev re e deet ot tve Moas S
Magnetic Gecirtabion 28736° Lattal crtie ot mae 1967
Anngal change (degeas-opr 4 6*

Interim correclions 1967.

v

s L ou plus , -
Ligne de transpot d'dnergie ... L. . LErgereun tlem cotecions 1977
Laag ol mealrer Chermn, toule tarson E==
Wagse 2w he ey Chemin de terre ou Q'bvner | - ——— Mia §
. f : . .
MERRURRIIF Seatiet Ou poHage [, : L. =
f i
Town Vilig a) [T} 3
w age or dettiement Ndtage oy mamese .. L L o
e ’ PROVISIONAL MA
Buigng Banmant e st GO MamEL L% Ny s g ot et cfte gt

T

Torewtl ey ar g2t hoes arr g el By 10 ut

weps v Mapp g Heaoen,



FORT SMITH

NORTHWEST TERRITORIES
DISTRICT OF MACKENZIE

Sale 1250000 Echielle

S P

AL MAP CARTE

rat pet ol gt

rted it Dar

SN T e

Corrections provisoires 1967,

Cortections Proviscnes 1977

et 0 dert

[T,

OIRE

suteryrd Lne

I\\.'\Ml
fLays ot

T e
[T e
epeir e o oar
dap

Mot a A e
oLy e et

| gre arienter



nimeags

o DIRECTION DER LEVES ET DE
E IES MINES BT DEX RE

s 1967,

19477

ALY

e e e L e e s
[FRTRTERNTS . IS
Hepeee fo Foepneinenl o pet, e,

w_ !
-

CTRTTER Wy den rmate -

- -

LXTIURE R Y LT [CRYTRNIE FIL TS -

Cogrbes @p cunel's

Loms bei,m ok 20

| g arpertee

[

TEN THOUSAND METRE

7ONE 12

FORT SMITH

(1967)
{1977

EDITION 2



N TR
L6200 L - e

.
Lae®

RS PN
-

' 8BBKM-81
\
|




ANADA 0000 wmov: o

N T
l-_BBBK-SQQ"p/ &l

/ g

| -/

\. \ ,-\J,"".'.:

a‘%rak'ﬁ;;akz.‘ﬁ C
2\




oo~ o
i '
it .
T 1

K
- .
< !
L i
¢ !

S
= i

TN

t

P

| Walker L ;

yrrT ik Vel

NTH




-212¢

s

-l
¥
o
g
-.,Br
d

88BKL

s
P

EBKL-60 .

)

I MAPPING RRANCH.
NESCAND TECRNICAL $1RVEYS,

v SURVEYS AN

LT R TS N TN

Comruted, &

DEPARTMENT OFF A



z V=~ -
3f Thakutth{li

Lake




Maclnnis

Lake
-
%
-~
=
-}
Thahubthlli .
Lake
e e wo .
15

Wfp

,.
)
&

4

) Tromdg .:-4"
o

THEKULTHy,,

PIRECTION %S [V

N . A
AU LGOI MANINTERD s SN S
INTANTE - .o

n




e m el e

—
Comuntedt L e o, e g IRVEYS ANDY MAPPING RRANCIT, T M e

DEFARTMENT OF M) l"\ AN TECHNICAL SI RVEYS, T

Ty

e A e
framy e peey T N L P IR

[ P

Tty gy e X cary Moae. P st " tear e TA
e S T b gl e, Oy ZRNI B P

. g Be o Llneed fenm o 1ne B Locteyy v e . -,
Denartment b1

L A LT Trpmn o

Ve, ot mmtmae oy Crueers e teive o d by e
(SRR v
Pratorp age R e Em e cma : T : T
) e ] —i
Fian Vilir B .. bl heites b N %
Nodagh ut e ey

LI T VPR ELT TN

Butrae ge 1o

o ) PROVISIONAL M

Same ngmes ya e M gre ot yil o
ooty Y ny gides

vCpa AN Mapnieg Hegnop

‘e



T

Thehulthili

Lahke

~.1"

/

TALTSON LAKE

NORTHWEST TERRITORIES
DISTRICT ( ¥ MACKENZIE

Seale 1:250,000 Echelle

bl w [

5 I

bl

'NAL MAP CARTE PROVISOIRE

. . . [ RY
PACATRTO R AT v
[N G F N TR LN



I helutthili
| RTLT

te . ' S CTION LSt
1A CARTOGHAPHIE SMINIS TERE TS MINES
PEVES TECRINIQE TN o [
. A

-

Wt e

St o Hrlewr St srowmmeten ol FIIRM
K ¢
. B St te .
W i aa Mata s ca pEi e -

Lt wrpester

[



METRIC

EDITION 2

Fort Resolufinn 22 km

85 A

30

457

164+

114°00°

WY g uGE sy

LRLY

wt

£l




]
_METRIQUE  somon

45




EDITION 2

B7BK-3/78-

POIHLZ—JWIOIH.LEW




KLEWI RIVER
85 A
EDITION 2 EDITION

NOYLIW/OILAN




METRIC/METRIQUE

i WOOD BUFFALO NATIONAL PARK
: ' PARC NATIONAL WOOD BUFFALDO
|}
0o - . .
0 !“““ *l’:‘ 1”— *l-' —
PHODUCFD BY THE CAHADA CEL IRE, FOR MAPPING (1T TAWAY st |l‘ ;

SEPAHTMENT OF ENERG:  RUBES AND BESHCES
DERIVED FHOM 1 80 GGG MAT b ineat el T Lt Ay
idbinis” i 't DIAGRALY V83 ] P N g




. PARK

UFFALO

I 118 olr

KI.EWI RIVER




METRIC/METRIQUE

112y




(MU R
S —————
IR W

PRODUCE D By THE CANADA CERSTIE FOR BAARPHIR (DT TAM A oy
CEPARTMENT OF ENERGY *iNES AND RFSQURCES DR
DERIVED FROM 1 50 000 MAPS INFORMA IO CURAEST a% et T
SHOWN Il [HADRAN BURUISHED It 1488
COPIES Ay BE OBTAINED FROM THE CANADA WA OFFICE
DERARTMENT OF ENERGY MINES AND RESOUNCES DT1aWA
OH YOUR NEAREST MAP DEALER
1G5}
1968 HEA SMAJESTY THE QUEEN IN FIGHT (W CAKADA
DEPARTMENT OF ENERAGY RINES AND RESQURCES

o i o — — Mies 5

T B . Kilg

Tt oA -

ATt et e gt

et w e e e, ry P NWEETE SRERENTE N OAEGRTE ULE OO UNE ORTE LOMPO LR s b AN i
Wt N e, Tt
Wy eyt e

-



FrrIiI—— L ———— —————— e—— ———————

15 L1 oy 1

KLEWI RIVER

DISTRICT OF MACKENZIE DISTRICT DF MACKENZIE

NORTHWEST TERRITORIES TERRITOIRES DU NORD-OUEST

Scale 1:250 000 Echelle
L3 10

5 ) 0 15 20 Milles
Wlometres 5 0 5 10 15 20 25 30 Kilometres

LR TRV L SR
il e P L B oA
D1 andtion e fuene mgeane om0t

CONTOUR IMTERYAL 20 ML T

Chevatioms in

o

RS s

Metiet abuse Mean

v W

|
|
|




[ N N

.

\ o~ : ' - [IRLE

————
" 1 11
HebE AL G CaliTi s
DES N A
R DR LR LE 8L e s .
Vb A NAGE STE LA REINGE DU UHES D cANADA
FULGSTERE D ¢ PRERGIE DES WHES ! DES RESSULKRCE S . . .
GO, R e ALY Bk B EVATIONS FORELLE DE CONVERSION DES ALTITODES - .
Y PR a 1., Kt N IREER AT
20 Milles o . - W e e e e ke o -
I s 1o L “ ey E Y e T KO ol TNy By - - :"l
0 Kdomietres N *
CONTOUR INTERYAL 20 METRES EQUIDISTANCE OES COURBES 20 METRES ‘ :
Elevations i Meties lb?"l :Ic:n‘Sn Laval N llmu?n " m.}:l"l . " agen T Wiy Mags ¢ e Saena: Tepogsaghi Seter
”‘;"' Lo S piene e eiee e ‘“;‘"'"““ e Tibueaw S AATEILE G Setteme maticnat Qe teference CadoprIghaLe
. e Yanseense o Meri ity
I
)
A
.
»
\
'
‘
B
[ N



i

KLEW!

RIVER

8BS A :
EDITION 2 EDITION

Energy. Mines and
Resources Canada

Energie. Mines et
Ressources Canada




NATIONAL TOPOGRAPHIC SYSTEM 1:250,000 C A

i
ILES s - L
on ;
Infer &nglabace 5’- ‘;,, . ‘;’5‘ ° e L4 ’_.-[
Baces BASSES T A o 600
S, At
z =5 : |
Quter Whatebacs
Hozes -
Jackson
Islands . W
Co"__\ -
. Harns | ————T .
Py - s
G R E A T I e
’ -
4
&
]
* - ~+
Outpost -
0 ¢, Butte
Cucpost Itland Ioiang
Islands <
ey <
~
o
[
tren
Istands ¢
R4
b
S L A A/ E ¢
o
Ttes du
Goutet
' ¢
513
+ + + '
|}
“-a_n-..l._mo:
RGrant i

LTSNS




ANADA

113°00
[

THIRD EDITION ...

by

'c..{f-"‘-""_"."é:f“-\"“

S e

Westhead

~

- Islands

-~
PETITOT

&

ISLANDS

Les lles
Tereibles




SHEET 85 H

£ofor o
MO NE{VINE

R e

e —




T

«
|
|
i 513
i
J
tl
i
|
309t — ——
.:.;.‘
1
|
3
<+ Fan? -
M -
Lt :
;o -, -
. L
PR PR - . .
Mopse D@\ " o - -,
Islan LS " -
e Ll B .
Miszol o’ H .
andde T L .
1aage St Fort Resolution
wrgs - . :
Round lsteng .
' boutst : ; -
1alang \:g
-
K oo v~ ol w1 4 oo n ,; .
- O, -
i
i ¥ //f:] )
Biegn | c "~
~ - N
LRI kT . STee T .
Vi g s o b - .
Ca Lo -
61°004 s : -
U ————— ———— ———— T
114700 §ds ko)

Pine Point 27m

Stany §,

.0 i 2 =y ‘.'&uanl
3 y
Q
¢
S - S
4 Ve SRR
/
¢/
1]

,
-
T
.- . s -
+
e - N . P
- " v
. g - I o S -
e

15

E

DECLINATON OF THE COMPASS NEEDLE 1938

Q

Progucad ana pr nted by the SURVEYS AND MAPPIN
BRANCH, DEPARTMENT OF MINES AND TECHNICA
SURVEYS, 1959, fram air photograpns taxen in 1353 ana 195
Intenim corrections 1967. )

REFERENCE

ER S

Transverse Marcatgr Projection




Tere Dien

; —_—
ant Pt /
-~
2 7
Wit gen Y
Wiligw P
'

' Rocher River

U Ry

[N

o
. o
R - o~

Ne

o
-
e
. '3..
L
<
-

113°00¢

‘\ RARER Tous, s
- -~ e

esaK-7os~:=j

Rassk-fb4f"

e ) L‘ '
: [ .g5BK-703 ~
LR AR

-2

- !

“L !
_} ,,\.\ ’LJH

RT 88~ 149’3}1~k

T;}“

45

b
u,

/
N

Cintnat Intervy 00 Feat
Coain

RESOLUTION

TN BT T

Amar-can Datum 1327

ann Feet 38cve Medn Sea Leavl

pe - may be odtaned from tne Map Dutebution
L Denargment of Mires an nd Techs <3l Sutays,

[elelg]
it ‘:U

'...:

REFERENCE




tre Map ostiduban ony e
T Surat s EL TARY

L L ARNE |NM“

. e
100 ¥ SUUARL \DENNHICANICN

g JiNE
Chanhatich % |
12V wovo_
ucive 680
5

10 fat & KTFERLACE 13 NLAREST 1900 MRS
g 1SLAND

“Qual Reaft attrn R LR uD

§ASTING h#az numbe 07 £ra lne |
TR AL L 7
Lanmate tearhn o 8 sgquate Hah
my Loe a2ytward o poret I’&

waatHin, Read n.mbet o1 e une
et pte'y DelOw ConT R
Fyf mate feet™y 31 ) Subt (114
1=y ine ALrtnmard 10 et A

13

WILARY GRID BHTERESCE
PRFPTRRIEEAL Shalonl 43 Hp7e

Mt ey

R ] crite,
I B LN AL Ak frvunTle

TEN THOUSAND METRE

UNINERSAL  TRANSVERSL MERCATOR GRID

ZONE 12




LI |

y 45

Pove Pt 27m

HE DECLINATON OF THE COMPASS NEEDLE 193y
1

The dethrdt-on of the ti—cans reca's 4t 4=, place
§ AP LRt 2T Sl el 2 R e
AlLother CaTes INegRr ~af T s belaren thyye

Proguyed ang or nted by the SURVEYS AND
ARANCH, DEPARTMENT OF MINES AN
SURVEYS, 1929, from xr phelographs tanen

Intenim corrections 1967,
REFERENCE

Rosas:
hard agriace, )l weatrer

12200 1urface. o - araher
YT UM LRI
Fatmay hgrmal gruie
Bounzarey,
ietnabonal |

cenmngial

oty o grdng!

Indign resgran, Care #il

Poaer ansmisagn hne |

ey hgn ! gne

MADPING
D TECHNICAL
nl953an2i954.

1 amw

PR AL

Ty mbalne

Ll L A B

Tl oo portage

e

Centzar.

ciesaticn

argredt on
iprsumate

S0ct esdban (i feal)
RGC.M.2 pou

tAandoned)
[erietipaibintubpd SN

2
Pt (L )} T

Tianswerse Mer ator Proecton

FORT K

NORTH}?
DISTR

1 Tr
Ailer 5

Kelumgtres % A . L]



\

85BK-702

UBU

RT-88-172
89BK-~7

ey el
. .\r_,—f [
v -, P -
. ploae
22 5
RA-88) 8. ..
N g4 ;
. N .
= Oy R
| | RN
11300 45! R 15 |
- e — - — e ————— il e eeAS— —— L — e —— 16 N "
s en peay D ebtamed frem ine Map CatnBution PRAE
I g"?.c, E.}:\-:‘-1\:-::’clu!:1 e il Teona) Sutyeys, ) l—’n Al
e aem Cilang, Sl .
. "-’. '
RESOLUTION
REFERENCE o

IWEST TERRITORIES

RICT OF MACKENZIE
Scale 1:230.000

T 1o § Miles Approxmoarely

D 15 U N T
s - jﬁ_——_—g—-—— LT ————— . .
i 15 N R L Rilaentne
1

Uty Lt g Taan
Tamn

g L et et
e

RELL RU T RSN Y

wget e

FLENFY LS I LN YL Tl

L S
s HY GE
i
SULPr-e

Bay Al

i
+

Bowndary rarument
Ao cal pedihion )

[T SUL U o

3 reet

O o H
. P pontyl
e} H E o1 el
KL
Jarpamiteant Tant

BUFFAL™

wae

Moren ge s aam

Nand g et hidiet
L bt
@ ot ane e @
- ROTET UL PR BT . . \r;
'
— e it in—



e WAk RIS ANCN

u V(

\
|
1
Tt . 1 |

L] LI “ANEST D wERES l
I

vt 1SLAND

P TTRE N UL L e 1)
Cam e

P

[T DT
m—adgtre f
-

: - t-\'ﬂu e 'a\‘ a- ,
- . PRI Y IR AL B I
RT-88-172 B
= NOGLHN, Rea? rumber o0 g ne
i et prety Dol R
' a
i4

wiramy B HTEEESE
Dot et LHITHLS

<. e Cane et

e e 12VUDTHA

TEN THOUSAND METRE
UNIVERSAL TRANSVERSL MERCATGR GRID

ZONE 12

m tne Map Distrbulhich

: Cop e ray be cbtoned fra
S| O e, beparione s ot M.oes god Tecnmenl Sutveys,
) ! Q1 Al
of
REFERENCE
e tomn i-iﬁ ool e P Paungary monuTent o
" ] noed H atrenpe el pester . B
et [} < H ponzeste contrs et L O
Iy ppeprtrent lane
LA AT b
et Gynd g O MUE e Rt
. o ot 3 FORT RESOLUT\ON
. - @ Leagane bl e @ \ndex 10 adjemung shets 85 H
y + eapHre $1LNOTIRE B B . . EDINON 3 (1967)
'
.
b

—
7/ RT 88-157 v—_





