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Two turbidite sequences in the Russell
Lake—Mosher Lake area: SHRIMP U-Pb
detrital zircon evidence and correlations in
the southwestern Slave craton, Northwest
Territories

L. Ootes, W.J. Davis, and V.A. Jackson

Ootes, L., Davis, W.J., and Jackson, V.A., 2006: Two turbidite sequences in the Russell Lake—Mosher Lake
area: SHRIMP U-Pb detrital zircon evidence and correlations in the southwestern Slave craton, Northwest
Territories; Geological Survey of Canada, Current Research 2006-A7, 15 p.

Abstract: Detrital zircon age data indicate a temporal separation of two distinct turbidite packages in the
Russell Lake—-Mosher Lake area of the southwestern Slave craton, Northwest Territories. The Mosher Lake
package consists of monotonous greywacke-mudstone turbidites intercalated with mafic volcanic rocks and
is inferred to overlie a previously dated 2658 + 3 Ma felsic volcanic centre. These turbidites have a maxi-
mum depositional age of 2651 + 5 Ma and are tentatively correlated with the ca. 2661 Ma Burwash Formation
east of Yellowknife. The Russell Lake package consists of greywacke-mudstone turbidites with abundant
interbedded iron-formation. It has a maximum depositional age of 2625 + 6 Ma and is correlated with the
previously dated <2629 +2 Ma Damoti formation. Turbidites of both the Russell Lake package and Damoti
formation contain abundant iron-formation, which hosts numerous gold showings (e.g. Bugow, Horseshoe).
These younger turbidites define a post-2630 Ma iron-formation-associated gold metallotect in the south-
western Slave craton.

Résumé : Une datation sur zircons détritiques montre qu’un intervalle de temps sépare deux assem-
blages distincts de turbidites dans la région des lacs Russell et Mosher, dans le sud-ouest du craton des
Esclaves (Territoires du Nord-Ouest). L’assemblage du lac Mosher se compose de turbidites monotones de
grauwacke et de mudstone intercalées avec des roches volcaniques mafiques; il recouvrirait un centre
volcanique felsique antérieurement daté a 2658 £ 3 Ma. Ces turbidites remontent au plus a2 2651 £ 5 Ma et
sont provisoirement mises en corrélation avec la Formation de Burwash, qui date d’environ 2661 Ma et se
trouve a I’est de Yellowknife. L’assemblage du lac Russell est constitué de turbidites de grauwacke et de
mudstone et de nombreuses formations de fer interstratifiées. Il remonte au plus a 2625 + 6 Ma et a été mis
en corrélation avec la formation de Damoti, qui a été daté antérieurement a moins de 2629 + 2 Ma. Les
turbidites de I’assemblage du lac Russell et de la formation de Damoti renferment de nombreuses forma-
tions de fer, qui contiennent elles-mémes de nombreux indices d’or (p. ex. Bugow et Horseshoe). Ces
turbidites plus récentes délimitent un métallotecte aurifére associé a des formations de fer qui ont moins de
2630 Ma, dans le sud-ouest du craton des Esclaves.
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INTRODUCTION

The Slave Province is a well exposed Archean craton in the
northwestern Canadian Shield. It comprises mainly Neoarchean
supracrustal sequences and plutonic rocks, and localized
Mesoarchean basement (Fig. 1; Bleeker and Davis, 1999).
Younger supracrustal rocks, which in southern parts of the
craton make up the Duncan Lake Group (Henderson, 1985),
include greywacke-mudstone turbidites that overlie the predom-
inantly volcanic rocks of the ca. 2660 to 2690 Ma Banting and
>2700 Ma Kam groups (Henderson, 1985; Isachsen, 1992;
Isachsen and Bowring, 1997). Recent zircon geochronology
studies demonstrate that at least three turbidite-dominated
sequences occur in the Slave Province (Mortensen et al., 1992a,
b; van Breemen et al., 1992; Bleeker and Villeneuve, 1995;
Pehrsson and Villeneuve, 1999; Villeneuve et al., 2001; Bennett
etal., 2005). The minimum depositional age of the George Lake
turbidites, in the eastern Slave Province (Fig. 1), is constrained
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by a crosscutting quartz-feldspar porphyry dyke that has a crys-
tallization age of ca. 2682 Ma (van Breemen et al., 1992). The
depositional age of the Burwash Formation, east of Yellowknife
(Fig. 1), is constrained by a ca. 2661 Ma U-Pb zircon crystalliza-
tion age for intercalated felsic volcanic flows and tuffaceous
horizons within the turbidites (Mortensen et al., 1992a; Bleeker
and Villeneuve, 1995). The Damoti formation (informal name),
in the western Slave Province (Fig. 1), has maximum
depositional ages of 2629 Ma (Pehrsson and Villeneuve, 1999)
and ca. 2635 Ma (Bennett et al., 2005), as determined by U-Pb
ages of detrital zircon.

In some areas of the craton, turbidites are interbedded
with abundant silicate-, sulphide-, and carbonate-facies
iron-formation units that locally host gold showings and
deposits (e.g. Lupin, Bugow; Bostock, 1980; Henderson,
1985; Jefferson et al., 1989; Brophy, 1992; Padgham, 1992;
Kerswill, 1996; Jackson, 2001, 2003; Lambert, 2004;
NORMIN database [www.nwtgeoscience.ca/normin]).

Archean

2.68-2.58 Ga granitoid rocks, undivided;
locally includes pre-2.8 Ga granitoid
and gneiss

o 2.68-2.63 Ga turbidite sequences

Other greenstone belts, mostly
younger than 2.70 Ga

2.73-2.70 Ga tholeiitic greenstone belts
within realm of the basement complex

0 100 . Basement exposures: areas where
[ == =] > pre-2.9 Ga rocks have been dated by
km 58 U-Pb methods
g2
o Archean strike-slip fault zones:
~ & Yellowknife River Fault Zone (YRFZ)
‘E“s 2 and Beaulieu River Fault Zone (BRFZ)
14 |

Figure 1. Geology of the Slave craton. Highlighted locations are discussed in text. Modified from Bleeker

and Davis (1999).
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Henderson (1985) suggested that these turbidites are dissimilar
to those in the Burwash Formation, which lack iron-formation.
Elsewhere in the Slave Province, the presence or absence of
iron-formation was used to subdivide the monotonous
greywacke-mudstone sequences (Bostock, 1980; Jefferson et
al., 1989; Padgham, 1992; Henderson, 1998). Although van
Breemen et al. (1992) provided evidence that some iron-for-
mation-associated turbidites in the George Lake area are
older than 2680 Ma, recent U-Pb zircon studies from the
Damoti Lake and Beechy Lake areas of the craton (Fig. 1)
indicate that some iron-formation-bearing turbidites are part
of a younger, post-2630 Ma sedimentary package (Isachsen
and Bowring, 1994; Pehrsson and Villeneuve, 1999;
Villeneuve et al., 2001), which includes turbidites that do not
contain iron-formation (Bennett et al., 2005).

Bedrock mapping in the vicinity of Russell and Mosher
lakes, in the southwestern part of the craton (Fig. 2;
Henderson, 1985; Jackson 2001, 2003; Ootes and Pierce,
2005), has outlined two distinct turbidite packages: the iron-
formation-bearing Russell Lake turbidites and the iron-for-
mation-free Mosher Lake turbidites (Fig. 2). Iron-formation
within the Russell Lake turbidites hosts a number of gold
showings similar to those in other parts of the craton. We have
undertaken a U-Pb detrital zircon study of two greywacke
samples, one from the Mosher Lake turbidites and the other
from the Russell Lake turbidites. These are used to compare
maximum depositional ages of iron-formation-bearing and
iron-formation-free turbidites and to link these with other
turbidite sequences of the southwestern Slave craton.

GEOLOGY OF THE RUSSELL
LAKE-MOSHER LAKE AREA

The bedrock geology of the Russell Lake—Mosher Lake
area (Fig. 2) is derived from the reconnaissance mapping of
Lord (1942) and Henderson (1985) and the more detailed
studies of Jackson (2001, 2003) and Ootes and Pierce (2005).
A brief summary of the geology of the area is provided below.

The Mosher Lake turbidites, as defined here, occur
between Mosher and Inglis lakes (Fig. 2) and are intruded to
the north, south, and east by ca. 2605 to 2580 Ma
metaluminous and peraluminous granitoid rocks (Henderson
et al., 1987; S. Buse, pers. comm., 2005). The turbidites are
generally homogeneous but locally contain calcareous beds.
Bedding thickness ranges from 1 to 2 cm in mudstone to 1.5 m
in arenite. Primary depositional features such as flames and
grading are locally well preserved. The Mosher Lake
turbidites have one known quartz vein-hosted gold showing
in highly deformed pelite at Gold Island in Mosher Lake; in
addition, a few mafic volcanic-hosted gold showings occur in
the vicinity of Mosher Lake (Fig. 2). Few other prospective
zones for mineralization have been identified within the
turbidites (Ootes and Pierce, 2005; NORMIN database).

Current Research 2006-A7 3

The Russell Lake turbidites, as defined here, lie west and
north of Russell Lake (Fig. 2) and extend to the northeast
along the Bousso River, and to the northwest through Slemon
Lake (Fig. 2) to the Damoti Lake area (Fig. 1; Jackson, 2003;
Pehrsson and Villeneuve, 1999). They consist of interbedded
greywacke and mudstone turbidites, with bed thickness rang-
ing from finely laminated to 50 cm (see also Fyson and Jackson,
1991, Fig. 9), and are intruded by ca. 2610 to 2585 Ma gra-
nitic plutons (Henderson et al., 1987; Bennett et al., 2005).
The Russell Lake turbidites are characterized by abundant
horizons of silicate-, sulphide-, and lesser amounts of carbon-
ate-facies iron-formation (Fig. 2; Henderson, 1985; Jackson,
2001, 2003). The iron-formation generally is preserved as
less than 5 m thick, conformable layers. At amphibolite
grade, silicate-facies iron-formation consists of interbedded
garnet- and amphibole-rich beds that locally contain chert
nodules (Fig. 3; see also Henderson, 1985, p. 55), reflecting a
history of boudinaged chert beds. Iron-formation occur-
rences in the Russell Lake area host numerous gold showings
such as Bugow and SP (Fig. 2; NORMIN database).

A thick package of rhyolitic and dacitic volcanic rocks
occurs southeast of Russell Lake. Major- and trace-element
geochemical data indicate that these felsic volcanic rocks are
similar to the ca. 2670 Ma Banting Group (Cousens et al.,
2006); however, an age of 2658 + 1 Ma (Mortensen et al.,
1992a) indicates that these rocks are slightly younger than the
Banting Group (Isachsen, 1992). The exact relationship of
the volcanic sequence with the adjacent turbidites is not
entirely clear. Locally preserved younging indicators in the
felsic volcanic rocks, facing toward the northwest, suggest
that Russell Lake turbidites overlie the volcanic package
along its western contact (Fig. 2). Relative age relationships
along the eastern margin of the volcanic belt are poorly
understood; Henderson (1985) suggested that the volcanic
rocks young to the northwest, implying that the Mosher Lake
turbidites stratigraphically underlie them. However, the more
detailed work of Jackson (2001) suggested that turbidites
gradationally overlie the felsic volcanic rocks to the east,
which is supported by the geochronological data presented
herein. Therefore, it is likely that the volcanic rocks underlie
both the Mosher Lake and Russell Lake turbidites (Fig. 2).
The Mosher Lake mafic volcanic belt (Fig. 2) consists of
highly flattened and lineated rocks that are gneissic near the
belt margins. Pillow selvages are locally preserved although
younging directions cannot be determined. It is interpreted
that these mafic volcanic rocks lie within the Mosher Lake
turbidites, but this stratigraphic relationship is not thoroughly
constrained (Fig. 2).

Metamorphic grade through most of the study area ranges
from biotite to cordierite facies and the biotite-cordierite
isograd generally mimics the intrusive contact of the Neoarchean
plutons (Fig. 2). Sillimanite-facies and migmatitic pelitic
rocks are locally preserved near the Inglis Lake area and in the
northeasternmost part of the study area (Fig. 2). Folds and
associated fabrics can be linked to three generations of
Archean structures (Fyson and Jackson, 1991; Ootes and

L. Ootes et al.
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Figure 2. Geology of the Russell Lake—Mosher Lake area. Russell Lake—Mosher Lake turbidite packages
defined by iron-formation and detrital zircons. Geology modified from Henderson (1985), Jackson (2001,
2008), and Ootes and Pierce (2005). Mineral showings are from the NORMIN database.
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Figure 3. Outcrop example of silicate-facies iron-formation,
northeast of Russell Lake. Interbedded garnet- and amphibole-
rich beds, with large chert nodules in the amphibole-rich layers.

Pierce, 2005), but different generations are not distinguished
in the two turbidite packages at this time. First-generation
folds (F;) are preserved as high-amplitude isoclines that
account for frequent reversals in younging direction in the
turbidites. Later deformation in the study area resulted in
smaller scale folds (F,, F3) and the development of regionally
penetrative foliations (S,, S;; Fyson and Jackson, 1991;
Ootes and Pierce, 2005), similar to those documented for the
Burwash Formation east of Yellowknife (Bleeker and Beaumont-
Smith, 1995). Proterozoic brittle faults trend northwest and
northeast and offset all major rock types (Fig. 2).

ANALYTICAL TECHNIQUES

Analytical procedures for U-Pb zircon analyses using the
SHRIMP II microprobe at the Geological Survey of Canada
followed those described by Stern (1997), with standards and
U-Pb calibration methods following Stern and Amelin
(2003). Zircon grains were not sieved and were separated at
10° slide slope and 1.8 A using a Frantz magnetic separator,
to minimize introducing sample bias based on magnetic prop-
erties commonly associated with degree of alteration (see
Sircombe and Stern, 2002). A random selection of approxi-
mately 120 grains per sample were cast in 2.5 cm diameter
epoxy mounts (GSC no. 318) along with fragments of the
GSC laboratory standard zircon (26266, with 200Pb/238U age
=559 Ma). The internal features of the zircons were imaged
using a SEM in backscattered electron (BSE) mode. Grains
were randomly selected for analyses by following a grid
pattern. Some grains were not analyzed if alteration or degree
of fracturing was too extensive. Analyses were conducted
using an 100- primary beam and two different sized spots,

Current Research 2006-A7 5

one approximately 15 pm in diameter and another
approximately 9 um in diameter, with a beam current of
approximately 3.5 nA and 1 nA, respectively. The 16 exter-
nal errors of Pb/U ratios incorporate a £ 1.0% error in the
standard calibration. Isoplot v. 3.00 (Ludwig, 2003) was used
to generate concordia plots and calculate weighted means.
Analytical results are presented in Table 1.

AGE OF DETRITAL ZIRCONS

Mosher Lake greywacke — 04101315
(1ab no. z8494)

The sample is a homogenous biotite-facies greywacke
collected from the southeast side of an island in the northern
part of Mosher Lake (Fig. 2, 4a). The greywacke bed dips and
youngs to the east and is interbedded with mudstone. Bed
thickness varies from 5 cm in the mudstone to 50 cm in the
greywacke. Primary sedimentary features, including load
structures and rip-up clasts of mudstone and arenite, are well
preserved (Fig. 4a).

The sample yielded zircon grains of various morphologies,
from long prismatic to equant grains, the majority with mini-
mal evidence of mechanical abrasion by sedimentary pro-
cesses (e.g. preservation of facets, low degree of rounding).
One hundred and twenty grains were mounted and 59 grains
were analyzed. The majority of the zircon grains have ages
between 2675 and 2750 Ma (n = 50), with four grains older
than 2800 Ma, one of which is older than 3100 Ma (Fig. 5a;
Table 1). The youngest grain yielded a weighted mean age of
2651 =5 Ma (n=8; Fig. 5a; Table 1), which is considered the
maximum depositional age of the greywacke (Fig. 5a).

Russell Lake greywacke — 04RLG-1
(1ab no. z8495)

The sample is a biotite-facies greywacke collected from
an island in the northern part of Russell Lake, approximately
10 m east of a small cabin (Fig. 2, 4b). Interbedded mudstone
and greywacke vary in thickness from 0.5 to 50 cm, and well
exposed sections on the island show F isoclinal folds that are
transected by a later S, slaty cleavage, which is in turn locally
crenulated by a late foliation (S5; Fig. 4b). A conglomerate
bed (Fig. 4b) occurs on the island and contains boulders and
pebbles of sedimentary and plutonic rocks (mainly granodio-
rite in composition). Well preserved younging features indi-
cate that the conglomerate and overlying turbidites young
eastward at this location. The greywacke sample collected for
this detrital study occurs 7 m stratigraphically above the con-
glomerate bed (Fig. 4b).

The sample yielded zircon grains of various morphologies,
from long prismatic to equant grains, the majority with mini-
mal evidence of mechanical abrasion by sedimentary pro-
cesses (e.g. preservation of facets, low degree of rounding).
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a. Mosher Lake sample location
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Figure 4. a) U-Pb detrital zircon sample location and local geology from the island in the northern part of Mosher
Lake. b) U-Pb detrital zircon sample location and local geology from the island in Russell Lake.
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Figure 6. Schematic representation and comparison of stratigraphy in
the Yellowknife, Russell Lake—Mosher Lake, and Damoti Lake areas.
Yellowknife area modified from Bleeker et al. (1999); Damoti area
modified from Pehrsson and Villeneuve (1999). IF = iron-formation.
Ages discussed and referenced in text, except Jackson Lake
Formation conglomerate (Isachsen, 1992).

One hundred and twenty grains were mounted and 44 grains
were analyzed. The majority of the zircon grains have ages
between 2675 and 2700 Ma (n = 31), with three grains older
than 2800 Ma and younger than 2850 Ma (Fig. 5b; Table 1).
The youngest zircon grain yielded a weighted mean age of
2625 +6 Ma (n=5; Fig. 5b; Table 1), which is considered the
maximum depositional age of the greywacke.

DISCUSSION

The depositional age of the Mosher Lake turbidites is
determined to be less than or equal to 2651 =5 Ma. This maxi-
mum depositional age is only slightly older than the Grid
Rhyolite (Parker formation) in the Damoti Lake area, which
yielded a crystallization age of 2647 + 2 Ma (Fig. 6; Pehrsson
and Villeneuve, 1999), but is younger than the ca. 2658 Ma
Russell Lake felsic volcanic rocks (Mortensen et al., 1992a)
and the ca. 2661 Ma Burwash Formation turbidites east of
Yellowknife (Fig. 6; Bleeker and Villeneuve, 1995). In con-
trast, the maximum 2625 + 6 Ma depositional age of the
iron-formation-bearing Russell Lake turbidites is at least
30 Ma younger than either the Russell Lake felsic volcanic
rocks or the Burwash Formation (Fig. 6; Table 2). This age
indicates a distinct, younger supracrustal package in the Russell
Lake— Mosher Lake area.

Using the maximum depositional ages from the detrital
zircon data combined with the presence or absence of
iron-formation, we suggest that two temporally distinct
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turbidite sequences occur within the Russell Lake—Mosher
Lake area. The contact between the two sequences is not rec-
ognized in the field; however, a suggested boundary between
them is shown in Figure 2. This is based on the presence of
iron-formation above the contact, which is currently inferred
here to be an unconformity (Fig. 2). Our data suggest that the
Mosher Lake turbidites, although slightly younger, may be
tentatively correlated with the Burwash Formation east of
Yellowknife (Fig. 1, 6). The similarity in ages and iron-for-
mation association allows the Russell Lake turbidites to be
correlated with Damoti formation turbidites to the north, at
Damoti Lake (Fig. 1, 6). Figure 6 shows the Russell Lake
turbidites grading into similar-aged turbidites that lack
iron-formation in the Kwejinne Lake area, which has a maxi-
mum depositional age of 2635 + 8 Ma (Bennett et al., 2005;
Table 2), indicating that young turbidites occur in the south-
western part of the craton that do not contain iron-formation.

Locally, throughout the craton, gold deposits are hosted in
iron-formation-bearing turbidites (Jefferson et al., 1989;
Brophy, 1992; Padgham, 1992; Kerswill, 1996; Pehrsson and
Villeneuve, 1999; Jackson, 2003; Ootes and Pierce, 2005;
NORMIN database). These iron-formation-bearing
turbidites are now locally well constrained to at least two time
frames, the >2680 Ma turbidites (e.g. George Lake; Table 2;
van Breemen et al., 1992) and the post-2630 Ma turbidites
(e.g. southwestern part of the craton and the Beechy Lake
area; Table 2; Pehrsson and Villeneuve, 1999; Villeneuve et
al., 2001). Because of the number of gold showings hosted by
the young, iron-formation-bearing turbidites, this may
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indicate a new, previously undocumented gold metallotect.
Other iron-formation-bearing turbidites in the craton may or
may not be part of this post-2630 Ma package; the majority
have not been dated with the precision of modern detrital zir-
con studies (e.g. Contwoyto Formation; Table 2), or lack
interbedded felsic tuffs (Bleeker and Villeneuve, 1995).

The post-2630 Ma turbidite packages (and possible
iron-formation-associated gold metallotect) may correspond
with the iron-formation zone of Padgham (1992) and
Isachsen and Bowring (1994), which parallels the proposed
ca. 2620 to 2630 Ma Defeat Suite magmatic belt (Fig. 7a;
Davis and Bleeker, 1999; Davis et al., 2003). If so, these
turbidites may have formed in a back-arc setting, concomi-
tant with subduction and imbrication southeast or northwest
of the currently preserved craton (Bleeker, 2002; Davis et al.,
2003), or be localized in the western part of the craton
(Fig. 7b) as part of a preserved fore-arc sequence as suggested
by Pehrsson (2002). The identification of additional post-
2630 Ma turbidite packages in the Slave craton will help dis-
tinguish between these tectonic models and may also be used
as a fingerprint for Archean supercontinent reconstruction
(Bleeker, 2003).

CONCLUSIONS

The Russell Lake-Mosher Lake area in the southwestern
part of the Archean Slave craton hosts two distinct turbidite
packages. Detrital zircon grains indicate that the maximum
depositional age for the Mosher Lake turbidites is 2651 *
5 Ma, whereas the maximum depositional age for the
iron-formation-bearing Russell Lake turbidites is 2625 =+
6 Ma. The Mosher Lake turbidites, although slightly younger,
are tentatively correlated with the Burwash Formation east of
Yellowknife. The Russell Lake turbidites are comparable in
age and character to the <2630 Ma Damoti formation at
Damoti Lake (and possibly the turbidites in the Beechy Lake
area in the eastern part of the craton). All of these young,
iron-formation-bearing turbidites host gold mineralization. A
post-2630 Ma, iron-formation-bearing turbidite package can
be recognized in the southwestern Slave craton, and may
extend northwestward across the Slave craton as suggested
by Padgham (1992). Further identification and definition of
this package will highlight the potential for iron-formation-
hosted gold deposits and help elucidate the post-2630 Ma
tectonic evolution of the Slave craton.
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