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Plate 1 Geologic and Structural Map of the Atikokan-Mine Centre
area.




Chapter 1
INTRODUCTION

Sedimentation on the Canadian Shield during Archean time was
dominated by the resedimented (turbidite) facies association of
greywacke, mudstone-siltstone and conglomerate (0jakangas, 1985). 1In
the Superior Province, deposition of these immature sediments took
place in the greenstone belts of the Abitibi, Wawa-Shebandowan,
Wabigoon, Uchi and Sachigo Subprovinces. In addition, si T1lar
sediments may have been deposited in distal environments in what are
now the English River, Pontiac and Quetiéo Gneiss Subprovinces.

The study of Archean rocks is complicated by deformation,
metamorphism and faulting. Most metasedimentary sequences are
metamorphosed to greenst ist and locally to amphibolite facies, but
macroscopic sedimentary structures such as bedding and grading are
cc 1wonly preserved. Most original sedimentary textures and structures
have been obliterated in the gneiss belts. Faults commonly parallel
the trends of the rock units; strike-slip faults are a common feature
along subprovince boundaries. Along these major east-west fault zones
there is commonly a juxtaposition of high-grade and low-grade terranes;
this, coupled with contrasting structural styles and trends makes
correlation between blocks difficult (Card and Ciesielski, 1986). In
addition, metasedimentary sequences are commonly intruded by diapirs of
granite (Ayres, 1978).

The study of Archean sedimentation has numerous aspects. Of great

importance is the determination of the depositional environment based




upon original textures, stratigraphic relationships, sedimentary
structures, and geometry. Also of great importance is the
determination of provenance based upon petrographic (modal) analyses
complemented by geochemical and paleocurrent data. Both provenance and
paleocurrent direction are a function of tectonic settin

Detailed interpretations of detrital des in clastic sediments
can yield insights into geolo ic history that can be gained in no other
way (Dickinson, 1970). AThe composition of clastic sediments can be
used to estimate crustal composition as well as provenance and can be
employed as a constraint on models of crustal evolution and synthesis
through geologic time (Sawyer, 1986).

The identification of detrital grains, especially fine-grained
1i1 ic fragments, is of great importance because their relative
proportions are direct guides to the nature of the source rocks in the
study area. This is especially true in areas of active volcanism where
source terranes have undergone rapid erosion and deposition.

In the Superior Province, studies of supracrustal rocks have
yielded insights into the nature of the composition, tectonism and
development of the Archean crust. Studies of volcanic-granitic and
metasedimentary-gneiss terranes have been successful in integrating the
history of the Superior Province into a regional synthesis (Percival
and Stern, 1984).

The objective of this study is to do a sedimentological analysis
of the Quetico Metasediments in one part of the Quetico gneissic

subprovince. Detrital zircon geochronology has been successfully




¢ plied to metavolcanic belts of the western Superior Province (Davis
and Edwards, 1982), permitting correlation of the Wabigoon and
Wawa-Shebandowan metavolcanic subprovinces. Zircon assemblages of the
Quetico Metasediments are now being age-dated in order to correlate
with adjacent terranes. This investigation will enhance the
understanding ¢ :erning the origin of the Quetico metasediments,
characteristics of the source rocks and early crustal interactions in
this portion of the Superior rovince.

In order to address these objectives, fieldwork was carried out in
1986 in an area of low-grade metasediments 1 the northern part of the
Quetico Subprovince adjacent to the Wabigoon Volcanic-Plutonic
Subprovince. It is located near the town of Atikokan, approximately
250 km west of Thunder Bay, Ontario. The study area covers

approximately 350 km? bounded by latitude 480 42° to 48° 46°N and

longitude 91° 10* to 920 10°W (Fig. 1.1).

Outcrops along Highways 11 and 11B and along lakes and streams of
the Seine River system were investigated in detail; rock type, bed
thickness, grain-size and data pertaining to Bouma sequences were
recorded at each outcrop. These data, along with local structural
information and younging directions, were utilized in constructing six
stratigraphic sections. More than 100 samples were collected for
petrographic analysis, and six bulk samples were collected for heavy

mineral s( aration.
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Figure 1.1

Location map of the study area.
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Regional Geology

The Superior Province with an area of more than two million km2
surrounding James Bay and southern Hudson Bay, contains most of * e
“Archean (>2500 Ma) rocks of the Canadian Shield. ° e Superior Province
has been subdivided into ten east-trending linear subprovinces (Fig.
1.2) on the basis of combinations of structural trends and styles,
lithologies, absolute and relative ages of rock units, tectonic events,
metallogenesis, metamofphic grade and geophysical characteristics
(Goodwin, 1972; Card and Ciesielski, 1986). These criteria have led to
the recognition of two different types of Tlithotectonic domains.
Greenstone belts of volcanic-sedimentary rocks with granitic plutons
have been classified as volcanic-granite superbelts or subprovinces.
Gneiss belts and their associated granitic plutons have been grouped
into gneiss-granite superbelts or subprovinces. These represent the
many crustal components assembled in late Archean time to form the
Superior Province.

Metasedimentary terranes, the gneiss-granite superbelts (the
Quetico, the English River and the Pontiac Subprovinces), may represent
major turbidite sedimentary basins that are possibly peripheral to the
volcanic-granite superbelts (Sawyer, 1983). These metasedimentary
(i.e., aragneiss) terranes are less widespread than the
volcanic-granite superbelts and are characterized by amphibolite and
locally by granulite facies metamorphism (Blackburn et al., 1985).

The 20 to 100 km wide Quetico Subprovince of the Canadian Shield

cor rises a major Archean metasedimentary superbelt b« ween the
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Wabigoon and the Wawa-Shebandowan superbelts to the north and south,
respectively. The Quetico shperbe]t extends at Teast 1200 km from
eneath cover in the Fort Frances, Ontario area, to the Kapuskasing
Struptural Zone, and may extend 800 km further to the east as ' e
Opatica belt. |

In the study area, two major faults, the Quetico fault and the
Rainy Lake-Seine River fault, separate three areas of different
1ithology, structural style and metamorphic grade (Fig. 1.1). These
faults, which form subprovince boundaries, are representative of a
major east-west dextral transcurrent fault system that extends through
much of the Superior Province (Card and Ciesielski, 1986). Between the
Quetico and the Rainy Lake-Seine River faults is a sequence of
Tow-grade metavolcanic rocks (Keewatin of Lawson, 387), intruded by
anorthosite and gabbro which in turn are intruded by granitic rock
(Laurentian of Lawson). Al1 are unconformably overlain by conglomerate
and immature sandstone (Seine Series of Lawson). In the Seine
Conglomerate, volcanic cobbles and pebbles of felsic to intermediate
composition are common. According to Frantes (1987), the Seine
sedimentary sequence consists of poorly sorted conglomerate and
interbeds of immature sandstone 1 ich suggest an alluvial fan merging
into a braided fluvial environment.

Nori of the Quetico fault are gneisses, and large granitic masses
separated by metavolcanic belts of the Wabigoon Subprovince. In the
Wabigoon Subprovince, volcanism occurred mainly between 2750 and 2690

Ma, followed by major 1lutonism and metamorphism at 2700 to 2660 Ma




(Card, 1985). The oldest rocks in the study area are mafic tonalites
which occur as xenoliths within tonalite in the Marmion Lake area
(approximately 10 km north of the town of Atikokan); radiometric dating
indicates the mafic tonalite crystallized approximately 2990 Ma (Don
Davis, personal communication). Metamorphic grade in the Wabigoon
Subprovince is generally subgreenschist to greenschist in the central
part of greenstone elts and increases to low-pressure amphibolite
facies in the surrounding granites and gneisses.

Supracrustal rocks of the Steep Rock Series lie unconformably
above the Marmion tonalite (Smyth, 1891; Jolliffe, 1955). The basal
member of the Steep Rock Series is an arkosic conglomerate and is
exposed intermittently along the Marmion tonalite. The arkosic
conglomerate is overlain by bedded 1imestone and dolomite which
contains the hematitic ore zone of the Steep Rock and Caland iron
mines. Fossil stromatolites are present in the 1imestone. Mafic
lapilli tuffs over ie the carbonate unit, followed by mafic pillowed
flows and intermediate to felsic flows, tuffs and breccias. Gabbroic
sills and dykes transect the metavolcanic rocks and tonalitic
basement. Small units of clastic metasediments (wacke, argillite,
conglomerate, and arkose), occur intermittently throughout the Wabigoon
Subprovince and appear to generally post-date volcanic intrusives
(Stone, et al., 1986). The youngest rocks in the Atikokan area are
granite and granodiorite such as the large, spherical Eye-Dashwa
granite pluton Tocated 10 km northwest of Atikokan. Potassium-argon

radiometric age data indicate that this pluton cooled about 2650 Ma










































































































































































































ZIl N COLOUR &

INTERNAL FEATURE SAl LE 45CZ SAMPLE 101BZ
Brown (Malacon) Euhedral Subhed. Rounded Euhedral Subhed. Rounded
Zoned 3.3 6.7 1.0 3.0 3.3 0.0
Unzoned 3.3 8.3 3.0 2.0 - 0.6 2.0
Dark Core 0.7 1.0 0.3 1.3 -~ 0.3 0.3
Purple-Pink (Hyacinth)
Zoned 9.7 6.0 1.0 13.7 0.7 0.7
Unzoned 9.3 12.0 3.3 11.0 19.0 4.7
Dark Core 1.3 1.3 0.0 9.3 5.3 1.3
Dark Brown-Black (Metamict)
Zoned 0.3 0.0 0.3 0.0 0.0 0.0
Unzone 2.3 2.0 3.3 0.7 2.7 0.0
Dark Core 1.0 0.7 2.3 1.3 2.3 0.0
Colourless
Zoned 1.3 0.3 0.3 0.0 0.0 0.0
Unzoned 2.3 4.0 3.1 0.3 1.0 0.7
Dark Core 0.0 0.3 0.0 1.0 0.0 0.0
Yellow
Zoned 0.3 0.3 0.0 0.0 0.0 0.0
Unzoned 0.3 ‘1.3 0.3 0.0 0.3 0.3
Dark Core 0.0 0.3 0.0 0.0 0.0 0.0

Tal 2 3.4 Varietal study of unbroken zircon grains (300 grain
counts, expressed in percentages).
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GEOCHRONOLOGICAL DATA

Hi« precision U-Pb zircon geochronology was conducted by Dr. D.W.
Davis at the 1ick Satterly Laboratory of the Royal Ontario Museum,
Toronto, to provide age dates for detrital zircons recovered from the
Quetico Metasediments in the Atikokan ine Centre area. High precision
zircon analyses result from application of the new air abrasion and
high gradient magnetic separation technique of Krough (1982). Zircon
grains were hand picked under the microscope in order to select clear
and uncracked specimens.

The resulting age dates can be used in the interpretation of
volcanic-plutonic-sedimentary relationships, stratigraphic succession,
and more generally, the evolution of the Archean crust (Davis and
Edwards, 1982). U-Pb zircon geochronology studies conducted in the
Wabigoon Subprovince include: thé Wabigoon-Manitou Lakes area (Davis et
al., 1982), the Kakagi Lake area (Davis and Edwards, 1982), the Savant
Lake-Crow Lake area (Davis and Trowell, 1982), the southern Rainy Lake
area (Davis et al., 1986), and the Lumby Lake area (Davis and Jackson,
in press). A U-Pb zircon geochronology study was conducted in the
Middle Shebandowan Lake area of the Wawa-Shebandowan Subprovince by
Corfu and Stott (1985). This work should be useful in correlating
across subprovince boundaries and should increase our understanding of
the relationships between the Wabigoon, the Quetico and the
Wawa-Shebandowan Subprovinces in this portion of the Superior
Subprovince.

U-Pb zircon geochronology has provided an absolute time framework
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for deposition of the Quetico Metasediments. Zircons recovered from
the Blalock pluton which intrudes into the Quetico Metasediments 24 km
southwest of the study area, defines a 2688 +4/-3 Ma minimum age for
sediment deposition (Davis, Pezzutto and 0jakangas, in preparation).
The youngest detrital zircons from * e Quetico Metasediments are in the
range of 2700+/-3 Ma; the oldest zircons are approximately 3004 Ma
(Davis, Pezzutto and Ojakangas, in preparation). These two ages
bracket the age of sediment deposition in the Quetico Subprovince. 1In
addition, provenance may be inferred by correlating concordant detrital
Zzircon age values recovered from the Quetico Subprovince wil ages of
volcanic and plutonic events dated in adjacent subprovinces.

U-Pb analyses of zircons from two felsic tuffs and a quartz
porphyry of the Lumby greenstone belt (30 km north of Atikokan), yield
ages of 2999 +/-1 Ma for emplacement of these felsic units. Zircons
from a unit within the Marmion Lake Tonalite in the same vicinity
contains zircons 3003 +/-5 Ma old. These dates correspond with values
from the oldest Quetico Subprovince zircons and these units must be
regarded as possible provenance sources. Geochronological data from
the Marmion Lake Tonalite are also interesting because they provide the
first firm evidence for extensive 3000 Ma crust in the southern
Superior province (Davis and Jackson, in press).

It is unusual that no ages in the range of 2720-2750 Ma have yet
been recovered from the Quetico Metasediments. This time period
apparently represents the period of most intense volcanism in the

Superior Province, based on dating in the greenstone belts. Perhaps
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Figure 3.11 U-Pb isotopic data for zircons from the Quetico
Metasediments. Error ellipses represent 95% confidence
levels (From Davis, Pezzutto and Ojakangas, in
preparation).
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their absence is a fluke of small sample statistics. The majority of

' the detrital zircons are younger, with a significant number having'ages
of 2699 +/-1 Ma. Their source may be a rhyolite tuff from the Boyer
Lake sequence in the Wabigoon and Manitou Lakes area which is dated at
2702 +14.6/-4.5 Ma (Davis, Blackburn and Krough, 1982); this felsic
tuff is located 80 km north of the study area. A felsic tuff from the
Kakagi Lake Group (160 km NW of the study area), was dated at 2711
+1.3/-1.2 Ma, whereas a quartz porphyry of the Berry Creek Complex in
the same area gives an age of 2713 +6.0/-4.0 Ma (Davis an Edwards,
1982). Both of these units are similar in age to the bulk of age dates
recorded from the Quetico Subprovince which commonly date at about 2710
Ma.

( viously correlation of this type is tentative since much work in
the Quetico Subpfovince is still being conducted. 1In addition, there
are numerous volcanic and plutonic units in bol the Wabigoon and the
Wawa Shebandowan Subprovinces that need to be di 2d. Geochronological
data from the Quetico Subprovince are forthcoming and it is hoped that
the resultsvw111 contain age dates in the 2720-2750 Ma range so that
more correlation can ! attempted. The results will be published in

the future (Davis, Pezzutto and 0jakangas, in preparation).
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Chapter 4
METAMORPHISM

The 10 to 100 km wide and 1200 km long broad]y'symmetrica1 Quetico
metasedimentary belt consists of marginal low-grade metasedimentary
rocks, with higher-grade schists, gneisses and plutonic rocks in the
interior (Mackasey et al., 1974; Pirie and Mackasey, 1978). The
metasedimentary rocks of the Quetico Subprovince are peli ic enough to
illustrate the nature of metamorphism from extremely low-grade
assemblages through a sequence of fairly low-pressure, medium-grade
'assemb1ages characterized by the presence of staurolite, andalusite and
garnet, into high-grade assemblages in the core with cordierite,
sillimanite, and granites of anatectic origin (Fig. 4.1).

Because this study deals wi' original mineralogical components
and sedimentary features of the Quetico Metasediments, only rocks of
greenschist facies and biotite grade metamorphism situated along the
Wabigoon and Quetico Subprovince boundary were studied. In the more
pelitic beds of the turbidite sequence in rocks of the lowest
metamorphic grade, the metamorphic mineral assemblage is sericite,
chlorite, quartz, and plagioclase (albite), with minor amounts of
carbonate, muscovite and epidote. This assemblage indicates that the
met. orphic grade falls into the chlorite zone of the greenschist
facies.

A short distance inward (southward) from the northern margin of
the Quetico Subprovince, 1iotite appears while chlorite and sericite

decreases in amount and eventually disappear. The presence of
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biotite-compatible assemblages roughly flanking Highway 11 suggests the
metamorphic grade increases southward from the northern margin to the
biotite zone of the greenschist facies.

Petrographic studies of samples obtained near the junction of
Highways 11 and 11B reveal the presence of randomly oriented
actinolite-tremolite. Previous work in the area (Stone et al., 1984)
has resul 2d in the definition of an amphibole isograd parallel to the
biotite isograd. The spatial relationship between the mineral zones is
roughly parallel, but this relationship is no doubt controlled by bulk
rock composition (Pirie and Mackasey, 1978).

In addition, metamorphic studies in the Spawe-Atikokan area by
McIlwaine and Hillary (1974) provide approximate locations of
additional metamorphic zones and garnet-andalusite isograds.

Fumerton’s (1981) work in the vicinity of Calm Lake, resulted in the
recognition of similar mineral assemblages near the western margin of
the present study area. Across the belt, the metamorphic zonation is
symmetrical, with east-west isograds parallel to the main layering and
foliation. The relationship suggests that metamorphism may have been
syntectonic (Borradaile, 1982). Table 4.1 presents the metamorphic
mineral assemblages of the study area.

In Quetico Provincial Park, to the southeast of the study area,
metamorphism grades southward from greenschist to amphibolite schist,
towards an interior mixture of paragneisses, small leuco-granite bodies
of anatectic origin, and the peraluminous Sturgeon Lake granite

batholith (Percival, Stern and Digel, 1985).
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North boundary of study area: 1) chlorite-sericite-
2) chlorite-sericite-carbonate
3) chlorite-sericite-muscovite
4) chlorite-sericite-epidote
5) chlorite-sericite-epidote-biotite
6) biotite-chlorite
7) biotite

South boundary of study area: 8) biotite-tremolite-actinolite-
garnet-andalusite

Table 4.1 Compatible metamorphic mineral assemblages in the study

area. All assemblages contain quartz and plagioclase.
(After Dutka, 1982).
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On the basis of metamorphic pelitic assemblages, Percival and
Stern (1984) concluded that metamorphism in the marginal schist in the
vicinity of Quetico Provincial Park took place under overburden less
than 10 km thick as a result of heat transport to the higher structural
levels by granitic plutons. Work in the area by Pirie and Mackasey
(1978), outlined the relative position of a prograde sequence of events
in the pelitic assemblages. Using the P-T diagram of Carmichael, their
work indicates a path of regional metamorphism extending from extremely
Tow-grade greenschist conditions along the belt margins through points
at 5500C at 3kb and 700° at 4.2kb to a maximum of over 7200 at
4.2kb. The significance of the metamorphic assemblages and the
significance of their contemporaneity to deformational events will be
discussed in Chapter 9 which deals with a tectonic model for the study

area.
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Chapter 5
STRUCTURAL GEOLOGY

The major structural feature in the study area is the Quetico |
fault (Fig. 1.1) which is interpreted as an Archean, steeply-dipping,
dextral, strike-slip fault. It separates the Wabigoon and Quetico
Subprovinces to the north and south re: actively, and extends from Lac
Des Mille Lacs north of Thunder Bay westward to beyond Rainy Lake, a
distance of more than 300 km.

The Quetico Subprovince has a linear form, the product of
isoclinal folding and strike-s1lip faulting (Card and Ciesielski,

1986). According to Borradaile (1982) and Kehlenbeck (1985), two and,
in some places, three generations of folds are recognized throughout
the Quetico metasedimentary belt. The geometry and orientation of
these structures indicate that an early period of gravitational
instability in the adjoining Shebandowan Subprovince produce recumbent
folds in the Quetico Subprovince with fold axial-surfaces that dipped
shallowly to the east or west (Sawyer, 1985). During this folding, a
schistosity (S;) was developed. This early schistosity is evidenced

by remnant crenulated biotite-rich laminae in localized areas where the
later axial-planar schistosity (S2) has been Tess strongly

developed. This early schistosity is exposed in samples taken along
Highway 11 near Ka: abowie, 70 km east of Atikokan (Sawyer, 1983).

In order to construct six stratigraphic sections, the attitudes of
various structural elements observed in the field were routinely

recorded. These include cleavage, younging directions,
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bedding-cleavage relationships and other 1ineations, and minor fold
asymmetry. Plate 1 presents the structural elements in the study area.

The two younging criteria used extensively in the study area are
graded-bedding and cross-bedding. Graded-bedding is observable in
almost all of the exposures. Cross-bedding is rarely observed but is a
reliable local younging indicator. Examples of both graded-bedding and
cross-bedding are presented in Chapter 2.

S-Surfaces

There are two planar fabric elements observable in outcrop,
bedding and cleavage. Bedding is designated Sg. Bedding is well
preserved in the fine-to medium-grained metagreywacke and slate and
less so in the metaconglomerate and pebbly metasandstone. The general
strike of the strata within the study area ranges from 065-095% and
the near-vertical dips vary 159 from vertical (Fig. 5.1). Younging
direction is dominantly to the ENE.

One dominant penetrative axial-planar cleavage (S2) is
well-developed, especially in the more argillaceous metasediments (Fig.
5.2). The penetrative cleavage appears as closely spaced discrete
parallel surfaces defined by the crystallographic orientation of the
phyllosilicates and preferfed dimensional orientation of framework
grains.

Within the orthoconglomerate, the cleavage is seen to deflect
around the larger, more competent clasts. In addition, less competent
clasts appear to be aligned with their long and intermediate axes

coj anar with the secondary cleavage.
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Figure 5.3 Equal area, lower hemisphere stereographic projection
of the intersection of bedding and axial-planar cleavage
(Sg/S2). Axial folds have variable plunges east and

west.
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Figure 5.5 Equal area, lower hemisphere stereographic projection of
the intersection of bedding and crenulation cleavage
(So/S3). The fold axes generally have variable
strikes and steep plunges.
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folds in the study area. The nomencl: .re used to describe minor fold
asymmetry is presented in Figure 5.7.

The minor folds are the result of the same episode of deformation
responsible for the major fc 1s as in icate by the presence of S»
cleavage which is axial planar to the minor folds. With the
understanding of the relationship between bedding and cleavage, and the
realization that this similar relationship exists throughout the entire
area, local bedding-cleavage relationships found in S, Z, M, or W folds
help to indicate the position of major folds in the area.

Second generation (F2) tight to isoclinal folds are
characteristic in the study area. Refolding of earlier folds cause
second generation fold structures to be either upwar -or
downward-facing depending upon the present exposure level (Sawyer,
1983; Fig. 5.8). Only three minor fold closures were observed in the

field and their attitudes are presented in Figure 5.9.
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Figure 5.7 Illustration of minor fold asymmetry in relation to major
fold structure (Modified from Davis, 1984).
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4 YOUNGING
DIRECTION

FACING
DIRECTION

pel

Figure 5.8 (A) F; fold showing normal and inverted limbs
together with vergence of associated minor folds.
(B) F; fold refolded by F2. Note the facing
directions depend upon the present exposure level
relative to the F; axial surface. Both illustrations
are cross sections (After Sawyer, 1983).
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Figure 5.9 Equal area, lower hemisphere stereographic projection of
three minor fold axes observed in the study area. The
folds plunge steeply to the east and west.
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Chapter 6
SEDIMENTATION AND ENVIRONMENT OF DEPOSITION

Tu=hidity Currents: Mechanics of Flow =< Deposition

Mass movements, consisting of sediment travelling down-slope under
the influence of gravity, are called sediment gravity flows (mass
flows). Sediment gravity flows are distinguished from gravity sliding
or slumping because sediment gravity flows contain extensive internal
deformation (Dott, 1963). In sediment gravity flows, it is the
sediment that is moved by gravity and the sediment motion is
responsible for the movement of the interstitial fluid (Middleton and
Hampton, 1973).

Sediment gravity flows are recognized by the nature of the
dominant sediment support mechanism. Four main categories are
recognized: 1) turbidity currents in which the sediment is supported by
fluid turbulence, 2) fluidized sediment flows in which sediment is
supported by the upward escape of fluid between grains, 3) grain flows,
in which the sediment is supporte by direct grain collision, and 4)
debris flows, in which the Targer grains are supported by a mixture of
sediment and fluid.

This classification is genetic and some of the proposed mechanisms
are hypothetical. In real sediment flows, more than one mechanism is
important, making the distinction between flow-types difficult.
Although turbidity currents have never been witnessed in a modern
marine environment, the resedimented facies association of greywacke

and interbedded shales in deep marine conditions can only e explained
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by turbidity currents with hemipelagic muds accumulating during the
intervals between turbidity currents.
History

e concept of tur idity currents 1ites back to observations by
Forel (1885) on the undercur: it formed by the Rhone River as it enters
Lake Geneva. Daly (1936), suggested that turbidity currents might have
flowed down the continental shelves and eroded submarine canyon§ during
low sea levels of the leistocene. Interest soon changed from their
erosive capacity to the capacity of turbidity currents to transport
sand and coarser sediments into deeper water, forming graded beds.
Kuenen (1950) produced graded beds in his laboratory. He later used
the experiments to explain graded beds in the Apennines (Kuenen and
Migliorini, 1950). Heezen and Ewing (1950) used turbidity currents to
explain broken telecommunication cables in the Atlantic.

Much of the knowledge of sedimentary structures and turbidity
facies was summarized by Bouma (1962). The "Bouma Sequence" outlines
the five sequences that are typical in a single complete greywacke bed
(Table 2.2). Some divisions may be missing from tops or bottoms of
individual beds which may start with any division. The proportions of
beds starting with the basal "A" sequence is partly influenced by the
distance the current has flowed (Walker, 1967). A package of
greywackes wii a paucity of "A" or "B" sequences may indicate distal
environments but care must be taken to ensure that one is not observing

overbank deposits.
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Mechanics of Deposition

Turbidity currents are surges that are often initiate by a sudden
event such as an earthquake or storm. Many turbidity currents
originate in submarine canyons and ive downslope away from the
source. At first they may be confined to canyons or to channels on the
fan surface but later the current spreads laterally on distal parts of
the submarine fan and basin floor (Middleton and Hampton, 1973).

As turbidity currents travel away from their sources, they develop
into flows that are divisible into four parts, each with its own
characteristic hydraulic behaviour: the head, the neck, the bc s and
the tail (Fig. 6.1). In a turbidity current, sediment surges forward
and upward through the head and back to the tail where it becomes
dilute and eventually Tost. Thus, the coarsest sediment is
progressively concentrated in the head. The head of a turbidity

‘current is a region of both erosion and deposition.

In turbidity currents, the main sediment-support mechanism is
turbulence which is generated along the flow boundary; the water moves
downslope because the contained sediment makes the current denser than
the overlying water. Once an event sets into motion a turbidity
current, it is possible that the turbidity current will travel for a
long distance because the sediment is held in suspension by
turbulence. Turbidity is generated by flow; flow is generated by the
downslope action of gravity acting upon a density difference. As a
result, there is a complete feedback Toop and the turbidity current can

travel for hundreds of miles because the energy lost to friction is
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Figure 6.1 Schematic division of a turbidity current into head,

neck, body and tail showing the flow pattern within
and around the head (After Middleton and Hampton,

1973).
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replaced by gravitational potential energy as the current moves
downslope.

The turbidity current concept is both simple and purposeful in
that it interprets each greywacke-siltstone-mudstone bed to be result
of a single short-lived event (Walker, 1984). The concept is extremely
purposeful because it ¢« ggests that the deposition of thousands of
graded greywacke beds, alternating with shales, is the result of
similar events. Once the beds have been deposited, they are unlikely
to be ero . According to Walker (1973), no similar volume of rock
can be interpreted so simply. The turbidity model accounts for graded
beds that Tack evidence of shallow water reworking. This model also
accounts for transported shallow water foraminifera in greywacke beds

in bathyal or abyssal environments.
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Sedimentation and Environment of Deposition

Pettijohn (1943) conducted the first study of Archean
sedimentation in the Superior Province, and concluded that the
reqularly interbedded sandstones and shales were varves. Since then,
many workers have used the turbidity current model to explain Archean
sandstone and slate sequences, such as Goodwin and Shklanka (1967) at
Bee Lake in Northwestern Ontario, and Walker and Pettijohn (1971) in
the Minnitaki Lake area of Northwestern Ontario.

- The importance of turbidity currents as the mode of transportation
and deposition of greywackes an interbedded shales on the continental
slope and on submarine fans is firmly established (Walker, 1975;
Normark, 1978). Their importance in the resedimentation of
volcanogenic detritus as volcanogenic greywacke in arc systems has also
been documented (0jakangas, 1§72a, 372b, 1985; Ayres, 1982;
Sigurdsson, 1982a, 1982b). Ojakangas (1985) reported that
sedimentation during Archean time was dominated by the resedimented
facies association of greywacke, interbedded shale and conglomerate,
possibly on submarine fans. 'Many Archean metasedimentary assemblages
are indicative of deposition on submarine fans. Slumping processes
with subsequent accumulation around the edges of rapidly growing
explosive submarine volcanic edifices is possible and does not
necessitate the presence of submarine fans (0jakangas, 1985).

The great thickness of metasedimentary sequences found in the
Canadian Shield reflects deposition in very deep subsiding troughs

flanked by volcanic areas. The absence of a "shelf facies" in the
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metasedimentary sequence suggests a steep coastal margin due to uplift
in the source area and downwarp of the basin (Goodwin, 1968). In the
proposed model, the presence of well-rounded boulders in the
conglomerate and the angular nature of detrital sand grains suggests
ri id erosion in an area of sub: intial relief. The detritus was
probably transported to the basin margin by high velocity streams.
There, the clastic sediments accumulated as temporary deposits on the
slopes of unstable basin margins, later to be jarre Tloose and
transported downslope as turbidity currents (Fig. 6.2). The turbidites
were deposited in de¢ water, as they lack any features indicative of
shallow agitated water such as ripples or medium-to large-scale
cross-bedding.

The metagreywacke, slate an biotite schists of the Quetico
Metasedimehts are characterized by moderate to poor sorting, subrounded
to angular grains, and a high percentage of matrix. In addition, they
contain sedimentary features attributable to turbidity current
deposition. It is the author’s intention to producé a depositional
environment model for these metasediments, but a Tack of conclusive
paleocurrent data, and the general absence of long unbroken and
. continuously expose stratigraphic sections due to isoclinal folding
and cover makes the complete interpretation of the depositional
environment of these rocks difficult.

Walker (1967), has proposed a set of criteria to indicate the
proximality of the turbidity current by using the Bouma model. The

Bouma model has been assembled from a 1irge number of examples and
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o and Braided Stream
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Subaqueous Fan Turbidites
and Conglomerates

Figure 6.2 Model showing the common environments of deposition of
some Archean sediments (After Ojakangas, 1985).
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literally thousands of beds. It acts as a norm with which to compare
individual beds, and as a framework with which to build general models
of fan morphology. Walker (1967), distinguishes between proximal and
distal sites based upon inferred flow regimes characterized as either
upper or lower (Tables 2.2, 6.1). Walker considers upper flow regimes
as proximal and lower low regimes as distal. The majority of the beds
" observed in the Atikokan-Mine Centre region are "classical™ facies "C"
and "D" turbidites of Walker (1967), and Mutti and Lucchi (1972; Table
6.2). Facies "C" turbidites have a Bouma A base, whereas facies "D"
turbidites have "base cut-out sequences" such as Bouma B, or DE. "Base
cut-out” sequences are indicative of distal environments and are common
in the western half of the study area. Also common in the western half
of the study area are uniformly bedded slate (facies "E" and "G" of
Walker, 1976; Mutti and Lucchi, 1972). Facies "E" ha§ a lower
sand/shale ratio and thinner beds than facies "D". Facies "G" beds are
pela¢ - and hemipelagic shales, which form from very dilute suspensions
(Walker, 1984).

In the eastern half of the study area, "classical" turbidites are
in close spatial relationship with pebbly sandstones (facies "A4"-
organized pebbly sandstone, and facies "~ "-massive sandstone without
dish structure). It is difficult to explain the spatial relationship
of fine and coarse sediments without a proper model. Thus, workers
have turned to Normark’s (1970) and Walker’s (1973) slope-submarine
fan-basin floor model to show the relationship between the various

facies associations.
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Table 6.1, Walkers's (1967) Comparison of Proximal to Distal

Proximal Beds

A)
B)
C)
D)
E)

F)

H)
I

J)

Beds thick.

Coarse-grained.

Individual sandstone beds
amalgamated to form thick

beds.

Turbidites

Distal Beds
-Beds thin.
-Fine-grained.

-Beds not amalgamated.

Beds irregular in thickness. -Beds parallel sided and regularly

Scours, washouts and
channels common.

Mudstone partings rare,
sand/silt ratio high.

eds graded or crudely
graded.

Many i sequences.

Laminations and ripples
rare.

Scour marks are more
common than tool marks.

bedded.

-Few small scours and no channels.

-Mudstone layers between sandstone
beds well developed, sand/silt
ratio Tow.

-Beds well graded.

-Few AE sequences.

-Laminations and ripples common.

-Tool marks are more common than
scours.
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Table 6.2

BASIC CLASSIFICATION OF TURBIDITE AND OTHER RESEDIMENTED

FACIES, BASED UPON MUTTI AND RICCI-LUCCHI (1972) AND

BOUMA

SEQUENCE
NOT

APPLICABLE

FACIES A

FACIES B

WALKER (1967, 1970)

Coarse-grained sandstone and conglomerate
Al sorganized conglomerate

A2 Organized con¢ »merate

A3 Disorganized pebbly sandstone

A4 Organized pebbly san ;tone

Medium-fine to coarse sandstone
Bl Massive sandstone with dish structure
B2 Massive sandstone without dish structure

RFNS CAN
I \SONABLY
BE
DESCRIBED
USING
THE BOUMA
SEQUENCE

FACIES C

FACIES D

Medium to fine sandstone "classical" proximal
turbidites beginning with Bouma's division A.

Fine and very fine sandstones, siltstones,
classical distal turbidites beginning with
Bouma’s division B or C.

C-D FACIES SPECTRUM (can be described using the ABC

FACIES E

index of Walker, 1967).

Similar to D, but lower sand/shale ratios
and thinner more regular beds.

BOUMA

SEQUENCES
NOT

APPLICABLE

ACIES F

FACIES G

Chaotic deposits formed by downslope mass
movements, e.g. slumps.

Pelagic and hemipelagic : 1iles and marls,
deposits of very dilute suspensions.
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Normark®s (1970) general modern submarine fan model consists of
three parts: a leveed valley on the upper fan, a mid-fan built up of
suprafan lobes that periodically shifted position, and a flat lower fan
wi- out channels (Fig. 6.3). Walker (1973) introduced an integrated
facies model for submarine fans in order to predict the distribution of
"classical" turbidites and associated coarse clastic sediments.

Normark and Walker have suggested that large submarine fans may have
coalesced to form a continental rise. Figure 6.4 presents Walker’s
(1973) submarine abyssal plain fan model showing the relationship
between various facies associations and}paleocurrent directions.

"Classical" turbidites, as evident in the Quetico Metasediments,
are spectacularly paralliel bedded and unchanneled. They are assigned
to the smooth fan environments, he smooth outer parts of suprafan
lobes, Tower fan and basin plain (Walker, 1984). Beds change from
relatively coarse and thickly bedded with "A" bases (indicative of high
velocity), to beds that are finer-grained, and thinner with common "B"
or "D" bases. Increasing numbers of ' " or " bases is indicative of
increased distance from the source.

Massive and pebbly sandstone units in the study area are commonly
channelized and are hence assigned to the channelized fan environment.
This facies typically occurs toward the inner fan channel. 1is fan
facies is not common in 1 e study area and is generally restricted to a
small area a few kilometers west of the HighwayvllB turnoff.

Along with "classical" turbidites and massive pebbly sandstone,

other facies found in deep water include clast-supported conglomerate
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Figure 6.3 Idealized slope-fan-basin floor system showing

relationships between the various facies associations,
and possible paleocurrent directions. Zonation of the
fan into Upper (inner), Middle and Lower (outer)
segments is shown, with a suprafan developed in the
middle fan area. The suprafan itself is subdivided
into an upper channelized segment and a Tower segment
consisting of depositional lobes. Inset diagram is
reproduced from Normark (1970), (From Walker and Mutti,
1973).
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Figure 6;4

Submarine fan environment model illustrating where the
various facies fit into the morphological parts of the
fan (From Walker, 1973).
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and chaotic matrix-supported conglomerate. These facies are not as
common as the "classical” turbidites. One orthoconglomerate bed was
observed 1.5 km west of the HWY 11B turnoff. In Walker’s (1973) fan
model, conglomerate (if supplied to the basin), tends to occur in the
inner-fan or as lag in some of the distributary channels.

In the western half of the study area, interbedded metamorphosed
siltstone and mudstone {slate) are much more common than to the east.
Here Bouma sequences beginning with the Tower "A" or "B" sequence are
less cc¢ 1on than to the east (Table 2.1, Table 2.2). The flow regime
of a turbidity current depends upon initial velocity, distance
travelled, and sediment Toad of the current. The interbedded
metamorphosed siltstones and mudstones are 1likely Bouma "DE" beds, the
product of turbidity currents in distal locations relative to their
source..Host of the mudstones are probably beds which formed from the
slow "rain-out" of hemipelagic mud over long periods between turbidity
currents, taking centuries to form (Walker, 1984). Figure 6.5 provides
the Tocation of the six stratigraphic sections in the study area.
Figures 6.6 to 6.11 illustrate the stratigraphic sections arranged east
to west. These figures are diagrammatic and are not drawn to scale.
Figure 6.12 is a bed-to-bed detailed study of one part of stratigraphic
section 3; figure 6.13 is a bed-to-bed detailed study of a section of
stratigraphic section 5. Note how the stratigri hic sections become
more mud-rich to the west.

In addition to the previous lithologies, gross stratigraphic

aspects such as progressive fining-up sequences may reflect Tocation on
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LEGEND

Beds dominant y Bouma / type.

Beds dominantly Bouma A type.

Beds dominantly B« 1a B type.

Beds dominantly Bouma ABE type.

Beds dominantly Bouma DE type.

Beds dominantly mudstone-siltstone packa :@s.
Beds dominantly pebbly sandstone.

E Beds dominantly orthoconglomerate.

Gap in sec nce.

Legend for stratigraphic sections 1A, 1B, 2, 3, 4, 5 and Figures
6.12 and 6.13.
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Figure 6.6 Details for stratigraphic section 1A, located along
HWY 11B, immediately north of turnoff to Atikokan.
The figure is diagrammatic and is not drawn to scale.
Legend is on page 113a.
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Figure 6.7 Details for stratigraphic section 1B, located on
HWY 11B, 1.5 km north of turnoff to Atikokan. The
figure is diagrammatic and is not drawn to scale.
Legend is on page 1l3a.
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Figure 6.8 Details for stratigraphic section 2, located along HWY
11B, 3 km north of turnoff to Atikokan. The figure is
diagrammatic and is not drawn to scale. Legend is on

page 113a.
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Details for stratigraphic section 3, located on HWY
11, 3 km west of the Atikokan turnoff. The figure is
diagrammatic and is not drawn to scale. Legend is on

page 113a.

Figure 6.9
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Figure 6.10 Details for stratigraphic section 4, located on HWY

11, 2 km east of where the Quetico fault crosses HWY
11. The figure is diagrammatic and is not drawn to
sc: 2., Legend is on page 113a.
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Figure 6.11 Details for stratigraphic section 5, located on HWY
11 immediately east of where the Quetico fault crosses
HWY 11. The figure is diagrammatic and is not drawn
to scale. Legend is on page 113a.
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