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ABSTRACT

Kilohigok Basin is an Early Proterozoic sedimentary basin on the eastern margin of
the Slave Province that records the collision and thrusting of the Rae Province over the Slave
Province between 1.9-2.0 Ga. Kilohigok Basin developed as a continental foredeep during
this collision, and Thelon Orogen, on the leading edge of the Rae Province, was the contem-
poraneous metamorphic-plutonic hinterland. A vast granulite gneiss terrane in the Rae
Province, behind Thelon Orogen, called Queen Maud block, may be the deep crustal rem-
nant of a large plateau uplifted in response to the collision. Thelon Orogen and Queen
Maud block are probably the source of much of the detritus preserved in Kilohigok Basin.

In order to document the tectonic history sketched above, this study takes three
complementary approaches to understanding the syn-orogenic siliciclastic deposits in
Kilohigok Basin, with special emphasis placed on the thick, largely alluvial deposits that
dominate the foreland basin fill. First, a sedimentological study differentiates marine from
non-marine facies. Second, this facies scheme is used to identify unconformities within the
largely alluvial succession in order to show the shifting of loads imposed on the Slave Prov-
ince. Finally, the provenance of the sandstones within Kilohigok Basin is assessed through
the use of sandstone and conglomerate petrography, paleocurrent data, and U-Pb dating of
detrital zircons to improve intra- and interbasinal correlations and document changing
composition and age of source areas contributing to Kilohigok Basin.

Physical sedimentologic criteria show that the alluvial system was a sandy braided
stream and braid delta system that interfingered with low-energy, wave-influenced siliciclastic
shelf facies on its distal margin. Based on the large lateral extent of sandy facies, lack of any
muddy facies, low textural maturity, and the size and hierarchy of bedforms, we believe that
the alluvial system was high energy and had high discharge probably caused by humid
perennial or monsoonal climate in the source area.

The stratigraphic data show that initially the alluvial system drained longitudinally
and was restricted to the proximal part of the basin between Thelon Orogen and a syn-
depositional flexural arch that lay on the Slave craton. These initial foreland basin deposits
have a highly tapered, wedge-shaped geometry. A distinct shift to transverse paleocurrent
mode heralds the onset of the progradation of braided alluvial facies onto the craton. Alluvial
facies abruptly shift 150 km across the entire Slave craton and shed detritus into the coeval
passive margin in Wopmay Orogen. The transverse alluvial paleocurrent mode persisted
throughout the rest of alluvial sedimentation. The geometry of the upper, mostly alluvial
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part of the foredeep is much more tabular-shaped than the underlying initial foredeep
deposits. The tabular geometry of the upper alluvial unit and the persistent transverse alluvial
paleocurrents strongly suggest that subsidence was much more uniform across the foredeep
during the main phase of alluvial sedimentation. Erosion of the hinterland supplied the
voluminous siliciclastic detritus and subsequent isostatic rebound of the hinterland drove the
extensive progradation. Humid climate, perhaps amplified by the topography of the Thelon
mountain front, may have enhanced the erosion of the mountain belt, supplying more
sediment to the basin, and leading to steep metamorphic gradients along the orogenic front.

Two independent flexural arches existed on the opposite margins of the Slave Prov-
ince throughout most of the foreland basin phase. The arch closest to Thelon Orogen was
caused by the loading of the margin of Slave Province by the over-riding Rae Province. The
other flexural arch, on the western edge of the Kilohigok Basin, relates to the sediment load
of a coeval passive margin in Wopmay Orogen with which the alluvial foreland basin depos-
its interfingered. During late alluvial sedimentation, the two previously independent flexural
arches may have migrated and yoked together to form a single flexural arch in the middle of
the Slave Province. This migration probably relates to imposition of the syn-orogenic sedi-
ment load and the cooling and strengthening of the passive margin lithosphere in Wopmay
Orogen. An additional driving force is required to account for all the cratonic subsidence,
perhaps related to dynamic effects of the collision of Slave and Rae Provinces.

Provenance information provides key constraints for correlations and models for the
evolution of Kilohigok Basin and Thelon Orogen. Sandstone and conglomerate clast compo-
sition, paleocurrents, and the geochronology of detrital zircons document major source area
shifts during the evolution of Kilohigok Basin. Passive margin sedimentary rocks underlying
the foredeep deposits were derived from the interior of the Slave craton and had a Middle
Archean (>3.3 Ga) detrital component. Initial marine and longitudinally-draining braid delta
facies in the proximal foreland basin are subarkosic and were derived from Late Archean
(2.6-2.7 Ga) plutonic and metamorphic sources along strike, probably within the Slave
Province. The shift to transversely draining braided alluvial facies is accompanied by distinct
changes to sublitharenite composition, an increasing component of metamorphic grains and
clasts, and the introduction of detrital zircons of two distinct Early Proterozoic ages: one age
synchronous with peak metamorphism and deformation in Thelon Orogen (1.97-1.99 Ga)
and an older 2.3-2.4 Ga component. Zircon inheritance ages and our preliminary sampling
from basement rocks in Queen Maud block suggest that these the older Proterozoic ages
probably derive from Queen Maud block. This means that both Thelon Orogen and Queen
Maud block provided the bulk of the detritus preserved in the main alluvial interval of
Kilohigok Basin. Feldspar content increases markedly upward, probably indicating the input
of more plutonic sources. The presence of Early Proterozoic zircons near the base of the
alluvial succession in the distal foreland confirms correlations to the middle of the alluvial
interval in the proximal part of the basin. Similar age Early Proterozoic detrital zircons in
‘Wopmay Orogen confirm correlations between late alluvial sediments in Kilohigok Basin
and initial foreland basin deposits in Wopmay Orogen.
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Frontispiece

It differs remarkably from the main shore in being very rugged, rocky and sterile..

John Richardson’s description, on Sat. 4 August 1821, of the Tinney Hills,
Bathurst Inlet, N.W.T., Canada, which are held up by the sandstone of the
Burnside Formation, the subject of much of this thesis. Quoted in C.S. Houston,

1984. Arctic Ordeal: The journal of John Richardson, surgeon-naturalist with
Franklin, 1820-1822.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

In Precambrian rocks in which fauna is lacking and soils seem much less common,

it may often be difficult to distinguish between fluvial and shallow marine deposits
in thick sandstone formations.

J.D. Collinson, 1986. Alluvial Sediments, in, H.G. Reading (ed.), Sedimentary
Environments and Facies (2nd Ed.), p. 44.

ooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooo

One can learn much from a river. From the river I have learned too: everything
comes back.

Herman Hesse, Siddhartha
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Introduction

The study of sedimentary basins is a key clement in order to understand of the long term
evolution of the earth, because sedimentary basins are proxies for many of the processes that occur
on the surface of and within the earth. For example, sedimentary rocks are the only record of
climate change through time and the geometry of sedimentary basin fill reflects the dynamic
processes that cause basins to subside. The understanding of sedimentary basins has been greatly
enhanced during the past 20 years through that application of a combination of methods. These
mainly have occurred through the advent of geodynamic models that seek to explain the physical
processes that form the basins, new models for the formation of large scale stratigraphic packages,
and the use of geochemical techniques to date strata and determine the chemical conditions that
effect basins at various stages in their evolution.

In the following chapters sedimentologic, stratigraphic, petrographic, and isotopic
techniques will be used to try to understand the history of an exceptionally well preserved Early
Proterozoic foreland basin.

Advances in sedimentary basin analysis

The first big push in geodynamic models came from the study of the thermally controlled
contractional subsidence of mid-ocean ridges. These models were subsequently extended to
modern passive margins (Watts and Ryan, 1976; McKenzie, 1978) and later ancient passive
margin deposits (Armin and Mayer, 1983; Bond and Kominz, 1984) to quantify the magnitude
of the tectonic forces that drive basin subsidence and the timing of that subsidence.

Bally et al. (1966) first suggested that foreland basins were the product of thrust loading
of the lithosphere in the adjacent mountain belt. Beaumont (1981) and Jordan (1981) first
applicd clastic plate flexure models to the explain the subsidence of foreland basins. These were
the first studies to demonstrate the potential for relating basin fill geometry to the rheology of
the lithosphere below the basin and the location and magnitude of orogenic loads. From the
outset, though, the nature of the rheologic models have been a subject of debate. Beaumont
(1981) required a viscous rheology to explain the stratigraphic evolution of the Canadian Rocky
Mountain foreland basin, while Jordan (1981) was able to invoke a purely elastic one for the
Idaho-Wyoming foreland. Subsequent geodynamic models that used observed modern orogenic
loads and gravity anomalies could not account always account for preserved stratigraphic
thicknesses in the adjacent foreland basins (Karner and Watts, 1983; Royden and Karner, 1984;
Lyon-Caen and Molnar, 1985; Royden et al., 1987; Moretti and Royden, 1988). These studies
demonstrated thatadditional cryptic or “hidden” tectonic loads, such as the weight of subducting
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plate, can augment basin subsidence driven only partly by thrust loading in the orogenic belt.

More recent studies began to address the more subtle questions of what are the relations
between a dynamically growing and eroding orogenic wedge and foreland basin filling (Sched!
and Wiltschko, 1984; Karner, 1986; Flemings and Jordan, 1987; Flemings and Jordan, 1989;
Beaumont et al., 1990; Beaumont and Hamilton, 1990; Beaumont et al., 1992). These workers
have suggested that the architecture of basin fill and the distribution of unconformities within
basins place important constraints on models for the evolution of foreland basins and their
associated orogenic belts. By extension, comparing the architecture of foreland basin strara of
various ages, it may be possible to gain insights into the long-term evolution of the continental
lithosphere. Growzinger and Royden (1990) undertook such a comparison. The most recently
developed computer models employ three-dimensional, dynamically deforming orogenic wedges
that are coupled to physically based precipitation and surface erosion models (Beaumont et al.,
1990; Johnson and Beaumont, 1990; Beaumontetal., 1992). These models show the remarkable
result that the evolution of orogenic belts may be greatly modified or entirely controlled by
climatic effects imposed on or created by the growing orogenic wedge.

Looking to the sedimentary fill of basins, stratigraphy has been revolutionized by the
development of sequence stratigraphic techniques (Sloss, 1963; Vail et al., 1977; Haq et al,,
1987; Van Wagoner et al., 1988). Sequence stratigraphy divides basin fill into unconformity-
bounded packages. This means that each sequence has chronostratigraphic significance in that
all strata above a given sequence everywhere must be younger than the sequence below. The key
clement of this method is that it is a geometric method derived from the pattern of how strata
terminate against one another. In other words, this method is independent of, but testable by,
other geochronologic methods, such as biostratigraphy and isotope geochronology. It is the
geometric nature of sequence stratigraphic principles that make them such a promising tool for
time-stratigraphy, intrabasinal correlation, and the resolution of the geometry of stratal packages
in Precambrian basins (Christie-Blick et al., 1988; Bowring and Grotzinger, 1992). The
definition of depositional sequences in Precambrian foreland basins may make it possible to
make qualitative and quantitative comparisons with Phanerozoic basins (Grotzinger and
Royden, 1990). These sequences can be calibrated in absolute time where datable volcanic ash
beds occur, often with precision rivaling that of Phanerozoic successions (Krogh, 1973; Krogh,
1982), so that absolute chronostratigraphy may be established (Bowring and Growzinger, 1992).
However, the relative chronostratigraphy established by sequence stratigraphy remains a useful
framework, independent of geochronologic methods.

The developments in isotopic geochemical methods has been an absolutely critical
element to the understanding of the evolution of orogenic belts and sedimentary basins. In
particular, advances in the instrumentation and in U-Pb isotopic methods spearheaded by Krogh
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(1973; 1982) have led to extremely high precision age determinations for rocks of any age. This
has been especially critical to the study of Precambrian areas in two ways. First, this has allowed
the dating of the crust that underlies or abuts the sedimentary basins, constraining the age of
orogenic activity and bracketing the age of deposition in the sedimentary basins. Second, dating

- of volcanic material intercalated within sedimentary sequences provides absolute time control
within the basins and can calibrate and test stratigraphic models for the basin. Finally, dating
detrital minerals within siliciclastic successions can constrain the age and identity of source areas
that contributed to the basin. This method of assessing provenance is a powerful complement
to conventionally employed methods.

The Early Proterozoic (1.9-2.0 Ga) Kilohigok Basin

The Early Proterozoic Kilohigok Basin in the northwestern Canadian Shield provides a
superb setting in which to employ these tools to assess basin evolution because of exceptionally
complete exposure of sedimentary rocks, the ability to divide the stratigraphy into unconformity-
bounded depositional sequences, and the presence of zircon-bearing tuff beds that allow U-Pb
geochronolgy to place absolute age constraints on the depositional sequences (Bowring and
Grotzinger, 1992). This paper investigates the implications of the architecture of alluvial facies
within this foreland basin and the detritus contained within it for understanding the Slave-Rae
collision that occurred at about 2.0 Ga. This study addresses three main issues. First, this study
defines how to identify marine versus nonmarine siliciclastic facies. Using this information,
unconformities can be identified within the unfossiliferous rocks. The second part of this study
secks to show how the distribution of large-scale unconformities in an alluvial sequence in
foreland basins reflects fundamental shifts in subsidence and sedimentation patterns derived
from the feedback between growth of the orogenic belt and climatically-modulated erosion,
transport, and deposition of synorogenic detritus. Finally, the nature of the syn-orogenic detritus
within the foreland basin provides critical information on the character and evolution of the
sources areas that contributed clastic material. In particular, geochronologic data from detrital
zircons test the validity of correlations within Kilohigok Basin, between Kilohigok Basin and the
coeval Wopmay Orogen on the other side of the Slave Province, and helps test tectonic models
for the collision between the Slave and Rae Provinces that created the Kilohigok Basin.
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Previous work

MGlohigok Basin-a part of the Canadian Shield: early reconnalssance studies

The first geological description of the rocks in the Kilohigok Basin were by Richardson
in 1823 (Houston, 1984), quoted in the frontispiece, who described the topographic expression
of the hills held up by alluvial foreland basin fill. In addition, he described a distinctive
conglomerate horizon that is now recognized within this alluvial sequence that contain abundant
intraformational syn-orogenic clasts.

The Canadian Arctic Expedition of 1913-1918 was the first reconnaissance study that
described the rocks of the area and, in particular, named the Precambrian sedimentary rocks
(O’Neill, 1924). They described and named the “Goulburn Quartzite”, but it appears from the
description that Middle Proterozoic rocks that unconformably overlap the Goulburn Supergroup
were lumped in the Goulburn Quartuzite. A post-World War II expedition found quartzites on
Victoria Island and assigned them to the Goulburn Quartzite in the sense used by O’Neill
(Washburn, 1947). These quartzites are now recognized as correlatives of Goulburn Supergroup
strata (Campbell and Cecile, 1979). In addition to geological information, the Candian Arctic
Expedition collected geographic and cultural information, including Inuit names for places and
objects. The name Kilohigok derives from the Inuit word Kilusiktok, that means the country
about the western and southern side of Arctic Sound, literally, “the place that lies behind or
inland”.

The first modern geological studies of this area began with the massive helicopter “siege
mapping” projects conducted by the Geological Survey of Canada in the 1950’s and 1960’s to
inventory the geological resources of the vast rerra incognita of northern Canada. These studies
led to broad subdivisions of the northwestern Canadian shield (Fraser, 1964; Fraser and
Tremblay, 1969; Fraser, 1978; Heywood and Schau, 1978). Stockwell (1964) first assigned the
Goulburn strata to Aphebian (Early Proterozoic) age. -

More focused studies at regional map-sheet scale led to the first gross lithologic
subdivision of the stratigraphy of Kilohigok Basin (Bostock, 1965; Tremblay, 1967; Tremblay,
1968; Tremblay, 1971). The Goulburn sediments were raised to group status and correlated,
fairly accurately, with their equivalents in what is now known as Wopmay Orogen (Fraser and
Tremblay, 1969). The stratigraphic subdivisions established by Fraser and Tremblay are the basis
for the current stratigraphic subdivision of the Goulburn Supergroup.

Tremblay made one key lithologic miscorrelation that led indirectly to the current
project in Kilohigok Basin and this error was propagated by later investigators. He correlated
dolomitic rocks on the westernmost end of Kilohigok Basin with the Kuuvik Formation
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carbonate platform found farther to the east. The import of this miscorrelation is discussed
below.

The fog descends: initial sedimentary basin studies and aulacogen models

The first sedimentological study of the Early Proterozoic basins that ring the Slave
Province began in the late 1960’s with the landmark study by Paul Hoffman of marvelously
preserved strata in the East Arm of Great Slave Lake (Hoffman, 1969), now known as
Athapuscow Basin. Not satisfied with having an entire sedimentary basin to himself, Hoffman
proceeded to extend his studies into Wopmay Orogen, arguably one of the best exposed and best
studied orogenic belts of any age. Based on the superb exposure of a wide range of crustal levels,
he rightly comments that “there is no reason for shield geologists to suffer ‘mountain envy’ ”
(Hoffman et al., 1988).

In the mid 1970’s, Campbell and Cecile began the first project specifically aimed at the
Proterozoic strata in Kilohigok Basin (Campbell and Cecile, 1976; Cecile, 1976; Campbell,
1979; Campbell and Cecile, 1981). They conducted the first modern sedimentological studies
in the basin and erected a much more detailed stratigraphic subdivision, but their formation
boundaries remained identical to those established earlier. As alluded to above, they maintained
the correlation of dolomitic rocks in the west to the Kuuvik carbonate platform proposed by
Tremblay.

Hoffman (1973) interpreted the evolution of all three of the circum-Slave basins in terms
of modern, actualistic tectonics, which he amplified upon later (Hoffman et al., 1974). In
particular, he interpreted Kilohigok basin to be one of two aulacogens related to rifting in
Wopmay Orogen (Hoffman, 1973; Hoffman, 1980). This interpretation was based on the linear
trend of the basin, its association with a high-angle fault system, and thick succession of sediments
recognized as correlatives to sequences in Athapuscow “Aulacogen” and Wopmay Orogen.
However, citing the lack of evidence for extensive growth faulting and volcanism, Campbell and
Cecile (1981) interpreted the basin as a northwest trending intracratonic trough, developed as
a splay off of a hypothetical aulacogen to the north of Kilohigok basin, the Taktu aulacogen;
Takru is the Inuit word for fog, which seems appropriate given the cryptic nature of this inferred
structure. The hypothetical aulacogen was believed to open westward into the passive margin of
Wopmay Orogen. The splay (Kilohigok Basin) was believed to have formed during eastward
propagation of the inferred aulacogen. The driving mechanism of splay subsidence was
unspecified.

Paleomagnetic studies from all three circum-Slave basins suggest that in the Early
Proterozoic these basins lay at tropical latitudes (Evans and Hoye, 1981; McGlynn and Irving,
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1981). The data for all stratigraphic intervals sampled is relatively well clustered, except for one
point in the lower part of the foreland basin strata of Kilohigok Basin. This suggests that a long
time gap may lie between lower marine and upper alluvial foreland basin sediments in Kilohigok
Basin and that they were deposited considerably before those in Wopmay Orogen or Athapuscow
Basin. We now believe that the alluvial sediments correlate with the lowermost sediments in
Wopmay Orogen.

The overwheiming woight of data: reinterpretation of IGiokigok Basin and Thelon Oroges ss
products of Siave-Rae collision

A combination of sedimentologic and stratigraphic, structural, geochronologic, and
geophysical data showed that the original models for Kilohigok Basin were untenable and led
directly to this project.

One key piece of evidence Campbell and Cecile (1981) appear to ignore in constructing
their tectonic model is that the main alluvial sediments in Kilohigok Basin flow away from the
zone of maximum subsidence. This is incompatible with extensional or strike-slip basin models.
It is a common component of alluvial foreland basins, however.

The study of the sedimentary prism in the external zone of Wopmay Orogen that the
passive margin carbonate platform is much narrower than those in Phanerozoic passive margin
sequences (Growzinger, 1985). Also, there is abundant siliciclastic detritus in lagoonal facies that
coarsens and thickens towards the craton. Finally, there are some notable intervals within the
carbonate platform that indicate relative sea level rises and backstepping of the carbonate facies
towards the craton and towards Kilohigok Basin.

The incident that led to this project occurred when Hoffman and Grotzinger made a
reconnaissance trip across Kilohigok Basin. In the outcrops closest to Wopmay Orogen they
found dolomitic units that matched those found in the carbonate platform of Wopmay Orogen
(Hoffman et al., 1984). Also, they noted that these carbonate units are sandwiched within the
siliciclastic alluvial wedge that Campbell and Cecile (1981) showed drained to the west. Here lay
the explanation for siliciclastic detritus in the passive margin of Wopmay Orogen. Furthermore,
examination of Goulburn outcrops in the eastern side of the Slave Province led Hoffman and
Grotzinger to speculate that the alluvial wedge represented foreland basin deposits caused by the
unroofing of Thelon Orogen. At the time, Thelon Orogen was thought to be an Archean
deformation zone that, at best, was reactivated in the Early Proterozoic; this was before any U-
Pb geochronological data existed for the area. Hoffman then returned to the Geological Survey
of Cananda in Ortawa, convinced John McGlynn to take funding from a graduate student from
V.P.L who had started a sedimentologic field study in Kilohigok Basin, and redirect the money
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to Grouzinger. Independently, Rein Tirrul pointed out some unusual structural relations in the
proximal part of Kilohigok Basin as mapped by Campbell and Cecile (1976) that he thought
might be more characteristic of thrust faults that verged away from Thelon Orogen.

Based on these observations, two independent projects were begun in Kilohigok Basin:
one structural geology project in southeastern tip by Tirrul, and a sedimentologic and
stratigraphic project of the entire Kilohigok Basin by Grotzinger. The problem that motivated
both these projects was to demonstrate whether there was a link between deformation in Thelon
Orogen and the evolution of the sedimentary basins in the Slave Province. Tirrul discovered that
the proximal 20 km of the basin was a foreland thrust-fold belt that experienced about 60%
shortening (Tirrul, 1985; Tirrul and Growzinger, 1990). The presence of a ductile sole thrust
above the basement-cover contact in Kilohigok Basin and the existence of outliers of Goulburn
Supergroup rocks between Kilohigok Basin and Thelon Orogen led Tirrul and Grotzinger
(1990) to speculate that the thrusts probably root in the Thelon Orogen. Growzinger found
stratigraphic evidence for the Kilohigok Basin contained a short-lived passive margin sequence
that was drowned on its outer margin and uparched and erosionally truncated to basement on
the cratonic side (Growzinger and Gall, 1986). These and other data led them to conclude that
the bulk of Goulburn Supergroup strata represented foreland basin. Paleocurrents in the
overlying alluvial strata indicate derivation from the direction of Thelon Orogen. U-Pb
geochronologic work on volcanic ash beds and detrital zircons within Kilohigok Basin by Sam
Bowring have provided an essential link between Thelon Orogen, Kilohigok Basin, and
Wopmay Orogen (Bowring and Grotzinger, 1992).

Despite the contention by early workers that Thelon Orogen was largely an Archean
feature (Thompson and Frey, 1984; Thompson et al., 1985; Thompson et al., 1986), U-Pb
geochronology ultimately showed that all of the high grade metamorphism, deformation, and
igneous activity occurred between 1.9-2.0 Ga (Culshaw, 1984; van Breemen et al., 1986; van
Breemen et al., 1987a; van Breemen et al., 1987b; van Breemen et al., 1987c¢; van Breemen et
al., 1987d; James et al., 1988; van Breeman et al., 1990; van Breeman and Henderson, 1991).
A temporally equivalent continental magmatic arc lies south of the Slave Province, offset by a
contemporancous ductile transcurrent shear zone, and appears to be the lateral continuation of
Thelon Orogen (Bostock et al., 1987a; Bostock et al., 1987b; Bostock and Loveridge, 1988; van
Breemen et al., 1992).

Proterozoic collision and suturing between Slave and Rae Provinces was actually
proposed in the 1970’s by Gibb and his co-workers based on offsets in magnetic anomalies and
paired gravity anomalies across the Thelon metamorphic front (Thomas et al., 1976; Gibb and
Thomas, 1977; Gibb, 1978). Gibb (1978) interpreted the conjugate transcurrent Bathurst and
McDonald fault systems to be analogous to the rigid indentor model proposed for the Himalayan
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situation. Accumulated geochronological data showed that the transcurrent faulting actually
postdates much of the collision along the southern and eastern margin of Slave Province. Hanmer
and co-workers showed that earlier ductile transcurrent faulting existed along the Great Slave
Lake shearzone that turns out to be coeval with Thelon Orogen and the Taltson Magmatic Zone
(Hanmer and Lucas, 1985; van Breeman et al., 1990). Given the isotopic, structural, and
geophysical data gathered in the 1980’s, Hoffman (1987) resurrected the Himalayan analogy for
Slave-Rae collision in order to explain the contemporancous ductile deformation, high grade
metamorphism, igneous activity, and, of course, the sedimentary basins preserved on the Slave
Province. Part of this study tests this Himalayan model.

Based on recent syntheses of the plethora of recent geologic and geochronologic data
from the Precambrian of North America and Canada, in particular, Hoffman (1988; Hoffman,
1989) has demonstrated that the Early Proterozoic witnessed the aggregation of myriad Archean
continental nuclei into Laurentia over a relatively short span of time, 2.0 to 1.8 Ga. This appears
to document the assembly of the oldest supercontinent in the Proterozoic. It appears that the
Slave and Rae Provinces were the first such microcontinents to collide in this vast accretionary
event.

Impetus for this study

This study of the alluvial elements of the foreland basin of Kilohigok Basin is important
because it records the sedimentologic response to the Early Proterozoic collision between the
Slave and Rae Provinces along the Thelon Orogen. The geometry of the alluvial fill reflects
dynamic evolution of this orogenic belt and composition of the fill reflects the evolving drainage
along and within Thelon Orogen and the adjacent Rac Province. These sedimentologic,
stratigraphic, and provenance data provide key tests for geodynamic models for the evolution of
Kilohigok Basin, Wopmay Orogen, and Thelon Orogen.

This study attemptsan integrated approach to assess the history of the Kilohigok foreland
basin. First, the detailed sedimentology of the shallow marine and alluvial facies of the Burnside
Formation aredescribed andinterpreted. Thisenvironmental dataisakey elementin understanding
the stratigraphic architecture of the alluvial wedge that derived from the adjacent orogen. This
architecture allows interpretation of the how the basin and the adjacent orogen evolved. F inally,
building on the sedimentologic and stratigraphic framework, the provenance of the foreland
basin fill is assessed through the sandstone and gravel petrography, paleocurrents, and dating of
detrital zircons within the sandstones. This shows how the drainage of the foreland basin evolved
and what were the age and location of source areas that contributed to the extensive alluvial basin
fill.
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Chapter 1:
Distinction of Marine from Alluvial Facies in the Early
Proterozoic (1.9 Ga) Bumnside Formation, Kilohigok Basin,
N.W.T,, Canada

Abstract

The Burnside Formation records the shift from marine shelf to largely alluvial
conditions in the Early Proterozoic (ca. 1.9 Ga) Kilohigok foreland basin in the northwest
Canadian Shield. The Burnside Formation is a thick (up to 3.5 km), northwest-tapering
siliciclastic wedge, representing a sandy braid delta and braided alluvial system that
prograded northwest across the Archean Slave craton. Criteria have been developed to
distinguish shallow marine from alluvial facies allowing construction of a stratigraphic
framework for this unfossiliferous, alluvially dominated succession.

The sandy alluvial system prograded over a storm-influenced fine-grained siliciclastic
shelf. Shelf associations can be divided into siltstone-dominated and mixed siltstone-
sandstone. The siltstone-dominated association comprises facies ranging from mudstones
deposited below storm wave influence to siltstones deposited under storm and fairweather
wave conditions. Mixed siltstone-sandstone facies form coarsening-upwards sequences on the
scale of several meters to a few ten’s of meters that appear to represent prograding marine
sand bars. Initial alluvial influence comprises associations of mixed siltstone and sandstone
with shallow-water wave- and current-formed structures, abundant soft-sediment
deformation, and isolated meter-size channels filled with trough cross bedded sandstone and
associated rip-up clasts. Thick (10’s to 100’s of meters) of tabular bedded fine-grained
sandstone represent delta platform environment between coarser-grained trough cross-
bedded braid delta distributary channels. Unidirectional paleocurrents in the transitional
alluvial facies indicate predominantly west to southwest transport.

The bulk of the Burnside formation comprises several associations representing sandy
alluvial braid plain facies. Conglomeratic lithologies are subordinate to sandy ones and are
restricted largely to the proximal (southeastern) part of the basin. Braid plain facies cover
hundred’s of meters of section and primarily consist of hierarchies of trough cross bedding
on scales of a few to many tens of meters. Unidirectional paleocurrents from the main
alluvial associations cluster with a single narrow west-northwest mode.

Associations of sedimentary facies and paleocurrents indicate that initially the alluvial
system was restricted to the proximal part of the basin and drained longitudinally between
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the orogenic hinterland and a syn-sedimentary flexural arch created by thrust loading,
Contemporaneous shallow marine shelf facies existed to the northwest over and beyond the
flexural arch. An abrupt shift to transverse drainage and the superposition of medial braid
plain facies directly on marine shelf and deltaic facies in the foreland mark an abrupt,
unconformable contact representing the progradation of the alluvial system over the cratonic
foreland. The area where the maximum disparity between marine and non-marine facies
coincides with the area of greatest stratigraphic thinning and erosion, and marks the crest of
the flexural arch. Only the transverse paleocurrent mode is recorded over the flexural arch
and in the distal foreland. Stratigraphic relations suggest that marginal marine and braid
delta facies tracts in the distal foreland shifted abruptly over large distances and were sensitive
to relative sea level changes. In contrast, braid plain facies tracts migrated very little and the
shift of facies tracts appears to have been more gradual. The large lateral extent of alluvial
facies suggests that humid or monsoonal climate conditions existed in the source arca.

Introduction

The evolution of ancient alluvial sedimentary basins is generally approached by
comparison with modern analogs, generally involving small to moderate size rivers (Miall,
1978; Ethridge and Flores, 1981; Collinson and Lewin, 1983; Walker and Cant, 1984;
Ethridge et al., 1987). This presents a two-fold problem for the investigation of Precambrian
sedimentary basins. First, the evolution of land plants since the Silurian has changed alluvial
systems irrevocably by promoting bank stabilization and trapping of sediment, decreasing the
effectiveness of acolian processes, and by producing organic acids in soils that promote the
formation of clays (Cotter, 1978; Long, 1978; Dalrymple et al., 1985). All of these effects
favor meandering streams in the Phanerozoic. As a result, the braided stream, which is the
ubiquitous model for Precambrian alluvial systems, has been restricted in the Phanerozoic to
areas that experience extremes of climate or discharge. Therefore, actualistic analogs of
Precambrian humid alluvial systems are very rare.

A second problem with deriving facies models from small to moderate sized modern
alluvial systems is that subsidence rates commonly are low in the places where these rivers
flow and therefore the deposits of these rivers have low preservation potential. Large alluvial
systems must have existed in the past in rapidly subsiding, depositional settings that have
created the preserved sedimentary record. An example of such a depositional setting is in a
forcland basin where streams commonly drain high relief source areas and where high rates
of basin subsidence exist for many tens of millions of years. Such settings promote the

preservation of thick alluvial successions.



The distinction of marine from alluvial facies in Precambrian siliciclastic successions
is a target of current research (Collinson, 1986). In Phanerozoic rocks, body and trace fossils
are, in many cases, the definitive criterion for distinguishing between the two. Almost no
such biogenic criteria exist for Precambrian successions, but physical sedimentological
evidence, including associations of sedimentary structures and textures, bedding patterns,
stratigraphic position, and comparison with Phanerozoic examples, provide useful starting
points (Harris, 1987). Such criteria must be developed to aid the identification of
unconformities and thus subdividing depositional sequences to allow time stratigraphic
correlation in Precambrian basins (Christie-Blick et al., 1988). In this study, we develop
paleo-environmental criteria for the Burnside Formation in order to identify unconformities
in these Precambrian strata.

Both the temporal restriction of Precambrian alluvial systems and limited knowledge
of large alluvial systems in modern settings prevents the application of extant facies models to
Precambrian stream systems. We believe that a non-actualistic example of a large alluvial
system deposited under humid perennial or monsoon discharge conditions exists in the Early
Proterozoic Kilohigok Basin in the northwestern Canadian Shield. The Kilohigok Basin
provides a superb setting to address some of these issues because of excellent exposures, the
ability to identify regional unconformities to allow regional time correlation, and the
presence of several zircon-bearing tuff beds that permit U-Pb geochronolgy to place absolute
age constraints on the depositional sequences (Bowring and Grotzinger, 1992). The Burnside
Formation of Kilohigok Basin affords an opportunity to assess several aspects of the
evolution of an alluvial system in a foreland basin. This siliciclastic formation records the
progradation of an alluvial system over 250 km across the Slave craton away from the source
area (Gromzinger and McCormick, 1988). Issues addressed by this study of the Burnside
Formation include the distinction between sandy marine and alluvial environments in
Precambrian siliciclastic successions, the recognition of unconformities in the stratigraphic
succession, and evidence for custatic and tectonic controls on the alluvial system.

Geologic Setting

The Early Proterozoic (ca. 1.9 Ga) Kilohigok Basin is located in the northwestern
corner of the Canadian Shield (Figures 1, 2). It is bounded to the west by Archean basement
rocks of the Slave Province, largely composed of a complexly deformed Middle to Late
Archean granitoids and Late Archean greywacke turbiditic successions with subordinate
bimodal and felsic volcanics; the granite-greenstone assemblage is intruded by post-tectonic
granitoids (Padgham, 1985). To the east, the basin abuts tectonically emplaced Archean
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basement rocks and contemporaneous high grade rocks of the Early Proterozoic Thelon
Orogen. The Thelon Orogen (2.02-1.92 Ga) is a collisional zone comprising regionally
continuous high-grade metamorphic rocks and plutonic rocks of probable continental arc
affinity associated with a major syn-plutonic dextral shear zone (Gibb and Thomas, 1977;
Hanmer and Lucas, 1985; Thompson et al., 1985; van Breemen et al., 1986; Hoffman,
1987; Hoffman, 1988). Convergence along the Thelon Orogen and emplacement of
northwest-directed thrust-nappes onto the eastern margin of the Slave Province likely drove
the majority of subsidence of Kilohigok Basin (Grotzinger and McCormick, 1988; Tirrul
and Grozinger, 1990).

The Goulburn Supergroup of Kilohigok Basin comprises four tectono-stratigraphic
units; only the lower two, the Kimerot and Bear Creek Groups, are considered here (Figure
3a) (Growzinger and McCormick, 1988). The Kimerot Group (Figures 3a, 4) is a thin (0-500
m) southeast-facing prism consisting of a lower transgressive siliciclastic fluvial-to-marine
shelf unit overlain by a peritidal carbonate platform. Grotzinger and McCormick (1988)
interpret the Kimerot Group as a passive margin platform of brief duration (possibly <20
million years). The end of carbonate deposition is marked by drowning of the platform in
response to initial convergence and thrust loading of the Slave margin along the Thelon
Orogen (Figure 1) (Grotzinger and McCormick, 1988; Tirrul and Grotzinger, 1990). At the
same time as drowning of the outer edge of platform occurred in the southeast, uplift and
erosion of the inner shelf occurred to the northwest over a flexural arch (Figures 2, 4). The
crosional cut-out of the Kimerot platform defines a northeast-trending line, called the
Gordon Bay Arch (Figure 2); further toward the craton (northwest) of the cut-out, towards
the craton, a regolith mantles the Archean basement only where the Kimerot platform
sediments are absent. Growzinger et al. (1988) interpret the regolith as an Early Proterozoic
subaerial exposure surface related to flexurally induced uplift and erosion of Kimerot
sedimentary rocks. The crest of the flexural arch lies about 75 km northwest of the platform
cut-out where the maximum regolith development exists, where depositional sequences
within the overlying marine units in the Bear Creck Group (Hackett, Rifle, Beechey, and
Link Formations: Figure 3a) are thinnest, and where the maximum development of erosional
unconformities exists within the Bear Creek Group (Figures 2, 3, 4) (Growzinger et al.,
1989).

The Bear Creek Group comprises a largely siliciclastic succession divisible into a
lower mostly marine package and an upper mostly alluvial package (Figures 3a, 4). The lower
Bear Creck Group is composed of unconformity-bounded depositional sequences (Figures
3a, 4: Hacket, Rifle, Beechey, and Link Formations) (Growzinger and McCormick, 1988).
These southeast-facing marine shelf onlap-offlap packages pass laterally abruptly into
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correlative slope and basinal turbidite systems over a spatially restricted shelf edge. The
turbidite units exist exclusively to the southeast of the Gordon Bay flexural arch, closest to
the orogenic source area. Turbidite paleocurrents indicate southwest flow, parallel to the
trends of the Gordon Bay Arch and the Thelon Orogen (Growzinger and McCormick, 1988;
Tirrul and Growzinger, 1990).

The upper Bear Creek Group (Figures 3a&b, 4: Burnside, Mara, Quadyuk
Formations) represents the change from marine to largely alluvial conditions caused by
progradation of a northwest-directed braided alluvial system (Burnside Formation) followed
by gradual waning of alluvial input and return to shallow marine conditions (Mara-Quadyuk
Formations; Figures 3a&b, 4). Paleocurrents indicate remarkably uniform northwest
transport across the Slave craton (Figure 5). Conglomerates include intraformational and
intrabasinal clasts, as well as extrabasinal clasts derived from volcanic, plutonic, and
metamorphic sources to the southeast.

On the basis of mapping of depositional sequences and lithostratigraphy, the Bear
Creck Group correlates with sedimentary rocks in Wopmay Orogen (Hoffman et al., 1984;
McCormick and Growzinger, 1988; Grotzinger et al., 1989; Bowring and Grotzinger, 1992).
The foredeep deposits of Hackett through middle Mara Formations correlate with the
Wopmay passive margin. The upper Mara Formation and rocks of the Goulburn
Supergroup overlying it correlate with foreland basin deposits in Wopmay Orogen.

The abrupt vertical shift from shallow marine platform (Kimerot Group) to deep
marine basin that progressively shallows and passes upward into alluvial facies (Bear Creek
Group) typifies many Phanerozoic foreland basins (Bally et al., 1966; Allen and Homewood,
1986). A tuff bed at the base the lower Bear Creek Group just above the contact with the
Kimerot Group has yielded an U-Pb zircon date of 1.969 £ 0.001 Ga (Bowring and
Growinger, 1992). This date closcly constrains the drowning of the Kimerot platform and
establishes a temporal link between deposition and flexural subsidence in Kilohigok Basin
and magmatism and deformation in the Thelon Orogen. A tuff within the lower Bear Creek
Group, between the Rifle and Beechey Formations, yield dates of 1.963 1 0.006 Ga. A tuff
bed within lowermost foreland basin sediments of Wopmay Orogen (Fontano Formation,
Recluse Group: Figures 1, 2) correlates with the lower Mara Formation of Kilohigok Basin
(Figure 3a&b, 4) and has been dated at 1.882 0.0035 Ga (Bowring and Grotzinger, 1992).
This constrains the duration of the main phase of Burnside Formation alluvial sedimentation
to within about 80 million years, though it probably lasted less than that.

The Goulburn Supergroup was deformed by a series of structural events. The first
event was northwest-directed thin-skinned thrusting that effected only the southeastern-most
part of the basin (Figure 2) (Tirrul and Grotzinger, 1990). Thrust nappes and several
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allochthonous thrust-bounded outliers of the Goulburn Supergroup root to the southeast in
the Thelon Orogen. Subsequently two folding events occurred, shown by long-wavelength
(ca. 50-75 km), northeast-trending, basement-involved folds, followed by transverse
northwest-trending basement-involved folding of similar dimensions. The final phase of
deformation involved approximately 115 km of sinistral offset along the Bathurst Fault (BFZ
in Figure 1, 2) (Tirrul and Growzinger, 1990). The present configuration of the “basin”
results from selective structural preservation; the original shape of the basin was probably a
prism trending parallel to the Thelon Orogen and tapering toward the northwest. The
currently preserved geometry results largely from the basement-involved cross-folding events.
Fortuitously, this folding produced an oblique cross-section of the original basin, that, when
projected perpendicular to depositional strike, exposes nearly 250 km perpendicular to both
facies belts and the original basin strike. Despite the age of the basin and the superimposition
of several subsequent tectonic events, the metamorphic overprint on the Goulburn
Supergroup sedimentary rocks has been slight: the highest metamorphic grade experienced
by the Goulburn Supergroup is lowermost greenschist grade (Thompson and Frey, 1984),
but nearly all of the Burnside Formation lies at much lower grade.

Sedimentology of the Burnside Formation

Iithofacies and depositional environments

The Burnside Formation records the northwestward progradation of an alluvially
dominated braided stream system over a southeast-facing siliciclastic marine shelf ramp. It
must be emphasized from the outset that the Burnside Formation represents a sandy alluvial
system. Conglomeratic facies, though common in the proximal (southeastern) part of the
basin, do not extend to the marginal marine environments, although minor gravel is present
locally. The term braid delta is used here to describe facies associations created by a sandy
braided stream system debouching into and being modified by a shallow marine
environment. We make this distinction because McPherson et al. (1987) have coined the
term braid delta, but have used it to distinguish generally coarser-grained or conglomeratic
deltaic deposits of braided stream systems. The important feature we wish to emphasize is
how to distinguish marine-influenced alluvial facies from alluvial facies that experience no
marine reworking.

The thickness and lateral extent of the Burnside Formation and its facies associations
are vast. Currently preserved exposures of the Burnside Formation extend for 250 km
projected across original depositional strike; the original alluvial system must have exceeded
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350 km across depositional strike from the Thelon Orogen to the western edge of the Slave
Province (Figure 1) where it influenced sedimentation in the contemporaneous passive
margin of Wopmay Orogen. The alluvial succession attains 3500 m in the preserved part of
the proximal (southeastern) foredeep, and by extrapolation towards the hinterland, the
maximum thickness of the wedge must have been over 4000 m. In the cratonic foreland to
the northwest, the maximum thickness of the Burnside Formation exceeds 2000 m. These
thicknesses are comparable to Phanerozoic foreland basins. Paleocurrents indicate that the
preserved Burnside Formation is not the product of a single alluvial fan such as the Kosi Fan
of India (Wells and Dorr, 1987), but was a uniform west-northwest-draining braid plain or
alluvial apron that lapped against the Thelon mountain belt to the east.

The Burnside Formation can be divided into facies associations described and
interpreted below and summarized in Table 1. These facies associations are interpreted to
represent four major environments: marine shelf, delta front and platform, braid delta plain,
and braid plain. The origin and significance of a thin, stratigraphically restricted carbonate
tongue, the Burnside Dolomite, is also discussed.

The braid delta plain and braid plain associations comprise the bulk of the Burnside
Formation. Their facies motifs are remarkably simple and monotonous, vertically and
laterally persistent, and facies associations change gradationally over hundreds of meters of
stratigraphic section. These dominant associations signify long-term transverse drainage and
aggradation of the alluvial system. In the distal foreland the alluvial system appear to have
been sensitive to relative sea level changes with concomitant significant (10’s to 100’s of km)
lateral shifts in the marginal marine facies tracts, while the proximal, highest-energy part of
the system appears to have been less sensitive to relative sea level changes.

low-energy siltstone-dominated shallow marine shelf

Two facies associations contain siltstone. They are divided into siltstone-dominated
and siltstone-sandstone associations. These associations are found largely in the Link
Formation (Figures 3a, 8) that underlies the Burnside Formation and the distal sections of

the Burnside Formation.
description

This association comprises six grayish-green facies. These facies are laminated
mudstone, graded siltstone-mudstone couplets, wave-rippled siltstone in mudstone,
hummocky or swaley cross-stratified coarse siltstone and very fine-grained sandstone,

parallel- to wavy-laminated silt and sand with common silt- and sand-filled gutters, and
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massive to parallel-laminated siltstone (Table 1; Figure 6a-c). In sections transitional from
the Link Formation into the Burnside Formation these facies are commonly arranged in a
vertical succession over a several meters to a few tens of meters in the order in which
previously listed.

The laminated mudstone consists of bedding parallel layers <1 mm to a few mm’s
thick. No grading is apparent in hand lens, but bedding-parallel partings are distinct.

The graded siltstone-mudstone couplets are 1 to about 15 mm thick, though
generally <10 mm; siltstone makes up the lower quarter to half of the couplets. Laminae are
parallel to bedding. Contacts are sharp and bedding parallel in thinner layers, but can be
slightly irregular, on the order of 1 mm, in thicker layers. Locally, especially as the couplet
beds grow thicker, starved wave rippled siltstone is present. The starved ripple siltstone can
make up 5 to 10% of the facies. Starved wave ripples are formed of coarser siltstone than the
couplets themselves and have dimensions of 1 to 5 mm in height and wavelengths of 4 to 8
cm; the coarser siltstone laminae pass over mm’s into the finer siltstone and mudstone that
encase it. The thicker couplets are continuous on the scale of the outcrop (ten’s of meters)
with bed thickness changing by up to 25 to 50%.

The thicker bedded graded siltstone-mudstone couplets locally pass vertically into a
wave-rippled siltstone in mudstone facies. This facies consists of 10 to 50 mm beds in which
siltstone is sharply interlayered with mudstone. The siltstone is coarser than that in the
graded couplets. The beds have sharp bases that are bedding-parallel to slightly wavy or
erosive. Internally, the siltstones contain bedding-parallel to low-angle wavy laminae. The
upper contacts of the siltstone layers have symmetrical wave ripple forms preserved with
amplitudes of several mm’s and wavelengths of several cm’s. These beds are continuous over
ten’s of meters.

In thicker and coarser beds with grain size ranging up to very-fine sand, beds appear
to be amalgamated. Beds are 15 to 30 cm thick with sharp, planar to slightly crosional bases
and tops that are either planar where truncated by overlying beds of similar character or
undulatory where overlain by finer siltstone or mudstone. Internally, these beds exhibit low-
angle curved laminasets 5 to 20 mm thick (laminasets in the sense of (Campbell, 1966)). The
curved, low-angle laminasets have wavelengths of 1 to 1.5 m and probably represent
hummocky and swaley cross-stratification.

Another distinct siltstone facies contains parallel- to wavy-laminated coarse silt and
very-fine sand with common silt- and sand-filled guters (Figures 6c, 7). The wavy laminae
are very common. Bed are much thinner (5-20 mm) than in the hummocky facies; bed-to-
bed thickness varies greatly. Bottoms of beds are parallel to bedding; tops may be parallel to
bedding or wavy, preserving ripple forms. Gutters are uniformly aligned (111°+ 13°, n=12),
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although locally their traces may be sinuous in plan view, meandering 10 to 20 cm laterally
over wavelengths of 50 to 100 cm. They extend beyond the limit of bedding plane exposures
(meters). Gutters vary in depth; they are generally 1 to 5 cm deep but a scour 30 cm deep
was observed. This deeper scour contains siltstone with laminae that were traceable into the
siltstone lateral to the scour; the laminae diverged and thickened into the scour. Material
within gutters is generally unstratified; locally gutters contain clay chips mixed with silt and
sand. Locally thin (1 to 2 cm) beds or laminae one to a few grains thick of the very-fine- to
medium-grained sand can be traced laterally into gurters filled with material of the same
caliber.

A final less common siltstone facies comprises massive to parallel-laminated coarse
siltstone cm’s to a few ten’s of cm thick. There appears to be no grading in the beds. Most
laminae, where distinct, appear to be bedding parallel, though locally, faint wavy laminae are

seen.

interpretation

The laminated mudstone facies is interpreted as the product of suspension fallout
below wave base. Graded siltstone-mudstone couplets suggest thythmic alternations of weak
density flows; the thinner couplets lacking cross-lamination suggest deposition below storm
wave base whereas the appearance of starved ripples suggest stronger flows imprinted by
storm waves. The starved ripples further suggest that the conditions could form ripples but
were limited by sediment supply. Wave rippled siltstone sharply interbedded with mudstone
suggest deposition in alternating wave-influenced and quiet water conditions. The textures
and sedimentary structures suggest conditions ranging from suspension fall-out and possibly
weak density flows below storm wave-base (laminated mudstone, graded couplets) through
storm-wave influenced structures of progressively higher energy and sediment supply (wave
rippled siltstone, hummocky/swaley beds, gutter cast siltstones; Figure Ga-b).

Considered together, these siltstone facies suggest deposition on a storm-influenced
muddy shelf. This succession is seen particularly well in one section just below the lower
contact of the Burnside Formation (section 3, Figures 2, 7). In this section, interbedded
wave-rippled siltstone and hummocky/swaley beds are overlain by thinner-bedded siltstone
with gutters. We believe that the gutter cast facies represents a shallower water depth due to
the predominance of wave formed structures in the siltstones that encase gutter layers. The
transition from hummocky/swaley cross-stratified facies to gutter facies seen in the Burnside
Formation does not match the succession of Dott and Bourgeois (1982) of storm-dominated
progradational shelves where swaley facies are the shallowest facies with the thickest beds. In
our study, the predominance of gutters isolated in wavy laminated siltstone and their
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association with thin discontinuous siltstone or sandstone beds and deeper silt-sand filled
 scours (Figure 6¢) suggest that storm conditions promoted erosion and bypassing in the
shallowest water depths rather than deposition of amalgamated hummocky or swaley beds.
Myrow (1987) and Myrow et al. (1988) describe a similar succession from the late
Precambrian-early Cambrian of Newfoundland that they suggest may be more representative
of fine-grained storm-influenced shelves.

Thick (cm to dm) massive to laminated beds of siltstone are interpreted as prodelta
deposits of density currents under conditions of high sediment supply (Elliot, 1986a). This
facies commonly passes up into the delta front siltstone association.

The fine grain size of facies in this association are consistent with a relatively high
supply rate of material into the basin, both as suspended and as tractional load. These facies
in this association grade vertically into transitional alluvial facies of the Burnside Formation

proper.
mixed siltstone-sandstone marine shelf and sandstone-dominated sand bars

description

This association that is present in the Link Formation and in distal sections of the
Burnside Formation, comprises two facies with coarser sandstone (Figures 3a8cb, 4). The
two facies are a mixed sandstone-siltstone facies and a sandstone-dominated facies; the two
facies commonly grade vertically into one another over a few meters to ten’s of meters.

In the mixed facies, fine- to medium-grained sandstones are sharply interbedded with
mudstone-siltstone (Figure 9a8¢b). Sandstones commonly decrease in bed thickness with
decreasing percentage of interbedded sandstone. Concomitant with decreasing bed thickness
is a gradational change from high-amplitude (several cm) wave ripples to low-angle cross-
laminae (Figure 9 b). Isolated thicker (10 to 20 cm) sandstone beds tend to exhibit massive
bedding, parallel laminae, and locally low angle (hummocky?) cross-stratification at the base
and wave reworked tops. No subaerial exposure features are seen, such as micritic carbonate
replacement cement. Interbedded siltstones contain lower amplitude (<1 ecm) wave ripples
and parallel laminae; mudstones drape wave ripples or are parallel laminated. This mixed
facies is present locally within siltstone-dominated association described above that contains
abundant wave ripples.

The sandstone-dominated facies contains white, tabular-bedded, trough cross-
bedded, medium grained sandstones that locally contain rounded grains of chlorite
interpreted to have replaced primary glauconite. Trough cross beds are 20 to 50 cm thick.
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Beds are commonly amalgamated and minor scouring is present between beds. Sandstones
are present in packages several meters thick commonly marked by the presence of carbonate
(micrite) cement that increases in abundance upwards. Sandstone bed thickness, grain size,
and scale of cross-stratification all increase upwards on the scale of several meters. Coarse-
grained sandstone is common in the uppermost bed or two in these coarsening-upwards
sequences. The upper surfaces of these coarse sandstone beds locally appear to be scalloped
with a few centimeters of erosional relief; very-coarse sand to granule size grains locally lie
along this surface. Even in sequences that fine upwards over a few ten’s of meters, smaller-
scale coarsening-upwards sequences several meters thick are superimposed.

interpretation

The mixed facies is interpreted as storm- and wave-dominated shelf sediments
deposited near fairweather wave base. The lack of extensive wave-produced features suggests
relatively minor wave influence between storm events. Low-angle cross-bedding in isolated
fine- to medium-grained sandstones have been described by Nottvedt and Kreisa (1987)
which they interpret as forming under combined-flow storm conditions like those forming
hummocky cross-stratification in silt and very fine sand.

Such a progression suggests shallowing-upward marine sand bars units (de Raaf et al.,
1977; Johnson, 1977) that may have been subaerially exposed and micrite-cemented in the
vadose zone. Although, no compound cross-bedding, reactivation surfaces, tidal bundles,
herringbone cross-bedding or bipolar paleocurrent trends were observed, tidal influence
cannot be ruled out (Johnson and Beaumont, 1990). Similar facies are observed in other
units in the lower Bear Creek Group (Grotzinger et al., 1987; Grotzinger et al., 1988).

Paradoxically, the medium-grained sandstone in this association is coarser than the
very fine to fine-grained sandstone in transitional alluvial facies described below. This
suggests that sand in this marine shelf association derive from another source. Grotzinger et
al. (1989) suggest that the source of medium- to coarse-grained shallow marine and deltaic
sandstone in the lower Bear Creck Group must have been derived from an exposed upland to
the northeast, along strike of the Gordon Bay Arch (Figure 15a)

siltstone and sandstone with soft sediment deformation (deita front)

description

This association comprises several predominantly sandstone facies (Table 1, Figures
6d-¢, 7). This association is marked by the first occurrence of red mudstone-siltstone beds
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interbedded with wave rippled very fine-grained sandstone. Upward, siltstone beds (1-5 cm)
appear with single-grain, planar to wavy-parallel laminae composed of fine to medium sand
at the base of beds. The occurrence of this association is restricted to the lower few meters of
the Transitional member of the Burnside Formation (Figure 7). There is an upward increase
in bed thickness and grain size. Current, wave, and interference ripples are common. Locally,
hummocky cross-stratified sandstone beds are interbedded. The most distinctive feature of
this association, other than the red color, is the presence of common soft sediment
deformation structures, such as flame, load, and ball-and-pillow structures, convolute
laminae, and slumped beds (Figure 6d-¢). Irregular, disconnected, three-armed cracks locally
are present that may be syneresis cracks. Mud chips or curls are absent in beds overlying the
disrupted beds.

interprelation

The abundance of wave-formed structures, such as wave and interference ripples, the
presence of possible syneresis cracks, and the lack of desiccation cracks or mud chips suggest
deposition in a shallow subaqueous environment that was not subaerially exposed. Soft-
sediment deformation and red color support high rate of terrestrial input causing slope over-
steepening and promoting slumping. This association is most consistent with the platform of
a prograding fluvial-dominated delta (Coleman et al., 1983; Elliot, 1986a; Martinsen, 1989).
This interpretation is supported by vertical stratigraphic trends that place this association
between prodelta shelf environment and delta platform-delta plain associations (Figure 7).

tabular-bedded, planar-laminated sandstone (braid deita platform)

description

This association consists of planar-laminated sandstone that is moderately- to well-
sorted, very fine- to fine-grained, pink, and subarkosic. Beds are 10-60 cm, tabular, and
laterally persistent over 10’s to 100’s of meters with abrupt, mostly planar, bases (Figure 9d).
Locally, scours < 5 cm deep are present at the base of beds and within beds; layers or lenses of
green mud clasts up to 5 cm thick commonly overlie scours. Scour depth increases with grain
size of the sandstone. Internally, beds are mostly planar-laminated; several cm of current- and
wave-rippled silty sandstone with mudstone and siltstone laminae cap most beds. Minor
fining-upward is present in the upper few cm’s of beds. Locally, isolated broad scours up to
10 m wide and 1 m deep contain fine- to medium-grained, trough cross-bedded sandstone
(Figure 7). The scours and trough cross-bedded sandstone are enclosed entirely within the
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planar laminated sandstone.

interpretation

The planar laminated sandstone association is similar to distributary mouth shoals
and swash bars of a braid delta platform described by Vos (1981). This interpretation is on
the basis of the lateral persistence of beds, textural maturity, fine grain size, and the common
occurrence of planar laminae and ripples on bed tops. Individual beds are interpreted as the
product of single flood events that supplied sand from braid delta distributary channels that
were subsequently reworked by storm and wave action. The trough cross-bedded sandstone
in broad scours are interpreted as braid delta distributary channels that cut across the delta
platform during distributary channel avulsion and strong storm-induced flood events. It
should be noted, however, that the channels are relatively shallow, suggesting that the deltaic
system was not particularly high energy.

In coarsening-upward packages, especially in the Transitional member in the sections
2 and 3 (Figure 7, 8, 10), this association grades from underlying delta front and it is
overlain by delta plain deposits. It tends to be overlain gradationally by delta plain
association in the proximal end of the basin (Figure 7), whereas to the northwest (Figure 8) it
is sharply overlain by medial to upper braid plain facies.

small-scale trough cross-bedded sandstone (braid deita plain)

description

This association comprises trough cross-bedded fine- to medium-grained sandstone
with common clay chips (Figure 6f; 7: inset boxes at 80 m, 90 m, and 93 m). The presence
of clay chips indicates scouring of mud-covered overbank areas or intertidal flats cannibalized
during fluvial channel avulsion. Mudstone with associated sand-filled desiccation cracks has
been observed in this facies, but is extremely uncommon (Figure 7: see inset box at 114 m).

Interpretation

This is distinguished from trough cross-bedded sandstone in the delta platform
association by the lateral persistence of beds; delta platform trough beds are restricted to
channels cut into planar-laminated sandstone (Figure 7: compare inset box at 81 m with
111-117 m). The main distinction between the delta plain and the distal braid plain
(described below) is that the delta plain association contains clay chips and is the
stratigraphically set within asymmetric coarsening-upward packages (delta platform-delta
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plain-distal braid plain), interpreted as deltaic units. These packages are present in the
Transitional member of the Burnside Formation in the proximal (southeast) part of
Kilohigok Basin (Figures 7, 8, 10). They are not recognized as a transitional associations in
the distal part of the foreland.

single-storeyed trough cross-bedded sandstone (distal braid plain)

description

The single-storeyed trough cross-bedded sandstone association comprises the bulk of
the Burnside Formation, especially to the west of Bathurst Inlet. This lithofacies consists of
50-120 cm beds of fine- to coarse-grained, pink sandstone with medium- and large-scale
trough cross-bedding (10-30 cm and 30-80 cm, respectively) that decreases in scale upwards
within beds. Lower contacts are undulatory 5-50 cm scours and are uncommonly overlain by
a layer of mud clasts or gravel. Gravel along foresets is rare. Planar-laminated or ripple cross-
laminated, very fine to fine grained sand may cap the upper 5-20 cm of beds, but beds are
commonly scoured by overlying beds. Paleocurrents in this facies are commonly unimodal
with low dispersion within and between beds. In the upper part of the section 3, troughs are
commonly lined with heavy mineral laminae (Figure 9e).

intorpretation

The upward decrease in grain size, the scale of trough cross-bedding, and unimodal
low-dispersion paleocurrent directions suggest that this association represents vertical
infilling of broad, shallow channels by migrating sinuous-crested subaqueous dunes in a
sandy delta plain to lower braid plain environment subject to rapid channel switching and
cannibalization (Campbell, 1976; Eriksson and Vos, 1979; Vos and Tankard, 1981; Walker
and Cant, 1984). Near sections 2 and 3, the transition from the Gravelly Sandstone to
Orange Sandstone member (Figures 4, 10) is characterized by upward-decreasing scale of
cross-bedding, the appearance of common mud chip on scours, trough cross-beds with
overturned foresets, and local massive sandstone scour fills. These features resemble ones
found in the Proterozoic Skadduvarri Formation (Bergh and Torske, 1986) interpreted as
resedimented braid delta distributary mouth deposits in a waning, transgressive setting.

multi-storeyed trough-cross-bedded sandstone (medial braid plain + minor gravel)

The following two associations, both interpreted as medial braid plain environment,
are distinguished from the distal braid plain facies by lateral continuity of cross-sets (Table
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1). Stratigraphically, the multi-storeyed trough-cross-bedded sandstone association is present
in the lower part of the Burnside Formation in the Buff Sandstone member; the gravel-
bearing trough- and tangentially-cross-bedded sandstone is present in the Gravelly Sandstone
member (Figures 3b, 4, 10).

description

This association comprises trough cross-bedded sandstone in bedsets 8 to 20 m thick.
This association is restricted to the Buff Sandstone member (Figures 3, 8, 10) that pinches
out southeast of the Gordon Bay Arch crest (Figures 8, 10). It is distinguished by a
monotonous repetition of large-scale trough cross-bedding, with 5-10 cross-sets per bed. The
association is composed of medium- to coarse-grained sandstone in beds 120-300 cm thick,
bounded by low-relief surfaces, especially at the base of bedsets. Bedsets are composed of 5-
10 beds. Within the Buff Sandstone member, minor quartz pebble layers and lenses a few cm
thick line the base of beds; these are more common upward. Incompletely filled channel
scours 1-3 m deep and 5-15 m wide are commonly seen in the lower half of bedsets (Figure
9f). Minor medium-scale trough cross-bedded, planar-laminated, and ripple cross-laminated
sand appear only in the upper meter or two of a bedset. Individual beds are traceable over
hundreds of meters laterally. Master bedset-bounding surfaces can be followed on aerial
photographs for many kilometers between sections 2 and 3. Bedding surfaces could not be
traced into larger-scale channel forms or proven to pinch out against master surfaces, but the
presence of very large scale channels or lateral accretion surfaces cannot be rejected.
Paleocurrents are unimodal low-dispersion toward the west-northwest (294° + 27°, n=115).

interpretation

The repetition of rough cross-bedding, lateral persistence of master bedding surfaces,
and the incomplete fining-upwards packages resemble the Westwater Canyon member of the
Morrison Formation, a Jurassic braided alluvial sheet sandstone (Campbell, 1976). Large-
scale (km) channel margins cannot be identified in the case of the Burnside Formation. This
may be due the fact that outcrops between sections 2 and 3 are oriented nearly along the
predominant transport direction in the Buff Sandstone member, whereas channels are best
seen in sections perpendicular to transport. Very high width-to-depth ratios (100 to >1000)
are expected in bedload-dominated, braided fluvial systems (Friend, 1983; Miall, 1988).
This association is interpreted as the product of high-energy, laterally migrating, fluvial
channels systems that were several meters to tens of meters deep. Incompletely filled nested
channel scours suggest that frequent deep erosion occurred at lower topographic levels of the

channel system, whereas vertical aggradation by sinuous crested dunes occurred at higher
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topographic levels, probably on bars adjacent to major channels.

trough- and large-scale planar-tangential and cross-bedded sandstone (medial
braid plain with gravel)

description

This association differs from the previous one in the presence of broad scours or
channels 30-120 cm deep and 3-8 m wide that are infilled by planar-tangential cross-beds
overlain by smaller scale trough cross-beds (Table 1, Figure 11). The planar tangential cross-
bedding is commonly highly oblique (60°-90°) to both channel scours and trough cross-
bedding that are unimodal with low dispersion (Figure 11; e.g., in the Gravelly Sandstone
member between sections 2 and 3, planar tangential cross-beds: 178° £ 41°, n=9; trough
cross-beds: 310° £ 29°, n=123). Sandstones are locally pebbly with gravel decreasing upwards
within beds. Beds are 120-500 cm thick with a few cm of relief on beds. Scour infilling is
commonly incomplete, leaving residual topography overlain by medium- or large-scale
trough cross-bedding or planar laminae. This cross-bedding commonly decreases in scale
upward. This facies is gradational with both trough cross-bedded sandstone and

conglomeratic associations.
interpretation

The scale of bedding, larger scale of cross-bedding, and divergent paleocurrent
patterns within beds suggest a combination of lateral or oblique accretion at lower
topographic levels within fluvial channels and vertical accretion at higher levels during flood
stage on a sandy braid plain. Planar cross-beds represent lateral infilling of scours off the
margin of braid bars (compare with Proterozoic Waterberg Group (Eriksson and Vos, 1979)
; South Saskatchewan River and Battery Point models (Walker and Cant, 1984)).

The development of transverse braid bars in planar-and-trough cross-bedded
association, as opposed to the exclusively trough cross-bedding found in the multi-storeyed
trough association, suggests that larger size and range of bedload grain size in the planar-and-
trough association preserved a more heterogeneous suite of bedforms. Rust (1984) indicates
that gravelly planar cross-bedding is more common in ancient braid plain successions,
especially under inferred humid conditions, due to deeper and more frequent floods that
create greater topography within braided stream channels. The multiple scale and types of
cross-bedding in this association suggest downstream migration of larger scale mesoforms
within a large (meters to tens of meters) channel system having multiple active topographic
levels (Jackson, 1975; Allen, 1983; Friend, 1983; Miall, 1988). Stratigraphic restriction this
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association exclusively to the proximal part of the foreland suggests that this facies was
deposited on a higher gradient and, therefore, experienced higher flow velocities than the
multi-storeyed trough cross-bedded association that extends onto the craton.

sheet gravel and trough cross-bedded sandstone (gravelly medial braid plain)

description

Two facies comprise this association: clast-supported conglomerate and trough cross-
bedded, medium- to coarse-grained and pebbly sandstone (Table 1). Conglomerates range
from sheets that line scours a few meters deep and up to 20 meters wide, to beds up to 150
cm composed of clast-supported, crudely planar-stratified sheets (Figure 12a-b). The pebbly
sandstone in this association is similar to multi-storeyed trough cross-bedded sandstone,
except that the basal large-scale trough cross-sets contain gravelly, medium- to coarse-grained
sand along cross-laminae. Beds are commonly 50-500 cm thick. The gravelly cross-beds are
overlain by large-scale trough cross-sets lacking gravel that pass upward sharply into medium-
(15-30 cm) and small-scale (5-10 cm) trough cross-bedding. The upper part of these fining-
upward cycles is commonly truncated and incomplete. The preservation of complete cycles is
more common upward, concomitant with decreasing gravel content.

Two closely spaced conglomerate units found at the top of the Gravelly Sandstone
member between sections 2 and 3 are unusual in their bedding characteristics and clast
composition (Figures 4, 10, 12b-d). These units have highly channeled contacts, are clast
supported, and have sharp, planar tops. They are sharply interbedded with multi-storeyed
and trough-tangentially cross-bedded sandstone associations. One of the horizons contains a
dominant population of intraformational Burnside Formation clasts up to 100 cm (b-axis),
much larger than any other conglomerate unit in the Burnside Formation (Figure 12¢,d).
The other horizon contains a large percentage of felsic volcanic and hypabyssal plutonic
clasts. The clast composition of the two horizons are distinct (see Chapter 3), indicating that
different source areas supplied them. In addition, the largest intraformational clasts are found
at section 3, down inferred paleoslope from section 2 (Figure 2). This is anomalous
compared to the well-developed downstream fining trend towards the northwest seen in all
other conglomerate horizons (from sections 1 through 3, i.e., down paleo-slope; McCormick
and Growzinger (1988)).

Figure 8. Cross section of the transition from marine shelf to alluvial-dominated facies in the
Bear Creck Group. The cross section from 3 to 12 lies approximately parallel to the
dominant paleocurrent trend; sections 12 to 14 lie roughly perpendicular to the main alluvial
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interpretation

Basal scouring, lining of scours with gravel, clast support of conglomerates, planar
stratification, occurrence with trough cross-bedded sandstone, and fining upward within
beds indicate that this association was deposited on the base of deeply scoured channels in
braided streams. Unstratified sandy, matrix-supported conglomerates or radial paleocurrents
are not observed in this association, so these deposits do not represent debris flows on alluvial
fans. These characteristics indicate that even this highest-energy facies of the Burnside
Formation was deposited by stream flow on a braid plain still a significant distance from the
orogenic source area. By comparison with published braided stream profiles (McPherson et
al., 1987), the distance to the source area was probably more than 100 km from the most
proximal outcrops in the southeast part of the basin (Figures 1, 2).

The intraformational conglomerate (Figure 12c,d) differs from the vast majority of
conglomerates found in the Burnside Formation. The large clast size of the intraformational
clasts, anomalous clast size fining and thickness trends, the abrupt contact with other facies,
and highly channeled contacts suggest that the large intraformational conglomerate was
probably derived from proximal uplift. The appearance of intraformational clasts high in the
alluvial stratigraphic section supports an interpretation of a foreland basin setting because
previously deposited syn-orogenic strata are commonly incorporated into the forward-
propagating thrust-fold belt and are subject to re-erosion (Bally et al., 1966).

Burnside Dolomite

In the central and western part of the basin, a distinctive, areally restricted tongue of
carbonate, the Burnside Dolomite, is sandwiched in the sandy siliciclastic Burnside wedge
(Figures 4, 13-15). The Burnside Dolomite forms an eastward-tapering prism of cyclic
peritidal dolomite and clastic dolomite mixed with siliciclastic detritus (Figure 9¢). This
stratigraphic geometry is the opposite of siliciclastic facies of the Burnside Formation. In
Kilohigok Basin, the Burnside Dolomite interval is recognized from section 14 to as far east
as sections 11 and 15, but a confident correlation cannot be made to the proximal end of the
basin.

description

The Burnside Dolomite interval is 21 m thick at section 12. There it consists of
cycles a few 10’s of cm thick with basal intraclast lags of ripped-up dolarenite clasts overlain
by wave-rippled dolosiltite grading up to dolarenite with common siliciclastic silt, sand, and
rare granules. Cycles are capped by laminated dolomitic siltstone that may be brecciated. The
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abundance of wave ripples, clastic-textured dolomite, upward-coarsening cycles, and
evidence of brecciation suggest that this unit represents a subtidal to intertidal facies. The
Burnside Dolomite unit at section 12 resembles the shallowing-upwards lagoonal facies of
the Rocknest Formation (Grotzinger, 1986). Hoffman et al. (1984) and Grotzinger (1985)
have correlated the Burnside Dolomite unit with an interval of the Rocknest Formation
carbonate platform in Wopmay Orogen to the west.

At section 13, the Burnside section is incompletely preserved, but on the basis of
comparison to section 12, the thick (ca. 85 m) dolomitic interval at correlates with the
Burnside Dolomite member, as suggested by Hoffman et al. (1984) and Grouwzinger (1985)
(Figures 13, 14). The lower silty siliciclastic portion of this interval (ca. 25 m) contains
tabular pink sandstone beds of the braid delta platform association. The upper carbonate
portion of this interval (ca. 60 m) is characterized by cyclic alternation of laminated
siliciclastic siltstone or mudstone passing up to clastic-textured dolomite with wave- and
current-ripples, minor syneresis cracks, and abrupt upper contacts. Several cycles are capped
by microbial laminites and domal stromatolites that increase in abundance upward.

The main difference between sections 12 and 13 is that from east to west the unit
thickens, the grain size of siliciclastic material mixed with the carbonate decreases, microbial
laminite units appear, and more decper water sedimentary structures are present.

A thinner (13 m) dolomitic interval is present at section 16 at a similar stratigraphic
level and they are believed to be correlative. This interval at section 16 is characterized by
thin interbeds of quartz sand of the braid delta platform lithofacies and laminated dolomite
interbeds that have been tectonically flattened and sheared sufficiently to obscure most
sedimentary structures.

interpretation

The Burnside Dolomite represents the most extensive and significant transgression of
alluvial system (Hoffman et al., 1984; Growinger, 1985; McCormick and Grotzinger, 1988).
Hoffman et al. (1984) interpreted the Burnside Dolomite as the probable correlative of the
Rocknest Formation, a well-developed carbonate platform in Wopmay Orogen (Figure 2).
Grotzinger (1985) and McCormick and Grotzinger (1988) have argued that the Burnside
Dolomite correlates with an interval within the Rocknest Formation representing incipient
drowning of the carbonate platform that caused back-stepping of all facies belts more than
100 km eastward toward the craton and into Kilohigok Basin. Grotzinger (1986) attributed
this incipient drowning to a eustatic rise in sea level. Near section 11, coincident with the
crest of the Gordon Bay flexural arch, the Burnside Dolomite is a thin (3 m) interval of
cross-bedded intraclastic carbonate interpreted to be deposited in shallow water (Grotzinger
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et al., 1987). Superimposed on the carbonate are diagenetic fabrics suggesting early peritidal
marine cementation followed by subaerial exposure and vadose diagenesis. To the west, the
Burnside Dolomite is characterized by an entirely subaqueous storm wave marine facies with
no superimposed subaerial diagenetic fabrics.

The correlation between the Rocknest Formation and the Burnside Dolomite
suggests that the development of the Rocknest lagoonal shelf impacted Burnside braid delta
sedimentation. The Rocknest shelf comprised an outer reefal rim that buffered open marine
waves (Grotzinger, 1986). The eastward increase in the caliber of siliciclastic detritus in
Rocknest carbonate cycles and the lateral restriction of the Rocknest Formation (ca. 150 km)
as compared to Phanerozoic passive margins (>250 km) led Hoffman et al. (1984) to
conclude that the Rocknest platform was correlative with the Burnside alluvial system. Thus
the Rocknest lagoon was the sink for fine-grained Burnside detritus. It is interesting to note
the difference between facies transitions in two transgressive intervals at section 13 (Figure
13). The lower one probably correlates with the open marine siliciclastic shelf unit
underlying the Rocknest platform (Odjick Formation). This lower package is characterized
by upward transition into wave- and storm-dominated association. The upper package,
culminating in the Burnside Dolomite unit gradually fines up through the delta front
association. There are two possible explanations for the difference in the shallow marine
facies. One explanation is that the rate of fluvially supplied sediment was higher below the
Burnside Dolomite, due either to a lower rate of relative sea level rise or higher absolute
fluvial sediment supply rates. A lower rate of sea level rise is discounted because the Burnside
Dolomite was deposited over half of the Slave craton. The second possibility is that the
Rocknest lagoon damped the storm energy so that in the transgressive interval the braid delta
complex was less restricted by the impingement of storm waves.

The presence of the Burnside Dolomite in the three most distal sections (sections 12,
13, 14) provides a crude marker of the limit of marine transgression during and indicates
that the paleoshoreline trended roughly north-northeast, nearly perpendicular to fluvial
paleocurrent trends.

regional relationships between lithofacies

The most important observation is that the highest energy alluvial lithofacies,
interpreted to represent medial braid plain environments, are largely restricted to the
proximal, southeastern part of the basin (Figures 4, 8, 10, 15). The informal members of the
Burnside Formation, which are easily subdivided in the between sections 1, 2, and 3, and
mapped for ten’s of kilometers, all pinch out or are cut out laterally to the northwest across



the Bathurst Fault zone and over the Gordon Bay Arch.

The Transitional member appears to be cut out over the Gordon Bay arch, buta
distal equivalent reappears to the northwest that thickens in the vicinity of section 12
(Figures 3b, 4, 8). At section 12 the contact between underlying shelf siltstones and deltaic
and braid plain facies appears to be gradational. The unconformable, erosional lower contact
reappears to the west, until at sections 13 and 14 the Burnside Formation completely cuts
through two underlying depositional sequences (Link and Beechey Formations; Figures 3b,
4).

The mixed sandstone-siltstone associations are present at two stratigraphic positions.

The first position is at the base of the Link Formation, on top of a depositional sequence
boundary (Grotzinger et al. 1988), near the crest of the Gordon Bay Arch (Figures 2, 8).
This facies tends to pass upward into the mixed sandstone-siltstone facies.

The second stratigraphic position where these sandstones are present is within the
Link Formation at the top of asymmetric, coarsening-upward, siltstone-to-sandstone
packages several meters thick. These packages locally are capped by micrite-cemented
surfaces. The local presence of glauconite, high textural and mineralogical maturity,
uniformity of cross-bedding thickness, and occurrence with green siltstone facies suggest that
these sandstones are products of shallow marine bars, like those described by Johnson (1977)
and de Raaf et al. (1977).

Discussion

marine-alluvial transition

Two distinct facies motifs mark the marine to alluvial transition in the Burnside
Formation, one during progradation and one during retrogradation. The progradational case
is best illustrated in the at section 3 (Figures 2, 7), and the retrogradational case is exhibited
well at section 13 (Figures 2, 13, 14). One characteristic of both of these cases is that beach
deposits are not recognized. This may be explained by the dominance of the fluvial system
where distributary channels tend to cut through and cannibalize topographically high
beaches adjacent to channels, by the relatively minor influence of fairweather waves and tides
demonstrated in this setting, and by the tendency for shoreface processes to erode beach
facies (Elliot, 1986a; Elliot, 1986b; Johnson and Baldwin, 1986). Progradational systems,
especially sandy alluvially dominated ones, rarely preserve intertidal facies, whereas
retrogradational systems tend to preserve beach facies only in highly aggradational, wave- or
tide-dominated settings (Johnson and Baldwin, 1986). All of these factors favoring erosion of
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beach facies are likely to be enhanced in the case of the Burnside Formation by lower relative
subsidence rates that existed on the craton, especially over the Gordon Bay Arch and near
section 14.

progradational case

At section 3, the progradational interval is present at the base of the Burnside
Formation (Figure 7). A common progression of facies defines the transition from storm-
influenced shelf to braided stream environments in the proximal foreland: the order of
associations is siltstone-dominated shelf to delta front to delta platform and delta plain to
distal braid plain then sharply overlain by multi-storeyed medial braid plain.

Initial fluvial influence is probably recorded in gutter facies and thick massive
siltstones. The strong correspondence between gutter orientations and trough cross-bedding
in overlying braid delta facies at this location suggest that gutters may have been formed by
erosive storm-surge ebb currents that were strengthened by alluvial flood discharge from the
prograding braid delta (compare with Swift et al. (1987)). Initial deltaic influence is most
evident in delta front siltstones and sandstones with current-formed structures and abundant
soft-sediment deformation. Three distinctive asymmetric, coarsening-upward, delta front-to-
delta plain packages are present in the Transitional member between section 1 and 3 and are
arranged as alternations between delta platform and delta plain facies (Figure 10). There are
relatively gradual transitions between delta platform and delta plain facies whereas they are
sharp between delta plain and delta platform facies .

Coarsening-upward packages are common in alluvially dominated delta systems
(Elliot, 1986a). Sequence stratigraphic models for deltaic environments portray the
coarsening-upwards trends and the abrupt shift from delta plain to subaqueous delta front
environment as common elements of the stacking patterns of parasequences (Van Wagoner
ct al., 1988; Van Wagoner et al., 1990). The cause for abrupt shift from delta plain to
subaqueous delta platform environment is uncertain. The cause could be delta distributary
lobe switching (an process intrinsic to deltaic sedimentary processes) (Elliot, 1986a), eustatic
rise in sea level (an extrinsic cause) (Haq et al., 1987; Van Wagoner et al., 1988), or thrust
loading in the hinterland (an extrinsic cause) (Jordan et al., 1988; Jordan and Flemings,
1990). An eustatic control is suspected due to the thickness of the parasequences (50-150
m), their facies similarity, the similarity of paleocurrent trends in each coarsening upwards
sequence, their wide stratigraphic extent from the Bear Creek Hills to the edge of the craton
(> 50 km across depositional strike; Figures 2, 10), and because custatic controls have been
suggested for depositional sequences of the lower Bear Creek Group that extend far beyond
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the zones of tectonic influence (Grotzinger et al., 1988; Grotzinger et al., 1989).

In contrast to the well-developed deltaic units described above, the distal foreland
west of section 8 (Figure 2, 8, 13) is characterized by a comparatively abrupt transition from
marine shelf associations to medial braid plain associations. This is consistent with the
interpretation that an erosional unconformity exists at the base of the Buff Sandstone
member (multi-storeyed trough cross-bedded sandstone) and probably within the
Conglomerate member. Gravel-bearing facies sit directly on Link Formation marine shelf
facies over the crest of the Gordon Bay Arch (Figure 8). Beyond the arch, prograding deltaic
facies motifs similar to those seen in the Transitional member near sections 2 and 3 are
absent. This supports the inference that initially the deltaic system was restricted to the
proximal part of the basin, but that starting at the time of Buff Sandstone member
deposition, alluvial facies prograded towards the craton over areas of lower relative
subsidence, like the Gordon Bay Arch. The net result is a relatively abrupt shift from shallow
marine to alluvial facies, with poorly developed transitional facies.

Paleocurrent data (Figure 5) supports the contention that alluvial facies on the craton
are at least as young as the Buff Sandstone member found in the proximal part of the basin
(Figures 8, 10). In the southeast, paleocurrents in deltaic associations are southwest directed,
whereas distal braid plain facies in the distal foreland are northwest directed. Therefore the
initial alluvial facies on the craton must be no older than the Buff Sandstone member, the
first facies to exhibit northwest paleocurrents (Figures 10, 13, 15). Gravel found in the basal
parts of the Burnside Formation in the distal foreland must be no older than the
Conglomerate member at sections 2 and 3 (Figures 10, 13-15). Subsidence rates have exerted
a major influenced the location and style of alluvial facies (Alexander and Leeder, 1987).

retrogradational case

In the distal foreland several distinct coarsening- and fining-upward intervals are
present representing the lateral migration of the paleo-shoreline between sections 12 and 13
(Figures 2, 13). Two types of alluvial-to-marine transitions are present. One represents the
relatively abrupt shutting-off of the fluvial system and onset of storm-influenced
sedimentation on a muddy shelf. The other represents a gradual transgression with wave
reworking of fluvially supplied sand creating a sandy shelf. Both of these cases are well
illustrated at section 13 (Figure 14).

In the first case (Figures 9 a-b, Figure 14: 210-320 m), the occurrence of white,
texturally mature, medium-grained sandstones suggest that they are a product of background

wave and storm processes when fluvial input was reduced. The coarse caliber and maturity of
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the sandstones require winnowing of Burnside fluvial sands, probably from shoreface erosion
of fluvial bars and spits (Elliot, 1986b; Johnson and Baldwin, 1986).

In the second case (Figure 14: 400-750 m), there is a gradational change from trough
cross-bedded delta plain sandstone to planar-laminated delta platform sandstone, indicating
that fluvial input to the shelf was continuous. Even when mud interbeds become common
just below the Burnside Dolomite, pink tabular planar-laminated sandstone beds persist.
This suggests that cither the rate of relative sea level rise was lower than in the former case, or
that the rate of sediment input from the Burnside alluvial system was much higher than
before. The interpretation of higher sediment supply rate, and, therefore, alluvial dominance,
is favored for the upper interval, because marine facies of the Burnside Dolomite extend
much farther to the east (toward the hinterland) than the marine facies found at the base of
the section and therefore represents a much more extensive transgression of the alluvial
system. Marine facies at the base of the section are restricted to the area between sections 12
and 13 (Figures 2, 4), whereas marine facies of the Burnside Dolomite extend southeast of
section 11 (Figures 2, 4, 8).

A comparison of these two intervals, section 12 versus section 13 (Figures 13, 14)
suggests that in the Burnside Formation the imprint of relative sea level changes on
sedimentary facies can only be demonstrated where marginal marine sedimentary facies are
present. The lower half of the section 13 (Figure 14) contains several vertical intervals that
can be interpreted as shifting of the paleo-shoreline across that area. The lower two-thirds of
the section at section 12 (Figure 13) shows a general coarsening-upward then fining-upward
trend. No marine facies are evident there, and lower braid plain conditions predominate.
The effect of sediment supply appears to overwhelm that of any base-level control in the
braid-plain. It is likely that the distal braid plain facies represents a large range of paleoslopes
on the alluvial profile. If this is the case, then shifts in the position of the shoreline might not
induce a change in alluvial facies in the subareal depositional system. Consequently, relative
sea level changes may not be detectable by facies changes within the braid plain (compare
Nummendal et al. (1987) and Swift et al. (1987) with Posamentier et al. (1988)). Rather,
the only manifestation of such a shift and readjustment towards some characteristic alluvial
profile may be subtle erosion surfaces detectable only in extensive outcrop. Given the
simplicity and intergradation of braid plain associations in the Burnside Formation and
discontinuous outcrop in the distal sections, it is not possible to demonstrate the existence of
such erosional surfaces.



Burnside Formation braided alluvial system

The vertical and lateral persistence of facies and the tight clustering of paleocurrent
trends (Figures 4, 5) indicate that the Burnside Formation represents a large alluvial apron
with a uniform west-northwest to northwest paleoslope draining perpendicular out of the
orogenic hinterland. The uniformity of paleoslope distinguishes the Burnside alluvial system
from previously described braided alluvial systems. The present outcrop of the Burnside
Formation across depositional strike exceeds 250 km; its original extent from the Thelon
Orogen was at least 300 km. It is important to recognize that this configuration persisted for
ten’s of millions of years, resulting in up to 2.7 km of alluvial aggradation over the center of
Slave Craton, well beyond the limit of flexurally driven subsidence. The simplicity of facies
in the alluvial plain, the lack of any interbedded mud or silt, and the lack of any evidence of
acolian facies suggest steady high discharge conditions, perhaps due to humid climate and
perennial flow or highly seasonal, high discharge monsoon conditions.

Such a sandy humid alluvial setting has no direct modern analog because post-
Devonian sandy humid alluvial systems are commonly muddy and meandering. Land plants
exert a fundamental control on Phanerozoic alluvial patterns by stabilizing channels and
promoting preservation of muddy overbank areas (Cotter, 1978). The lack of fine material
can be partially explained if the fine-grained component of sediment eroded from the source
area was winnowed by acolian processes in the source area and was transported directly to the
marine environment, without passing through the alluvial system. Dalrymple et al. (1985)
invoke such a scenario to explain the distribution of Cambrian shales in North America.
Even the Kosi alluvial cone in India, which is cited commonly as a modern humid fan
system, is dominated by muddy facies with channel systems anastamosing over most of its
length (Wells and Dorr, 1987). Modern braided alluvial settings are characterized by climatic
extremes, such as semi-arid basins or proglacial outwash plains (Boothroyd and Nummendal,
1978).

A Precambrian alluvial system of comparable vertical scale to the Burnside Formation
is the Middle Proterozoic Missoula Group of the Belt basin (Winston, 1978; Winston,
1986), but the Belt differs in that sandy alluvial fan and braided fluvial facies were deposited
over a much smaller lateral distance (<150 km). One of the reasons that the Belt alluvial
facies are more spatially restricted is that the Belt was deposited in an extensional basin. The
extensional faults that bounded the basin would not have created as much relief or drained as
large and area as the Thelon mountain belt that formed the hinterland to the Kilohigok
foreland basin. In the case of the Thelon mountains, erosional unroofing and isostatic

rebound probably provided additional relief and source of sediment.
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Another reason for the lateral restriction of the Belt sediments is that the Belt was
deposited in a semi-arid climate with flashy, muddy discharge. One implication is that under
semi-arid flash flood discharge, flow competence of streams may have decreased markedly by
a combination loss of water into desiccated flood plains and unchannelized sheet flow on its
alluvial apron. In contrast, the Burnside lithofacies are sand-dominated throughout and the
alluvial facies are highly channelized. This is more consistent with humid, perennial flow
conditions. The suggestion is that channelized flow and a high water table associated with
humid conditions in the orogenic source area would reduce the tendency for flood water to
be lost by sieving into underlying braid plain deposits. Consequently, it can be imagined that
the channelized discharge could be maintained over a much longer downstream distance
than in an arid setting. This may partly explain the great lateral extent of the Burnside
Formation alluvial facies in comparison to other alluvial systems.

Alluvial systems of comparable lateral extent to the Burnside Formation are
commonly found as relatively thin tabular units 10’s to 100’s of meters thick. This suggests
that low subsidence rates promote extensive progradation of alluvial systems. The remarkable
aspect of the Burnside Formation is that 1 to 2 km of alluvial sediments are preserved over
the Slave craton. This requires a long-lived, continuously uplifting orogenic source area and a
consistent alluvial profile to exhibit the stratigraphic patterns seen in the Burnside
Formation. Some of this thickness can be attributed to alluvial aggradation, some to
continued convergence and thrusting in the Thelon orogenic belt, and some is due to
subsidence induced, in part, sediment loading of the Slave craton by the redistribution of
mass from the uplifted Thelon orogenic belt into the Kilohigok Basin.

An alluvial succession of comparable vertical, and possibly lateral extent is the Middle
Proterozoic Mbala Formation of Zambia (Andrews-Speed, 1986) and the middle Proterozoic
Waterberg Group of South Africa (Eriksson and Vos, 1979). In these sand-dominated cases,
however, coarse alluvial sediments are relatively laterally restricted, but alluvial facies
resemble more closely those found in the Burnside Formation than the Belt Supergroup. The
main similarities are the monotony of alluvial facies, uniform paleocurrents in the direction
of downstream fining, and a lack of variability along depositional strike. The authors invoke
a similar model of an alluvial apron of uniform paleoslope as the depositional setting, rather
than radial alluvial fans.

A few examples of humid pre-Devonian alluvial systems have been inferred, but most
are interpreted as alluvial fans (e.g., Precambrian Van Horn Sandstone of West Texas:
McGowen (1971); Ordovician Mweelrea Group, Ireland: Pudsey (1984)). These appear to
be of comparable vertical extent as the Burnside formation, but lateral facies changes are
present over short distances. The major similarity between alluvial facies is that trough cross-
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bedding dominates and channelization is low. However debris flow features are well
developed in proximal areas and alluvial facies are laterally restricted to a few 10’s of km at
most from inferred basin margins (McPherson et al., 1987).

The preserved braid plain facies in the Burnside Formation consist of sand only and
the braid plain facies extend more than 200 km before entering a marine environment on the
west side of the Slave craton. If the climatic conditions on the braid plain were arid or semi-
arid and the discharge that carried in these bedload-dominated streams were flashy or
intermittent, one might expect that the water table over the braid plain would be relatively
deep and that the stream-borne water would be lost by sieving into the sandy braid plain. If,
however, discharge were either continuous or had large peaks of seasonal discharge that are
characteristic of monsoon conditions, then one would predict a higher water table and a
lower tendency for discharge to be lost by sieving into the alluvial plain. A high water table
and a high rate of discharge in stream channels can be caused by high rates of precipitation in
the source area alone, regardless of climate over the alluvial plain. Climatic conditions could
be arid or humid over the alluvial plain, although humid conditions on the alluvial plain
would be more conducive to long-distance flow.

Very little direct evidence can be offered for monsoon conditions in the case of the
Burnside alluvial system. The present day monsoon of southern Asia is primarily a product
of the latitudinal alignment of large land areas at low latitudes and the climatic effect is
amplified by the presence of the Himalayan mountains and the Tibetan Plateau (J.T.
Parrish, personal communication, 1992). Paleomagnetic data for Kilohigok Basin and
Wopmay Orogen suggest that the Slave craton lay at low latitudes within the tradewind belt
and that tradewinds should have flowed up the alluvial paleoslope toward the Thelon
Orogen (Evans and Hoye, 1981; McGlynn and Irving, 1981; Hoffman and Grotzinger, in
review). Accumulating geochronological evidence suggests that the Laurentia, perhaps
Earth’s first supercontinent, amalgamated due to the collision of numerous Archean
continental nuclei between 2.0 and 1.8 Ga (Hoffman, 1988). This suggests that there may
have been a large amount of land at low latitudes at the time that the Burnside Formation
was deposited, but the longitudinal or latitudinal arrangement of the continental nuclei is
unknown. Monsoon conditions are dominated by such high peaks of seasonal discharge that
presumably monsoonal steam systems could create a high water table. In addition, high peak
discharge would promote removal of the structures and deposits indicative of the intervening
low-flow parts of the season that are commonly found on the topographically highest part of
the channel systems that are most prone to erosion. However, soil forming processes should
be active during the period between successive monsoons. No evidence for caliche or soils is

found in the Burnside Formation. So alluvial deposits of highly seasonal monsoon conditions
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might be quite similar to those produced under humid, continuous discharge conditions. We
suggest monsoonal conditions as an alternative to humid perennial discharge conditions as a
means of creating the observed widely distributed, sandy alluvial deposits.

Conclusions

The Burnside Formation represents an alluvial apron formed in response to long-
lived orogenic activity on the margin of the Slave craton. It shares many features with
braided stream-braid delea alluvial successions, but is distinguished by the large spatial and
temporal scale of alluvial deposition transverse to its orogenic source area. Furthermore, a
humid climate probably contributed to both alluvial dominance of depositional
environments and the spatial scale of the alluvial system.

Sedimentological and stratigraphic studies of the Burnside Formation document the
transition of the Early Proterozoic Kilohigok foreland basin from a southeast-facing marine
shelf ramp with longitudinal transport to a northwest-directed alluvial apron that flowed
transverse to the initial basin depocenter and across an inferred flexural arch. The abrupt
superposition of braid plain associations on shelf and braid delta associations in the foreland
suggest that progradation and shift of the paleo-shoreline was rapid and involved erosional
truncation over the arch. The Burnside Formation intertongued with the evolving passive
margin in Wopmay Orogen on the opposite side of the Slave Province. The
contemporaneous development of the passive margin carbonate platform may have
attenuated destructive marine processes that initially influenced the prograding braid delta,
so that fluvial dominance was even more pronounced. The stratigraphic architecture of the
Burnside Formation suggests initially longitudinal deltaic sedimentation occurred in the
proximal foreland. The progradation of the Burnside alluvial wedge and deposition of over
2.5 km of alluvial sediments over the Slave craton probably was related to uplift of and mass
redistribution from the orogenic hinterland.
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