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Abstract

Petrographic and geochemical analyses of bulk bentonites, volcanic minerals, and unaltered glass
inclusions in quartz phenocrysts reveal the composition and tectonic setting of Late Cretaceous
explosive volcanism in the Canadian High Arctic. The bentonitic clays represent altered volcanic
ashes intercalated with Kanguk Formation mudstones on Axel Heiberg and Ellesmere Islands.
Preliminary “Ar/*°Ar dating of sanidine phenocrysts yields a Late Cenomanian to Middle
Campanian age for the Kanguk Formation. Grain-size distributions and ash dispersal suggest high
energy Plinian-style eruptions. Primary mineral assemblages (quartz, sanidine, ilmenite, zircon,
apatite, and acmite) indicate that the parent magmas of the Kanguk bentonites had oversaturated,
marginally peralkaline compositions. Microprobe analyses of glass inclusions within quartz
phenocrysts confirm such parent melt compositions, and permit evaluations of element mobilities
during bentonite formation. Appropriate modelling of elemental fluxes allows recalculation of
original ash compositions from bulk bentonite analyses, and indicates a potential for geochemical
correlation between individual units or groups of units. Detailed major and trace element
geochemistry on both primary phenocrysts and bulk bentonites, in conjunction with discriminant
diagrams, reveals a within-plate tectonic setting for the parent volcanism, and a dominance of
peralkaline rhyolite compositions. The Kanguk bentonites may represent late-stage magmatic
activity along the Sverdrup Rim, or they may be the products of extra-basinal volcanism. Late
Cretaceous to Tertiary peralkaline volcanism occurred elsewhere along the north coast of
Ellesmere Island and northwestern Greenland; however, no exact match to the age and
composition of the bentonites exists to date.

Key Words: bentonite, volcanic ash, Sverdrup Basin, Plinian eruptions, glass inclusions,
peralkaline rhyolites, element mobility, tectonomagmatic discrimination, geochemical
correlation, Arctic volcanism
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CHAPTER 1: INTRODUCTION

1.1 Opening Statement

Volcanic ash consists of pyroclasts (glass shards, crystals, and lithic fragments) less than 2 mm
in diameter (Schmid 1981), generated during explosive volcanic activity. Explosive eruptions
occur when volatiles build up, mainly in magmas of intermediate to acid composition, and then
exsolve in response to decreasing pressure or temperature to form a free vapor phase. This
process results in a rapid volume increase within the magma chamber, which can generate enough
energy to project pyroclastic material high into an eruption column. Eruptive plume heights may
exceed 30-40 km; therefore, wind currents are effective in distributing ash over large distances (up
to 5000 km) in a relatively short period of time (Fisher and Schmincke 1984).

Field mapping of ash layer thicknesses, areal distribution, and grain size analyses (especially
maximum clast size) are useful for determining physical parameters associated with an eruption.
These data can provide information on paleowind patterns, dynamics of eruption columns, volume
and shape of magma chambers, and eruptive energy (Fisher and Schmincke 1984). Chemical
analysis of phenocryst minerals, glass shards, and cognate lithic fragments yields important
information concerning the parent magma composition, tectonic setting of the eruptive center, and
petrogenesis of ash deposits. Geochemical fingerprinting of individual ash layers based on
characteristic immobile element ratios is an important tool for stratigraphic correlations over wide
areas (e.g., Huff and Kolata 1989). Many ash layers also contain minerals suitable for radiometric
dating; this feature, combined with their widespread distribution and short deposition times, has
made ash layers invaluable geochronological tools (Baadsgaard and Lerbekmo 1982).

Late Cretaceous explosive volcanism deposited blankets of volcanic ash over much of the
Canadian High Arctic (Fig. 1.1). Subaqueous fallout deposits, interbedded with organic-rich
mudstones of the Kanguk Formation, occur throughout the eastern Sverdrup Basin region (Fig.
2.1). Axel Heiberg and Ellesmere Islands contain exposures of bentonitic clays within the Kanguk

Formation that represent the altered remains of the Late Cretaceous volcanic ashes.
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Figure 1.1 Map of the Canadian Arctic Archipelago, showing the locations of Axel Heiberg and
Ellesmere Islands, the Queen Elizabeth Islands (those islands north of the Parry Channel), and
the location of the Kanguk Formation study areas (modified from Plate 9, Trettin 1989).
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1.2 Definitions

Definitions of the term "bentonite" emphasize the origin, clay mineralogy, and industrial uses of
this material. Knight (1898) first applied this term to a highly colloidal, plastic clay located in the
Cretaceous sediments near Fort Benton, in eastern Wyoming. Original definitions focused on the
clay mineralogy of bentonites without any reference to their volcanic origin. Grim and Guven
(1978, p 1) defined a bentonite as "Any clay composed dominantly of a smectite clay mineral,
whose physical properties are dictated by this clay mineral." Industrial definitions focus on the
ability of bentonitic clay to exchange cations, its hydration and swelling capacity, its impermeability
and binding behavior, and its rheological properties of viscosity and thixotropy (Christidis and
Scott 1993).

In this thesis, the term "bentonite" refers specifically to the alteration products of primary
volcaniclastic material. A bentonite is "a soft, plastic, porous, light-colored rock composed
essentially of clay minerals of the montmorillonite (smectite) group plus colloidal silica, and
produced by devitrification and accompanying chemical alteration of a glassy igneous material,
usually a tuff or volcanic ash" (American Geological Institute 1987).

However, not all pyroclastic material undergoes alteration to bentonitic clay following
deposition. Bentonite formation occurs predominantly in aqueous environments, where water
promotes the devitrification and hydration of volcanic glass to authigenic clay minerals. Sediments
associated with bentonitic horizons indicate the wide range of environmental conditions in which
bentonites may form. The geological environment may be lacustrine, coal-forming, estuarine,
shallow marine, or deep-sea (Person 1982). Wet ash deposited in terrestrial sgttings may also alter
to bentonitic clay. High silica contents (>70%) appear to impede the alteration of volcanic ash,
whereas moderate MgO contents (5-10%) (including MgO incorporated from sea water) favor
rapid bentonite formation. Bentonitization occurs during early diagenesis, and is probably

contemporaneous with the deposition of volcaniclastic material (Grim and Guven 1978).



Chapter 1 : Introduction 4

Most bentonites contain four predominant mineralogical components:

1) primary igneous phenocrysts crystallized within the parent magma and erupted as a
component of the original ash (e.g., quartz, plagioclase, sanidine, biotite, zircon,
ilmenite, apatite),

2) non-detrital fragments (i.e., xenocrysts, xenoliths) from the walls of the volcanic vent
(these may indicate the petrology of the bedrock within the source region);

3) authigenic minerals (mostly clay minerals) formed from the devitrification and hydration
of glass shards and associated volcanic minerals; and

4) detrital minerals derived from sedimentary contributions within the local depositional
environment.

The geometry and lateral extent of a bentonitized deposit reflect the magnitude of the original
eruption, the strength and direction of the prevailing winds prior to deposition, and the reworking
of the pyroclastic material within the depositional environment. Deposition of the original volcanic
ashes occurs over a wide area in a very short time. Bentonites may also contain minerals suitable
for radiometric dating, thus they serve as excellent stratigraphic marker-horizons for
geochronological work (Baadsgaard and Lerbekmo 1982; Person 1982). The chemistry of the
bulk bentonites and igneous phenocrysts may indicate the nature of the original volcanic ash
(provided contamination is minimal), therefore, bentonites are also useful for petrogenetic studies.
However, the correct tectonomagmatic interpretation of bentonite compositions must consider the

effects of element mobility during the alteration of primary volcaniclastic material.

1.3 Location and Geological Setting

The Kanguk Formation occurs across the entire Sverdrup Basin, from Banks Island in the west

to Ellesmere Island in the east (Fig. 1.1). The lower part of the Formation contains bituminous

shales and organic-rich mudstones representing starved, offshore shelf deposits. Bentonite beds
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are most common within the lower sections of this unit. The shales become siltier, less bituminous,
and lighter in color upwards, and the upper sections of the Formation are predominantly prodelta
deposits. Intermittent sandstone units occur within the marginal parts of the Formation and
represent shallow marine shelf deposits (Embry 1991). Preliminary “’Ar/**Ar dates on sanidine
phenocrysts separated from the bentonites (approximately 91.5 - 80.7 Ma, GK Muecke, personal
communication 1994), combined with micropaleontological work on the interbedded shales
(Nunez-Betelu et al, in press), yield a Late Cenomanian to Middle Campanian age for the Kanguk

Formation.
1.4 Previous Work

Early researchers from the Geological Survey of Canada (GSC) used ships, dog sleds, and
canoes to explore the Canadian Arctic, without the modern conveniences offered by aircraft and
weather stations. In 1947, aircraft transported geologists to regions within the High Arctic, with
the support of six weather stations (Christie and Dawes 1991). In 1955, the GSC organized
Operation Franklin, a combined geological and aerial geophysical recbnnaissance project,
supported by helicopters and "bush" planes. During this project, land-based geologists
documented an extremely thick sequence of sediments in the Canadian Arctic Islands that
contained suitable structures for hydrocarbon generation and entrapment (Fortier and Morley
1956). These discoveries prompted widespread petroleum exploration in the 1960's, 1970's, and
1980's involving many exploratory wells and seismic reflection lines throughout the Sverdrup Basin
(Thorsteinsson and Tozer 1970; Drummond 1973).

Initial work on Mesozoic strata concentrated on well cuttings from these exploratory
boreholes. This work complemented field studies on well-exposed Mesozoic sections in the
eastern Sverdrup Basin, and resulted in a large number of summaries of Arctic geology containing

sections on Mesozoic stratigraphy. Abundant biostratigraphic data now exists for many Mesozoic
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sections (Embry 1991). Many of these reports contain descriptions of Kanguk Formation
stratigraphy and paleoenvironmental interpretations based on detailed stratigraphic and
sedimentological studies. Embry and Osadetz (1988) provided a comprehensive summary of
Cretaceous volcanism throughout the Queen Elizabeth Islands, and noted the existence of thin
bentonite beds within the lower Kanguk Formation.

No studies to date have examined the characteristics of the Kanguk Formation bentonites.
Nunez-Betelu et al (in press) provide a biostratigraphic framework for the Kanguk shales that will
be integrated with radiometric dates from the intercalated bentonites (GK Muecke, personal
communication 1994). Several studies on Late Cretaceous Arctic sediments outside the Sverdrup
Basin have documented altered volcanic ashes which may be laterally equivalent to bentonites in
the Kanguk Formation (Lanphere and Tailleur 1983; Mudie and Blasco 1985; Arctic Summer

West Scientific Party 1992).

1.5 Problem and Objectives

The bentonites of the Kanguk Formation originated during a period of explosive volcanism in
the Late Cretaceous. The wide areal distribution of bentonites indicates that large volume air fall
deposits typical of very powerful eruptions (i.e., plinian or ultraplinian) formed during this period.
However, most of the older volcanic rocks within the Cretaceous Sverdrup Basin succession are
basaltic flows and localized pyroclastic deposits typical of relatively dry, basic magmatic systems.
The only explosive acidic rocks belong to the Hansen Point volcanics (informal stratigraphic unit)
of northwestern Ellesmere Island, that erupted after (Late Campanian-Danian) the Late
Cenomanian to Middle Campanian Kanguk Formation bentonites (Merrett and Muecke 1989).

This thesis attempts to determine the origin, tectonic setting, and nature of the parent
magma(s) that generated the Kanguk Formation bentonites. However, only relatively immobile

elements are reliable for classification and tectonic setting discrimination diagrams. The extremely
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altered nature of these volcanic ashes, therefore, necessitates an analysis of element mobility during
the bentonitization process.
In particular, the research objectives of this thesis include:

1) description of the field relations, physical characteristics, and mineralogical
composition of the Kanguk Formation bentonites;

2) determination of the original composition of the parental magma(s) and a description of
their chemical evolution over time;

3) assessment of the importance of element mobility during bentonitization, and its
implications for geochemical correlation and classification of individual ash layers;

4) comparison of bulk bentonite trace element chemistry with that for primary igneous
phenocrysts to determine trace element mobility and element partitioning between
crystals and original melt;

5) use of trace element discrimination diagrams to determine the tectonic setting and
provenance of the original volcanic ashes; and

6) discussion of the implications for models of Late Cretaceous Arctic volcanism.

1.6 Scope of Study and Thesis Organization

This thesis examines the geochemistry and petrogenesis of the Kanguk Formation bentonites in
the framework of the research objectives outlined above. The focus of this study is the
petrogenetic aspects of the bentonites; therefore, it provides only a brief description of the
sedimentological characteristics. Preliminary radiometric dating of sanidine phenocrysts indicates
the duration of explosive volcanic activity represented by the preserved Kanguk bentonites.
However, a detailed geochronological study of these ash layers is to be published at a later date '

(GK Muecke, personal communication 1994) and does not form part of this thesis. The analytical
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sections of this study examine only 12 bentonite samples which may not represent the full spectrum
of bentonite compositions present within the Kanguk Formation.

Chapter 2 contains a detailed treatment of the regional stratigraphy and bounding units of the
Kanguk Formation. A description of the field localities, local stratigraphy, and details of field
procedures comprises Chapter 3. Chapter 4 includes a discussion of the textures and mineralogy
of the altered volcanic ashes, along with an analysis of the primary igneous phenocryst chemistry.
Chapter 5 summarizes the geochemical data for the bulk bentonites, contrasts these data with
results obtained from unaltered glass inclusions in quartz phenocrysts, and includes an analysis of
element mobility. Chapter 6 includes a discussion of the tectonic setting and provenance of the
original ashes, and an interpretation of these results in terms of existing models for Late
Cretaceous volcanic activity within the Arctic region. The Appendices contain detailed field

descriptions, laboratory techniques and geochemical data.



CHAPTER 2 : GEOLOGICAL SETTING

2.1 Introduction

Axel Heiberg and Ellesmere Islands are part of the Queen Elizabeth Islands, north of the Parry
Channel within the Canadian Arctic Archipelago (Fig. 1.1). The Sverdrup Basin, a northeast-
southwest trending extensional basin, covers much of the central and eastern regions of the Queen
Elizabeth Islands (Fig. 2.1). The Basin is approximately 1300 km long, up to 400 km wide, and
served as the major depocentre within the Canadian Arctic Islands from the Early Carboniferous to
the Early Tertiary. The Sverdrup Basin contains a succession of marine and nonmarine clastics,
carbonates, evaporites, and mafic intrusive and volcanic rocks, with a total thickness of up to 13
km near the axial region. The Sverdrup Rim, a large horst that was the site of active uplift and
erosion throughout the Cretaceous Period, separates the Sverdrup Basin from the Canada Basin to
the northwest (Balkwill 1978; Trettin 1989).

Active volcanism, associated with a Carboniferous-Early Permian rifting event, took place
during the early development of the Sverdrup Basin. Widespread igneous activity also occurred
throughout the Cretaceous as a result of minor crustal extension within the Basin, coupled with
the main phase of rifting in the adjacent Canada Basin (Williamson 1988). Most magmatism
produced basaltic lavas and intrusive rocks interbedded with the basinal sediments. Axel Heiberg
and Ellesmere Islands contain excellent exposures of these volcanic rocks. During the Late
Cretaceous, most of the Sverdrup Basin underwent thermal subsidence, and volcanic activity took
place only in the extreme northeastern parts of the Basin. This volcanism resulted in the extrusion
of acid volcanics in addition to basic rocks (Embry and Osadetz 1988; Merrett and Muecke 1989).
The bentonites of the Kanguk Formation may represent either a late stage of explosive volcanism

along the Sverdrup Rim, or a period of intense extra-basinal volcanic activity.
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2.2 The Sverdrup Basin

The Sverdrup Basin originated during Carboniferous to Early Permian rifting of deformed
Precambrian to Devonian rocks, and its growth ended with folding and faulting of the Basin strata
during the Early Tertiary Eurekan Orogeny (Balkwill 1978). The sedimentary fill of the Sverdrup
Basin consists mainly of clastic sediments derived from cratonic areas to the south and east of the
Basin. Late Paleozoic sediments include significant volumes of carbonates, evaporites, and chert.
Sediment supply to the Basin fluctuated greatly in response to uplift of the craton, thermal
subsidence of the Basin, and marine transgressive-regressive cycles. Evaporite diapirism took
place from Triassic time onward. Magmatism occurred throughout the history of the Basin,
associated with periods of crustal extension (Trettin 1989; Muecke 1990). Figure 2.2 summarizes

the tectonomagmatic history of the Sverdrup Basin.

2.2.1 Regional Stratigraphy

The oldest strata within the Sverdrup Basin succession, present along the northern and
southern margins of the Basin, are Early Carboniferous (Visean) in age. Diachronous sandstones,
conglomerates, and red beds constitute the oldest continuous strata, deposited from the latest
Early Carboniferous to Early Permian (Trettin 1989). Volcanic rocks of the Auhild Formation
(333-305 Ma) occur within these sediments, and represent the oldest known record of volcanism
in the Sverdrup Basin (Ritcey 1989).

Mid-Carboniferous sedimentation involved deposition of mixed clastic and carbonate
sediments along the Basin margins, as well as thick accumulations of marine muds, evaporites and
carbonate rocks near the axial regions of the Basin. During the Lower Permian, minor folding and
faulting associated with the Melvillian Disturbance accompanied the extrusion of the Permian

Esayoo Formation basalts (Cameron 1989).
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Mesozoic sedimentation in the Sverdrup Basin reflects thirty regional transgressive-regressive
cycles resulting from the interplay of subsidence, sediment supply, and eustatic sea level changes.
Thermal subsidence of the Basin followed rifting and crustal stretching in the Carboniferous to
Early Permian, and continued until the Early Cretaceous. The present Arctic region moved
northward throughout the Mesozoic, from 40°N in the early Triassic to 70°N near the end of the
Cretaceous (Embry 1991). This movement terminated deposition of carbonates and evaporites,
and promoted clastic sedimentation during the Mesozoic Era. A major sea level rise took place in
the Early Triassic, and well-defined marginal and axial basin facies developed in the Sverdrup
Basin. Up to 4500 m of sediments accumulated near the Basin axis during the Triassic Period.
Sediment supply was minimal during the Jurassic, and marine transgression resulted in the
deposition of shallow submarine sands (Balkwill 1978).

Renewed rifting from the Early Cretaceous to earliest Late Cretaceous accompanied uplift of
cratonic source areas to the south and east. This uplift increased sediment supplies, and generated
a coarse-grained fluvial-dominated deltaic system that deposited alluvial sediments of the Isachsen
Formation over basinal siltstones and shales (Embry 1991). Extrusion of tholeiitic basalts at Axel
Heiberg and northern Ellesmere Islands took place during this main rifting stage. Thermal
subsidence throughout the Late Cretaceous accompanied a series of transgressive-regressive
cycles, each consisting of a shale-siltstone lower portion and a sandstone-dominant upper portion.
The sandstone-dominant Hassel Formation overlies this succession, and consists of a lower unit of
delta front, coarsening-upward marine sediments, and an upper unit of interbedded sandstone,
shale, siltstone, and minor coal (Embry 1991). The Hassel Formation makes up the topmost
portion of the Albian to early Cenomanian interval on the margins of the Sverdrup Basin and in
Banks Basin, and is unconformably overlain by the Kanguk Formation. However, the Bastion
Ridge (marine shales) and Strand Fiord (volcanic) formations, two stratigraphic units restricted to
the central parts of the Sverdrup Basin, are also present within this interval. The uppermost

Cenomanian to Maastrichtian cycle contains the Kanguk and Expedition formations. Many
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uncertainties exist as to the exact stratigraphic relationships between the Hassel, Bastion Ridge,
Strand Fiord, and Kanguk formations, and the base of the Eureka Sound Group (Expedition
Formation) (Nunez-Betelu et al, in press).

In the latest Cretaceous and Tertiary, tectonic activity associated with the Eurekan orogeny
uplifted the Sverdrup Basin strata, forming the mountain ranges of Axel Heiberg and Ellesmere
Islands. Erosion of these arches during the Tertiary Period resulted in thick, sandstone-dominated

sequences deposited over Mesozoic sediments in areas of low relief (Balkwill 1978).
2.2.2 Tectonomagmatic History

The initial Carboniferous to Early Permian phase of continental rifting within the Sverdrup
Basin involved extension of deformed Precambrian to Devonian rocks. Maximum thinning of
continental crust took place in the axial regions of the Basin, where thicknesses decreased by a
factor of two or more (Stephenson et al 1987). Evidence for extension also includes listric faults,
with associated coarse clastic sediments (Sobczak et al 1986). Theories on the development of rift
basins (e.g., McKenzie 1978) suggest that lithospheric extension results in basin subsidence, and
upwelling of the underlying asthenosphere to maintain isostatic equilibrium. Decompression (;f
this mantle material may generate partial melts, which can rise to the surface through fractures in
the overlying stretched lithosphere. The Carboniferous and Permian volcanic rocks of the
Sverdrup Basin represent the igneous products of this initial rifting phase (Cameron 1989; Ritcey
1989). Lithospheric cooling subsequent to this rifting event resulted in thermal subsidence of the
Basin from Permian to Early Cretaceous time (Stephenson et al 1987).

The northwestern rim of the Sverdrup Basin contains Carboniferous volcanic rocks of the
Audhild Formation, consisting of spilitized basalt flows, with associated pyroclastic material
(Ritcey 1989). Minor folding and faulting of Lower Permian rocks along the southern and eastern

margins of the Basin took place during the Melvillian Disturbance. Transtensive tectonism during
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this period probably relates to extrusion of alkaline to transitional basalts of the Permian Esayoo
Formation along the northwestern part of the Basin (Cameron 1989).

Renewed rifting in the eastern part of the Sverdrup Basin during the Early Cretaceous
increased subsidence rates, and generated extensive magmatism. Cretaceous volcanic rocks form
part of the Sverdrup Basin succession on northern Ellesmere Island, Axel Heiberg Island, and
northernmost Amund Ringnes Island (Fig. 2.1). Several different models exist to explain the
episodic nature of the resulting intrusive and extrusive magmatism.

The re-activation of continental rifting may reflect the development of the Sverdrup and
Canada Basins as conjugate rift systems. The main stage of rifting within the Canada Basin (late
Hauterivian to early Cenomanian) corresponds to the peak of volcanic activity within the adjacent
Sverdrup Basin. Voluminous subalkaline magmatism occurred along the Sverdrup Basin axis,
where maximum thinning of the lithosphere induced partial melting of mantle material.
Widespread volcanic activity produced mainly tholeiitic basalt flows and minor pyroclastic rocks,
with associated sill and dyke complexes (Williamson 1988; Muecke 1992). "The timing, volume,
and composition of melts directly reflects the time, magnitude, and rate of lithospheric thinning.
The episodic nature of the magmatism, possibly periodic, suggests that rifting rates were variable
and ultimately controlled by processes at the plate margins" (Muecke et al 1990).

Cretaceous dykes trend mainly north-northwest, and appear to radiate from the southern limit
of the Alpha Ridge (Fig. 2.1). Based on this observation, Embry and Osadetz (1988) suggested
that a mantle plume existed at this apparent center of volcanism, and that it was active throughout
the Cretaceous period. The Alpha Ridge thus represents a hot-spot track that developed during
seafloor spreading in the Canada Basin through the Late Cretaceous. However, this model
incorrectly assumes a northward increase in the number and thickness of volcanic units in the
Sverdrup Basin succession. It also does not account for the periodicity of the observed
magmatism, the progressive changes in magma composition, and the spatial distribution of

compositional types.
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By the Late Cretaceous to Early Tertiary, volcanism migrated to the northeastern Sverdrup
Rim, and erupted as bimodal suites dominated by strongly alkaline basalts, rhyolites, trachytes, and
peralkaline rhyolites (Muecke 1992). Cenomanian to Danian volcanic strata include the Kanguk
Formation bentonites (Late Cenomanian to Middle Campanian), and the Hansen Point volcanics
on northwestern Ellesmere Island (Late Campanian to Danian). The Hansen Point volcanic
sequences near Emma Fiord, Phillips Inlet, and Yelverton Inlet, Ellesmere Island, contain strongly
alkaline basalts and substantial amounts of felsic eruptives. These compositions differ from Early
Cretaceous to early Late Cretaceous tholeiitic magmatism in the central Sverdrup Basin, and may
be a result of thicker crust at the basin rim, and extended crustal residence times of magmas prior

to eruption (Merrett and Muecke 1989).

2.3 Late Cretaceous Stratigraphy

The Late Cretaceous stratigraphy of the northeastern Sverdrup Basin involves complex
stratigraphic relationships between formations, including several major unconformities (Fig. 2.3).
The Kanguk Formation is present across most of the Sverdrup Basin, where it unconformably
overlies the Hassel, Bastion Ridge, and the Strand Fiord Formations. Most of the Kanguk
Formation consists of organic-rich mudstones with rare to abundant interbeds of bentonites and
occasional silty mudstones (Nunez-Betelu et al, in press). The other formations within this interval
differ greatly from Axel Heiberg Island to Ellesmere Island; therefore, an analysis of the

stratigraphy at each location is necessary.

2.3.1 Western Axel Heiberg Island

The Bastion Ridge Formation, a thin, mudstone and minor siltstone unit, overlies the Hassel

Formation on western and southern Axel Heiberg Island. A sideritic sandstone, containing plant
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minor unconformity may occur between the Hassel and Bastion Ridge formations in areas where

the Strand Fiord Formation is present. In other areas, where the Strand Fiord Formation is absent,
sedimentological evidence supports the presence of this unconformity. Sandstones intercalated with
the Bastion Ridge Formation could represent lateral equivalents of this formation and unconformably
rest on the Hassel Formation. The hiatus defined on top of the Kanguk Formation and lower part of

the Eureka Sound Group extends into the Paleocene (from Nunez-Betelu et al, in press)
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macrofossils and an undulose contact, represents an unconformity between these two units in the
south (Nunez-Betelu et al, in press). The Bastion Ridge Formation underlies and interfingers with
the Strand Fiord Formation, a volcanic succession consisting mainly of subaerial flood basalts, at
several locations on western Axel Heiberg Island. The contact between these two units constitutes
a mixing zone of pyroclastic breccia and epiclastic volcanic strata (Ricketts et al 1985). Basal
flows near the margins of the basalt plateau display characteristics diagnostic of invasive flows that
burrowed into weakly consolidated sediments. These features include large basalt rafts, rootless
dykelets, and irregular pillow-like structures in the mixing zones, which show chilled margins and
vesicle zonation indicating rapid quenching against wet sediments (Muecke et al 1991).

The Kanguk Formation directly overlies the Bastion Ridge Formation, where the Strand Fiord
volcanics are absent. A very fine- to fine-grained, bioturbated to hummocky-crossbedded
sandstone caps the Bastion Ridge Formation on southern Axel Heiberg Island (Embry 1991). In
this region, the Bastion Ridge is uncomformably overlain by the Kanguk, with a well-developed
paleosol separating the two formations (Nunez-Betelu et al, in press).

The Strand Fiord Formation is in direct, unconformable contact with the underlying Hassel
Formation, on northwestern Axel Heiberg Island. The Strand Fiord volcanics range in thickness
from 40 m to approximately 1000 m, and contain minor clastic interbeds composed mainly of
carbonaceous mudstones and siltstones. The most continuous section consists of 38 basalt flows,
with scoriaceous flow tops, and minor pyroclastic units. The Kanguk Formation unconformably
overlies the Strand Fiord Formation, with boulder conglomerates and altered flow tops marking
the contact (Embry and Osadetz 1988; Nunez-Betelu et al, in press).

The sandstone-dominated Expedition Formation of the Eureka Sound Group conformably
overlies the Kanguk Formation. The contact is transitional, with the Kanguk Formation shales
becoming siltier upwards, and grading into the coarsening-upward delta front sediments of the

Eureka Sound Group (Embry 1991).
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The Bastion Ridge Formation may be time-equivalent to the Strand Fiord Formation in some
localities, and both may be time equivalent to the upper Hassel Formation. The Bastion Ridge and
Strand Fiord formations may also represent a hiatus, elsewhere in the Sverdrup Basin, between the
Hassel and Kanguk Formations. "The gap in age, determined by palynology, between the Bastion
Ridge and Strand Fiord formations (late Albian), and the overlying Kanguk Formation (late
Turonian) spans the Cenomanian, and represents an extensive unconformity that is recognized

over the entire study area" (Nunez-Betelu et al, in press p 8).
2.3.2 Fosheim Peninsula, Ellesmere Island

The Kanguk Formation is in direct, unconformable contact with the underlying Hassel
Formation on the Fosheim Peninsula, Ellesmere Island (Fig. 3.1). Thick, massive sandstones of
the Hassel Formation pass abruptly into the organic-rich mudstones of the Kanguk Formation (Fig.
2.3). The absence of thick sedimentary and volcanic sequences between the Hassel and Kanguk
Formations on Ellesmere Island reflects the marginal position of this region, relative to western
Axel Heiberg Island. The Eureka Sound Group unconformably overlies the Kanguk Formation
sediments, with a sudden transition from dark grey, marine shale into light-colored fluvial-deltaic

sandstone.
2.4 Summary

The Sverdrup Basin, located within the Canadian Arctic Archipelago, contains a thick sequence
of sediments deposited from the Early Carboniferous to the Early Tertiary. Erosion of cratonic
source areas to the south and east of the Basin occurred during periods of active tectonism in the
Arctic region. Continental rifting, associated with the development of the Canada Basin, resulted

in thermal subsidence of the Sverdrup Basin, and widespread volcanic activity.
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Most volcanism resulted in extrusion of basaltic flows and pyroclastic material. Major
intrusive activity also took place during the Cretaceous. Late Cretaceous to Early Tertiary
volcanism along the Sverdrup Rim generated bimodal compositions, including felsic volcanics.
The distribution of these rocks reflects their positions relative to the Basin axis, and a possible
mantle plume to the north of Ellesmere Island. The Kanguk Formation bentonites may represent
late-stage magmatic activity along the Sverdrup Rim, or they may be the products of extra-basinal

volcanism.
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CHAPTER 3 : FIELD RELATIONS AND MACROSCOPIC DESCRIPTIONS

3.1 Introduction

Exposures of Kanguk Formation bentonites exist on Kanguk Peninsula, Axel Heiberg Island,
and Fosheim Peninsula, Ellesmere Island. Measurement and sampling of bentonites for this study
took place during two field seasons, at three different stratigraphic sections of the Kanguk
Formation (Fig. 3.1). In July 1990, G.K. Muecke, R.A. MacRae, and G. Fisher collected five
bentonites from the Kanguk Peninsula (Section 90-05) and two bentonites from an exposure
along the Kanguk River (Section 90-01). During the 1992 field season, G.K. Muecke, E.-W.
Pearson, and M.B. Parsons documented 27 individual bentonites from a stream exposure in the
Fosheim Anticline, Ellesmere Island. This sgction (92-01) contains the most numerous and
lithologically diverse bentonites and is, therefore, the main focus of the field descriptions in this
chapter. Appendix A contains detailed field descriptions for all bentonite and shale samples
collected from each location.

During the 1992 and 1993 field seasons, L. V. Hills, L K. Nunez-Betelu, and R.A. MacRae
also collected bentonites from 12 different locations around Fosheim and Raanes Peninsulas,
Ellesmere Island, and two locations on Axel Heiberg Island. These bentonites do not form part of
this thesis, but may soon form part of a regional stratigraphic study of the Kanguk Formation (GK

Muecke, personal communication 1994).
3.2 Kanguk Formation Stratigraphy
The Kanguk Formation consists mainly of bituminous shales and organic-rich mudstones, with

intercalated sandstone units near the marginal parts of the Sverdrup Basin. Embry (1991) and

Balkwill (1978) provided detailed summaries of the stratigraphy and sedimentological
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Figure 3.1 Location map showing measured sections on the Kanguk Peninsula, western Axel Heiberg
Island, and on Fosheim Peninsula, western Ellesmere Island. Appendix A includes exact

geographical coordinates for each of the section locations.
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characteristics of this formation. Nunez-Betelu (1991) presented palynological data on the shales
and mudstones of the Kanguk Formation. The present study 