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ABSTRACT

Previous studies have documented the presence of
magnetic polarity reversals,which could represent the earliest
MO or M1 reversal of the M-Seguence, in the Early Cretaceous
(Aptian-Barremian) sedimentary/volcanic stratigraphic sequence
of Axel Heiberg Island. These reversals occur within
uncorrelated tholeiitic basalts of the Walker Island Member ot
the Isachsen Formation which have within-plate to N-type MORB
characteristics. The two main goals of this study are to
accurately correlate the basalt units and to then date the
determined reversal(s) by the whole-rock “%%Ar/®*®Ar procedure.
A combination of standard trace element analysis and
multivariate statistics (Chernoff's icons) was used
successfully to correlate chemically similar f£lows. Both
types of analysis confirm the existence of only one reversal
{MO) in the study area. This is the first time icons have
been used to represent the chemical relationships in basaltic
seguences and the success with this study may encourage future
applications.

The results of the whole-rock “"Ar/22Ar age analysis
provide an age (89-93 Ma), too young for the Walker Island
Member that has an Aptian to Barremian (115-125 Ma)
paleontological age constraint. One dated sample exhibits an
excellent age plateau which is attributed to the argon
degassing of a potassium feldspar-bearing crystallization
product formed from the original glasses in the sample. As a
result, the anomalously vyoung age is interpreted as dating a
thermal event which may have coincided with the eruption of
the younger (Late Albian to Early Cenomanian) Strand Fiord
Formation.

KEYWORDS
Chernoff's icons, basalt, Walker Island Member, Isachsen

Formation, Strand Fiord Formation, whole-rock “°Ar/>%Ar,
magnetic polarity, M-Seguence, MO.
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CHAPTER 1: INTRODUCTION

1.1 Introduction

In the Early Cretaceous, continental movement of
Greenland and Alaska rejuvenated the Sverdrup Basin in the
Queen Elizabeth Islands of the Canadian Arctic. Active
rifting during this time was the probable cause of the
extensive continental basalt eruptions of the Isachsen and
Strand Fiord formations (Jackson et al. 1986). The maximum
volume estimation of the Sverdrup Basin volcanic rocks is
10,000 to 20,000 km® (Williamson and Muecke 1589). This
thesis deals with the eruption of the basalts of the Walker
Island Member of the Isachsen Formation and their significance
in refining the age of an important magnetic reversal during

the Early Cretaceous.

1.2 Location of the Study Area

The study area centres on Bunde Fiord on western Axel
Heiberg Island within the Canadian Arctic Archipelago. The
three sampled sections examined are: Camp Five Creek (A) Bunde
Fiord East (B), and Celluloid Creek (C). These sections lie
within a 5 km® area at the mouth of Camp Five Creek (Fig.
1.1). Rock deformation as a result of the Eurekan Orogeny,
and later sediment cover, complicate the field correlation of

the basalt flows (Muecke, pers. comm.).
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1.3 Obijectives

This thesis uses field observations, petrographic
analysis, and geochemistry, to correlate basalt flows and
sequences across the study area. Such correlations test
previous conclusions of Wynne et. al. (1988) about the
stratigraphic position of reverse polarity basalts (MO) in the
study area. Another priority is to date the basalt flows near
the revexrsal by the “4PAr/3*®Ar technigue to test the
authenticity of previous MO age estimations.

1.4 M~-Sequence Reversals and the Magnetic Polarity of the
Walker Island Member Basalts

1.4.1 The Jurassic - Cretaceous M-Sequence

In the Jurassic to Cretaceous, volcanic and sedimentary
rocks record 29 magnetic field reversals of the Earth. The
Jurassic-Cretaceous reversals are known as the M-Seqguence, and
this series numbers from the youngest Early Cretaceous MO
(Aptian-Barremian) to the oldest Late Jurassic M25
(Oxfordian). The first 25 reversals were recorded in rocks
produced along the ancient spreading centre between the
Pacific and Farallon plates, near the present Hawalian
Islands. The oldest four magnetic reversals (M26-M29) were
recorded in rocks encountered in other DSDP drillholes (0Ogg et
al. 1987) and are beyvond the scope of this thesis. Figure 1.2
presents a diagram of the youngest 25 reversals of the M-
Seguence. Immediately overlying the M-Seguence is the

Cretaceous Quiet Zone which represents a 40 million year



period of normal polarity.
1.4.2 The M-Seguence Ages

Paleontologic studies of the sediment overlying the
recorded M-Sequence anomalies in the bedrock provide the ages
of the Hawaiian reversals (Larson et al. 1975). These studies
can only assign a minimum-maximum age interval to the
magnetic anomalies. O0Of the 29 reversals, only MO (119 Ma) and
M25 (156 Ma) have radiometric dates. Kent and Gradstein
(1986) estimated the ages of the other magnetic reversals by a
plot of the two known radiometric ages and an assumed constant
3.84 cm/yr spreading rate between the Pacific and Farallon
plates (Fig 1.2). 1In Figure 1.2 the absolute ages of the
magnetic anomalies can be interpolated from the vertical time
scale (Kent and Gradstein 1986). A slight change of the
interpolated line slope will affect the ages of the M-Sequence

events by about 5 to 10 million years.
1.4.3 Age Uncertainties Within the M-Sequence

A fresh, low potassium MORB basalt from DSDP hole 417D
{located in the western North Atlantic) defines the *°Ar/2*°®Ar
date for MO. The DSDP basalts contain less than 0.05 wt% of
K20 and only one sample out of nine (hole 417D core 22)
provided reliable results (Ozima et al. 1978). Low potassium
contents introduce highexr errors because there are lower
concentrations of the daughter product “®Ar (McDougal and

Harrison 1988). The resultant age spectrum for the DSDP
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basalt is highly irregular with abnormally high ages for the

700 and 1000= heating fractions.

The final 119 Ma age determination excludes the 700.
and 1000. temperature fractions and is based on the remaining
five fractions (0Ozima et al. 1978). The radiometric age for
M25 was determined by interpolation of whole-rock K-Ar dates
(Armstrong 1978). In general, the age determination for MO
and M25 are unreliable and reqguire refinement using better
sample material and improved measurement methods. The
continental basalts of the Camp Five Creek location provide an
opportunity to improve the dating of MO since they are

relatively fresh and have about 0.6 to 0.9 percent Kz0.

The M0 age determination of the Walker Island Member
basalts could considerably reduce the uncertainties of the
worldwide age assignments to the M-Seguence if they provide an
accurate MO age. A necessary prerequisite of such a
refinement is the correct assignment of the magnetic reversal

(s) found in the Walker Island Member sequence.

1.5 Previous Interpretation of the Study Area

Wynne et al. (1988) measured the stratigraphic magnetic
polarity of extrusive volcanic rocks in the Sverdrup Basin and
identified two magnetic reversals in the Barremian-Aptian
basalt flows of the upper Isachsen (Walker Island Member)
Formation (Fig. 1.3). On the basis of poorly constrained

stratigraphic evidence, they interpreted these reversals as
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the youngest (MO-M1l) reversals of the M-Seguence. The two
reversals occur below an extensive 800+ meter thickness of
normal polarity basalts of the Strand Fiord Formation. This
thick normal polarity formation could represent the Upperx

Cretaceous Quiet Zone.

Wynne et al. (1988) 4did not f£ind the reversals in a
continuous stratigraphic section, but had to rely on the
correlation of a number of discontinuous sections in the study
area. They positioned the stratigraphic profiles relative to
the reversely magnetized flows (Fig 1.3). New field
observations in 1985 and 1990 led to uncertainties in their

correlations (Muecke, pers. comm.).

1.6 Organization

The first Chapter of this thesis presents the Sverdrup
Basin setting and provides a framework for the significance of
Walker Island basalts in the evolution of the basin. The
second chapter is an outline of the geological setting and
tectonic development of the basin. The third chapter uses
field, petrographic, and chemical data to classify the basalt
sequences of the study area. Next, the fourth chapter is a
summary of the basalt unit correlation. The £ifth chapter
presents the methods and results of the “°Ar/*®Ar procedure,
and discusses the present stratigraphy and implications of the
4°AY /®®Ar age results. Finally, the sixzth chapter is a

~ summary of the thesis conclusions.



CHAPTER 2 : TECTONIC AND GEOLOGICAL BACKGROUND

2.1 Introduction

The Sverdrup Basin has an extensive volcanic and
sedimentary history that ranges from the Carboniferous
(approx. 370 Ma) to the Tertiary (approx. 45 Ma). Figure 1.1
illustrates the tectonic setting of the Sverdrup Basin. At
present, an extensional tectonic model for the Sverdrup Basin
is a matter of debate (Williamson 1988, Stephenson et al.

1987).

2.2 Tectonic Evolution of the Sverdrup Basin

2.2.1 Early Formation and Magmatism

The study area is in the present-day Innuitian Tectonic
Province which has four main divisions: the Franklinian Mobile
Belt, Pearya Terrane, Sverdrup Basin, and the Arctic Coastal
Plain (Trettin 1989). South of the Innuitian Tectonic
Province lie the Arctic Platform and Canadian Shield tectonic
provinces., The rocks of the Canadian Shield are mainly
crystalline basement and sedimentary-volcanic segquences which
are Archaen to Cambrian in age (Stephenson 1987). This
province is overlain to the north by the Innuitian Tectonic
Province and the Cambrian to Cretaceous sediments of the

Arctic Platform (Fig. 1.1).

Underneath the Sverdrup Basin are the deformed rocks of

the Franklinian Mobile Belt and Pearya Terranes. The cause of
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the FPranklinian Mobile Belt remains speculative because some
of the basement rocks are unknown. However, studies of the
extensive Franklin dyke swarm indicate a rifting origin
sometime in the Late Proterozoic (0.75 Ga?). The known
stratigraphy of the Franklinian Mobile Belt consists mostly of
metamorphosed deep water and continental shelf sediments that
are Cambrian to Devonian in age (Trettin 1989). During the
Ordovician, an exotic continental terrane - Pearya - accreted
onto the northeastern corner of the Franklinian Mobile Belt.
Pearyva has a different crystalline basement than the exposed
basement of the Franklinian Mobile Belt. The accretion of
Pearya is probably a result of the Mid-0Ordovician to Late

Deveonian Ellesmerian Orogeny (Trettin 1989).

A combination of the Ellesmerian Orogeny and another
Early Carboniferous extensional event is the probable cause
for the deformation of both terranes. The exact origin of the
extension is unknown, but some authors (Trettin 1989) include
it within the Mid-Carboniferous to Permian Melvillian
Disturbance. Structural evidence from Melville Island
indicates that the Sverdrup Basin area was a pull-apart basin
between diverging dextral strike-slip fault systems (Trettin

1%89).

After the initial rifting and volcanism, the Sverdrup
Basin was a deep-water environment and mostly shales dominate
in the central areas. At the basin flanks, limestones and

shallow-water reefs dominate. Towards the Early Jurassic
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extensive sandstones of the Helberg Formation were deposited.
This formation marks the close of the first phase of the

Sverdrup Basin development (Stephenson et al. 1987).

2.2.2 Tectonomagmatic Rejuvenation in the Cretaceous

Embry and Osadetz (1988) proposed that the second stage
of development of the Sverdrup Basin was coupled to the
initial rifting and spreading of the adjacent Canada Basin
during the Early Cretaceous (Fig. 2.1). The nearby Banks
Basin and Englington Graben experienced subsidence at this
time. Also, the Sverdrup Rim and Arctic Platform were both
uplifted and acted as sediment sources for the subsiding
basins. However, the Arctic Platform to the south and east
became the main sediment supply for the Sverdrup Basin in the

Mid-Cretaceous (Embry and Osadetz 1988).

Extension in the Late Jurassic to BEBarly Cretaceous was
probably a result of continental readjustment in the Arctic
area. The counterclockwise rotation of Alaska from the
Greenland plate initiated rifting in the Arctic Ocean and the
formation of the Canada and Sverdrup basins. Extensive
submarine(?) volcanic rocks erupted along the now extinct
Alpha Ridge near the northern border of the Canada Basin

(Jackson et al. 1986).

2.2.3 Tectomagmatic Model

The Sverdrup and Canada basins could be parallel rift

basins. The initial Sverdrup Basin probably resulted from the
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Carboniferous Melvillian disturbance which caused upwelling of
the asthenosphere (Mutter, et al. 1988). Partial melting of
the asthenosphere in the order of 10% occurred beneath the
subsiding basin (Fig 2.2a). Support for this asthenospheric
upwelling is found in the alkali basalts within the Early
Carboniferous Audhild and Borup and the Permian Essayo
formations. Trace and rare-earth-element modelling implies a
fertile lherzolite (+/-garnet) mantle source for these

volcanic rocks (Camercn 1989, Ritcey 1989, Williamson 1988).

After the Melvillian disturbance, thermal subsidence
was the dominant crustal activity in the Sverdrup Basin area
as the upper asthenosphere cooled. The partially depleted
mantle remained underneath the Sverdrup Basin crust as the
entire Innuitian Tectonic Province migrated northward during
the Late Jurassic (Cameron 1989). Volcanic rocks do not occur

in the Late Permian to Late Jurassic strata (Williamson 1988).

The next stage of basin activity began in the Early
Cretaceous during the rotation of the Alaskan plate away from
the Greenland plate (Fig 2.2b). A second basin formed as the
crust failed along a probable weak point caused by the earlier
Melvillian disturbance (Mutter et al. 1988). The mantle
upwelled once again beneath the mature Sverdrup Basin and the
voung Canada Basin (Figure 2.2c). The greater degree of
asthenospheric partial melting could be the result of a
residual from the higher Carboniferous geotherm or small-scale

mantle convection (Cameron 1989, Williamson 1988, Mutter et
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al. 1988). This episode produced the wvolcanics of the
Isachsen and Strand Fiord formations. At the same time, the
crust beneath the Canada Basin failed along a weak point by
lithospheric necking (Fig 2.2d), and oceanic crust formed
within the Canada Basin during the resurgence of volcanic

activity in the Sverdrup Basin (Williamson 1988).

The Cretaceocus volcanics of the Sverdrup Basin evolved
from uniform composition tholeiites to mildly alkaline
basalts. Williamson (1988) proposed a dual fractionation-
crustal assimilation model to explain the compositional and
isotopic variation in the basalts. Extensive flood basalt
eruptions have high turbulent flow rates and the turbulence
erodes the cooled magma on the conduit margins in the crust.
This results in a greater degree of contact and limited mixing
between the ascending magma and the upper crust (Huppert and

Sparks 1985).

Near the beginning of the Late Cretaceous,; a shift in
the zone of extension caused migration of the volcanic centres
to the north. The Late Cretaceous basalts are mostly alkaline
in nature and probably erupted through thicker crust near the
northward rim of the. Sverdrup Basin (Muecke 1990). The
Cretaceous and older strata of the Sverdrup Basin were subject
to compression, uplift, and erosion as a result of the Late

Cretaceous to Oligocene Eurekan Orogeny {(Trettin 1989).
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2.3 SBtratigraphic Setting of the Cretaceous Volcanics

Four transgressive - regressive cycles of Cretaceous
age constitute the Mesozoic succession of the Sverdrup Basin
(Embry and Osadetz 1988). The first cycle extends from the
Valanginian to Early Barremian and includes the shaly Deer Bay
(or Mackenzie King) Formation and the overlying Patterson
Island Member of the Isachsen Formation (Fig. 2.3). Three
basaltic flows occur among the Patterson Island sandstones on
Axel Heiberg Island. These flows are about 10 m thick and are
Late Hauterivian to Early Barremian in age (Embry and Osadetz

1388).

The second cycle contains the Walker Island Member
basalts which are the subject of this thesis. This cycle
extends from the Late Barremian to Aptian and is a combination
of the Walker Island Group and Rondon Member of the Isachsen
Formation (Fig. 2.3). The Walker Island Member consists
mostly of sandstones and tholeiitic basalt flows and is about
300 m thick at Bunde Fiord on Axel Helberg Island (Fig. 1.3).
The greater volume of basalts in this cycle records the main
rifting phase of the Sverdrup and Canada basins in this period

{Embry and Osadetz 1988, Williamson 1988).

The third transgression-regression cycle of the
Sverdrup Basin extends from the Aptian to Early Cenomanian.
This cycle consists of the Christopher, Hassel, Bastion Ridge,
and Strand Fiord formations. The Strand Fiord Formation has a

maximum thickness of 800 m of subaerial and subaqueocus basalt
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flows (Embry and Osadetz 1988, Muecke pers. comm.). Also, the
Strand Fiord basalts are slightly more alkaline in nature than
the Walker Island Member and probably result from
fractionation and a small degree of crustal assimilation

(Williamson 1988).

The fourth cycle extends from the Late Cenomanian to
the Maastrichtian, and is a combination of the Kanguk and
Bxpedition formations. Towards northwestern Ellesmere Island,
the Kanguk Formation changes laterally into the Hansen Point
Volcanics (Fig 2.3). These volcanics are mostly basalts but
rhyolite and trachyte flows are present in some areas (Merrett
1930). The basalt flows are mainly subaerial and the total
thickness of the Hansen Point Volcanics is about 350 m at

Phillips Point Inlet (Merrett and Muecke 1989).

2.4 Stratigraphy of the Study Area

During the 1985 and 1990 field seasons, Dalhousie
investigators measured and collected samples from 3 sections
of the upper Isachsen Formation in the study area. Mozxe
favourable weather conditions in 1990 enabled a more complete
and comprehensive field examination and re-evaluation of the
Camp Five Creek, Bunde Fiord East, and Celluloid Creek
volcanics. These are the same sections that Wynne et al.
{(1988) sampled for palaeomagnetic analysis. The structural
effects of the Burekan Orogeny, plus the variability of
volcanic activity, resulted in a lateral stratigraphic

discontinuity.
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Several faults occur which displace the bottom basalt
flow of the Camp Five Creek location. These faults complicate
interpretations (Muecke, pers. comm.). Exposure of the steep
cliff~-face sections is the result of erosion by both Camp Five
Creek and Celluloid Creek. Each section has sandstones
(Walker Island Member) at the base and recessive interval
evidence for shales (Christopher Shales) at the top. The
following stratigraphic descriptions are a compilation from

field notes by Dr. G. K. Muecke and Mr. R. A. MacRae.

2.4.1. Camp Five Creek Section (A)

This is the most complete and accessible section with a
total thickness of about 215 m (Fig 2.4). The basal
sandstones in this section are generaily medium- to coarse-—
grained and have characteristic low-angle cross bedding
intervals with clasts up to 4 mm in size. Quartz-poor
horizons among the sandstones contain feldspar grains and
coalified plant fragments within a silt to shale matrix. Some
sandstones have rare scil and root horizons. The shales of
this section usually have thin (20-30 cm) coal horizons and
abundant wood fragments up to 20 cm in size. These shales

also contain unidentifiable carbonaceous plant fragments.

The basalt flows of this section are usually dense at
the base with increasing vesicularity towards the top. One
exception is flow Al which has characteristic vertical
vesiculation pipes at the base. These pipes are up to 1 m in

height and average 10 cm in diameter. The pipe tops have 20
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to 30% vesicles set in a dark green matrix (mafic and oxide
minerals?). None of the other flows in this section shows

this feature.

Most flows have medium- to well-developed columns at
the base and have sharp contacts with the sediments and other
flows (Fig. 2.4). Flows A4 and A9 have highly scoriaceous
tops as well as top and bottom vesicles. Abundant vesicles in
the base of flow A4 suggest that it extruded onto wet
sediments and incorporated water vapour. "FPlow" A9 is only
1.5 m thick and contains abundapt vesicles and calcite vugs
along the top half. This unit has chilled margins with the
overlying and underlying sediment contacts and is probably a
5i11. The high abundance of vesicles, calcite alteration, and

absence of interstitial glass support this interpretation.

Immediately above the sill are 3 m of light grey
sandstones and about 45 m of volcaniclastics. The lowermost
18 m of the volcaniclastics are coarse grained basalt
fragments within a sand-silt-mud matrix. Throughout this
interval are woody fragments that show some partial sulphide
mineralization. From 177 to 204 m, the volcaniclastics have a
finer grained texture and are breccias. Large basaltic dykes
with chilled margins locally cut the entire volcaniclastic

sequence (Fig 2.4).
2.4.2 Bunde Fiord East Section (B)

The stratigraphic section in the Bunde Fiord East area
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is about 160 m thick but discontinuous. BScree slopes coverx
important areas between some of the 6 flows (¥Fig 2.5). The
visible sandstones are mostly guartzose and have low-angle
cross—bedded horizons. The overall grain size of these
sandstones is fine to coarse and bigger 3 mm clasts occur in
the cross-bedded horizons. As at Camp Five Creek, the
sandstones have abundant ccalified plant fragments and
possible root horizons. The shales are sometimes carbonaceous

and contain coal horizons and plant fragments.

In general, the upper part of the section is poorly
exposed and only the massive interiors of the flows are
visible. The flows of this section are usually massive at the
base with increasing vesicularity towards the top. At 54 m on
the section, the base of flow B3 displays poorly developed
columns and vesiculation pipes similar to those of Camp Five
Creek flow Al. Additional flows could be underneath the scree
cover present from 113.5 to 128.5 m in the section.
Scoriaceous basalt fragments at 122 m could indicate the
presence of a very thin flow. The remainder of the section is

below overburden cover.

2.4.3 Celluloid Creek Section (C)

The outcrop at Celluloid Creek contains only three
basalt flows and one sandstone unit at the base (Fig 2.6).
This section is about 22 m thick. The sandstones are medium-
to coarse-grained and contain low-angle cross bedded horizons.

The basalt flows of this section generally are massive and
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columnar at the bases. Like the other sections, the £flows
have increasing numbers of vesicles towards the tops. The top
of flow C2 is highly vesicular and is overlain by a 50 cm
layer of coal with some sulphide mineralization which grades
into 30 cm of coal with abundant woody fragments that are up
to 20 by 60 cm. The abundance of the woody fragments suggests
that flow C3 flowed onto a swampy forest environment in this

area.

2.5 Summary

In general, the Sverdrup Basin formed from a
combination of Early Carboniferous and Late Jurassic-Early
Cretaceous extensional events. Extensional events in the
Carboniferous and Barly Cretaceous produced different
compositions of basalt. This could be the combined result of
the intensity of each event and the composition of the mantle
underneath the Sverdrup Basin. During this time, the
continental basalts developed from alkaline to sub-alkaline
tholeiites. The study area basalts erupted onto a subaerial
delta-plain environment in the Albian-Barremian periods of the

Early Cretaceous.
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is normally in euhedral to subhedral laths and blocky
crystals. Clinopyroxene is normally subhedral te anhedral,
although euhedral acicular laths characterize some flows.
These acicular lath assemblages usually consist of 2-3
crystals. The pseudomorphic olivines are mostly subhedral to
anhedral. However, in flows Al0 and C3, the individual
olivine phenocrysts are essentially euhedral. Most of the

plagiocclase and some augites display oscillatory zoning.

The groundmass contains plagioclase, clinopyroxene,
opague oxides (titanomagnetite?), interstitial glass, and
pseudomorphic olivine. Both high- and low-calcium
clinopyroxenes (augite-pigeonite) occur in some basalts. In
thin section, the augite has a larger 2V angle compared with
the 0-32= 2V of pigeonite (Deer et al. 1985). Pigeonite
occurs only in the groundmass, and most samples have
groundmass granules that are too small for petrographic
analysis. 1In general, both clinopyroxene and plagioclase are

roughly egual in volume percent at 30%.

The groundmass plagioclase occurs mostly as laths and
the clinopyroxene and rare olivine are granular. The
groundmass glass is mostly intersertal, but is also present in
individual pods. Two different types of glass occur in the
groundmass: (1) dark brown glass that commonly contains
acicular and dendritic oxide intergrowths; (ii) light brown
glass that contains blocky oxides. The glass content

approaches 20% in some basalts, such as flow C3.
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All basalt samples exhibit both glomerophyric and
weakly porphyritic textures. Only two units (A5 and B4) have
a trachytoid flow texture of the groundmass plagioclases. The
glomerophyric clusters range from 1-5 mm in diameter and the
individual phenocrysts are about 1-3mm in size. Both are set
in a fine- to medium-grained groundmass (0.02-0.5 mm). The
groundmass is mostly aphanitic and has a hypocrystalline
texture. In some basalts, the cocoling was slow enough to
permit the formation of a seriate texture between the
phenocrysts and groundmass; flow C2 is a good example of this.
As well, the phenocrysts exhibit evidence of subsequent growth

atter eruption in the form of near-rim concentric inclusions.

Only A2, A9, and AlQ0 have significant numbers (10-15%)
of amygdules near the flow base which could indicate eruption
into wet sediments. However, rare amygdules occur in the
middle portions of most £lows. Unit A9 has top and bottom
chilled margins andlabout 20% amygdules at the top and bottom
sediment contacts. This suggests intrusion into wet sediments
and incorporation of volatiles at both the top and bottom.
This s5ill also has a coarser-—grained groundmass than adjacent
flows which suggests a longer period of crystallization.

There is no petrographic evidence of interstitial glass in

unit A9.
3.2.2 Alteration

Overall, the basalt flows exhibit relatively minox

mineral alteration. The only exception is the pseudomorphic



olivines which are altered completely to chlorite and
iddingsite. Only flows Bl and C3 have relict olivine near the
cores of the pseudomorph grains. Some plagioclase has minor
(about 5%) sericite alteration and edge resorption, but most

are clear. Clinopyroxenes display little to no alteration.

Most of the secondary replacement occurs in the
groundmass glasses and amygdules. In some of the glasses (eg.
flow C2) the material has crystallized to a nearly anhydrous
intergrowth of quartz and K-feldspar along with the acicular
oxides. In most cases however, the major alteration products
are clay, carbonate, chlorite, and guartz replacement
products. These extremely fine-grained clay minerals are very
difficult to identify in thin section. The preservation of
most of the primary minerals implies the possible retention of
the original geochemical character of the magmas. Flows A5
and A6 (samples AX90-58 and 59) are the freshest with little

to no glass alteration.

The thin sill at Camp Five Creek is strikingly
different f£rom the surrounding flows and has about 70%
alteration of both phenocrysts and groundmass. The main
alteration products are carbonate, chlorite, and clay
minerals. These alteration products are probably the result
of the 5111 incorporating volatiles from the wet sediments

during intrusion.
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3.2.4 Petrographic Classification

All the basalt samples of the study area have a
plagioclase + clinopyroxene + iron-titanium oxides +/- olivine
assemblage. This assemblage, plus the low- and high-calcium
clinopyroxenes, are characteristic of tholeiite basalts (Hess

12989, Deer et al. 1985).
3.3 Flow Correlations using Field and Petrographic Data

The use of mesoscopic field characteristics and
petrographic properties for flow-by-flow correlations is beset
by many difficulties. For example, the flow texture varies
according to the cooling rate and flow thickness. Basalts
flowing over wet sediments or swampy areas will cool faster
than those erupted on inland sediments. Therefore, the same
basalt f£low can have different textures and glass
concentrations across a near-shore environment (study area
palecenvironment). Paleotopographic highs and lows would
control the distribution and thickness of basalts across an
area. This could be one of the reasons for the different
number of flows in each section across the study area.
Thinner basalts are more susceptible to alteration in a £flood

plain or swampy area,

Furthermore, both field and petrographic studies are
biased by the amount of outcrop available (a problem in the
study area), and thin section characteristics will be

influenced by the location of the sample in the flow (margin
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vs centre). Whole-rock geochemical analyses of flows are
generally more representative of the entire unit across an
area and are more suitable for correlation purposes. The
field and petrographic character of the flows are best used to

support geochemical correlations.
3.4 Whole-Rock Geochemistry

A complete geochemical comparison of the study area
basalts is now possible because samples from every unit in the
three sections have been geochemically analyzed (Figs. 2.4-
2.6). The data set is a combination of previous work
(Williamson 1988) and the current study. The new geochemical
analyses are presented in Appendix 2. A statistical analysis
of repeat samples in the same flow (Al) ensures the
reproducibility between the two data sets. Appendix 3
provides a summary of the statistical results. In general,
the standard deviations of the repeat samples are below the
+/-10% maximum error that may be expected for the XRF
analyzer. Therefore,‘the results from this study can be used
in conjunction with the Williamson (1988) data set to
determine the magmatic behaviour of the Walker Island Group

basalts.
3.4.1 Stability of the Major Elements

The concentrations of the major elements (e.g. CaO,
Mg0, and Fez=02) in the Walker Island basalts do not show

strong linear relationships in standard Harker plots. 1In



32

part, this may be the result of limited mobilization of the
majior elements when the cooling lava is in contact with
aqueous fluids during minor alteration (Wilson 1989). Figure
3.1 includes plots of Ca0 vs Mg0-Si0z and the data points are
in an elongate cluster except for the A9 sill. The
independent positions of the sill data could suggest a
different fractionation trend from the comagmatic (?) points
of the cluster. However, field and petrographic studies
clearly show the extremely altered state of the sill and

suggest substantial major element mobility in this unit.

Previous studies have shown a transition from
subalkaline to mildly alkaline basalt throughout the eruption
history of the Sverdrup Basin during the Cretaceocus {(Cameron
1989, wWilliamson 1988). The total alkalis vs silica (TAS, Le
Bas et al. 1986) plot élearly shows the subalkaline-tholeiitic
affinities of the Walker Island Group basalts (Figure 3.2).
Because the potassium of the basalts is low (0.15-0.98% Kz0)
the total alkalies are dominated by Naz0. Hence, mobility of

the potassium cannot be detected on this graph.
3.4.2 Behaviour of Trace Elements

Incompatible trace element patterns can help determine
the source and fractionation of the successive eruptive
basalts in the study area. Previous studies show that
incompatible elements such as Ti, Zr, Nb, P, and Y have a high
ionic field strength and are highly resistant to mobilization

by agueous fluids during alteration (Pearce and Norry 1979).
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In recent studies, both Cameron (1989%9) and Ritcey (1989) used
trace elements to help determine source characteristics in

altered basalts.

In a high-level magma chamber of the upper crust, the
concentration of incompatible elements in the melt increases
as minerals such as plagioclase, clinopyroxene, and olivine
crystallize and segregate during £fractional crystallization.
The concentrations of incompatible elements in successive
erupted basalts will, therefore, increase as the volume of
melt in the magma chamber decreases and fractional

crystallization continues.

Recharge from, and varying degrees of, partial melting
in the source region (i.e. upper mantle) causes a periodic
increase or decrease in the individual concentrations of the
immobile elements in the magma chamber. Recharge introduces
additional melt which will generally reduce the concentration
of these trace elements in the magma chamber. However, under
rare circumstances a low degree of partial melting of pristine
upper mantle may produce incompatible element enriched melts
that would increase the concentration of the incompatibles in
the magma chamber. In the erupted basalts, the concentrations
of the incompatibles will vary according to the frequency and
intensity of the above processes. However, basalts from the
same magma chamber should retain the linear trend and constant
(relatively) ratios among trace element throughout the

eruption history. Incompatible ratios only vary when magma
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mixing or crustal contamination occur which introduces a

greater concentration of one incompatible relative to another.

3.4.3 BSource Characteristics

Using incompatible trace element ratios, Figure 3.3
shows a cluster relationship (sill included) for most of the
units. Basalts from all three sample locations £all within
the cluster, which implies a similar, comagmatic source. The
inclusion of the sill within the comagmatic cluster suggests
that the major elements are not reliable indicators of the
original composition in this highly altered unit. Two pairs
of samples (A5-B4 and Al0-C3) £fall outside the 92.5%
confidence ellipsoid of the Walker Island Group (Fig. 3.3).
These pairs are clearly different from the rest and cannot
originate from the same magma chamber. The distinction of the
pairs could be the result of: (i) magma mixing, (ii) crustal
contamination, (iii) different mantle batches due to different
degrees of partial melting, and (v) a different parental magma

chamber .

I1f magma mixing or crustal contamination in a single
magma chamber is the cause of the chemical difference, then
the flows above A5 and B4 should also have similar trace
element enrichments and plot outside the trend. Instead, the
successive flows above A5 and B4 exhibit very similar ratios
to those in the lower parts of the sections. Also, in Figure
3.3 are bulk continental crust concentrations of Nb, ¥, and Zr

{(Taylor and McLennan 1985). The overall values for the bulk
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40

continental crust compositions are lower than the outlying

points and cannot explain the enhanced values in A5 and B4.

However, effects of crustal contamination for Walkex
Island Group basalts are evident in *42Nd4d/*24Nd vs ®7Sr/®%8y
isotope plots (Williamson 1988). The evidence above can only
exclude extensive assimilation of crustal trace elements by a
depleted magma. Crustal assimilation does not explain the
relationships in Figure 3.1. Therefore, mixing relationships
are not supported by the Pigure 3.1 plots. As well, magma
mixing between basalts and other more evolved magmas can
produce extrusives with different mineralogy and chemical
characteristics. However, only basalts with tholeiitic
affinities are known to occur in the Walker Island Member

(Embry and Osadetz 1988).

The absence of sediments between flows A4, AL, and Ab
at Camp Five Creek argues against the possibility of basalt-
sediment interaction. Also, these contacts are sharp and do
not have reaction surfaces. The chemically different flows
{e.g. A5-B4) could be the result of: 1) different rates of
partial melting in a homogenous mantle or; 2) similar partial
melting in a heterogenous mantle. At present, there is
insufficient data available to model the degree of partial

melting and the mineralogy of the parental mantle.

The diagram of Figure 3.4a shows a linear relationship
controlled by crystal fractionation (plagioclase and

clinopyroxene) between all of the units, except for A5 and B4.



41

50 1 j
40 -
‘A AS-B4
30 |- X ]
Q
=
20 |- o2 _
R /
BCC ~ B AT
10 fon ° g/ xx’ ~ -
BLC A
0 1 [
0 100 200 300
Y
~ -~ Camp Five Creek
x - Bunde Fiord East

o - Celluloid Creek

FICURE 3.4a - Plot of Nb vs Zr. Flows A4-B5 and CZ plot
outside the linear trend (drawn from origin).



42

400 ’ T T
300 |- - -
x A5-B4
A
g
200 |~ -
N
100 + —
)
BLC
0 | ]
0 20 40 60

- Camp Five Creek
X - Bunde Fiord East
o - Celluloid Creek

FIGURE 3.4b - Plot of Y vs Zr. The minor scatter could be due
to limited Y fractionation into clinopyroxene. Flows AS, B4,
and C2 plot close together near the top right corner of the
graph, independent from the rest of the units.



43

The greater degree of scatter on the ¥Y-Z2r plot of Figure 3.4b
could be the result of minor Y fractionation into
clinopyroxene. However, this diagram retains the A5-B4 and to
a lesser degree, minor Al0-C3 distinction from the rest of the
flows. The above arguments suggest that the A5-B4 and Al10-C3

sample pairs originate from a different magma chamber.

3.4.4 Mobility of Potassium

To determine the degree of potassium mobility (from
alteration), the potassium concentrations of the bhasalts are
plotted against an immobile element such as Zr (Fig. 3.5).
Unaltered basalts should show good linear correlations on
potassium vs Zr plots. However, the plot exhibits a
considerable scatter which strongly suggests potassium

mobility during alteration (Wilson, 19839).

3.4.5 Tectonic Discrimination

Pearce and Cann (1973) and Meschede (1986) showed that
certain basa