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Abstract

The petrography of the uppermost Cretaceous-Paleocene Scollard and Coalspur
sandstones in west central Alberta is defined by litharenites and sublitharenites, which
accumulated in a variety of fluvio-lacustrine environments. The textural types of
volcanic, metamorphic, and sedimentary rock fragments indicate volcanic arc,
metamorphic and sedimentary provenances.

This study presents the effects of diagenetic processes on the preservation of
primary porosity, as well as on the development of several types of secondary porosity.
Additionally, the distribution of authigenic minerals in the Scollard and Coalspur
formations is presented.

The reconstruction of the paleo-climatic conditions during the accumulation of the
Scollard and Coalspur formations is based on the detailed study of the framework grains
and authigenic minerals. Wetter climatic conditions are interpreted for the arenites with
higher amounts of mono- and/or polycrystalline quartz, kaolinite and quartz overgrowth.
Drier climatic conditions are inferred for the arenites with lesser percentages of quartz

but higher amounts of authigenic smectite.
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Chapter 1

Introduction

The Scollard and Coalspur formations are part of a fully nonmarine depositional
sequence, which accumulated during the Late Maastrichtian-Early Paleocene interval in
the foredeep of the Western Canada foreland system, and which is bounded by regional
subaerial unconformities. The Scollard and the Coalspur accumulated in isolation from
marine influences, on a dynamic topography controlled by tectonic mechanisms
(Catuneanu and Sweet, 1999).

Gibson (1977) defined the Scollard Formation in the Scollard Canyon of the Red
Deer Valley. Within the study area (Fig. 1-1), the Scollard Formation consists of thick
grey to buff sandstone and siltstone units interbedded with thin olive-green mudstone
beds and coal. The Scollard sequence is thinner towards the east. The thickness of the
Scollard-age deposits in south-central Alberta along the Red Deer Valley is around 100
m, which increases to about 300 m in the Foothills of Alberta (Dawson, et al., 1994).
The Foothills strata are referred to as “the Coalspur Formation.” It was formalized on the
basis of its lithologic succession consisting of interbedded mudstone, siltstone and fine-
grained sandstone, with subordinate coarser grained sandstone layers and channel lag
deposits.

The Coalspur and Scollard formations have well-defined boundaries (Fig. 1-2).
The upper contact is overlain by the Paskapoo Formation, which is defined as a major
unconformity associated with a stratigraphic gap for up to 4 million years (Lerbekmo et

al., 1990). The lower contact of the Scollard Formation is overlies the lacustrine



mudstones of the Battle Formation, while the Coalspur Formation overlies the Brazeau
Formation.

The paleo-depositional environment was dominated by fluvial and fluvial-
lacustrine systems originated from the adjacent Cordilleran belt. The paleocurrent data
of the cross-bedded sandstone units suggest a SE-ward paleoflow (lower Scollard) to S-
SE-ward paleoflow (upper Scollard). The changes in paleoflow directions indicate a
change in syn-depositional tilt was changed, resulting in different paleocurrent trends for
each member.

The examination of the Scollard sequence throughout the field areas confirms
that gradual shifting from braided to higher sinuosity paleochannels occurred during the
Scollard-age. This interpretation is based largely on the observation of thick sandy
channel storeys with minor mudstone at the top of the succession, which is pass upward
into point bars dominated by lateral accretion within thick floodplain fines, characteristic
of meandering rivers. These results imply that regionally-mappable changes in the
proportion of channel belt sandstones versus floodplain mudstones may reflect changes
in paleoslope gradients, rather than a major change in fluvial discharge.

This fluvial succession of the Scollard sequence has been the subject of various
stratigraphic and coal geology studies, but the work presented in this thesis focuses on
aspects that have not previously been addressed. This thesis presents a petrographic
study of sandstone compositions, reservoir properties, paleoclimate, and diagenetic
history. In addition, this thesis studies the pore systems of sandstone rocks in regards to

morphology, size, and pore-linings. Composite information has been obtained from thin-



section petrography, scanning electronic microscopy, x-ray diffraction, and carbon and
oxygen stable isotopes.

The research is presented in two chapters, in a journal publication format.
Chapter 2 deals with the sedimentology and diagenesis of the Scollard Formation in the
plain regions. Chapter 3 characterizes the sedimentology and diagenesis of the Coalspur
Formation in the Foothill regions. Chapters 2 and 3 are independent studies, related to
one another by their similar focus. Their similarity stresses the genetic relationship
between the Scollard and Coalspur formations, which are the product of deposition
within the same Scollard-age drainage systems.

Chapters 2 and 3 also present a petrographic study of thin sections. Thin-section
petrology provides the means of evaluating the mineralogy and pore system of sandstone
samples. This study indicates that the Scollard and Coalspur sandstones are composed
mostly of lithic fragments, quartz, and feldspar grains classified as litharenite to
sublitharenite based on Pettijohn’s classification (Pettijohn et al., 1987). The variety in
the lithics texture of the sandstone rocks indicated a diversity of parent rocks within the
Cordilleran belt.

The distributions of authigenic minerals in the Scollard sandstones are discussed
in Chapter 2. The Scollard sandstones are characterized by relative variability in the
distribution of authigenic minerals. The Scollard Formation is dominated by grain—
coating and pore-lining, and pore-filing clay minerals, such as kaolinite and smectite and
less amount of illite. Grain-replacing calcite, authigenic quartz, and iron oxides are also
present. Authigenic mineral distributions within the Coalspur sandstones are discussed in

Chapter 3. The Coalspur strata are characterized by various authegenic minerals such as



chlorite, smectite/chlorite, smectite, illite, kaolinite and dickite. The main controls on
these distributions were the paleo-environment, burial depth, and the chemistry of
meteoric water.

The diagenetic history of the Scollard sequence is also stressed in Chapters 2 and
3 of this thesis. This study indicates that the diagenetic history of the Scollard
sandstones is less complicated than that of the Coalspur sandstones, as was determined
from thin-section slides and SEM examination. In plain regions, the limited conversion
of smectite into illite, as well as the weak albitization of K-feldspar, implies relatively
low maximum burial temperatures of less than 120° C (Hower et al., 1976). This limited
conversion indicates a low burial depth. Chapter 3 discusses the burial history of the
Coalspur Formation. In the Foothills regions the Coalspur Formation experienced a
complex diagentic history due to increases in burial depth. Increases in burial depth are
indicated by the presence of authigenic minerals such as smectite/chlorite, illite, chlorite
and dickite.

The primary porosity and development of secondary porosity are also discussed
in the thesis. The present porosity of the Scollard and Coalspur sandstones is both
primary and secondary in origin. Secondary porosity was caused by the partial
dissolution of soluble constituents and feldspar grains, and the leaching of intergranular
carbonate cement. Initial compaction and authigenic clay minerals have a major
reduction effect on primary porosity.

Finally, Chapters 2 and 3 also discuss pleoclimate reconstructions based on
petrographic studies of detrital components correlated with electronic microscopic

investigations of authigenic minerals and isotopic analyses of early calcite cement. As



neither the petrographic (framework grains) nor the SEM-XRD (authigenic clay
mineralogy) data sets can be used to address the issue of paleoclimate in a definitive
manner, the key for such interpretations is the correlation between the detrital and
authigenic mineral constituents. The close correlation found between the two constituent
types suggests that the precipitation of authigenic clay minerals took place relatively
soon after burial. This correlation is in agreement with the meteoric origin of the
diagenetic fluids indicated by the 'O stable isotope data. Several cycles of climate
fluctuations between wetter and dryer conditions controlled the composition of
sandstones during the deposition of the Scollard Formation. During the formation of the
Coalspur sandstones, the climate changed gradually from arid to semi-arid in the lower
Coalspur to more humid during the upper Coalspur time.

In conclusion, this study demonstrates the value of petrographic and SEM
analyses in the assessment of porosity in fluvial reservoirs. Such an outcrop study may
be used as an analogue for the assessment of other fluvial reservoirs in the subsurface of

the Western Canada Sedimentary Basin.






