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ABSTRACT

Thic thesic provides detailed sedimentological descriptions and
interpretaticens for the Upper Cretaceous Wapiabi Formetion of the
centrgl znd nortnern Alberta Foothills., The Wapiabi Formation is made
up ot seven members (Wuskiki, Marshybank, Dowiing, Thistle, Hanson,

0

Chungo, and Nomad} which form a thick sequence {up to 700 m) of

predominantly marine <hales, siitstones, anc sandstenes.

Sl-'

\

LPuring Muskixi time {late Turonian to Ceoniacian;. deposition in
the Alberta bBasin was largely restricted to merine shaies. These shaies

were depgsitea duriag a period of relative orogenic quiescence in th

[0}

rizing Cardiliera to the west.

the early Santonian aged Marshybank Member (and sandstones of its
equivaient to the north, the 2ad Heart Formation) were deposited.
eocurrent deta suggest that this clastic pulse prograded from the
norinwest. A& facies change from nearshore sands to deeger marine
siitstones occurs in the avea just norih of Hinton, Alberta.

£ omzjor transgression occurred subseauent to iMarshybank
depesition. The resulting sequence of Dowling and Thistle shales (early
to Gate Santonian) was deposited in a quiet mavine basin during & Gong

ivity. The Hanson and Chungo Members (late

(@)
“t

period of tectonic inac

Sentonian aged,, together, record a singie progradaticnal phase prior %o

s

-

the initiz? major progradation of the Belly River-Paskapoou Assenvi .

The bioturbated shaies and siltstones of the Hanson Member were



deposited weil below storm wave base in a quiet marine environment. The

o
”3
)

Tow hungo Member is characterized by a regressive sequence of storm
influenced sandstcnes which exhibit turtidites and hummocky and swaley
cress-stratification.  The upper Chunao Member at Mt. Yamnuska records
tidal dominance within an environment protected from storm events (outer
eustuary, protected bav?). At the remeining Chunge exposures the uoper
Chungo is interpreted in terms of a storm dominated, rortheasterly
precgrading shoreline seguence that was influenced by a strong Tongshore

curvent that Tlowed towards the southeast. The top of the Chungo

regression is regionally capped by a thin, transgressive pebble

conglomerate which marks the transition into deep marine shales of the
Nomad Member.

The late Santonian to early Campanian aged Nomad Member records
the last inuncdation of the Wapiabi Sea. The basal shale beds are
transgressive in nature, being deposited above both marine and
non-marine Chungo sediments, while the transitional upper beds reflect

the fast rate &t which the non-marine Beily River Formation prograded

over the Neomad sheles.
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CHAPTER 1 ~ INTRCDUCTION

The Upper Cretaceous Wapiabi Formetion, expesed in the Alberta
roothilis, is @ 350 m to 700 m thick sequence made up of marine shales,
siltstones, and sandstones. This formation is of particular
sedimentological interest in that it records tne final stages of marine
aeposition prior to the massive, coarse clastic infiux of the
predominantiy non-marine Belly River - Paskapoo Assemblage (Eisbacher et
al., 1974).

Tn several recent sedimentological studies, parts of the Wepiabi
Formation of southwestern Alberta have been described and interpreted in
some detail (Hunter, 1980; Bullock, 1981: Rosenthal, in prep.).

However. despite this work, studies of the Wapiabi Formation in the
central anc northern Foothills of Alberta have been Timited tc a
stratigraphic nature. This thesis, therefore, involves a
sedimentologicaily oriented study of the Wapiabi rormation in the
central and northern Fcothills regions. A particular emphasis has been
placed on the merine to nion-marine transitional beds cf the Chungo
Member.

In 2 comprehensive study of several Wapiabi Formation sections
in the south, Rosenthal (in prep.) reported the domination of storm

deposits in tre transitional Chungo Member. Turbidites, hummocky



creoss-stratification (HUSY, and swaley cross-stratificatior (SCS) were

-

all reported. Rosenthal {in prep.) also showed how the Chungo Member

sandstene thinned and shaied out in a nertherlyv direction {towards the
present study area). The sandstores were shown to thin and interfinger

with silty and shaly facies of the more distal Hanson Member. However,

+
=
(D
w

e results are difficult to understand in light of studies by Stott
{1963) who regorted a thick and sandy Chungo Member in the central and
novtnern roothills, As well, the storm dominatec shoreline
interpretation cf Resenthal (in prep.) is at odds with a study by Lerand
{(1282) who, in one depositional summary, interpreted portions of the
Chungo Member exposed et Mt. Yamnuska as being deposited in a North Sea
Tvpe tigaiiy cominated envivonment. This study will attempt to document
the reoccurrence of the Chungo Member north of Resenthal's (in prep.)
field area with the intent of defining the regional trends of the Chunco
Membar. The stucy wiil also attempt toc reconcile the apparent

i

UJ

crepancies beuween the environmental interpretations of Lerand (1982)

Lz weil ac reiating the Chungo Member in the central! and
nerinern Focihiils with the Chungo Member in tne southern roothills, the
problem of undevstanding the laterai relationships of the Chungo, the
geometry ot the Chungo sand body, and how the sand body dies ocut
hasinwards will be addressed. Understanding these factors may have
ecenomic sigrificance as equivalent strata in the Milk River gas field
are ¥known o cuntain large gas reserves in excess of 5 trillion cubic
feet recoverable., Maregver, the development and understanding of

1

depesitional models ir the central and northern Foothills can act only



as an aid tc exploration in relatively unexploited areas.

Location of Study Ares
Eight sections cf the Upper Cretaceous Waniapi Formation were
measured and studied in detail for the purposes of this study. These
outcrops were exposed along the northwest-southeast oriented strike of
the central and northern Foothills in ar area bounded by Exshaw, Alberta
in the southeast and Grande Cache., Alberta in the northwest. The

approximate iocation of each section is shown in Figure 1-1.

Format of Thesis

The results of this thesis have been derived from the
measurement and mapping of 8 stratigraphic sections of the Wapiabi
Fcrmation located in the central and northern Foothills (Figure 1-1).
The detailed measured sections can be found in the back pocket. The
first two chapters act as an introduction tc the study and discuss the
geologic and stratigraphic settings. The third and fourth chapters
contain reviews of the stratigraphic nomenclature of the study area and
previous stucies, respectively. Facies descripticns and interpretations
from the present study are presented in chapters 5 and 6. Chapters 7
through 10 outline secticn descriptions, paleoficws recordad from the
section. petroiogy of tine Chungo Member, and regional interpretations
with depositional summaries. Chapter 11 Tists all the major conclusions

reached in the study.



Figure 1-1. Location map for measured sections. Modified from Duke (in

prep. ).
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CHAPTER 2 - GEOLOGIC SETTING
Structural Setting

ihe Wapiabi Formation shales were deposited during a relatively
quiescent perioc between twc times of vast orogenic activity
rapproximately 76 Ma to 87 Ma, early Conacian to early Campanian). The
Colompian Orogeny, Upper Jurassic to earliest Upper Cretaceous, was
responsible for the tectonic and structural setting within which the
Wapiabi Formation wes deposited. The later Laramide Orogerny, late Upper
Cretaceous to eariy 0ligocene, was the event which led to the
development of the Foothills Subprovince of the Rocky Mountain Thrust
Belt, the area ir which this study was centred.

The Columbian Orogeny was largely characterized by the
emplacement of granitic plutons, metamorphism in the Omineca Crystalline
Beit, and significant uplifting in the Rocky Mountain region. Orogenic
uplift was particulariy intense in the southern Rocky Mountain area
(Douglas et al., 1970). The resultant sedimentary response was the
shedding of clastic material into a developing eastern foreland basin
between the rising Cordiliera to the west and tha North American craton
to the east. Isostatic adjustment due to the ciastic input led tc
deepening of this Alberta Trough {(Price et al., 1972). The Wapiabi
Formation was deposited within this foreland trough during a time of
relative orogenic quiescence after the major tectonic events of the

Columbian Orogeny had taken place (Douglas et al., 1970). However,



sedimentation was not controlled only by the geometry of the Alberta
Trough. Two Precambrian basement structural Teatures, the northeast
trending Peace River Arch to the north, and the Sweetgrzss Arch to the
scuth, influenced sedimentary dispersal patterns within the basin
(Figure 2-1).

The present structural style exhibited in the Foothilis
Subprovince (Price et al., 1972) of the Rocky Mtn. Thrust Belt was
largely created during tectonic activity of the Laramide Orogeny (Price
and Mountjoy, 1970). Figure 2-2 shows a structural cross-section from
the present main ranges into the Alberta Interior Platform. Thrusting
was initiated while sedimentation of the Late Cretaceous and early
Tertiary was in progress, but continued into the early Oligocene, well
after sedimentation had ceased (Douglas et al., 1970).

The allochthonous thrust belt, developed over the passive and
westerly dipping undeformed Hudsonian crystalline basement at the edge
of the North American craton (Bally et al., 1966, Wheeler et al., 1972),
was suggested tc have been the result of buoyant upwelling of a
metamorphic core zone well to the west of the study area (Wheeler et
al., 1972). 1Initial thrusting of "thin-skinned type" took place just
east of this central metamorphic core zone. A1l subsequent thrusting
then proceeded in order towards the northeast, resulting in =
northeasterly foreshortening (Price et al., 1972).

Thrusting in the Foothills area originated low in Proterczoic
and Paleozoic strata. It then followed bedding zones of coal and shale
(and other easily sheared sedimentary zones) up through Mesozoic and

Tertiary strata tc the surface. Faulting continued laterally along



Figure 2-1. Schematic diagram of Precambrian basement features of

western Canada. From Steick, 1975.
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Figure 2-2. Structural cross-sections from the Main Ranges to the Alberta Interior Platform taken

along Ram River and Bow Valley. From Balley et al., 1966.
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strike at the surface (Douglas, 196G). Upwards in the section, new
faults formed and verious thrusts interlocked, merged, or became
connected by smaller faults (Douglas et al., 1970).

The present Foothills Subprovince is characterized by closely
spaced, transiational, imbricate thrust slices dipping in a westerly to
southeriy direction (Price et al., 1972). Local variations of dip,
especially in the central Foothills, are due to pre-thrusting of long
narrow synclines. Severai thrust siices are terminated as concentric,
flexural-slip folds of varying size.

The thrust slices upon which the measured sections in this study
are located and the amount of foreshortening along these thrust slices
have bean determined. They are as folliows:

Mt. Yamnuska - Dyson Mtn. Thrust, = 25 km shortening

Burnt Timber Creek - Waiparous Thrust, = 16 km shortening

Cripple Creek - Bighorn Thrust, = 31 km shortening

n

gighorn River - Bighorn Thrust, = 33 km shortening

n

Blackstone River - Brazeau Thrust, = 25 km shortening
Thistle Creek - Bighorn Thrust, = 31 km shortening
McLeod River - Folding Mtn. Thrust, = 35 km shortening
Little Berland River ~ Masan Thrust, = 15 km shortening
Once these thrust slices were determined, palinspastic
reconstructions were undertaken to find the origineal depcsitional
position of each section. The method used for palinspastic
reconstiuction is cutlined in Appendix V. The results of the

reconstructions are shown in Figure 2-3. This figure may be handy to



Figure 2-3. Palinspastically reconstructed positions of measured sections from the present study

area. The arrows show the direction of foreshortening.
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Figure 2-4. Stratigraphic column for the Foothills and Frcnt Range west

of Calgary. From Sprang et al., 1981.
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refer to when reading the "Paleocurrent Data" section of the text.

Stratigraphic Setting

The southeastern Canadian Cordillera of southwastern Alberta and
southeastern British Cclumbie is composed cf two major sedimentary rock
sequences: a miogeosynclinal shelf sequence of late Precambrian tc late
Jurassic age and a clastic wedge of moiasse type sedimentation of late
Jurassic to early Tertiary age (Price and Mountioy, 1970; figure 2-4;.
The Paieozoic sediments are largely made up of shallow marine carbonates
with some appreciable amounts of terrigenous ciastics derived from the
North American craton to the northeast. However, McIlrzath (1977) and
Hopkins (1977) have de7ined some allocthonous carbonates deposited
within siope and deep marine environments. The Mesozoic clastics,
iargeiy deposited within shallow marine and fluvial environments, were
emplaced in response to tectcnic events induced by the Columbian and
Laramide Orogenies (fisbacher et zl., 1574).

The clastic miogeosynclinal sediments of the Purcell and
Windermere Groups {(Middie to Late Proterozoic) form the cldest exposed
sediments in the southeastern Cordillera (Wheeler et al., 1972). While
these groups unconfcrmably overiie the Hudsonian crystalline base to the
west, the transgressive sandstones of the Tower Cambrian Gog Group
overije the Precambrian base towards the interior pliatform.

The remainder of Paleozoic sediments are characterizea by thick
successions of southwesterly thickening miogecsynclinagl carbonates and

clastics truncated by major transgressive unconformities (Price et al.,



—

200

1972). Price and Mountjoy (1970) report a total miogeosynclinal
thickness of 6000 feet (1829 m) beneath the western plains, thickening
to 40,000 feet (12,192 m) in the western Rocky Mountain region.

The major infiux of siliclastic sediments during the Mesoczoic
was separated from the Paleozeic by a major transgressive event which
involved & duraticn from Pennsylvanian to Middlie Jurassic times. The
Mesczoic and early Tertiary were domineted by twc major regressive

n

cycles which resuited in the deposition of two "clastic megacycles

-3

(Eisbacher et al., 1974}. Both of these cycies {the Kootenay-Blairmore

asembla

g -1

[On]
[ghl

aind the Belly River-Paskapoo Assemblage) were deposited as a

.

-

e

o
<

1t of major crogenic uplifts in the Corditlere, the Columbiar and
taramide orogenies, respectively.

The Tirst record of sedimentation within the developing forelanc
basin (Price et al., 1972) was the shales of the marine Fernie Formation
which coarsened upward intc the fluvial sandstones of the northward
progracdsetional Kootenay Formation (Hambiin and Welker, 197G8). A period
of majer upiift, resulting irn the culmination of the Kcotney—81qrf%ore
Assembiage (Schulthies and Mountjoy, 1978), then 1e¢ tu the subseauent
deposition of coarse conglomerates of the Cadomin Fcrmation followed by
coavsza clastic sediments of the Blairimore Group (Taylor, 1981).

An interim period of relative orogenic stability {Douglas et
al., 1970} led to the deposition of a thick sequence (up *oc 800 m) of
credominantly b}ack marine shaies and sandstones wnich make up the
Blackstone, Cardium, and Wapiabi Formations in ascending orcer. The
Chungo sandstone of the upper Wapiabi Formation may reflact the first

sedimentary response to the Laramide orcgeny wnich resultec in



Figure 2-5. Stratigraphic diagram showing lithology and stratigraphy from the Interior Platform to

the Rocky Mountain Trench. From Gordy, 1972.
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deposition of the Belly River-Paskapoo Assemblage. This second
megacycie was characterized largely by the non-marine and deltaic
sediments of the Belly River, Edmonton, and Paskapoc Formations (Upper
Cretaceous to Paleccene) in ascending order (Eisbacher, 1979).

The remaining portion of the Tertiary, foilowing deposition of
the Paleocene Paskapoo Formation, was a time of general erosion. No
Eocene to Pliocene deposits have been encountered in the central
Foothills area. However, glacial deposition during the Pleistocene
covered aimost the entire Cordillera and Interior Plains regions

(Douglas et al., 1970).



CHAPTER 3
STRATIGRAPHIC NOMENCLATURE FOR CENTRAL AND NORTHERN FOOTHILLS

Although considerably easier and more straightforward than the
recently reviewed stratigraphy for the Wapiabi Formation in southern
Alberta (Rcsenthal, in prep), the stratigraphic nomenclature for the
Wapiebi Formation from north of Calgary to Grande Cache is highly
inconsistent and redundant. Two main reasons have led tc this
situaticn: 1) workers in separate areas developed independent
nomenclature schemes that were either miscorrelated or not correlated at
all and Z) subsurface lithologic nomenclature, largely developed by the
petroleum industry (which in many cases is still not formally accepted),
was nct correlated with outcrop equivalents; thus two completely
separate schemes were introduced.

To help understand present stratigraphic relationships. an
evelution of thz Alberta Foothills' nomenclature is included. Because
the study area was divided into two general sections that were studied
inaependently of each other, the central and northern portions,
different stratigraphic names were often proposed for correlatable beds.
Moreover, equivalent and correiatable formations within the Upper
Cretaceous had been assigned to different groups across an arbitrary
1ine that divided the central area from the northern area, the Alberta
Group and the Smoky Group, respectively (Webb and Hertlein, 1934;
McLearn and Kindle, 1950). This segregation within the study area has
prompted the following discussion to be diviced into three major

~
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segments: the first concerns the central Foothills north of Calgary as
tfar as the Athabasca River, the second concerns the northern section

which extends to the northern most part of the study area and continues
intc northwest Alberta and ncrtheast British Coiumbia (Stott, 1963) and
the last portion which discusses the nomenclature that has been adopted

for application in this study.

Central Foothilis

One of the first descriptions of the Cretaceous rocks in the
Central Foothills was prepared by Dawson (1884) from observations made
south of the Bow River. Ir this description, Dawson (1884) prerosed the
names Fex Hills, Pierre, and Belly River Formations for rocks which he
mistakenly correlated to their namesakes in the United States. He also
suggested the term "Dark Shales" for a thick sequence of shales below
the Belly River Formation.

Cairnes {1907} first divided the Dark Shales of Dawson (1884)
into upper and lower shaie units to which ne gave formational status and
named the Claggett and Nicbrara-Bentcn Formations, respectively. The
Cardium sandstone was included in the upper portion of the
Niobrara-Benton Formation. Again, the names Clagett and Niobrara-Benton
were derived through miscorrelation with beds of the same name in the
United States.

Present day terminology is based largely on the work of Malloch
(1971) who first introduced and appiied the names Blackstone, Bighorn,
and Wapiabi Formations to a seauence of shales and sandstones Tying

Belly River) on top and the Dakota

—

between the Brazeau Formation

-

Formation (Biairmore Group) beilow. His field area was near the North
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Saskatchewan River. No correlations were suggested between Cairnes'
(1907) and Malloch's (1911) areas.

The next twenty years saw various attempts at reintroducing the
usage of the term "Benton Formation" in place of the Wapiabi, Bighorn,
and Blackstone Formations (Rose, 1920; Slipper, 1921; Rutherford, 1927).
However, Hume (1930) stated that usage of "Benton Formation" was
inappropriate as these beds were not correlatable with the Fort Benton
Formation in the United States. Furthermore, correlations suggested
that the beds were not of Colorado age as Rutherford (1927) had
proposed; the use of the term "Alberte Shale" was therefore applied.

A major regionai study and nomenclature revision by Webb and
Hertlein (1934) set the stage for the modern terminology. The Alberta
Shale of Hume (1930) was raised to group status and was divided into
three formations. In ascending order, the terms Blackstone, Cardium,
and Wapiabi were applied. Within the Wapiabi Fermation, four distinct
zones were noted. From bottom to top: Tower concretionary shale,
platey shale, upper concretionary shale, and the transition zone into
the overiying Belly River Formation. A sandstorne unit in the upper
porticn o7 the Wapiabi Formation identified near Highwood River was
designated as the Highwood Sandstone.

The present nomenclature has remained Tlargely unchanged since a
study by Stott (19%7). While the name "Alberta Group" and the
Biackstone, Cardium, and Wapiabi Formations within it were retained by
Stott (1957), units within each formation were redefined and given
member status. In the Wapiabi Formation seven members were recognized,

in ascending order, the Muskiki, Marshybank, Dowling, Thistle, Hanson,



Chungo, and Nomad Members. Each member will be discussed in detail at a
later point.

Correiation of the central Foothiils' Wapiabi stratiaraphy with
the stratigraphy of the southern foothilis and the central and southern
Alberta plains has recently been reviewed by Rosenthal (in prep).

Within the central plains, where the Chungo Sandstone Member has pinched
out towards the east, the Lea Park Formation has been named as the
Hanson, Chungo, and Nomad Member equivalents. Below the Lea Park
Formation, the names Alberta Formation or Colorado Formation have been
used as equivalents to the lower Wapiabi Formation in the foothills.
However, on drilling tickets the name "Lea Park Formation" is commonly
used to describe all shales between the Cardium and Belly River
Formaticns. Towards the south, where a sandstone eauivalent of the
Hanson and Chungo Members still persists, the name Milk River Formation
is used. The overlying dark marine shale dividing the Miik River and
Belly River Formations is termed the Pakowki Formation (Nomad Member
equivalent). Stott (1963) has also shown the Chungo Member to be

correiatable with the Eagle Sandstone in Montana.

Northern Foothills
Althouch not the first to describe the lithologies of the
Cretaceous sediments in the northern Foothills, Dawson (1881), was the
first to apply names to specific stratigraphic intervals. The Upper
Cretaceous was separated into the following units, in ascending order,
the Ft. St. John Shales (lower dark shales), the Dunvegan Sandstones,
the Smoky River Shales (uvper dark shales), and the Wapiti Sandstones.

McLearn (1619) proposed that the units in the tpper Cretaceous
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defined by Dawscn (1881) be raised to formational status. He also

ivided the shales characterizing the Smoky River Formation into two
shale units, the upper and the lTower shales, separated by a 10 to 25
feot (3 to 8 meters) sandstone unit to which he appiied the name "Bad
Heart Sandstone". The Tower shale urnit was then assigned the name
"Kaskapau" (McLearn, 1926) which was later raised to formational status
when the Smoky River Formation was assigned group status (McLearn and
Kindle, 1950). In the reclassification, the Fort St. Jochn Formation was
also given group status and the Bad Heart Sandstone and the Upper Shales
were given formational status.

Covreiation of the Upper Shale Formation with the Wapiabi
Fermation to the south led to the adoption of the name "Wapiabi
Formation" in the north (Gleddie, 1949). Within the Wapiabi, Gleddie
(1949) used the name "Chinook" to describe a 75 foot (23 meters) thick
sandstone that lies approximately 100 feet {30 m) below the overlying
Wapiti Formation. Stott (1963) states that, "This sandstone is probably
eguivalent to the sandstone at the top of the Wapiabi Formation farther
to the scuth" to which he applied the name "Chungo Member". Gleddie
(1949) alsoc first applied the usage of "Cardium Formaticn" to the upper
nalf of the formerly defined Kaskapau Formation. The kaskapau Formation
was restricted to beds 1ying below the Cardium Formation and above the
Durivegan Formation.

Miscorreiation of the Bad Heart Formation by Gleddie (1949) with
the Cardium Formation to the south resulted in the Bad Heart being
included in the Cardium Formation. Stelck (1955) realized the

miscorrelation and reassigned the Bacd Heart to the Wapiabi Formation.
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Stott (1963) provided paleontologic evidence to substantiate Stelck's
(1955) correlation.

Stott (1963) suggested that it was possible to identify most of
the units he defined in the central Foothills in the northern Foothilis.
Both the Cardium and the Wapiabi Formations were shown to be completely
correlatable from the central to the northern Footniils. Even the seven
members of the Wapiabi Formation were identified by Stott (1963) in the
northern Focthills. Because the stratigraphic nomenclature of Stott
(1963) could, and was, applied to the northern portion of the study
area, name changes were introduced. Frirstly, the Chungc Member of the
Wapiabi Formation replaced Chinook Sandstone of Gleddie (1948). The
Chungo is also the apparent equivalenrt of the Solomcn Sandstone further
to the northwest into British Columbia (Stott, 1967). The formerly
defined Bad Heart Formation was included by Stott (1963) with the
Wapiabi Formation and was given member status as the Marshybank Member.
However, Stott (1967) returned to the use of the Bad Heart Formation in
the north where the unit was a distinct sandstone and restricted the use
of Marshybank Member tc equivalent siltstones further south. These
siltstones refliected a facies change from the pinching out sandstone
facies. This change takes place just south of Littie Berland River in
the study area. Where both the Cardium and Bad Heart Formations are
recognized, the shales between the two formations are referred to as the
Muskiki Formation, rather than the Muskiki Member of the Wapiabi
Formation to the scuth. As well, Stott (1967) accepted a suggestion by
Wall (1960) to replace the usage of "Wapiabi Formation" with "Paskwaskau

Formation" where the Muskiki and the Bad Heart Formations are
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recognized. The Paskwaskau Fermaticn would stiil include the Dowiing,
Thistle, Hanson, Chungo and Nomad Members reccgnized in the Wapiabi
Formation further south. This proposal by Wall {196C) was based on the
idea that the type Wapiabi Formation included the Muskiki and Marshybank
Members. In the area where the two members were not recognized as part
cf the Wapiabi Formation, he believed that a new terminology should be
introduced.

Table 3-1 outlines the stratigraphic history and evolution for
both the central and ncrthern study regions. A correlation chart of

Tormations for the same foothills region is provided in Figure 3-1.

Nomenclature Adopted in this Study

The stratigraphic scheme adopted for this study is largely based
on schemes presented by Stott (1563) and Irish (1965). Two diagrams
outlining the division of the Upper Cretaceous into the formational
nomencliature usecd here are presented in Figures 3-2 and 3-3.

In the central Foothills area, the stratigraphic terminology as
proposed by Stott (1963) has been adopted. In this scheme, the Upper
Cretacecus Alberta Groun has been divided into three formations, in
ascending order, the Biackstone, Cardium, and Wapiabi Formations. In
turn, each formation was divided into several members. The Wapiabi
Formation was segregated into seven such members that have been
previously iisted. However, recognition of the Marshybank Member (the
equivaient of the Bacd Heart Formation to the north) in some sections in
the study area is highly dubious and speculative.

In the northern Foothills section north of the Athabasca Valley,

the use cf the term "Wapiabi Formation" is favoured over the adoption of
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Table 3-1. Nomenclature of Alberta Group and Equivalent strata, Alberta Foothills. From Stout, 1963.
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Table 3-1. Nomenclature of Alberta Group and Equivalent strata, Alberta Foothills. From Stott, 1963.
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Figure 3-2. Diagram showing changes in stratigraphy and terminology of Upper Cretaceous formations

from Athabasca River to Peace River. From Irish, 1965.
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Figure 3-3. Schematic diagram of Hanson, Chungo, and Nomad Members of the Wapiabi Formation,
illustrating facies changes along the Foothills from southern to northern Alberta. From

Stott, 1967.
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of the Paskwaskau Fermation as proposed by Wall (196C) and favoured by
Stott (1967). This is used mainly to avoid confusion of placing
recognizably continuous units (i.e. the Thistle, Hanson, Chungo, and
Nomad Members) under different formational names.

At the Litile Berland River section, the thin lower sand unit
which Stott (1963) refers to as the Marshybank Member is here taken as
the most southerly extension of the Bad Heart Formaticn. This usage is
supported by Irish (1965). The use of "Muskiki Formation" for the
shales separating the Bad Heart Formation from the Cardium Formation
(where the two are both recognized) is supported. The Little Berland
River section is the only section in the study area where this
terminology can be applied.

The vast amount of subsurface correlation in the central and
northern piains of Alberta has resulted in common abuse of the present
nomenclature system. The most biatant example in the Wapiabi Formation
concerns the Chungo Member. From drilling tickets and weil logs taken
from the central Alberta region, four names were noted to have been
assigned to a seemingly continuous and correlatable sand body: the
Chunge, Solomor, Chinook, and the Milk River. The Solomon, Chinook, and
Milk River terms are all legitimate Chungo equivalents in other areas.
However, their application to the study area is inappropriate.

Other driliing terms can also be accommodated within the present
nomenciature scheme. For example, the upper or first white specks zone
is correlatable with the upper portion of the Thistle Member of the
Wapiabi Formation (Stott, 1967).

It is concluded that the usage of "Wapiabi Formation" is
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appropriate for the entire study area and that within this areg, the
Thistle, Hanson, Chungo, and Nomad Members can easily Le identified and

traced. Th

(¢2]

Bad Heart Formation was identified oniy in the northern
most section and was separated from the Cardium Formation by the Muskiki
rormation which was lowered to member status where the Bad Heart
Formation was not identified. The Dowling Membter, although continuocus
throughout the study area, was difficult to discern from the Muskiki
Member where it <id not overlie the Bad Heart Formstion. The use of
“Marshybank Member® as an equivaient of the Bad Heart Formation to the
souih has been used cautiously in this study as recognition of the

member at some sections was guestionable.



CHAPTER 4 - PREVIOUS STUDIES OF THE WAPIABI FORMATION IN THE CENTRAL
AND NORTHERN FOOTHILLS

Within the Wapiabi Formation there has historicaily been a
distinct iack of studies of a strict sedimentological nature. This
trend has begun to change in the last few years in the southern plains
and southern Foothills areas. Several interpretations for specific
outcrops of the Wapiabi Formation in the southern regions (particularly
for the Chungo Member) have been proposed (Nelson and Glaister, 1975;
Lerand and Oliver, 1975; Hunter, 198C; and Bullock, 1981). These
studies have been reviewed and placed into a regional context in a
recent sedimentological study of the Wapiabi Formation by Rosenthal (in
prep.). Petrographic studies have also been undertaken in the southern
region by Lerbekmo (1961) and Campbell and Lerbekmo (1963). However,
these studies are largely oriented towards determining stratigraphic
reiations.

In the central and northern Foothills, the Wapiabi Formation nas
generaily not hac the attention of sedimentologicaily oriented studies.
tittle interpretive work has been done. Most of what is presently known
in these areas is the result of classic stratigraphic studies by Stott
(1883, 1967} and Irish (1965). Although these studies set the stage for
the modern stratigraphic nomenclature, they shed little light on the
sedimentclogical aspects of the Wapiabi Formation. Most of their
interpretive work was based solely on Tithology and paleontology. The

only modern sedimentologice! study undertaken in the study area was by

29



30

Lerand (1982) who described and interpreted the Chungo Member at the Mt.
Yamnuska section. His interpretation will be discussed at a later
point.

One of the first environmental interpretations suggested for the
Upper Cretaceous shale units was proposed by Dawson (1881) who worked in
the Smoky River area. Dawson (1881) recognized the marine nature of the
shales on the basis of the marine fauna. He also suggested that
sandstone units identified within the shale sequence were deposited
under shaliow marine Tittoral conditions and were spread widely to the
east. No evidence was given to substantiate the littoral
interpretation.

In 1949, Gieddie made a specific reference to the depositional
environment of the Chungo Member of the Wapiabi Formation (he used the
name "“Chinook Sandstone" in his study). Recognized was a iittoral
marine sandstone and sandy-shale member containing glauconite and naving
a thickness of 75' (23 m). The member occurred 90 to 100' (27 to 30 m)
below the basal sandstone of the overlying Wapiti Formation (Belly River
equivalent), the same stratigraphic level occupied by the Chungo Memper.
However, as in Dawson's (1881) interpretation, no evidence was presented
to uphold the littoral interpretation.

The first thorough description of the Wapiabi Formation's
Tithelogy on & regional basis was presented by Stott (1963). Although
the study was largely stratigraphic in its emphasis, it is also consid-
ered as a first attempt at a somewhat sedimentologically oriented study
of the Upper Cretaceous Alberta Group assemblage. From this regional

study, which extended from the southern Foothills north to Grande Cache,
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seven members were identified within the Wapiabi Formation which could
be recognized as being regionally extensive. Two subsequent, but
compiementary studies of the Alberta Group equivalent in the north, the
Smoky Group, were published by Irish (1965) and Stott (1967). The later
study by Stott (1967) was slightly more interpretively oriented than the
original Stott (1963) publication.

Table 4-1 gives brief descriptions of eacn of the seven members
of the Wapiabi Formation identified by Stott (1963). A more

comprehensive look at each member is presented here.

Muskiki Member

The Muskiki Member shale is the lowest depositional unit cf the
Wapiabi Fcrmation. It has been identified across the entire study area
and Stott (1963) suggests that the member thins in an overall south to
east direction.

The Muskiki Member has been defined as containing all sediments
between the underiving fine-grained sandstones of the Cardium Formation
and the overlying fine-grained sandstones to massive siitstones and
sheales representative of the Marshybank Member. The meimber largeiy
consists of dark shaies with a varying proportion of terrigenous clastic
material of silt to sand size. The shales often show a well developed
fissile nature. However, localized intervals are notably rubbly or
bEiocky and somewhat sideritic. Sideritic concretions have been observed
at all measured sections and may make up a substantial portion of the
member (up to 5%). Bentonite intervais are also characteristic of the

Muskiki Member.



Table 4-1.  Brief descriptions of each of the seven Wapaibi Formation members. From Stott, 1963.



Series

Upper
Crectaceous

Southern and Central Foothills

l Group

Alberta
2,000"-4,100"

Formation

Wapiabi
1,043-2,146"

Table of Formations

Description

Northern Foothills

Member Mcmber Formation Group Series
Nomad . | Rusty weathering, rubbly shales, prading up- Nomad
9O’ -1 30" wards into greenish grey shales and fine- 100" +
grained, thinly bedded sandstones. Base is
marked by band of pebbies.
Chunge | Fine-grained, thickly bedded, light brewn | Chungo
135%-416" weathering  sandstones  (lithic  arenites  to 208 &
quartz wackes), and dark grey siltstone with
reddish brown weathering concretions,
Hanson Dark grey, rusty weathering, blocky to rubbly Hanson
0-2327 shales, with reddish brown weathering sideritic ?
concretions. ,
Thistie Dutk grey to black, calcareous, platy to fissile Thistie Wapiabi
384'-778" shaies, wzathers prey to light grey, with thin, 650" + 1,550 4
dense, bluish grey dolomiitic beds.
Nowling | Dark grey, rubbly to platy shales, weathers rust, ; Dowling
101°-2351° with reddish brown weathering sideritic con- 250" &
cretions.
Marshy- | Durk grey, massive, argillaceous siltstone, with | Marshy- Smoky Upper
trank large reddish brown cencretions: siltstone bank 2,900"  |Cretaceous
417-104" grades into sandstone. ?
Muskiki | Dark grey, rubbly to platy shales, weathers yust | Muskiki
1447-325 and has banded or striped appearance, some | 2507-278
reddish brown sideritic concretions. Bed of
coarse-grained, pebbly sandstone or pehble-
conglomerate at base.
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The lower contact of the Muskiki Member with the Cardium
Formation is considered by Stott (1963) to be unconformable and
renresents a sharp break in sedimentation. This break possibly
represents the beginning of the Wapiabi transgression (Stott, 1963).

The contact with the overlying Marshybank Member, however, is
gredztional with the Muskiki Member shales grading upwards into massive
siltstones and laminated sandstores.

The besal 1 to 3 m of the Muskiki Member has been noted tc be
somewhat gritty in nature. Stott (1963) has identified sandstone and
chert pebbles in this zone and considers the aeposits tc be associated
with the advancing Wapiabi Sea rather than with the last phases of the
regressing Cardium Sea. Stott (1967) states that these transgressive
deposits are marked by siderite and glauconite which suggest a shallow
offshore depositional environment with mildly oxidizing to mildly
recucing conditions.

The earliest deposits of the Muskiki Member have been considered
by Stott (1963, 1967) to be of late Turonian age. However, the bulk of
Muskiki deposition took place during the Coniacian. Upper Muskiki

sediments in the southern portion of the stuay area have been dated as

young as early Santonian (Stott, 1963).

Marshybank Member
Thin shates and structureless siltstones or laminated sandstones
with interbedded shales characterize the Marshybank Member. The facies
change from sandstone to siltstone occurs stightly south of the Littie
Beriand River section. The siltsione facies then continues to the

scuthern portion of the study are
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The Tower contact of the Marshybank Member with the Muskiki
Member is gradational in nature and is difficult to define on scme
sections. The upper contact is normally distinct with the coverlying
Dowling Member where a facies change from siltstone to dark shale
occurs. Chert pebbies have been noted by Stott (1963) to define the
contact at a few sections.

On & regional basis along the foothiils margin, the Marshybank
Member varies Tittle in thickness. However, a general thinning trend
has been reported towards the south and east (Stott, 19€3).

Lithoiogically, structureless, buff coloured siltstones dominate
the Marshybenk sediments in the central Foothills. The siltstones are
argillaceous and contain rusty coloured sideritic concretions in varying
proportions. The buff coloured sandstones to the north are very fine to
fine-grained and show well developed laminations. Sandstone beds are
separated by thin beds of structureless siity-shale or shale.

Deposition of the Marshybank Member has been suggested by Stott
{1967 to have occurred during an early Santonian regression that took
place along the entire length of the Foothills region. Identification
of C. pauperculum (usually found in nearshore deposits) by Stott (19€3)
nrompted an interpretation of the depositional environment for the
Marshybank Member, Deposition within "relatively shallow water" was

suggested (Stott, 1967).

Dowling Member
Thinly laminated and dark gray to rusty coloured shales are the
major constituents of the Dowling Member. Oniy minor amounts of

terrigenous 3iltstone and sandstone are recognized. Bands of sideritic
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concretions along bedding planes are quite common and may make up a few
percent of the member.

The Tower contact of the Dowling Member witi the Marshybank
Member is generaliy distinct with a sharp 1ithologic change from
siltstone or sandstone to shale. However, Stott (1963) suggests that
the contact is conformabie. The upper contact is indistinct and cccurs
where the sideritic and concretionary Dowling Member shales grade inte
the calcarecus, norn-concreticnary shales of the Thistle Member.

Faunal studies in the Dowling Member by Stctt (1963) showed that
ths member was prcbably deposited during the iate-early Santonian. The

identification of Scaphites depressus in the lower portion of the member

and Scaphites vermiformis in the upper part suggested to Stott (1967)

that the receiving basin was deepening with time. However, Stott (1967)
ptaced the entire Cowling Member within a coastal environment of

deposition.

Thistle Member

The Thistie Member of the Wapiabi Formation is by far the
thickest depositional unit within the formation, reaching a thickness of
over 220 m on the Wapiabi type section of Thistle Creek. The member is
largely characterized by platey caicareous shales which are given a
bznded appeararice by a significant proporticn of well defined, thin
(less than £ cm) siltstone beds. Sandstones are also iocally
recognized. As well as being a dominant 1ithologic unit in the Wepiabi
Formatiorn, the Thistle Member is one of the more regionally persistent
units, ranging from well into the foothills of British Coiumbia in the

north (where it is recognized as a member of the Puskwaskau Formation)
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to the international border in the south.

The lower contact of the Thistle Member witn the underlying
Dowiing Member was suggested to be gradational and conformable (Stott,
1963). The upper contact with the Hanson Member was also suggested to
be gradational and conformable. Both contacts are characterized by a
chanrge from calcareous and non-concretionary shales of the Thistle
Member tc sideritic and concretionary shales of the Dowling anc Hanson
Members.

Shales of the Thistle Member are generally fissile to platey
with localized zcones of shales which appear fubb]y or blocky. They are
black to dark gray in colour and are calcareous. Stott (1963) has
reportad many occurrences of lensoid bodies of grayish-yellow dolomitic
limestone within the shales. These bodies are of l1imited iateral extent
and average 0.6 m by 1.3 m. Stott (1967) considers these deposits to be
indicative of periods of little terrigenous input.

Siltstones within the Thistle Member weather a gray colcur, are
well Taminated. and rarely exceed 5 cm in thickness. Bases are quite
sharp, while tops are less well defined. These siltstones make up.
volumetrically, a very significant portion of the Thistle Member as
localized horizons contain over 50% siltstone. Correlative coarsening
upward sequences recognized by Stott (1963) within the Thistle Member

tend tc te capped by these high siltstone proportion zones.

w
i
S5 ¢

ott (1967) has proposed a mid-basin environment of deposition
for the Thistle Member. This interpretation is based on the occurrence
of calcareous shales which Stott believes to be indicative of reiatively

deep depositional environments. A reducing bottom environment is alsc
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suggested by an occurrence of pyrite.

Faunal studies of the Thistle Member indicate that deposition
took place during the middle to late Santonian. These studies also show
the upper poartion of the Thistle Member to be of equivaient age across

the entire Foothills region.

Hanson Member

The upper concretionary shale unit of the Wapiabi Formation,
known as the Hansen Member, is a regionally variable unit which tends to
thin out in a easterly direction. Lithologies which characterize the
member range from totaily structureless, rusty to buff coloured, blocky
to rubbly weathered sideritic shales and argillaceous siltstones to
fissile laminated, buff to dark gray silty-shales and siltstones with
well laminated discrete sandstone beds up to 10 cm thick. Sideritic
concretions are a significant constituent of this member.

The upper contact of the Hanson Member with the overiying Chungo
Member is considered to be at the first discrete sandstone bed greater
than 10 cm thick. However, this definition is merely arbitrary and the
1ithologies suggest a gradational and conformable transition. Because
of this definition, the stratigraphic level of the upper boundary and
the thickness of the member is variable from section to section. The
lower contact with the Thistie Member is indistinct and occurs where
calcareous and non-concretionary Thistle Member shales grade into the
sideritic and concretionary Hanson Member shales.

Citing the concretionary nature of the Hanson sediments as
supportive evidence, Stott (1967) suggested that the member was

deposited within a well oxygenated envirconment of nearshore muds.
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Identification of minor amounts of glauconite was also used as evidence
in favour of this interpretation. An overall coarsening upwards of
Hanson sediments from silty-shales to siltstones and sandstones
suggested that the Hanson Member marked the beginning of the major,
regionally extending, regressive cycie that occurred towards the end of
Santonian time. Fossil evidence by Stott (1963) places the Hanson

Member as late Santonian in age.

Chungc Member

The sedimentology of the Chungo Member cf the Wapiabi Formation
forms the emphasis of the present study. This member is defined as
those beds of shale, siitstone, and sandstone lying between the
concretionary siltstones of the Hanson Member and the dark marine shales
of the overlying Nomad Member (Stott, 1963). The Chungo deposits are
generally marine in origin, but non-marine beds are present in the
uppermost part of the member in several sections.

The lower boundary with the Hanson Member is gradational and
conformable and exists at various stratigraphic levels. The upper
contact with the Nomad Member is quite distinct, especially where the
member is well defined sandstone. This boundary is often marked by a
regionally persistent, clast supported to matrix supported, chert pebble
conglometate bed which separates the distinct facies change from the
Chungo Member to the Nomad Member. The contact is unconformable and
marks a major late Santonian or early Campanian marine transgression (to
be ciscussed jater in detail).

The Chungc Member is regionally very extensive. It has been

idertified well into northeastern British Columbtia in the north and
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extends far to the south where it is correlated with the Milk River
Formation of southern Alberta and the Eagie Formation of Montana.

The marine sediments represented in the Chungo Member vary on a
regionai basis and range from buff tc rusty coloured, very-fine to
medium grained sandstone beds with well developed sedimentary structures
to massively weathered or structureless sandstone, to buff coloured,
ergillaceous, concretionary siltstone. Minor amounts of coal and
carbonaceous coarse sandstones are typical of the non-marine facies.

The sediments in the Chungo Member have generaliy been deposited in the
form of a single coarsening upward sequence and range from the
concretionary sandy-siltstores near the base of the member to the fine
to medium grained sandstones 2t the upper 1imit. The pebble
conglomerate lying at the top of the coarsening upwards sequence is rot
suggested as the culminaticn of the regressional coarsening upward
sequence. It will be proposed later that the genesis of the
conglomerate is related to other depositional processes.

The overall thickness of the Chungo Member is variable from
secticn to secticn. Where the unit is dominated by siltstone deposition
rather tnan sandstcne deposition (e.g. Burnt Timber Creek and Ghost
Dam}, the member is relatively thin. The sections of maximum thickness
(e.g. Thistle) are characterized by well developed sandstones facies and
coarsening upward sequences.

Paleontological dating by Stott (1963) indicated that deposition
in the Chungo Member took piace at least until the end of Santonian
time. Evidence was inconclusive as to whether or not sedimentation

continued into the early Campanian. In an environmental interpretation,
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Stott (1962) proposed that Chungo deposition climaxed during a late
Santonian regressional period. The Chungn sediments that were deposited

during this regression were deposited in proximal nearshare

>

environments, barrier islana and lagoonal environments., and non-marine
environments (Stott, 1967). Glauccnite and siderite were suggested as
indicators of shaiiow marine deposition and carbonaceous material
(particuiary coal) was proposed as the main non-marine indicator.

The nresent study will show that while the Chungo Member wes

denosited lavgely within a shallow marine environment, a barrier island-

tagocnal system as propesed by Stott (1967) was probably not deveioped.
Instead, the Chunge coast can be described in terms of a stcrm

aominated, progradational shoreline with some local tidal influence.

Nomad Member
The uppermost member of the Wapiabi Formation, the Nomad member,

e
!
i

contains all sediments between the tcp of the Chungo Member and the base
of the belly River (Brezzeau) Formation. The member is characterized as
ar interval of platey to rubbly shales with a regionalily variable
proporticn ¢f interbedded discrete siltstone beds.

The iower boundary with the Chungo Member is guite distinct and
is defined at the top of the laterally extensive pebbie conglomerate
bed. The upper contact is drawn at the base of the Belly River
{(Brazeau) Furmaticn. This contact is gradational. Stott (1963)
suggested that the contact generally is somewhat higher
stratigraphicaliy in the east than in the west. Stott (1963) also

suggested that the Tower contact is unconformable (based on a lithologic
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change from non-marine and shallow marine sediments to deep marine
sediments) and the upper contact is conformable.

The shales of the Nomad Member are typically dark gray to black
in colour and exhibit fissile lamination. Leccalized herizons of rubbly
or blocky shales occur. Discrete siltsone beds and rare discrete
sandstone beds characterize the upper portion of the member in some
sections. These beds are generaliy rusty coloured, sharp based, well
laminated, and range from 1 cm to greater than 10 cm. They occur within
a coarsening and thickening upward sequence.

The Nomad Member is the least variable Wapiebi Formation member
in terms of thickness. In the study area, measured sections are all
between 30 m and 40 m. This also tends to hold for the entire Foothilis
regicn. However, the member does tend to thicken towards the east as
the result cof a thinning of the Chungo Member and a facies change at the
base of the Belly River (Brazeau) Formation (Stott, 1963).

Depocsition of the Nomad Member presumably took place during
early Campanian times (Stott, 1967). Stott (1967) suggested that this
time was characterized by a brief marine transgression that spread
westward beyond the Smoky River region and southward into the southern
Foothille. Apparently, this sea did not advance as far west as the
British Columbia Foothills. Marine conditions did not last long as
tectonic events tc the west caused vast amounts of coarse ciastic

material tTo be shed eastward over the MNomad Basin.

Although the lithostratigraphic studies of Stott (1963, 1967)

should be considered as classic works on the Upper Cretaceous molasse
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sediments of Alberta, the studies should also have been considered as an
impetus for mcdern sedimentclcgically orientea studies. However, such
studies were not undertaken on the Wapiabi Formation in the present
field area until Lerand (1982) thoroughly described and interpreted the
Chungc Member at Mt. Yamnuska. The measured section of the Chungo
Member by Lerand (1982) is provided in Figure 7-1.

Lerand (1982) has described the Mt. Yamnuska section in terms of
two possible environments of deposition: a beach ervironment and an
offshore benk environment. In the beach interpretation, the trough
cross bedding in unit 3 is said to "record longshore currents generated
by dominantly ncrtherly onshore winds, with the reversals accounted for
by either occasional southeasterly storms or seasonal changes in wind

1

regime.” This unit overlies a sequence of storm dominated features.
However, no foreshore sands were noted by Lerand to support a beach
environment. He proposed that the absence of foreshore sands could be
accounted for by an erosional degradational intervai.

In the offshore bank model, Lerand (1982) envisions an analgous
situation to the presenti North Sea where the trough cross-bedding of
unit 2 may represenrt linear, tidally induced, sand banks separated by
troughs. These tidal processes were suggested to have been mixed with
storm processes tc produce unit 2b. A1l deposition beiow this level was
propesed to have been pureiy storm generated.

The present sedimentologically oriented study on the Wapiabi
Formation is an attempt to expand on the basework provided by Stott

(1963, 1967). The main intent of the project is to prepose depositional

environment and process interpretations for each of the measured
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sections in the study area. Individually interpreted secticns will then
be reviewed and incorporated into an overall regicna! perspective. The
Mt. Yamnuska interpretations by Lerand (198Z) will alsc be reviewed.

It is hoped that the results of this study will shed some light
on the depositional environments and processes that were acting during
depositicn of the Wapiabi Formation, basinal ceometries during

deposition, and sediment dispersal patterns influencing sedimentation.



CHAPTER 5 - DESCRIPTIONS OF FACIES

The appiication of the term "sedimentary facies" to a particular
horizon or level within a stratigraphic unit is based on the
identification of several criteria which distinguish that horizon or
level from other parts of the stratigraphic unit (Moore, 1949). These
criteria include lithology, sedimentary structures, colour, bedding
type, texture, and fossils (Reading, 1978). Once a facies has been
jagentified on thz basis of these characteristics, inferences can be made
concerning the specitic conditions of sedimentation under which the
facies were deposited. In this study, use of the term "facies" is
appiied only in a descriptive manner rather than in an interpretive

manner.

Facies Descriptions

Facies in this study were defined on the basis of four main
charaéteristics: sedimentary structures (i.e. trough cross-bedded
facies), composition (1ithology), bedding (i.e. shale interbedded with
discrete sandstone/siltstone beds less than 5 cm thick), and the degree
of bioturbation. As a rule, if the finer grained shales dominated,
facies basea on 1ithologies and discrete sandstone bed thicknesses were
assigned. The coarser grained material was divided on the basis of
internal sedimentary structures.

Definition and divisior of the facies presented in this study

were largely determined in the field. For division of the vast

thicknesses of shale in the Wapiabi Formation, sand-shale ratios were

a4
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visually estimated in the field ancd expressed

in terms of percentages.

The shale was then divided into three arbitrary facies based on

variations of the silt and sand content. The

coarser facies were all

defined from direct field observations of sedimentary structures.

This chapter is iniended to be purely

descriptive in nature and

discusses the characteristics of each facies separately. No

hydirodynamic, genetic, or environmental interpretations are presented at

this point.

The grain size of sandstones that are
were recorced according te the Canstrat grain
convenience, the conversion from the Cansirat

scale is provided here:

very coarse upper (vcu) - 1.41 -
very coarse lower (vc]) - 1.00 -
coarse upper (cu) - .710 -
coarse lower (c]) - .500 -
medium upper (mu) - .350 -
medium lower (mT) - .250 -

fine upper (fu) - 177 -

fine Tower (f]) - .125 -

very fine upper (vfu) - .088 -

very fine lower (vf]) - .062 -

referred to in this study
size scale. For

scale to a2 millimeter

2.00 mm
1.41 mm
1.00 mm
.710 mm
.500 mm
.350 mm
.250 mm
77 mm
125 mm

.088 mm
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FACIES T Shale with varicus proportions of discrete siltstone and

sandstone beds less than 5 cm thick

The Muskiki, Marshybank, Dowling, Thistle and Nomad Members of
the Wapiabi Formation are generally characterized as being made up of
thick sequences of black to gray shale with minor amounts of interbedded
siltstone and sendstone. The variation in colour from black to light
gray refiects the reilative proportion of shale to siltstone and
sandstone. The shale dominated zones are black to dark gray while zones
with interbedded siitstones and sandstone become iighter gray with an
increasing percantage of sand and silt sized material. Ciagenetic
aiterations have imposed a rusty colour on some silts and sands while
bentonite gives a white speckled appearance to several shale horizons in
the Towest three members.

The more resistant-weathering siltstones and sandstones are
normally deposited in sharp based beds less than 5 cm thick. The change
from siltstone to very fine sandstone in these beds was difficult to
determine in the field. Therefore, they were grouped together under
most circumstances. Smalil amounts of silt sized material were also
noted disseminated within shale horizons. This caused the shale to be
slightly gritty in nature.

The Wapiabi shales, which may make up to €0% of the entire
Wapiabi Formztion, have been broken down into three subfacies based on
the percentage of interbedded siltstone and sandstone. These subfacies
are herein designated as subfacies la, 1b, and 1c. 1In some cases. the
change from one subfacies tc another occurs over stratigraphic intervais

of only a few tens of centimeters. However, the contacts are normally
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gradational over several meters and are very difficult to determined.

Subfacies la Stiale with less than 10% interbedded discrete siltstone

and sandstone beds less than 5 cm thick

The sediments which make up subfacies la are characteristically
black to dark gray shaies with fewer than 10% discrete siltstone and
sandstone beds individually less than 5 cm thick. This subfacies
occupies a volumetrically significant portion of the iowest three
membevs of the Wapiabi Formation and is a minor censtituent of the Nomad
Member (Figure 5-1).

Litnologically. the shales which dominate this subTacies are
generally devoid of silt and sand sized material with only rare
occurrences of scattered silt sized material incorporated in with the
shales. These horizons may form thick {(up to tens of meters) continuous
sections. Contacts are generally gradational over a few meters.
However, bottom contacts heve been noted to change over several
centimeters. Typicaily, the shales are quite fissile and are easily
broken into thin flakes as small as 1 mm thick. This fissile nattre can
change abruptly into Tocalized zones of & micro-blocky texture which are
very rusty in colour. Shales in these bioturbated zones tend to break
into angular fragments which are up to 1T cm across. Although no burrows
were noted, bioturbation plays a moderate role in subfacies la. Body
fossils, which include several examples of ammonites shells, have also
been found in this subfacies.

The discrete beds of Tighter gray to buff siltstone and
sandstone within this subfacies are usualiy Tess than 3 to 4 cm thick

and average approximateiy 2 cm. Silt sized material dominates



Figure 5-1. Subfacies ia. Typical fTissile to rubbly weathered black

shaie. Note the small propcrtion (less than 1C percent) of
interbedded discrete siltstone beds. The thick "bed" in
the middle of the photo is a sideritic concretion band.

From Cripple Creek section.
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significantly over sand size sediment. The beds are always sharp based
and often show well developed parailel lamination. Some of the thicker
beds snhow current ripple lamination development on tecp of parallel
lamination. Amplitude of the rippies ranges from 0.4 cm to 1.7 cm.
Wavelengths average on the order of 10 cm to 12 cm.

Often noted within this facies is the development of sideritic
concretions which have been measured up to 20 cm thick by 70 ¢cm in
tength. These diagenetic fTeatures are normaliy disk shaped and form in
distinct bands. However, examples of randomly distributed concretions

have been found.

Subfecies 1h Shale with 10 to 50% discrete siitstone and sandstone beds

less than 5 cm thick
This subfacies makes up, volumetrically, the major portion of

the Thistie Member. It is characterized by shale to silty-shale with 10
to 50% discrete siltstone and sandstone beds iess than 5 cm thic

(Figure 5-2). These discrete beds provided the bulk of paleocurrent

data measured in this study (Figure 5-3).

The shaies of this subfacies tend to vary from quite “clean" {(no
coarse fTragment within) and black to silty and 1ight grayv to buff
coioured. Horizons of the latter are, in places, up tc 18 m thick and
are generally associated witn discrete siltstone and sandstone beds.
Weathering of the shales normally produces a fissile nature with the
shale breeking into piates ! mm to 2 mm thick. Bioturbation in this
subfacies {particularly in the Thistle Member) is generally negligible.
However, rare local horizons do show massive appearing, totally
bioturbated shazles. Although no trace fauna were identified, several

exampies of ammonite shells were found and one unidentifiable clam



Figure 5.2.

Figure 5-3.

Subfacies 1b Typical unit of subfacies 1b. Note that the

sharp bases of many of the more resistently weathered
siltstone beds scour into the shales below. Lens cap is 67

mm across.

Subfacies 1b Closeup of a single 2 to 3 cm thick siltstone

turbidite. Ncte sharp base. Laminations at the base are
paraliel {Bouma division b). Upper laminations are
undulatory to current rippled (Bouma division c). From

Muskiki Member, Crippie Creek section.
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fossil was noted.

The interbedded, sharp-based, 2 to 5 cm thick, siltstone and
sandstone beds of subfacies 1b vary from showing well deveioped internal
stratification with no bicturbation to beds which show poorly defined

lamination and a low cdegree of bioturbation. Gyrochorte, Ophicmorpha,

and Rhizocorallium have been identified from the bases of these beds.

The major sedimentary structure exhibited by beds is parallel
lamination. Several Tight buff coloured 5 cm thick siity beds showing
nothing but parallel lamination were noted. Current ripple lamination
on top of parallel lamination was also very common, but was restricted
largely tc 1ight gray colcured, 2 to 3 cm thick beds of sTightly more
sandy nature. The sandstone to siltstone ratio has increased in this
subfacies to appoximately 1:3 or 1:2. Overall, sand sized sediment was

found only within the smaller 2 to 3 cm thick beds while silt sized

materiel was contained in both the 4 to 5 cm beds and the smaller beds.

Subfacies 1c  Snale with greater than 50% discrete silt and sandstone

beds iess than 5 cm thick

The deposits of subfacies ic are largely composed of moderately
bioturbated siltstone and sandstone beds (less than 5 cm thick) with
less than 50% interbedded moderately to well bioturbated shales. The
overail 1ight gray to buff colour is an indicator of the increased sand
and silt content. This subfacies is commenly found in the upper Thistie
and Hanson Members (Figures 5-4 and 5-5).

The shales are largely gritty in nature and are aray to rusty in
colour. Disseminated silt particles may make up to 10 or 20% of the

shale. Weathering is normally blocky and structureless due to



Figure 5-4.

Figure 5-5.

Subfacie 1c Black shales with greater than 50% interbedded

discrete siltstone peds. Differential weathering of the
shaies ana the siltstone turbidites resuits in the
protruding nature of the siltstones. Note the generally
well defined outline of the siltston2 beds. This suggests
that bioturbation was not effective at this particular

locality. From Bighorn River section.

Subfacie 1c Closeup of an individual siltstone turbidite.

Note current ripple lamination at top of bed. Faint
internal Taminae suggest that flow was to the left.
"Popcorn" textured material in lower right of photo is

bentonite.
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bioturbation. Diagenetic sideritic concretions are common in subfacies
1¢ in the Hanson Member.

The sandstorie and siltstone beds of subfacies ic show a much
larger, and slightly imore diversified faunal content than the previously

describec subfacies. The trace fossils Gyrochorte, Ophiomorpha, and

Rhizocorallium have been identified along with noted examples of

diszarticulated body feossils which include brachiopods and pelecypods.

As a result of increased biogenic reworking, the internal structure of
many beds is poorly ceTined although bed discreteness has been
maintained. Several 