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Abstract
The Upper Cretaceous (Campanian) Foremost Formation is part of the basal Belly
River (Judith River) clastic wedge and records a marine to nonmarine transition. The
Foremost Formation crops out along the M i l . River Valley in southeast Alberta and
continues in the subsurface of southwest Saskatchewan. The primary objective of this
research is to link the subsurface data with the outcrop data to determine the detailed
history of deposition and relative sea level change during Forernost Formation time. The
Iiteraturc documents only the more general aspects of the marine to non-marine
transition. This study assesses the paleogeographic variability of stacking patterns and
architecture in a sequence stratigraphic b e w o r k .
The Forernost Formation is composed primarily of several distinct sandstone
bodies contained in asyrnmetrical one-sided scours overlain in some areas by coal-rich
and carbonaceous deposits. Many of the Foremost Formation sandstone bodies are
encased in marine rnudstone and have been interpreted as prograding barriers. This
interpretation accounts for the trace fossil assemblage and the hummocky cross-stratified
and swaley cross-stratified sedimentary structures. However, it does not account for the
regionally extensive depositional discontinuities marked by the abrupt juxtaposition of
facies, eroded mud clasts found at the base of the sandstone bodies, stratigraphic
variability of the sandstone bodies, or the erosional tnincation of sandstone deposits.
These features suggest that base Ievel changes were a key control in the deposition of the
Foremost Formation.
The geornetry and linearity of the sandstone bodies contained in these
asymrnetrical scours suggest incised shoreface profiles formed by wave erosion during
erosional shoreface retreat in penods of stillstand during an overall base level change.
The Foremost Formation is interpreted as a series of incised shoreface deposits fomed
during periods of stillstand in an overall progradational succession. Zt is implicit in this
interpretation that these sandbodies fomed under conditions of base level change and are
not contemporaneous, This interpretation is consistent with both the physical and
biological structures contained in the Foremost Formation.
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1. Introduction
1.1 Research Objectives

The focus of this research is the marine to nomarine transition at the base of the
Upper Cretaceous Belly River Group, othenvise known as the Judith River Group, in
southwest Saskatchewan and southeast Aiberta (Fig. 1.1)- Outcrop and subsurface data
are linked in the study area (Fig. 1.2) to assess the paleogeographic varïability in stacking

patterns and facies architecture in a sequence stratigraphic framework. This frarnework

is developed using subsurface and outcrop descriptions and a subsurface to outcrop
correlation. Tlie depositional history is interpreted from the stratigraphic framework of

the BeHy River Group.
This study extends knowledge of this unit, especially in Saskatchewan where Iittle
work has been published and the existing literature describes oniy the most general
aspects of the stratigmphy of the basal Belly River Group. The basal Belly River Group
is a gas producing interval within and to the north of the study area as well as throughout

much of western and central Alberta.

Data for this study is from outcrop in southeast Alberta and subsurface core and
w e l log signatures in southwest Saskatchewan and southeast Alberta. The rock crops out
dong 18 kilornetres of nearly continuous roughly depositional dip oriented exposure.
Subsurface data consists of well log signatures supplemented by a few cores.

1.2. Regional Stratigraphie Nomenclature

The stratigraphic interval under study is the Belly River Group, also known as the
Judith River Group (Fig. LA).

In the study area, the Belly River Group is subdivided into

the Dinosaur Park Formation, the Oldman Formation, and the Foremost Formation (Fig.
1.1). The Belly River Group is immediately overlain by the Bearpaw Formation and

underlain by the Lea Park Formation. The evolution of this stratigraphie nomenclature
will be discussed in Chapter 2.

1.3. Study Area and Database

The study area (Fig. 1.2) is located in southwest Saskatchewan and southeast
Alberta from Township 1 to 18 and Range 2OW3 to 8W4- The outcrop is located in
Alberta d o n g the Milk River Valley in Township 2, Ranges 7W4 and 8W4. The outcrop
used in this study is on the Pinhorn Provincial Grazing Reserve located about 100
kilometres south of Medicine Hat, Alberta. In this area the M i k River has carved a deep
valiey as it meanders through southern Alberta on its way from headwaters in the Rocky
Mountains to cosfluence with the Missouri River,
The Pinhorn Grazing Reserve is a unique area, over 30,000 hectares, that has been
set aside as a long term grazing and recreational preserve. The reserve provides
extensive prairie grassland habitat and is host to abundant wildlife including deer,
antelope, e k , coyotes, rattlesnakes, and the occasional scorpion. Adjoining the reserve is
the Milk River Natural Area, another large tract of land set aside to preserve endangered

original prairie grassland habitat and the spectacular badlands dong the river vailey. Dry
weather access to this reserve is restricted to cart tracks and very rough gas well service
roads while wet weather access is possible only by ATV, horse, or on foot.
The subsurface well control begins several kilometres east of the outcrop belt.
There is a ten to 20 kilometre gap in data between the outcrop and subsurface control

because the strata are behind the unlogged surface cased interval of the welibores. The
subsurface study covers the entire study area with the exception of this data gap.

Gamma ray and density Iog signatures were used to identÎ@ the sandstone, shaIe,
and cod, which are the predominant lithologies in the study area. Where gamma-density
log signatures were not available, other log types were substituted. Spontaneous potentiai
and resistivity log signatures were aIso examined for most of the wells because they are
the most reliable log types for identiving the daturn used for the stratigraphie cross
sections.

The study area was chosen largely because the basal Belly River Group marine to
nonmarine transition crops out along 18 kilometres of nearly continuou exposure (Fig.

1.2) with reIatively easy access. The outcrop sections are located on provincial Land so
individual Iandowners do not have to be approached for permission to access the outcrop.
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2. Geologic Setting
2.1. Regional Stratigraphy and Tectonic Setting
Deposition of the Cretaceous and Tertiary sediments of the Western Canada
Sedimentary Basin occurred around two depocentres (Fig, 2.1) separ~tedby the Bow
Island Arch in southeast Alberta (Dawson et al., 1994). The foreland basin is West of the

Arch and the Wilfiston Basin is to the east. Sediment supply was increased during the
Lararnide orogeny, when the Insular Superterrane was accreted to the western coast of

Noah Amenca (Embry, 1990; M i d , 199 1; Leckie and Smith, 1993). Belly River Group
deposition is interpreted to represent the fourth of five cycles of foreland basin deposition
(Leckie and Smith, 1993).
Supply rates during Belly River Group deposition in the later Campanian epoch
are especially high when compared with the supply rate in the preceding Cenomanian to
mid-Campanian epoch (Embry, 1990; Miail, 1991). This preceding period is interpreted

as a time of tectonic quiescence (Cant and Stockmal, 1989) and high global sea levels
(Vail et al., 1977). The depositional environment in the foreland basin prior to deposition
of the Belly River Group is interpreted as deep, quiet water (Cant and Stockmai, 1989).
Environmental indicators of a deep, quiet water setting are the preponderance of
shale and the presence of pelagic carbonate such as the White Speckled Shale in this part

of the succession (Cant and Stockmal, 1989). Much of the marine Lea Park Formation,
otherwise known as the Pakowki or Ciaggett formation (Fig. 1. l), immediately
underlying and interfIngering with the Belly River Group was deposited d e g this
penod of quiescence.
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Cretaceous and Tertiary sedimentation events in Alberta and western
Saskatchewan are divided into several phases (Dawson et al., 1994). On the Alberta
plains, the Cretaceous-Tertiary boundary separates the Upper and Lower Scollard
fannations while in Saskatchewan it separates the Ravenscrag and Frenchman formations
(Fig. 1.1). The sandy clastic sediments deposited during the Upper Cretaceous forrri the
Beily River, Horseshoe Canyon, Lower Scollard, and Paskapoo formations (Fig. 1.1).
Finer grained deposits form the Lea Park, Bearpaw, Battle, and Upper Scollard
formations (Fig. 1.1).

The oldest of these Upper Cretaceous sediments is the Lea Park Formation,
underiain by the Milk River Forrnation. The Milk River Shoulder, a distinctive well log
signature present throughout the study area and in much of Alberta and Saskatchewan,

marks the boundary between these two units. The characteristics of this log marker will
be described in Chapter 3. A regionally extensive unconformity marks the top of the
Cretaceous and early Tertiary deposits. In this area post-laramide erosion in the middle
and late Tertiary removed two to three kilornetres of sediment.

The Upper Cretaceous Campanian Bel!y River Group is a largely nonmarine
succession bounded above and below by marine rocks. The lower Belly River sandstone
represents a marine to nonmarine transition zone and is part of the Foremost Formation
(Fig. 1.1).

The petrographic components of the sandstone include large amounts of volcanic
detritus, some metamorphic detritus fiom the Ornineca Belt, and sedimentary detritus
fiom the Rocky Mountain Belt (Mack and Jerzykiewicz, 1989). In general, the sandstone

is interpreted as representing transgressive and regressive cycles controlled by allocyclic
small scale sea level fluctuations (Dawson et al., 1994).
This paper follows the formational nomenclature of Hamblin and Abrahamson
(1 996). Al1 Belly River equivalent deposits are included in the Belly River Group and

the name Judith River Group is dropped in an effort to be consistent wiih the
nomenclature used in Alberta The division of the Belly River Group follows Eberth and
Harnblin (1993). Frorn oldest to youngest these units are the Foremost Formation,
Oldman Formation, and Dinosaur Park Formation The informal Ribstone Creek member
is part of the Foremost Formation. The Belly River Group is underlain by and

intdingers with the marine Lea Park Formation and is overlain by the marine Bearpaw
Formation (Dawson et al., 1994). The Lea Park-BeIIy River contact is cornmonly
inconsistently defined. Here, the contact will be identified at the "base of the fust
coarsenin; upward cycle capped by a major sandstone greater than two metres thick."
(Dawson et al., 1994, p. 389). In sorne parts of Alberta outside the study area, the

McKay coal zone is useful for defining the base of the Belly River Group.
The contact between the Belly River Group and the overlying Bearpaw Formation
is also difficult to define. This nomarine to marine transition is gradational in eastem
Al berta and western Saskatchewan.

The Milk River Formation occurs stratigraphically below the base of the
Campanian age (Dawson et al., 1994) Lea Park Formation. In outcrop, the contact
between the coarser Milk River Formation and the fmer Lea Park Formation is sharp.
Beyond the area of coarse grained Milk River Formation deposition, a distinctive
resistivity well log signature colloquially known as the Milk River Shoulder (Eagle

Shoulder) is used to identify this contact. The contact is correlative to the top of the M i k
River Formation and is used as the daturn for the stratigraphic cross sections prepared

withh the thesis study area

2.2. Paleolatitude and Paleoclimate

During Belly River deposition, the climate was temperate and the region was
located between 45" and 5S0 north latituae (Caldwell, 1983). Water temperatures were
between 1.5" Celsius and 27" Celsius, as determined from oxygen isotope analysis of
fossil shells (Caldwell, 1983). The climate was generally arid, as demonstrated by the
abundant caliche beds found in the nonmarine part of the Belly River Group

(Jerzykiewicz and Sweet, 1988)- The coal deposits found in different intervals
throughout the Belly River Group provide little information on the humidity of the
climate because they are interpreted to have been deposited in swamps close to the
shoreline (Jerzykiewicz and Sweet, 1988). However, triprojectate pollen species and a
higher general diversity of species occur in the latest part of the Belly River
(Jerzykiewicz and Sweet, 1988). This is interpreted to represent an increase in hurnidity
toward the end of Belly River time (Jerzykiewicz and Sweet, 1988).
Further climatologie information is found in the depositional styles of the Oldman
and Dinosaur Park formations, the upper two of the three formations that make up the
Belly River Group in eastem Alberta and Saskatchewan. The nonmarine sediments of
the Oldman Formation were deposited as part of an arid climate, low sinuosity, braided

strearn system, with evidence for penodic catastrophic flooding based on the style of
preservation and distribution of dinosaur macrofossils @. Eberth, pers. cornrn., 1996).

Most of the fossil finds in the Oldmm Formation consist of bone beds made up of
disarticulated fiagments of many individual animals suggesting slow burial, extensive
scavenging, and re-exposure by channel migration. In contrast, the Dinosaur Park
Formation, found at the top of the BeIly River Group, is a record of deposition in a highly
sinuous meandering system, suggesting a climate with more consistent rainfall if not a
more hurnid climate (D. Eberth, pers. cornrn., 1996)- As with the Oldrnan Formation, this
interpretation is supported by the preservation style of dinosaur macrofossils. Many of
the dinosaur fossil finds in the Dinosaur Park Formation consist of articulated
individuals, suggesting rapid burial, limited scavenging, and limited reworking by the
fluvial system (D. Eberth, pers. comm., 1996).

2.3. Modern Structure and Outcrop Pattern

The Bow Island Arch in east central Alberta separates the foreland basin to the
west from the Williston Basin to the east (Dawson et al., 1994) as shown on a structure

map of the top of the Milk River Formation (Fig. 2.2). The western side of the foreland

basin was extensively folded and faulted during the Iast stages of the Laramide Orogeny.
East of the fold and fault belt is the Alberta Syncline, the western limb of which dips to

the east (Dawson et al., 1994). The Alberta Syncline is a trough shaped structure formed
by overthnisting of the parallel-trending Rocky Mountains and depression of the foreland

basin (Dawson et al., 1994).
Between the axis of the Alberta Syncline and the Bow Island Arch, the strata dip
gently westward (Figs. 2.1 and 2.2). There has been more compressionaI tectonism in
this region tl-ian in other regions d o n g the Rocky Mountains (Price, 1981). Evidence for

-

this is the thicker Cretaceous-Tertiary succession in this area. The Cretaceous and
Tertiary strata dip gently to the east and West away fiom the Bow Island Arch. The rocks

have been eroded over the Arch with units as old as the Milk River Formation exposed in
outcrop d o n g its axis.

-

In the Williston Basin, strata dip toward the basin centre in northeast North
Dakota. Regional and local structural features have been formed by salt solutioning in
O lder strata.

Regional features include the Bowdoin Dome, Coburg Syncline, and the

Moose Jaw Syncline (Fig. 2.1). Local features include folding and block fauiting.

2.4. Previous Work

\

2.4.1. Belly River Sfratigraphy

The earliest published work on the Belly River Group and its equivalents (Fig.
2.3) was by Dawson (1 883). As part of this work Dawson (1883) exarnined outcrop
dong the Milk River in southem Alberta and called these nonmarine deposits the Belly
River Series. Dawson (1 883) further subdivided the Belly River in this area into an upper
unit, including the Pale and Yellow Beds, and a lower unit composed of the Sombre
Beds. Stanton and Hatcher (1905) correlated outcrop fiom Montana into southern
Alberta demonstrating that the Judith River Formation of Montana is equivalent to the
Belly River Formation of Alberta. Stanton and Hatcher (1905) showed that the Belly
River in Alberta was underlain by Lea Park (Claggett or Pakowki) equivalent marine
strata and overlain by Bearpaw equivalent marine strata, as is the Judith River Formation
of Montana-

P
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W
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Dowling (19 15) advanced and expanded on Dawson's (1883) work with the
recognition of the Milk River and Lea Park beds. A s well, Dowling (19 15) renamed
Dawson's (1 883) Sombre Beds the Forernost Beds and combined the Pale and Yellow
units into the Pale Beds. In M e r work, Dowling (19 17) identified three major coai
zones found at different stratigraphie levels in the Belly River. RusseIl and Landes (1940)
elevated Dowling's Foremost unit to formation status and renamed the Pale Beds the
Oldman Formation. The base of the Oldrnan Formation was the Taber Coal Zone
(Slipper and Hunter, 1931).

McLean (1971, 1977) did not agree with the division of the Belly River into
Foremost and Oldrnan formations because these two units were inconsistently defined
lithologically. McLean (1 97 1, 1977) called the clastic wedge between the Lea Park and
Bearpaw formations the Judith River Formation and proposed that the name Belly River

be used in the foothills where the Belly River and Milk River formations are
undifferentiated, that is, not separated by the Lea Park Formation. McLean (1 977, p.
I 113) stated that "the use of the names Foremost and Oldrnan [should] be discontinued,

at least until such time as it can be demonstrated that such a subdivision can be made
consistently over a large enough area to warrant the recognition of two units of
formational status".
Eberth and Hamblin (1993) raised the Belly River Formation to group status, and

divided it into the Foremost, Oldrnan, and Dinosau Park formations. The Dinosaur Park
Formation is a new upper unit that had not been differentiated pnor to Eberth and
Hamblin (1993).

A problem that was not resolved in any of the s u e s prior to 1994 was the
correlation of the Judith River Group on the plains and the Belly River Formation in the
Alberta foothills. Jerzykiewicz and Noms (1994) resolved this problem with their
discovery of the marine Lea Park Formation underlying the Belly River Formation in the
foothills. This work demonstrates that the Belly River Formation of the foothills can be
correlated directly with the Judith River Group of the plains.

The name Belly River is commonly used in the oil industry therefore Harnblin
and Abrahamson (1996) proposed that the narne Judith River Group be dropped and that
the clastic wedge between the Lea Park Formation and the Bearpaw Formation be cailed
the Belly River Group. This nomenclature will be adopted in this study. The narne Belly

River Group is used for the unit composed of the Foremost, Oldman, and Dinosaur Park
formations. The Ribstone Creek member is included within the Forernost Formation,
2.4.2, Regional Belly River Smdies

The first of these studies (Powers, 1931) exarnined data fiom seven wells in
Alberta to identifi the Belly River cIastic wedge. Nauss (1945) was the first to identie
the interfingering of the sandy Belly River Group and the marine shale of the Lea Park
Formation. However, Nauss (1945) had difficulties with subsurface to outcrop
correlation and it was not until McLean (1971) that the marine shale was assigned to the
Lea Park Formation and the sandy continental deposits to the Belly River Formation.
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Figure 2.3. Evolution of stratigraphie nomenclature.

The three coal zones in the Belly River were first identified by Dowling (1917)

and were subsequently named by Crockford (1949). The upper coal zone is named the
Lethbridge, the middle is the Taber, and the lower is the McKay. These narnes continue
to be used to identie the three coal zones. Several papers have been published that focus
on the coal zones, including Yurko (1975) and MacDonald et al.(1987).
Nurnerous Belly River studies focusing on reservoir charactenstics, lithofacies,
and depositional environments have been published. These studies are typically limited
geographically to specific oil or gas fields within Alberta. The majority of these papers
examine the basal Belly River in central Alberta near Edmonton, tens to hundreds of
kilometres fiom the study area in this thesis. These studies include Storey (1979),
Iwuagwu and Lerbekmo (198 1, 1982, l984), Wasser (1988), Sabry (1 WO), Power
(1993), and Power and Walker (1 996). The Belly River in the Ferrybank area was
examined by Hartling and Wasser (1989), with the focus on depositional environments
and reservoir charactenstics of the Foremost Formation. The Peco area was studied by

Putnarn (1 989, 1993) and by Gardiner et al. (1990) with a focus on depositional
environrnents and reservoir characteristics. Harnblin and Abrahamson (1993) and
Hamblin (1993) examined the stratigraphy and gas pool distribution in the basal Belly
River. Harnblin and Abrahamson (1996) descnbed the stratigraphie architecture of the
Foremost Formation in southwest Saskatchewan and southem Alberta based on core and
well log cross sections. A general summary oCBelly River Group and other postColorado Group gas resources can be found in Harnblin and Lee (1995, 1997).

2.4.3. Milk River Valley Studies

Ogunyurni and Hills (1977) examined depositional environments of the Forernost
Formation in the Milk River area of Alberta and focused on sedimentology and
micropaleontology. Their study area overlaps the study area in this thesis. Ogunyumi
and Hiils (1977) measured 18 stratigraphie sections, collected samples for petrographic
analysis, identified clay minerals using x-ray diffraction, and coliected megaspore and
foraminifer sarnples and paleocurrent data Based on this anaiysis, Ogunyumi and Hills

(1977) concluded that the source terrain for the Foremost Formation was varied and
included sedimentary, volcanic, plutonic, and metarnorphic rocks. The source areas were
deterrnined using petrography and are located to the south and southwest of the study
area. Andysis of the collected paleocurrent data supports a sediment transport direction
consistent with the petrographically identified source area.
Anaiysis of megaspore data revealed distinct breaks between the Lea Park,
Foremost, and Oldman formations (Ogunyumi and Hills, 1977)- The Lea Park Formation
contains abundant Balmeisporites species (marine) and a low abundance of AzoZla and
Azollopsis (nonmarine) species. The Foremost Formation had a lower abundance of
Balrneisporites species, as well as a low abundance ofAzolla and AzoZZopsis species. The
higher Azollopsis and AzoZZa species counts in the lowermost portion of the Foremost
Formation were interpreted as representing a period of fiesh water influx (Ogunyumi and
Hills, 1977). The Oldrnan Formation had a low Balmeisporites species abundance and
high Azolla and Azollopsis species counts. These abrupt changes in species abundance
can be used to define floral breaks between the three formations (Ogunyumi and HilIs,
1977).

Based on the collected data, Ogunyumi and Hills (1977) proposed an
interpretation of the depositiond environments for the formations exarnined- The Lea

Park Formation is interpreted as a marine unit containing occasional thin shoreface
sandstone deposits. They ùiterpret the Oldman Formation as having been deposited in a
fluvial system characterized by repeated fining upward cycles.
Ogunyumi and HilIs (1977) interpret the Foremost Formation as transitional
between the marine Lea Park Formation below and the nonmarine Oldman Formation
above. Paraiic sediments deposited in sliallow water, near-shore and lagoonal
environments (Ogunyumi and Hills, 1977) characterize the Foremost Formation.
Sedimentation is cyclic with each cycle containing a basal bamer island sandstone
overtain by interbedded siltstone, silty shale and fme sandstone Iagoonal deposits, capped
by Gesh water marsh deposits of carbonaceous to coally shale (Ogunyumi and Hills,
1977). Speelman and Hills (1 980) examined the megaspore paleoecology of the Lea

Park, Foremost, and Oldman formations and report findings consistent with the
interpretations of depositional environments of Ogunyumi and Hills (1977).
Troke (1993) examined the Comrey Member, part of the Oldman Formation
stratigraphically above the Forernost Formation. The outcrop study was located southeast
of the curent study area and overlaps it by two or three kilometres. The Comrey study

was located within the Pinhorn grazing reserve. The Comrey Member is a massive cross
bedded sandstone found about 50 metres above the base of the Oldman Formation
(Russell and Landes, 1940; Troke, 1993).

3. Descriptive Sedimentology
3.1, Outcrop
3.1.1. Facies Description and hterpretaiion

Facies are recognized based on observations and descriptions made from outcrop
d o n g the Milk River Vdley (Fig. 3.1). Interpretation of the facies follows the
descriptions and is based on sedimentary textures and structures identified in the field.
More detailed interpretations will be presented after the vertical and laterai relationships
have been described.

Facies 1. Medium Grained to Coarse Grained Sandstone
Description
Facies 1 (Fig. 3.2) is a well sorted, rounded, light grey to white lithic quartz
sandstone tliat fines upward from coarse grained to medium grained sandstone and is
variably siderite cemented. Subrounded to subangular centimetre to millirnetre scale
mudstone clasts are cornmon in the lowermost one metre. Asymmetrical ripples and/or
ctimbing npples are variably present at various positions through the facies. Sub-metre
to metre scale trough cross beds are also presentFacies 1 has a maximum thickness of nine metres and when observed in outcrop
forms a lens shape, thickest at its centre and thùining toward the edges. The top of the
facies is flat and the base is generally concave upward with up to one metre of local
vertical relief. The sandstone body is oriented northwest to southeast and crops out on
both sides of the vailey.

Figure 3.1. Outcrop Location Map. Note that the subsurface study area covers
al1 of the map east of the outcrop study area.

Subfacies la. Medium tu Coarse Grained Sundstone with Mudstone Drapes
Subfacies 1a (Fig. 3.3) is cornposed of sets of couplets of light grey, meaium
grained to coarse grainecl centimetre scale sandstone beds and dark grey to black
carbonaceous miflimetre scale mudstone laminae. The couplets are inclined fiom 5' to
15'.

These inclined couplets appear not to be draped over a dipping surface but are

inclined within a set where the upper and Iower bounding surfaces are tabular.

Sztbfacies I b. Interbedded Fine Grained Sandsfone und Sandy SiZtstone
Subfacies 1b (Fig. 3.4) is composed of centimetre to rnillimetre scale medium
grained sandstone beds draped by sandy, siltstone foreset Iaminae. This subfacies is
visible only on blocks that shifted or fell several metres fiom the irnmediate outcrop. The
thickest succession found contains about 40 fine to coarse couplel with a total vertical
thickness of about 1.5 metres. Lateral extent would appear to be limited to less than 50
rnetres. However, with this subfacies visible only on fallen blocks of sandstone, any
measurement of lateral extent has to be treated with sorne caution.
Intemretation

The deposits are laterdly restricted and are overall lens shaped. This lens shaped
deposit is interpreted to be a channel. The centimetre to rniliimetre scale mudstone clasts
in a sandstone matrix found at the base of Facies I are interpreted as a Iag deposit and

support the channe1 interpretation. Facies 1 grades upward fkom coarse grained to
medium grained sandstone. The description of Subfacies l a is consistent with the
definition of inclined heterolithic stratification. Inclined heterolithic stratification is an
originally inclined succession deposited as a point bar (Thomas et al-, 1987). hclined

Figure 3.2. Facies 1. Medium grained to coarse grained .well sorted,
rounded, light grey to white lithic quartz sandstone. lnterpreted as
tidal channel deposits.

Figure 3.3. Subfacies la. Medium
grained to coarse grained sandstone
with mudstone drapes. lnterpreted
as inclined heterolithic stratification.

Figure 3.4. Subfacies 1b. lnterbedded
fine grained sandstone and sandy
siltstone. Interpreted as an indicator
of tidal influence within the channel
deposit.

heterolithic strata are composed of siliciclastic, heterolithic, and aqueously deposited
sediments (Thomas er al.. 1987). Subfacies la is interpreted as inclined heterolithic strata
deposited on the laterally accreting side of a channel. Subfacies l b is composed of fine
grained sandstone and sandy siltstone couplets suggesting rhythmically fluctuating flow
velocities and a possible tidal influence (T. Moslow and D. Meloche, pers. cornrn., 1999).
The occasionai asymmetrical npple marks and climbing ripples suggest the dominance of
current transport over wave transport of the sediment. The lateral juxtaposition of Facies
1 with marine sediments o f Facies 2 lends support to a marine and possibly tidally
influenced depositional environment interpretation for the deposits in this channel.
Facies 1 is interpreted as deposited by tidally influenced processes in a chamelBased on the presence of unidirectional current indicators and the lack of any bidirectional current indicators, deposition was in a portion of the channel where the tidal
influence was not strong enough to erode but served o d y to reduce flow velocities to
deposit Subfacies I b. Subfacies 1b was deposited in the main part of the channel while
Subfacies la, composed of inclined heterolithic stratification, was deposited as point bars
adjoining Subfacies I b.

Facies 2, Fine Grained to Medium GraÏned Sandstone
Descnption
Facies 2 (Fig. 3.5) cornrnonly grades upward fkom fine gra-ined to medium grained
lithic quartz sandstone. The sandstone is light grey and commonly massive.
Sedimentary structures are observed where preferential siderite cementation of the
sandstone occurs and includes flat to low angle gently undulahg laminae and beds. Rare

low angle concave upward scours cut into the flat to low angle stratification.
Syrnmetrical milhnetre to centimetre scale npples are found in this facies. Submillimetre and millimetre scale carbonaceous debris, bivalve shells, and shark's teeth are
scattered through the sandstone.
Facies 2 can be traced d o n g the outcrop for several hundreds of metres to several
kilometres and is generally thicker than two metres. Both the upper and lower contacts
are usually sharp and plana.

Interpretation
The concave upward surfaces eroding into the flat to low angle larninae are
charactenstic of swaley cross stratification. The npple marks in Facies 2 are symmetrical

and indicate deposition and reworking by oscillatory wave action rather than reworking
by currents.
Swaley cross stratification is an indicator of shallow marine deposition, as are the
symmetrical wave rippIes (Rosenthal, 1988; Walker and Plint, 1992). Swaley crossstratified sandstone represents storm-dominated shoreface environments (Waiker and
Plint, 1992) where thick accumuIations (at least two metres) of sandstone are deposited

above fair weather wave base where there is constant wave action removing the fuie
fiaction frorn the sedirnents.
Facies 2 is interpreted as having been deposited in a shallow marine setting above
fair weather wave base. The depth to fair weather wave base is variable but averages
about 15 metres (Walker and Plint, 1992, StubbIefield et al., 1984).
Facies 2 occurs as massive frne grained to medium grained sandstone. This
massive texture has been attributed to bioturbation by meiofauna (Hamblin and

Abrahamson, 1996; Power and Walker, 1996). In other Belly River Group studies,
simiIar thick massive sandstone has been encountered and even when X-rayed, no
sedirnentary structures were visible (Power, 1993).

Facies 3. Carbonaceous S h d e
Description
Facies 3 (Fig. 3.6) is composed of up to 25% medium grained lithic quartz
sandstone and 75% carbonaceous shale. Abundant millimetre to centimetre scale coal
rich plant debns and rare centimetre scale root traces are disseminated through the shde.
The organic content varies from carbonaceous shge to very Iow-grade coal containing
fragments of fossilized wood. The fiesh colour is dark grey to black while the weathered
coIour is very dark witli a purple hue. Facies 3 is between 0.5 metres and two metres

thick and is bounded by sharp upper and lower contacts. Facies 3 can be traced
continuousiy for one to two kilometres d o n g the outcrop.
Interpretation
Facies 3 is interpreted as having been reworked fkom its original depositional
setting in a non-marine environment. This facies is interpreted as having a non-marine
origin because of its carbonaceous a d o r coal-rich component. The lack of wellpreserved root traces indicates that Facies 3 has been disturbed. However, there are some
root traces in small pieces of the shale, indicating that these pieces have been transported
a relatively short distance, if at all. Facies 3 contains evidence for both allochthonous
and autochthonous depositional processes. Allochthonous is defined as "formed

elsewhere than in their present place" (Bates and Jackson, 1983, p. 14).

Figure 3-5.Facies 2. Fine grained ta. medium grained sandstone.
lnterpreted as rniddle to upper shoreface deposits.

shale. lnterpreted as non-marine derived
parautochthonous origin-

Autochthonous is defined as "forrned or produced in the place where now found" (Bates
and Jackson, 1983, p. 35). Facies 3 is interpreted as carbonaceous deposits of
parauthochthonous origin. This carbonaceous shale formed close to the area where it was
fmaIly deposited.

Facies 4. Massive Mudstone
Description
This facies is composed of massive green mudstone. Outcrop of this facies is
uncornmon, occurring in only one rneasured section. Both top'and bottom contacts are
sharp and this facies is less tllan ten metres thick..
Intemretation
Facies 4 mudstone is interpreted to represent deposition in an environment subject
to extensive bioturbation because of a lack of sedimentary structures and a massive rather
than fissile character. Individuai traces cannot be observed because of the homogeneity

of the sediment. Similar types of mudstone have been observed in modem muddy
sediments off the coast of California in water depths of 500 to ZOO0 metres (Edwards,
198 5). The interpreted extensive bioturbation and lack of sandstone or siltstone beds
suggest Facies 4 was not deposited in a proximal setting such as a lagoon. The lack of
carbonaceous debris is consistent with a distal depositional environment. This facies was
deposited in a marine environment below storm wave base. The depth to storm wave
base varies but is typically in the range of tens of metres (Stubblefield et al., 1984).

Facies 5. Shde with Sandstone Interbeds
Description
Facies 5 (Fig. 3.7) is composed of fine grained sandstone or siltstone interbedded

with brown to grey shale. The sharp based centimetre scale sandstone and siltstone
interbeds make up less than 75% of the total vertical thickness of Facies 5. The shale
interbeds Vary in thickness from 0.5 metres to several metres while the sandstone and
siltstone interbeds are Iess than ten centimetres thick. Carbonaceous laminae are
c o m m n throughout, as is shell debris, carbonaceous debris, and millimetre scale mud
filied burrows. The thickness of Facies 5 varies from one metre up to about ten metres.

The upper and lower contacts with adjoining facies are sharp. Within Facies 5, the
frequency of fine grained sandstone or siltstone interbeds increases upward.

This facies is interpreted as having been deposited in a marine environment below
fair weather wave base. The interbedded smdstone and shaie were deposited above
storrn wave base while the thick shale successions lacking fine grained sandstone or
siltstone interbeds were deposited below storm wave base. These are iilterpreted as
oEshore shelf sediments, similar to shelf deposits identified elsewhere (Power, 1993;
Pocver and Walker, 1996). To produce t h i s interbedded facies, storm events cause up to
several decirnetres of sea bed erosion (Swift and Rice, 1984). The waning flow then
deposits the transported load as a thin sandstone bed (Swift and Rice, 1984). This marine
interpretation is supported by micropaleontological work (McNeil et al., 1995) in the
study area (McNeil's 'Pinhorn Ranch' section) that suggested these sediments were not
deposited in marginal marine environrnents such as marshes, lagoons, or estuaries.

The micropaieontological work (McNeil et al., 1995) was based on placing
micropaleontologicai samples in their stratigraphic context to interpret the succession
under examination. The Pinhorn Ranch locality (Iegal weIl location of 7-2 1-2-7W4) was
contrasted with data from the Princess core 95 kilornetres to the west (legal well location

of 1-2-20- 12W4). Based on data collected at these two localities, the mudstone in the
Pinliorn Ranch section was deposited in an open marine environment while the mudstone
in the Princess section was deposited in a lagoonai environment (McNeil et al.,1995).

Facies 6. SheIl Hash
Description
Facies 6 (Fig. 3.8) is composed of poorly consolidated bivalve ancilor gastropod
shells contained in a fissile mudstone or fme grained to medium grained sandstone

matix. The shell concentration varies fiom about 80% to less than 50%. The lower
contact is sharp whife the upper contact is sharp or gradational. The shell beds Vary in
thickness fiom 0.3 metres to 1.5 metres and are cornrnonly found immediately above the
carbonaceous shale of Facies 3 but can occur in other stratigraphic positions.
Interpretation
Facies 6 cannot be traced Iaterdly over very long distances and is not a good
marker for correlation purposes. However, the clam shells are marine and indicate a
vertical change in depositional environment when they occur overlying n o n - m a ~ e
Facies 3 (carbonaceous shale). This stratigraphic context is evidence supporthg the
interpretation of Facies 6 as a transgressive lag.

Facies 7. Sandstone with Shale Interbeds
Description
Facies 7 is composed of Iight grey, fine grained to medium grained, sandstone
beds up to 40 centimetres thick with sharp lower contacts interbedded wiîh grey to brown
shale beds up to ten centimetres thick. The sandstone contains flat to low angle inclined
strata with millimetre scale carbonaceous laminae rnarking the bed boundaries. The shde
is fissile with no evidence of bioturbation observed.
This facies is differentiated ftom Facies 5 (shaie with sandstone interbeds)
because of the proportion of sandstone beds. The sandstone beds make up at least 75%
of the total thickness in Facies 7, while in Facies 5 they make up less than 75% of
thickness.
hterpretation
This facies is interpreted as representing a marine storm dominated environment.
It was deposited between fair weather and storm wave base. The sandstone beds

represent storm deposits while the mudstone beds represent fair weather deposition. The
higher proportion of coarser grained beds in Facies 7 is interpreted to indicate deposition
in a more proximal position than Facies 5.

Facies 8. Interbedded Mudstone and Carbonaceous Shale
Description
The reddish brown shale contains abundant carbonaceous debris varying in size
fkom one millimetre to two centimetres. In situ millimetre to centimetre scde root traces
are common. Fine grained to medium grained ten to 20 celitimetre thick sandstone

interbeds are found every 50 to 80 centimetres within the shstly carbonaceous interval.
These coally and sandy carbonaceous intervais are interspersed with greenish grey
massive mudstone containing abundant carbonaceous debris. The carbonaceous shale
and massive mudstone intervds are similar in thickness, varying £kom 0.5 to 1.5 metres.
Interpretation
Facies 8 is interpreted as having been deposited in a nonmarine environment
because of the abundance o f in siCu root traces and the red colour of the deposits.
However, because of the stratigraphie juxtaposition with marine deposits and interbedded
sandstone and greenish grey massive mudstone, Facies 8 is interpreted as having been
deposited in a paralic setting-

The coally carbonaceous shale is interpreted as having been deposited in a nonmarine environment. The sandstone interbeds appear similar to those of Facies 2. The
greenish grey massive mudstone closely resembles Facies 4 and was deposited in an
offshore marine environment. The interpretation of Facies 8 as transitional between

marine and nonmarine environments is based on both the description of the deposits and
on the close association between the shale, mudstone, and sandstone.

3.1.2. Measztred Vertical Sections

The outcrop study consisted of 18 measured sections (Fig. 3.9). The sections
described in the thesis were chosen because they are evenly distributed through the
outcrop area and include representatives of al1 eight facies. The sections described are
either the thickest of the measured sections or contain facies not present in any of the

other measured sections, and represent the variety of vertical relationships observed ui
the outcrop.
This section is purely descriptive and is here to provide a basis for the
interpretations that wiil be presented in Chapter 5. The vertical sections are divided into
a series of coarsening upward successions, each capped by a flooding surface. By
definition, these successions c m be considered parasequences (sensu Van Wagoner et al.,
1990). The parasequences are numbered in each section but these nurnbers imply no

stratigraphic correlation and are used only to link the lithologs to the written descriptions.
Figure 3.10 is the legend for the lithologs.

SECTION 1
This is the westernmost of the measured vertical sections. Section 1 is 16 metres
thick and includes one of the few exposures of Facies 1 in the study area (Fig. 3.1 1).
Parasequence 1
The base of tliis parasequence is a thin interval of Facies 6 (shell hash). This is
overlain by 1.7 metres of Facies 5 (brown to grey shale) and coarsens up to centimetre
scale interbeds of fine grained sandstone and shale (Facies 5).
Paraseq uence 2
This parasequence has Facies 6 at its base. This sheii bed grades upward into

Facies 5 (brown to grey shale) that in turn coarsens upward into Facies 2 (fine grained to
medium grained sandstone). The top of Parasequence 2 is capped by 0.5 metres of
carbonaceous shale (Facies 3).

Figure 3.7. Facies 5. Shale with sandstone interbeds. lnterpreted as
a representing a marine environrnent and deposited between fairweather
and storm wave base.

Figure 3.8. Facies 6. Shell hash in a mudstone or fine to medium
grained sandstone matrix. lnterpreted as a transgressive lag deposit.
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Parasequence 3
A thin interval of Facies 6 (shell hash) marks the base of this parasequence.
Facies 6 is .overiain by 2.5 metres of Facies 5 (brown to grey shaie) containing sandstone
interbeds that increase in frequency upward.
Parasequence 3 is abruptly terrninated and overlain by 6. L metres of Facies 1

(medium grained to coarse grained sandstone). Relief on the surface separating
Parasequence 3 and Facies 1 is up to one metre with centimetre scak mudstone clasts
very cornrnon in the lowennost one metre of Facies 1.

SECTION 3
This 42 metre thick vertical section is iocated 600 metres to the east of Section 1.
Despite the presence of a thick partly covered unit in the centre of this section, Section 3
was chosen because Facies 1 is not present at the sarne stratigraphie level as in Section

L

(Figure 3.12).
Paraseauence I
This parasequence coarsens upward from Facies 5 (brown tu grey shale) to Facies
2 (fine grained to medium grained sandstone). The uppermost one metre of Facies 5 is
characterized by an increase in the fi-equency of sandstone interbeds. The contact
between Facies 5 and the overlying Facies 2 is sharp. Facies 2 is overlain by a thin
unexposed interval and then 0.7 metres of Facies 3 (carbonaceous shaie). The flooding
surface marking the top of Parasequence 1 is somewhere in the unexposed interval
between the top of Facies 3 and the base of Parasequence 2.

-
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Paraseauence 2
This parasequence is composed of 3.9 metres of coarsening upward brown to grey
shale (Facies 5) overlain by 3.3 metres of medium grained sandstone (Facies 2). The
contact between Facies 5 and Facies 2 is sharp. The upper boundary of Facies 2 is within
a thick unexposed intervai. The flooding surface at the top of Parasequence 2 is in an
unexposed interval and could not be located.
Parasequence 3
This parasequence is contained almost entirely within a poorly exposed interval.
The dominant Iithology appears to be Facies 5 (brown to grey shale) but this is uncertain
because of poor exposure. The only part of Parasequence 3 that is clearly visible is the
uppermost 1.4 metres. This exposed interval is made up of 0.2 metres of carbonaceous
shale (Facies 3) overlain by one metre of Facies 6 (shell hash) overlain by another 0.2
metres of carbonaceous shale. The presence of marine shells (Facies 6) between Facies 3
(carbonaceous sl~ale)is explained by the parauthochthonous ongin of Facies 3. The
flooding surface bounding Parasequence 3 is at the top of this upper carbonaceous shale.
Parasequence 4

The base of Parasequence 4 is 2.2 metres of fine grained sandstone (Facies 2)
overlain by 0.2 metres of Facies 3 (carbonaceous shale). The upper limit of this
carbonaceous shale marks the flooding surface bounding this parasequence.
Parasequence 5
The lowermost interval within Parasequence 5 is one metre of Facies 5 (brown to
grey shale) containing occasional shell debris. The shale is sharply overlain by 3.2

metres of Facies 2 (fine grained to medium grained sandstone). The top of this interval is

at the top of the outcrop exposure.

SECTION 10
This 32 metre thick section (Fig. 3.13) is the westemost section on the outcrop
photomosaic (Fig. 4.2) and was chosen for detailed description because of its position as
one of only three measured sections in the area covered by this photomosaic.
Paraseauence I
Parasequence 1 is represented by a 0.5 metre thick bed of carbonaceous shale,
This thin interval of Facies 3 is a11 that is present of this parasequence in Section 10.
Parasea uence 2
This parasequence begins with 5.2 metres of bioturbated shale (Facies 5), sharply
overlain by 1.1 metres of interbedded sandstone and shale (Facies 7). Facies 7 is abruptly
ovedain by 3.7 metres of Facies 2 that is composed of low angle bedded and wave
nppled medium grained sandstone. Facies 2 is abmptly overlain by Facies 3. The
bounding discontinuity at the top of Parasequence 2 is marked by 0.3 metres of Facies 3
(carbonaceous shale). The contact between this interval and the base of Parasequence 3
is sharp.
Parasequence 3

This parasequence is composed of 2.8 metres of Facies 2 (medium grained
sandstone). Both upper and lower contacts are sharp.
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Parasequence 4
The lowermost part of Parasequence 4 is composed of Facies 5 (brown to grey
sliale). It coanens upward in a series of sandstone interbeds. Facies 5 is abmptly
overlain by 5 -8metres of Facies 2 (medium grained sandstone) which is overlain by 1.6
metres of carbonaceous shale (Facies 3).
Parasequence 5
Parasequence 5 is at the top of this outcrop section. It is composed of 1.7 metres
of Facies 5 (brown to grey shale). Facies 5 is abmptly overlaîn by 30 centimetres of
Facies 2 (medium grained sandstone) containing occasional shells.

SECTION I l
This is the central section on the outcrop photomosaic (Fig. 4.2). The section
(Fig. 3.1 4) is 28 metres thick and is dominated by fine grained to medium grained
sandstone (Facies 2) and brown to grey shale (Facies 5).
Parasequence I
A small part of Parasequence 1 can be seen in this outcrop, composed of 30

centimetres of Facies 3 (carbonaceous shale).
Paraseauence 2
The lower contact with Parasequence 1 is sharp. Parasequence 2 is composed of
2.5 metres of Facies 5 (grey to brown shale) overlain by two mebes of Facies 7

(interbedded sandstone and shale). Above these shaly facies is 5.7 metres of Facies 2

(medium grained sandstone). The top of Parasequence 2 is marked by 30 centimetres of
Facies 3 (carbonaceous shale).
Parasequence 3
Parasequence 3 is composed of a thick interval of brown to grey shale (Facies 5)
overlain by interbedded sandstone and shale (Facies 7). Facies 7 is overlain by a 1.1
metre thick sharp based medium grained sandstone facies (Facies 2). Parasequence 3 is
capped by 70 centimetres of carbonaceous shale (Facies 3).
Paraseauence 4
Parasequence 4 is at the top of this outcrop section. It is composed of 1.8 metres
of Facies 2 (medium grained sandstone) overlain by carbonaceous shale (Facies 3) and
two sliell beds (Facies 6)-

SECTION 15
This section (Fig. 3.15) is located at the easternmost end of the outcrop study

area It is the thickest (58 metres) measured interval and contains in its upper part several
lithologies that are the same facies that are present in other sections but are unique in
several ways.
Parasequence 1

The first parasequence in this measured section is composed of Facies 5 (brown to
grey shale) that coarsens upward into a sharp based 2.2 metre thick medium grained
sandstone (Facies 2). Facies 2 is overlain by several metres of carbonaceous shale
(Facies 3).
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Parasequence 2
Parasequence 2 is very poorly exposed. It is composed of at least one metre of
Facies 2 (medium graïned sandstone) and is capped by at least two metres of
carbonaceous shale (Facies 3).
Parasequence 3
Above Parasequence 2. the vertical facies successions change significantly. Most

of the facies have been identified in other vertical sections but their relationships are
different than those relationships seen previously. This upper part of Section 15 is by
definition not a parasequence and is the Taber Coal Zone that has been described at the
top of the Foremost Formation in this area (Dowling, 1917; Crockford, 1949; Troke,
1993, Hamblin and Abrahamson, 1996).

From the litholog (Fig. 3.15) of Section 15, the Taber C o d Zone is composed of a
senes of thick carbonaceous shaie and coal beds (Facies 3 ) , current rippled and trough
cross bedded carbonaceous medium grained sandstone (Facies l), and intervals of red

brown rooted shale (Facies 8). As discussed in the facies interpretations, these three
facies were deposited in nonmarine to marginal marine environrnenrs.

3.2. Subsurface
3.2.1. Core Description

There is limited core control throughout the study area and the major source of
subsurface data is well log signatures. It is essential that any interpretation of the
Forernost Formation using log signatures be based on cornparisons with the few available
cores.
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The core fiom a weil located at 11-34-2-29 W3 (Iegal subdivision 11, section 34,
township 2, range 29 west of the third meridian in the Dominion Land Survey System)
has been chosen as the reference core on which much of the correlation will be based.
There were two reasons for choosing this well, which is located about 50
kilometres to the east of the outcrop belt Firstly, part of the Lea PaMForemost
transition is cored. Secondly, the well was drilled in 1988 and a modem suite of well log
signatures is available, including gamma ray, hduction, spontmeous potential, density,
and porosity.

This section will describe the reference core from bottom to top (Fig. 3.16). The
various lithologies present can be assigned to one of the facies described frorn the
outcrop.
The cored interval is frorn 3 15.0 rnetres to 299.0 rnetres below the surface (total
vertical depth, or TVD), giving a total thickness of 16.0 metres. The core is nine
centimetres in diameter (standard 3 -5 inch diameter core) and is in very good condition,
with almost complete recovery The only intervais where the thickness is difflcult to
rneasure accurately are a couple of poorly lithified shaly sections.
Parasequence 1
This first parasequence, from 3 15.0 metres to 3 13.0 metres TVD, is composed of
very fine grained to fine grained sandstone (Facies 2) showing a coarsening upward trend

fiom very fine Lower grained to fine upper grained. The sandstone is generally massive,
although rare flat to low angle centimetre scale bedding is visible. Rare bivalve shells are
found throughout, as with Facies 2 in outcrop. The lower boundary of this interval is the
base of the core while the upper boundary is sharp.

Paraseauence 2
This parasequence coarsens upward fiom mudstone (Facies 5 ) to upper medium
grained sandstone (Facies 2). The parasequence has a sharp base, with a ten centimetre
thick bed of bivalve shells in a mudstone rnatrix (Facies 6 ) at its base. The lowemost 1.5
metres of Parasequence 2 (3 13.0 to 3 11.5 metres TVD) is mudstone dominated,
consisting of shaly greenish grey mudstone containing occasional centimetre to
millimetre scale carbonaceous debris (Facies 4).
From 3 11.0 metres TVD, Parasequence 2 is sandstone dominated, with the
interval from 3 11.0 metres to 305.8 metres TVD grading upward fiom fine grained to
medium grained sandstone (Facies 2). Sedimentary structures consist of flat to low angle
centimetre scale bedding and laminatiom. The trace fossil assemblage is interpreted to
belon= to the Skolirhos ichnofacies (Pemberton et al., 1992). The interval ftom 305.8 to
304.4 inetres TVD is composed of massive lower medium grained to medium grained
sandstone (Facies 2) and has a sharp upper contact. The interval fiom 304.4 metres to
303.9 inetres TVD is composed of dadc brown Iower fine grained sandstone (Facies 2).
This thin unit contains coally larninae and centimetre scale coally lenses and is overlain
by I O centimetres of low-grade coal (Facies 3). The upper contact is sharp.
Parasequence 3
Parasequence 3 is composed mainly of Facies 5 (brown to grey shale) overlain by
a thin interval of Facies 3 (carbonaceous shale). Facies 5 is composed of grey shaly
mudstone coarsening upward fiom mudstone to siltstone. In tkis case, Facies 5 is
bioturbated, rnostly in the uppermost metre.
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Figure 3.16. Litholog of 11-34-02-29W3.

Paraseauence 4
The base of Parasequence 4 is at 299.9 metres TVD and is marked by a 10
centimetre thick shell bed (Facies 6 ) overlain by brown to grey shale containing
sandstone interbeds (Facies 5). Facies 5 contains abundant carbonaceous debns and
continues to the top of the cored interval at 299.0 metres TVD.

3.2.2. Paraseqzrence to Log Correlation

In this section, the lithologies described for the core in the section immediately
preceding this one will be correlated with the log signatures. Figure 3.17 shows a general
core to log correlation wliile Figure 3.18 compares the core and the log in detail. The
correlation will be described from the bottom up. As well, the facies assemblages will be
assigned to tlieir correlative well log signatures.
Parasequence 1
This parasequence is composed entirely of Facies 2 and is characterized by a
gamma ray reading of 60 to 75 API units with Little change in the gamma ray response
through the interval. The deep induction response increases siightly from five
ohm-metres at the base to six ohm-metres at 3 13 .O metres TVD, the top of Facies 2. The
spontaneous potentiai response varies from two to three millivolts. The density porosity
log varies fiom 21% to 23%. The neutron porosity varies from 36% at the base to 40% at
the top.

Pwequence 2
The lower part o f Parasequence 2, fiom 3 13.0 metres to 304.4 metres TVD, is a
coarsening upward succession fiom shale (Facies 5) to medium graîned sandstone (Facies
2). The gamma ray log response reflects this coarsening upward trend, as the gamma

signature decreases from a high of 80 API uni& at the base to 50 API units at the top.
The deep induction response varies throughout the unit, possibly because of changes in
porosity and fluid content in this interval, and reaches a peak of 150 ohm-metres at 3 IO
metres TVD. Above this point the values Vary from 40 to 100 ohm-metres. Another

peak of about 175 olm-metres occurs at the top of Facies 2 (304.4 metres TVD).
As with Parasequence 1, the density and neutron porosity log responses vary
significantly in Parasequence 2. This variation is due to changes in porosity because of
changes in grain size and lithology, and to variations in cementation. In the lower five
metres of Parasequence 2, the density porosity averages about 12% and the neutron
porosity about 42%. Both porosity log signatures show a shift at 3 10 metres TVD where
porosity decreases 6% to 10% over a thin interval. A shift is visible on the spontaneous
potential and induction log signatures as weIL
Above 308.0 metres TVD, the density porosity increases while the neutron
porosity decreases possibly because of an actual increase in porosity but also because of
the increasing gas saturation of the formation. There are several pieces of evidence
supporting gas saturation, the most basic of which is the crossover (Asquith and Gibson,

1982, p. 67) of the density and neutron porosity log signatures at 305.0 metres TVD, very
close to the top of Parasequence 2. Drill stem tests also provide evidence for the
presence of gas in this interval. A drill stem test over the interval of 303.0 metres to

307.1 metres TVD records gas to surface at a rate of 25,703 cubic metres per day (drill
stem test data fiom Accumap Enerdata Corporation).

The uppemost part of Parasequence 2, fkom 304.4 rnetres to 303.9 rnetres TVD,
is composed of Facies 3 (carbonaceous shale). The porosiw log trace reacts most
drarnatically to this carbonaceous facies, with drastic s h i b to the left, indicating
anomalously high porosity values characteristic of c o d deposits (Asquith and Gibson,

1982).
Paraseq uence 3
This parasequence is composed of another coarsening upward succession capped
by a thin coal bed. The log signature of this interval is very similar to that of similar
facies in Parasequences 1 and 2. The coarsening upward nature of the succession is
reflected in both the gamma ray and induction Iogs. As before, the readings on the
porosity logs are somewhat variable as porosity is influenced by vanous factors and not
only by lithology. The porosity log signature shows a substantial shifi to the lefi in the
coaily interval.
Paraseq uence 4
A thin muddy interval is found at the top of the cored section. The sandy shale

lithology found in ttiis interval is reflected in the wel1 log signatures over the interval.
The gamma ray log signature reads relatively high, at about 70 API units. The porosity
log signatures record low values. The density porosity log signature is about 7% and the
neutron porosity log signature is about 21%. The induction response falls off to about 75
ohm-metres and the spontaneous potential log trace is fairly flat.

-

3.2.3. Facies to Log Correlation
The cored intervai is cornposed of three coarsening upward parasequences, with
lithologies varying fiom shale (Facies 5) at their bases coarsening upward to medium
grained sandstone Facies 2). In two of the successions, the medium grained sandstone
(Facies 2) is overlain by a coal (Facies 3 ) interval Iess than one metre thick. The log
signature that characterizes each of these facies is described below.
Facies 5 - Brown to Grey Shale
The log signature of the muddy part of these coarsening upward successions is
characterized by a gamma ray log response in the range of 75 to 90 API units. The
induction response is fairly low, typically around.50 ohm-rnetres. The spontaneous
potential log signature deflects far to the left of its log track, representing the shale
baseline of tl1e study intervai. The porosity logs are less reliable for lithologic
interpretation and will be used predominantly for the identificatiorr of coally intervals.
Facies 2 - Fine Grained to Medium Grained Sandstone
Log signatures of the sandy parts of the interval show a lower gamma ray log

response, generally below 75 API units and sometimes as low as 55 APl units. The
induction log signature shows there is higher resistance thm in the muddy interval,
varying from 60 to 150 ohm-metres. The spontaneous potential log signature shows a
significant positive deflection from its shde baseline up to a maximum of 40 mV. As
with the muddy intervals, the porosity log traces are responding to a nurnber of factors

and are not a reliable lithologic indicator, except for identifying coally or carbonaceous
lithologies.

Facies 3 - Carbonaceous Shde
Coally or carbonaceous units within the cored interval show dramatic shifis on the
porosity log signature, often enough to produce wrap around of the log trace. This log
signature would appear similar on density or sonic Iogs, which are used in most of the
cross sections because of the Iack of porosity logs. The porosity logs were not available
at al1 or unavailable at the required scale.

3.2.4 WeZZ Log Interpretafion Outside of rhe Cored I n t e n d

The weil log to core correlation c m be used to interpret zones that have not been
cored. The log types used will include the gamma ray, spontaneous potential, and
induction logs. The sonic log signature wiII be used where the density log signature is
unavailable.

In this section, the well log interpretation made using the cored interval in the
well located at 1 1-34-2-29W3 wiil be extrapolated to the rest of this stratigraphie interval
under study. Also, the well log signatures characteristic of the formational boundaries in
the study interval will be described.

Milk River Shoulder
The Milk River Shoulder is commonly used as a datwn in stildies of the Bellj
River Group. The spontaneous potential and resistivïty log signatures are easily
recognized and consistent throughout much of southern Alberta and southwestern

Saskatchewan. This surface dips east into the Williston Basin and rises to the west
because of the uplift of the Sweetgrass Arch (Fig. 2.2). The Milk River Shoulder is
shallowest in the southwest portion of the study area, close to the outcrop belt. The area

wliere this surface is at its deepest is in townships 9 and 10 d o n g the east rnargin of the

study areaThe datum is shown clearly on d l of the log signatures used in the cross sections,
including the reference well. This horizon is rnost easily identified using the spontaneous
potential and induction or resistivity log signatures. The spontaneous potentid and
resistivity log signatures are used whenever available in the construction of the cross
sections. The Milk River Shoulder is not always easily identified on other log traces.
Lea Park Formation
This formation begins irnmediately above the Miik River Shoulder and

interfingers with, and is ovrrlain by, the Foremost Formation. The predominant lithology
in the Lea Park Formation is shale, with isolated fine grained sandstone or siltstone units.
For the purposes of this study, any sandstone Iess than two metres in thickness wili be
considered part of the Lea Park Formation while any coarsening upward successions
capped by a sandstone thicker than two metres are part of the interfingering Foremost
Formation. This method of defining the formations will be used to reduce confusion
caused by the interfingering of the two formations.
The log signatures of the Lea Park Formation are typical of most shaie
successions. The gamma ray log signature is shifted far to the right, with an average of
about 60 API units in the reference well. The density porosity log signature shows a low
porosity, at between 4% and 6%. The neutron porosity log signature gives higher
readings, at around 50%. This high reading in the shale is due to the reaction of the
neutron tool to the relatively large amount of bound water found in shale successions
(Asquith and Gibson, 1982).

The spontaneous potential log signature is shifted far to the left in its track,
representing the shale baseline of the Lea Park Formation to Foremost Formation
intervai. The induction log signature shows low resistivity values, at around 45
ohm-metres.
Sonic log signatures are relatively flat through the shaly intervals, with travel
times between 400 and 430 microseconds per metre ( d m ) . The bulk density signature is
variable and is usefûl predominantly for picking coally horizons.
Foremost Formation
The Foremost Formation has been defined above as any coarsening upward
succession above the Milk River Shoulder capped by a sandstone bed thicker than two
metres. The Foremost Formation shows characteristic log signatures of coarsening
upward successions. This includes a decreasing gamma ray value as the succession
becomes less muddy. The sandstone beds are defined by a combination of gamma ray,
spontaneous potential, and resistivi~log signatures. Codly intervals are defined based

on sonic, bulk density, and porosity log signatures. The type log signature of a Foremost
Formation coarsening upward succession is found in the description of the reference well
log.
Fining upward successions are also present in both outcrop (Facies 1 in Figure

3.12) and on well log signatures. Unfortunately, no core exists through a fining upward
succession. However, a graduai increase in radioactivity upward (gamma ray log
signature moves towards the right) is ofken used to identie fining upward successions

(Asquith and Gibson, 1982). These fining upward successions are interpreted as channel
deposits (Facies 1).

Oldman Formation

The base of the Oldman Formation is an important surface for d i i s study because
it defines the upper 1 s t of the stratigraphie interval under consideration. This surface
represents an unconformity (Troke, 1993; Ogunyumi and Hills, 1977) and is found at
variable depth throughout the study area. The well log traces used to pick the base of the
Oldman Formation are the gamma ray and resistivity log combination.
The gamma ray log signature shifis to the nght at the base of the Oldman
Formation because of a mineralogical change between the Foremost and Oldman
formations, specifically a higher concentration of potassium O()feldspar witliin the

Oidrnan. The concentration of K feldspar makes the rocks more radioactive resulting in
an increased reading on the gamma ray log signature (Asquith and Gibson, 1982) and a
shift in the shale baseline to the right. In other words, the rock becomes consistently
more radioactive at the contact between the Foremost Formation and the Oidman
Formation. At the sarne time, the resistivity log signature is representative of a
sandstone. In the reference well the base of the OIdrnan Formation is at a depth of 245
metres. In wells where the gamma ray log trace is mavailable, correlation with the
closest well with a gamma ray log signature has to be relied on.

3.3. Well Log Types for Correlation Purposes

Once the characteristics of the well log signatures throughout the study interval

-

have been defined, it is possible to surnrnarize which log types are most usehl for
correlation purposes. A combination of log types is essential if reliable log correlation is
to be made.

The resistivity log signatures (including induction logs) are most useful for
identiQing the Milk River Shoulder and can assist in the correlation of sandstone bodies
where other log types are unavailable. Spontaneous potential log traces are usefùl for
similar purposes.
The log type that is most useful for correlation of the sandstone bodies is the
gamma ray log. It is the most reliable signature for identi@ing the position of the base of

the Oldman Formation. Bulk density, porosity, and sonic signatures are also useful for
identiSing coally intervals. The identification of coal beds is an important part of this
study. as will be seçn in the following chapters.

4. Descriptive Stratigraphy
In this chapter, the stratigraphy of the study area will be described. The lateral
relationships observed in outcrop are described in Section 4.1. Lateral facies
relationships inferred fiom cores and well log signatures will be discussed in Section 4.2.
These relationships will be used to establish the stratigraphie framework of the Lea Park
and Foremost formations in the study area.

4.1. Outcrop

The correlation of three of the outcrop sections is shown schematically in Figure
4, L. The corresponding photomosaic is shown in Figure 4.2. The correlation is based on

field work and on examination of photomosaics.
In general, the outcrop is composed of a nurnber of coarsening upward
parasequences capped by coally carbonaceous shale. The parasequences are laterally
continuoris and flat lying while the carbonaceous shale beds are discontinuous.
Several difficuities arise when trying to correlate the outcrop sections. While the
outcrop is relatively continuous, there are fiequent breaks where grass or slumps have
covered the outcrop making it difficult to trace beds with any degree of certainty. There
is no single horizon or surface that c m be traced across the entire outcrop for use as a
daturn. Probably the best tool for correlation is the photomosaic, which works very well
for short sections of outcrop but not so well for long sections as exposed here (1 8
kilometres). Outcrop correlation has to be based on a combination of field observations

and photomosaic data.
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Figure 4.1. Schematic Outcrop Cross Section. This figure is based on the photomosaic
in Figure 4.2. The coloured Iines represent wrrelated sandstone beds. as visible on the
photomosaic. The purpose of this schematic is to show how these sahdstone beds, the
tops of which represent parasequenœ boundaries, can be correiated over distances of
2 to 3 kilometres. See the map for the relative positions of these three measured sections
in the outcrop area. The scale bar refers to the map.
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The photomosaic (Fig. 4.2) that best exemplifies the lateral correlations is locaed
near the centre of the full outcrop exposure as shown o n the vertical section location map

(Fig. 3.9). Figure 4.1 is a trace of the photographs, showing the major topographie
features and the correlation of the sandstone beds. Detailed vertical sections are shown in
Figures 3.13 and 3.14. The vertical facies relationships in these three measured sections
were described in detail in Chapter 3.
The only units that can be reliably correlated across the entire outcrop are the
sandstone intervals, each of which is represented by a different colour. Other intervals in
the vertical sections are discontinuous and c~uinotbe correlated. In particular, the

carbonaceous shale intervals that commonly overly the smdstone cannot be used relizbly
for correlation, especially when the correlation is based on photomosaics which only
show the Iighter coloured sandstone intervaIs (Facies 2).
The only unit that c m be trrrced reliably between : I: %ee o f the measured
sections is the sandstone coloured red or1 Fiçt~re4.1. The red sandstone is flat Iying and
laterally continuous. In Vertical Section 10 (Fig. 3-l3), the westernmost section, this
sandstone (Facies 2) is six metres thick. It is underlain by interbedded sandstone and
shale (Facies 5 ) and overlain by poorIy exposed carbonaceous shale (Facies 3).
The sandstone thins toward the east, fiom six metres in Section 10 to two metres

in Section 1 1. The red interval is underlain by interbedded sandstone and shale and in
this case is overlain by non-carbonaceous shale (Facies 5). By Section 12, the sandstone
has disappeared and al1 that remains is 1.5 metres of interbedded sandstone and shale
(Facies 5).

In total, six coarsening upward parasequences were identified on this cross
section. The vertical relationships between the sandstone and other lithologies are simikir
to those found above and below the red sandstone. These sandstone unit5 are typically
mderlain by shale (Facies 5 ) or interbedded sandstone and shale (Facies 7) and overlain
by eiSier Facies 5 or by carbonaceous shale (Facies 3) that is overIain by shale (Facies 5).
Rare deposits of shell hash (Facies 6 ) are found at the base of the sandstone. Facies 6 is
found at the base of the orange sandstone in Section 12 and at the very top of Section 10,
where it may underlay the yellow sandstone that is exposed in Section 11.

4.2. Subsurface

The honzontal relationships inferred on the subsurface cross sections will be
discussed in tlus section. Based on the Log interpretations described in Chapter 3, several
different log facies c m be correlated based on log signatures alone, using horizontal and
vertical relationships seen in outcrop as a template to guide correlation.
It is important to note that the correlation of these cross sections requires some

interpretation of depositional environments and settings for the various facies. The
interpretation of the various facies is based on exarnination of core and outcrop and
determination of depositional environment based on lithology, sedirnentary structures,

and biogenic structures. Some of these interpretations will be mentioned in the course of
describing the cross sections. The facies interpretations were presented in Chapter 3.

Figure 4.2. Outcrop Photomosaic. This figure is an example of a photomosaic. The
correlation based on this partiwlar photornosaic is found in Figure 4.1. The location
rnap shows the position of this photomosaic in relation to the rest of the outaop
sections that were measured. The horizontal scale bar refers to the map.
-

The daturn for the stratigraphie cross sections is the Milk River Shoulder. Above
the d a m , a series of coarsening upward parasequences have been identified and
correlated. The flooding surfaces at the tops of these parasequences have been
numbered, with 1 at the base and the nurnbers increasing upward. The base of the
Oldman Formation was identified based on the increase in the gamma ray and resistivity
log signatures (Chapter 3) and defines the upper iimit of the succession being correlated.
The log signatures that are most usehl for correlation in this study are the
combination of gamma ray and bulk density. However, the Milk River Shoulder can only
be reliably identified using the spontaneous potential and resistivity log combination.
Wliere gamma ray and bulk density log signatures were mavailable, other log types have
been substituted. These are typically spontaneous potential and resistivity log traces, and

in some cases sonic log traces.
Well spacing for the cross sections is one or two wells per township/range.
However, tbis spacing varies substantially in sorne parts of the study area because of lack
of data. There may be no wells drïlled, or it may be a case of old and unreadable log
signatures. A map (Fig. 4.3a) showing the locations of al1 of the wells used on the cross
sections is given, as is a Iegend (Fig. 4.3b) of the symbols and colour fills used.

4.2.1. Dip Section 1, Township I Range 7W4 to 18W3

There are severai features to note in this section (Fig. 4.4a). Firstly, the limited
control in the western six wells because of the unavailability of weli logs above Aooding
surface 4. Secondly, each of Parasequences 4 and 5 have two isolated sandstone bodies

separated laterally by a zone lacking any sandstone. Thirdly, Parasequence 6 has a thick
nonmarine zone in ranges 27W3 to 29W3.

4.2.2. Dip Section 2, Township 3 Range 5W4 to 2 1W3

-

This section (Fig. 4.4b) has full well control throughout its length fiom the base of
the Oldman Formation to the datum at the base. Both Parasequences 5 and 6 have

significant nonmarine zones toward the western end of the section. Parasequences 5 , 6 ,
and 7 each have two isolated sandstone bodies separated laterally by zones lacking any
sandstone deposits. Parasequence 8 is the youngest parasequence and is often removed
by the overlying Oldman Formation.

42.3. Dip Section 3, Township 7 Range 7W4 &O 20 W3

A significant feature in this section (Fig. 4 . 4 ~ is
) the presence of thick nonmarine
strata in Parasequence 6, extending from range 5W4 to 2W4. This is the first cross
section to contain sandstone deposits in Parasequence 2. These deposits extend from the
western end of the section (range 7W4) east to range 5W4.

4.2.4. Dip Secrion 4, Township I I Range 4W4 fo 18W3

This section (Fig. 4.4d) displays a thick nonmarine succession in the westernrnost
two wells within Parasequence 5. Sirnilar to Dip Section 3, this section also shows
sandstone deposits in Parasequence 2, extending east to range 4W4. A!so of note is the
thick channel deposit (analogous to Facies 1) at the base of Parasequence 5 in wells
located at 6- 12-1 L -4W4 and 10- 10-11-3W4. Separate seaward and landward sandstone

deposits are seen in Parasequences 5 and 8. This section aiso has the most seaward
channel sandstone deposit of any of the preceding cross sections. ThÏs channel sandstone
deposit is in Parasequence 10 in the weIl Iocated at 4-1 6- 1 1- 1 8W3.

42.5. Dip section 5, Township 12 Range 7W4 to 20W3

As with Dip Section 4, this section (Fig. 4.4e) shows a thick nonmarine
succession in Parasequence 5 , extending from the western end of the section to range

2W4. Most notable in this section, however, is the lack of sandstone deposits east of
range 2W4. The only sandstone deposits found east of this point are in Parasequences 7
and 8. West of range 2W4, Parasequences 2, 5, and 6 contain sandstone in a narrow
zone-

4.2.6. Dip Section 6, Township 18 Range 4W4 to 20 W3

This cross section (Fig. 4.4Q extends west only as far as range BW3. On this
section, Parasequence 7 has two zones of sandstone deposits separated laterally by a zone
lacking sandstone.

4.2.7. Strike Section 7, Range 3 W4 Township I to 14

This section (Fig. 4.4g) is oriented fiom north to south and serves to tie together
the dip onented cross sections. The purpose of this section is to correlate the individual
parasequences between the different cross sections, essential for mapping purposes. Tt
shows that the various.parasequences do correlate, both dong depositional dip and sû-ike.
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5. Sedimentologic and Stratigraphic Interpretations
5.1. Vertical Stratigraphic f nterpretation

In both outcrop and subsurface, the Foremost Formation is composed of a senes
of coarsening upward parasequences. As discussed in Chapter 3, these parasequences are
composed of regular and predictable facies successions of marine mudstone overlain by
marine shoreface to foreshore sandstone capped by nonmarine carbonaceous shale. The
carbonaceous s hale marks the top of each complete parasequence and is overlain by
marine mudstone. Figure 5.1 shows the general lithology of one of the parasequences.
Wl~ilecoarsening upward successions are common, f d g upward successions
that are interpreted as channel fil1 are also present This charnel fil1 is composed of both
sandstone and mudstone. A third type of succession is interpreted as representing
deposition in a coastal plain setting. These deposits contaifi variable amounts of
sandstone, mudstone, siltstone, carbonaceous mudstone, and coal.
The marine mudstone (Facies 4,5, and 7) was deposited in the offshore zone.

Facies 4 (massive mudstone) was deposited offshore below storm wave base. Facies 5
(brown to grey shale) was deposited in the distal offshore between storm wave base and
fair weather wave bzse. Facies 7 (interbedded sandstone and shale) contains a higlier
proportion of sandstone beds than does Facies 5 and was deposited in the proximal
offshore (Walker and Plint, 1992) closer to fur weather wave base.
Facies 2 (fine to medium grained sandstone) was deposited in a marine shoreface
environment.

This p a w r

Walker and Plint (1992)
Backshore - coals, rooting,
carb mudstones

Facies 3
Carbonaceous shale

Foreshore - Rat to low angle
Upper Shoreface
troug h cross stratification
Facies 2
Fine grained to medium
grained sandstone
Middle Shoreface
swaley cross stratification

Facies 7
Sandstone with shale
interbeds

Lower Shoreface
humrnocky cross stratification

Facies 5
Shale with sandstone
interbeds

Proximal Offshore Transition
bioturbated sandy siltstone

Facies 4
Massive mudstone

Distal Offshore Transition
bioturbated rnudstone

Facies 3 - carbonaceous shale
or Facies 6 - shell hash

Transgressive Lag

I1

1 F 1 MImixed carbonaceous rich rnateria

Mud Isand
Figure 5.1 Parasequence Facies Succession
Typical Wave Dominated Shoreface Succession
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M e r Walker and Plint. 1992. p. 226.

Facies 3 (carbonaceous shale) is found stratigraphicaliy directly above the
shoreface sandstone. The carbonaceous shale is a nonmarine deposit and is interpreted as
parauthochthonous in ongin because of the Iack of well preserved root traces and the
sandstone intermixed with the shaie. Facies 3 was onginally deposited in a backshore
setting somewhere landward of the beach. When relative sea level rose, the ensuing
transgression eroded and combined much of the sediment deposited in the backshore as
well as part of the beach, judging fiom the Iack of rooted beach sandstone found in the
parasequences. This carbonaceous material was mixed with some of the sand eroded
from the beach and redeposited to eventually form this transgressive carbonaceous shale.
Facies 3 marks the transition to the next overlying parasequence. The flooding surface at
the base of Facies 3 is the boundary between parasequences. This boundary may also be

marked by Facies 6 (shell hash).

5.2. Subsurface to Outcrop Correlation
There is a 20 kilornetre gap between subsurface and outcrop data where the
Foremost Formation is no longer exposed on the surface and is within the unlogged
surface cased interval of the weils. Consequently, a direct correlation of subsurface and
outcrop is not possible (Fig. 5.2).
The position of the contact between the Foremost and Oldrnan formations can be
identified in the subsurface and the outcrop, providing a surface for at least a tentative
correlation between subsurface and outcrop. Correlation of specific parasequences is not
possible but a gross correlation of the entire stratigraphie interval is (Fig. 5.2).

Deposition of the Oldman Formation was in fluvial environments (Ogunyumi and
Hills, 1977). The contact with the Foremost Formation is erosional because of
downcutting by the fluvial deposits of the Oldrnan Formation (Troke, 1993; Ogunyumi
and Hills, 1977). This contact is not planar across the study a r e a As a result, the
stratigraphic position of the contact is variable on the scale of tens of metres and can
remove more than one parasequence, as demonstrated on the subsurface cross sections.
Vertical Section 1 (Fig. 3.1 1) shows OIdman Formation erosion of portions of
parasequences 7 through 10. Therefore, the position of a particular Foremost Formation
parasequence in relation to the contact is not enough information to correlate specific
parasequences over long distances. Figure 5.2 is a schematic stratigraphic cross section
illustrating tliis relationship.
As demonstrated by the discussion of the cross sections in Chapter 4, the outcrop
work can be used as a template for the subsurface correlation. The outcrop data increases
the reliability of the subsurface work by detailing the vertical and Iateral facies
relationships found within the Lea Park and Foremost formations.
Tl-iere is evidence, however, that the sandstone parasequences exposed in the
outcrop correlate with parasequences 1 to 4 in the subsurface. In the subsurface,
parasequences 5 through 11 do not extend west to the outcrop belt. The transgressive
limit of Parasequence 5 is east of the outcrop be1t and the younger parasequences (6
through I I ) are truncated by Oldman Formation erosion east of the outcrop (Fig. 5.2).

Milk River Wley

Shoukier

Figure 5.2. Schematic stratigraphic cross section illustrating the relationship between
subsurface and outcrop strata.

5.3, Depositional History
The stratigraphic succession in the study area records an overall marine to
nonmarine transition punctuated by a number of fluctuations in relative sea level. The
stratigraphic and paieogeographic position of shaiiow marine, sandstone shoreface
deposits records these sea level fluctuations. From the cross sections and fiom general
knowledge of Upper Cretaceous paleogeography (Dawson et al., 1994), landward is to
the West and basinward is to the east. The shoreface sandstone isopach maps of the area

have illustrated local and regional variation in these shoreface orientation directions,
Overall, relative sea level was falling during Foremost Formation time. The
oldest shoreface deposits are found on the western side of the study area (landward) while
some of the youngest deposits are found on the eastern side of the study area (seaward)Examination of the cross sections and maps suggests that there are higher order sea level
fluctuations in this area. The sea level c w e (Fig. 5.3) illustrates Sus complexity.
Tliere are three different orders of relative sea level change apparent. The lowest
order is the relative fall in sea level that occws throughout Foremost time and culminates
with formation of the major uncodormity separating the marine dominated Foremost

Formation from the overlying fluvial dominated Oldman Formation. The ne* higher
order of relative sea level change is at the parasequence level. Each parasequence is
capped by a marine flooding surface representing a nse in relative sea Ievel folIowing
deposition of the parasequence. The highest order of sea level change that is identified in
this study is at the subparasequence scale. Within some of the parasequences there are

Sea Level

Parasequence
I

1

1

Parasequence

Falling
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East 4
West
Relative Shoreline Position
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Figure 5.3. Relative Sea Level Curve. This curve represents both rising and falling
sea level and relative shoreline position within and between each parasequence.
The curve was constructed based on the shoreline position in each parasequence
as defined on the parasequence isopach maps (Figs.5.4-5.14).

different shoreface trends representing highstand and lowstand shoreface deposits. The
change in depositional slope required to cause significant channel erosion is also
attributed to this highest order of relative sea level change because channel downcutting
occurs within a parasequence and is truncated on top by the same marine flooding surface
that marks the top of the associated parasequence.
Tlie isopach maps that are presented here (Figs. 5.4 to 5-14} represent either the
gross thickness of the parasequence or the gross sandstone thickness within the
parasequence. The isopach values corne fiom correlation of the subsurface cross sections
based on well log parameters defmed near the end of Chapter 3 (Figs. 3.18 and 3.19).
Gross thickness isopach maps are used when there is.no sandstone observed within a
given parasequence.
Tlie flooding surface numbers on the subsurface cross sections are consistent with

the parasequence nurnbers used to label the individual isopach maps. The interval
included within each parasequence extends fiom the flooding surface with the
corresponding number down to the next flooding surface below. For example,
Parasequence 2 is capped by Flooding Surface 2 and includes dl of the strata between
flooding surfaces 1 and 2.
5.3.1- Milk River Shoulder

The Milk River Shoulder (MRS) marks the boundary between the M i k River
Formation and the Lea Park Formation. This marker is a marine flooding surface, with

the Milk River Formation below composed of near shore and shoreface sandstone (Power
and Walker, 1996, p. 15). It is consistent and easy to recognize on resistivity log

signatures and was used as the stratigraphie datum.

5.3.2. Parasequence I

Shoreface sandstone deposits were not observed in Parasequence 1 and a gross
isopach map is presented (Fig. 5-4). This is the oldest of the parasequences identified and
immediately overlies the Milk River Shoulder. The thickest parts of Parasequence 1 are
oriented roughly north east to south west. When examined in more detail, the rnap shows

a distinctly lobate pattern to the isopach contours, The thickest areas are in the south
West and north east sections of the study area with a narrow east to West oriented thin
area close to the centre of the study area.
5.3.3. Purczsequence 2

This interval shows limited shoreface sandstone deposition. Al1 that appears on
the gross sandstone isopach map (Fig. 5.5) is a narrow band of sandstone deposits

oriented north-northeast to south-southwest- The maximum isopach value observed is
five metres. This is apparently the distal or seaward edge of Parasequence 2 shoreface
deposition.
5.3-4. Parasequence 3

As with Parasequence 1, no sandstone is present in the study area following

Parasequence 2 deposition. Figure 5.6 is a gross isopach map of the interval fiom
Flooding Surface 2 to Flooding Surface 3. The overail pattern is somewhat lobate with
depositional strike trending fiom north to south.
5-3.5. Parasequence 4

Shoreface sandstone isopach contours of Parasequence 4 show a similar pattern to
those of Parasequence 1 (Fig. 5.7). Generally the shoreface strike is fkom north to south.
However, the isopach contours have a distinctly lobate pattern with three distinct lobes.

The nod~enimostlobe h a its east-west axis out of the study area to the north. WithÎn the
study area, this northern lobe extends east as far as range 25W3. The central lobe has its

east west axis in township 10 or 11 and extends east to range 27W3. The area of
nondeposition between these iobes extends west to range 4W4. The map area appears to
cover only a small part of the southernmost lobe, which extends east to range 2W4.
There is also a charnel cutting into Parasequence 2 in township 1 range 2W4. The area

of nondeposition between the central and southem lobes extends at least as far West as
range 6W4 but the actual location of this zero edge is unknown because of a lack of well
control,

5.3-6. P~I-nsequence
5
The map of Parasequence 5 (Fig, 5.8) shows both the transgressive and
progradational limits of Parasequence 5 shoreface sandstone deposition. There are three
north to south oriented sandstone trends, separated by areas of nondeposition. The
transgressive lirnit of Parasequence 5 is close to the westem edge of the study area, while
the progradational limit reaches as far as the eastern edge.
The end of a shoreface trend is located dong the southem edge of the study area,
extending north to township 5 with its strike axis along range 24W3. The second
shoreface trend weaves tlirough the centre of the area. The third shoreface trend lies
along the transgressive limit of Parasequence 5, close to the westem side of the study
area.
5.3.7. Pal-asequence 6

Within Parasequence 6, the shoreline was oriented north west to south east, as
shown in Figure 5.9. There were two shoreface trends with an area of either

nondeposition or erosion between them. Parasequence 6 is the oldest parasequence
described that has been eroded by the overlying nonmarine Oldman Formation, as seen in
the south West corner of the study area. AIso found in this area is a distinct embayment,
shown by the change in position of the transgressive limit.

-

53.8-Parasequence 7
The shoreface trends within this parasequence (Fig. 5.1 O) show significant
complexity when compared with the older parasequences described previously. In
addition to this increased complexity. the shoreface sandstone deposits are thicker and
have been eroded by channels to a greater extent than any of their older counterparts. As
with Parasequence 6, the Oldman Formation has eroded part of the shoreface in the south

west portion of the study area.

5-3.9-Parasequence 8
Erosion by the Oldman Formation has removed a significant part of Parasequence

8 sandstone deposits, particularly in the northern and southern parts of the study area
(Fig. 5.1 1). However, enougli is preserved to enable identification of two distinct

shoreface trends, both onented roughly north to south. The progradational limit of the
shoreface deposits is progressively eastward as the parasequences get younger.

5-7-10.Parasequence 9
Very little of Parasequence 9 has remained following the erosion represented by

the unconformity at the base of the Oldman Formation (Fig. 5.12). As well, the
progradational limit appears to have moved east beyond the limits of the study area.

53-11. Parasequence 10

The most eastern part and a section in the middIe of the study area are the only
areas to survive erosion that occurred at the base of the Oldman Formation (Fig. 5.13).

However, it appears that the progradational l k i t of Parasequence 10 has moved
landward (west) relative to that of Parasequence 9, indicating a nse in relative sea level.
5-3-12. Parasequence I I

The only part of this parasequence that was not eroded occurs in a very small area
close to the middle of the study area (Fig. 5.14). There is only one well where
Parasequence i 1 can be identified and so no other details can be provided.
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6. Summary and Conclusions
6.1. Summary

The purpose of this project has been to document the depositional history of the
Foremost Formation in the defined study area. To evaluate this history, subsurface and
outcrop data sets have been integrated. The outcrop data consists of the photornosaic,
measured vertical sections, correlated cross sections, and facies interpretations and
photographs. The subsurface data consists of one core and log signatures fkom over f O0
wells-

The history of shoreface deposition is recorded in this area. The shoreface
sandstone is found in linear and lobate deposits, as shown on the sandstone isopach maps
in Chapter 5 (Figs. 5.4 to 5.14). The difference between lobate and linear sandstone
deposits may be attributable to varying relative strengths of fluvial point source supply
and longshore drift during deposition of the shoreface sandstone. Fluvial dominance

results in more lobate deposits while a longshore drift or wave dominance results in more
linear deposits. These lobate sandstone deposits are not uncornmon on coastlines
undergoing relative sea level fall (Walker and Plint, 1992; Dominguez et al, 1987), as is
the coastline during Foremost Formation tirneSeveral channels incise these sandstone shoreface deposits. Based on
sedirnentary structures observed in outcrop, these channels are interpreted to be tidally
influenced. These structures include inclined heterolithic stratification and rhythmically
interbedded sandstone and siltstone couplets.

6.2. Magnitude of Relative Sea Level Change
The depositional pattern demonstrated shows at least three orders of relative sea
1eveI change within the strata in question. The highest order of change is the overall
relative sea level f d l that occurs throughout Foremost Formation time, culminating in the
deposition of the nonmarine Oldman Formation. The second order of relative sea level
change is that which differentiates the 11 parasequences that are identified. Deposition
and progradation of each shoreface trend represents a fdl in relative sea level while the
marine flooding surface capping each parasequence represents a rise in relative sea level.
A third order of relative sea level change occurs within each parasequence. In at Ieast

two cases, both highstand and lowstand deposits are deposited within a specific
parasequence.

6.3. Evidence for Base Level Change
The depositional patterns that have been described, mapped and interpreted
throughout this thesis reveal that base level change was an important factor controlling
deposition of the Foremost Formation. There are four important pieces of evidence for
this base level change:
1. The first is channel incision and truncation by erosion of the underlying

sandstone bodies. Most of the outcrop vertical sections have exarnples of tnincation of
the sandstone bodies. Note especially Outcrop Section 1 (Fig. 3.1 1) which shows both
truncation by erosion and channel incision. Truncatioa by erosion is represented by the
presence of Facies 3 (carbonaceous shale) while channe1 incision is shown by the
juxtaposition of Facies 1 and Facies 5. Both the facies juxtaposition and the sharp

undulating contact between the two facies are significant. Found at the base of this
channel sandstone deposit are eroded mudstone clasts, interpreted as representing an
erosion event preceding deposition of the channel sandstone.

2. Evidence for the importance of base level change is also provided by the
stratigraphie variability between the different sandstone bodies. This variability is best
exhibited on the subsurface cross sections (Fig. 4-4). For example, note Dip Section 4
(Fig. 4.4d). In the well located at 6- 12-11-4W4, not o d y are marine sandstone deposits
imrnediately overlain by marine shale, they are overlain by nonmarine deposits. The
marine shale is itself ovedain by both nonrnarine deposits and channel sandstone
deposits.
3. The juxtapositiori of facies within and between various parasequences is also
significant evidence for base level change. Numerous exarnpIes of this facies
juxtaposition are descnbed in Chapters 4 and 5 . Most commonly, marine sandstone or
nonmarine carbonaceous shale is imrnediately and sharply overlain by marine müdstone.
This is evident on the vertical outcrop sections (Figs. 3.1 1 to 3.15), in the core description
(Fig. 3.16), and on many of the subsurface cross sections (Fig. 4.4).
4. The evidence for the importance of base level change is the asymrnetrical

sliape of the sandstone bodies. This asyrnrnetry is best demonstrated on the subsurface
cross sections (Fig. 4.4). The sandstone bodies tend to be thickest on the western end of
the cross section, and thin gradually to the east. The western margin of each sandstone
body is commody sharp and shows very sudden thickening. The eastern margin of each
sandstone body is gradational, with a very graduai thinning trend.
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