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: ABSTRACT

per Jurassic and

v

A camﬁrg#:hiivg regional study of U
Lower Cretaceous strata in the pivota! area of southeastern

out in this

"~
[«

i

-

Alberta and north-central Montana is car
=

thesis and integrated with puélished\studies from
surrounding areas to formalize and correlate

lithostratigraphic units, interpret paleogeography, and

reconstruct the geological history of the western interior

¢ .

during this time interval.. , .

*

Rarine strata of the Ellis Group make up the Middle .&

Upper Jurassic section, including predominantly calcareous
shales of the Rierdon Férmitian overlain by the basal dark
shate :ﬁd‘upper "ribbon sand'" members of the Swift
Formation, Lower Cret:eéaus continental strata are assigned
to the Blairmore Group because of their similarity to type

¢
Blairmore strata of the Alberta Foothills. Withia the

Blairmore, the basal Egﬁ Bank Formation is definmed and
correlated with the Cadomin Formation of the Foothills,
while the Gladstone and Beaver Mines Formations are extended

from the Foothills. !

Primarily marine Juﬁ;ssic strata were depai}ted over
the western interior during three major trgnsgres;ive events
occurring in the Middle and Late Jurassic. Larger areas
were inundated by each successive transgrfession, rg:glﬁ;ﬁg

[ :
in deposition of very widespread homogeneous lithological

£ .
[



i

units during the Late Jurassic. The sea retreated from the
cratonic basin after the Oxfordian until early Albian time.
Limited continental aggradation took place to the south of

the thgsis area during the latest Jurassic and earliest
Cretacecus, while the land in central and northern areas was

& B

deeply dissected. Collision of allochthonous terranes with

the west@rn edge of the North American crston resulted

beginning in the uplift of western source areas ih the Late
ssic, but significant amounts of coarse clastic detritus”®

Jur

comian,

o

te Ne

were not deposited on the . craton until the |
Terrestrial sediments, characterized by siliéggQ:
lithologies, g:tumul!ttg)avgf the entire western interior
during the Aptian. Base level rose in the earliest Albian
as the Boreal sea advanced, triggering extensive deposition
of lacustfine and marginal marine facies. At about the same
time, renewed uplift and exposure of igneous source rac;s to

the west caused a sharp influx of feldspathic sediments into

the cratonic and foreland basins.
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I. INTRODUCTION

A. Background and Ggals

Stratigraphic ;orrelation and the interpretltignigf
geologic history within the great interior basins of the
world have always been difficult because the conventional
methods of field geology cannot be applied to strata buried

s

deep in the subsurface. Little outcrop is available for

examigation because of the small amount ‘of structural
displacement of str . In the northern Great PFlaing of
North America, moreover, utcrops are hidden by a thick

mantle of unconsolidated sediments deposit’! by Pleistocene
LI

continental glaciers.

Fortunately for the practitioﬁers of stratigr:phy‘in
western North America, the hunt for petroleum during the
past sixty years has provided abundant subsurface geological
deta. Although seismic data, geophysical logs, drilling
samples and the occasional core do not provide gecliogical
data comparable in quality to that derived from surface
mapping,\ it is possible to collect sufficient information to
reconstruct the history of the sedimentary rocks far beneath
our feet.

In.ihe‘Plains of southern Alberta and northern Montana,
petroleum exploration has been pursued actively since the
early 1920's. Commeggial discoveries of oil and gas have
been made in numerous stratigraphic systems, but most

successful plays have been compieted in rocks of



Mississippian, Jurassic, and &reticgﬁus age. As most of

these plays are relatively small and isolated,

however, t

stratigraphic control points tend to occur in small dense

clusters. EQHSEQUEHtlY, correlations between fields have

r
) ]
Ly ]
a

"]

from poor control, either because they were done more than

AR

30 years ago when a good distribution of wells

somewhat haphazard and often conflicting.

Although

did not

o

exist, or because they encompass such large areas that it

waz not possible to incorporate 2 high density of control

points.

s B
#* . . .
A particularly difficult problem of stratigraphic

correlation in southern Alberta and northern Montana has

been the distinction and delineation of the Upp
and Lower (Cretacecus Series. Severe erosion an

occurred between the Mississippian and Middle Jurassic and

again between the mid-Late Jurassic and mid-Early

Cretaceous. In addition, the Lower Cretaceous

nonmarine origin; they are, therefore, highly variable

rocks are

lithology and difficult to correlate over significant

distances.

This problem is not restricted to western North

America.

of Great Britain and other parts of the world, noting
Upper Jurassis of many areas the lack of g;sily=§éﬁfelitgd

marine fauna such as ammonites. Allen (1955) emphasized the

t

A

difficuity of using facies-controlled fauna to correlate

in

h

o

ome regional stgdiég hzgg been published, these all suffer

?F Jurassice
channelling

f

Arkell (1933, 1956) documented the Jurassic System

in the

s



nonmarine strata outside the English Basin with the
classical Neocomian (basal Cretaceous) English Weald
section, More recent works, such as the papers in the
Boreal Lower Cretaceous volume edited by Casey and
Rawson (1972) and the discussions of Arkell (1956) and
Hailam (1975), show that fauna! provincialism complicates
wor ld-wide correlation of the Upper Jurassic and Lower
Cretaceous Series. Palynoiogical and micropaleontological
knowledge is now sufficiently advanced, however, to be of
use in correlatian of nonmarine sedimentary rocks near the
Jurassic - Crett/eous boundary, but the systematic
applicsation of this knowledge is only in its early stages.
The ma jor objective of this thesis to describe and
correlate Upper Jurassic and Lower (retaceous strata in the
Plains of southern Alberta and north-central Hontaﬁgi and to
extend these correlations and interpretations to inclu:e
contemporaneous strata over much of the western interior of
North America. The available wel! control is now iuffiéignth
to map these strata accurately and to produce a detailed

reconstruction of geologic events leading to their

deposition.

B. Objectives

in order to sttain the overall objective set out above,
the author defined a number of more specific objectives.
1. Define lithostratigraphic units and pick their

boundaries in each well. This is:done by considering



Previously-defined formations, and using core data,
sample data, and geophysical logs.

Construc: a grid of inter ecting west-east and

north-south cross-sections in conjunction with objective

(V). This grid aids in correlating formation boundaries

[+

R i

and in illustrating the behaviour of the
lithostratigraphic units over the ares.

Map the thickness and structural configuration of the
units.

Determine depositional environments and facies
relationships on the basis of patterns of lithologic
variations and Paleontological palecenvironmental data.
Make age determinations and clarify facies relationships
usiﬁ; pajeontological data.

Interpret the major depositional and erosional controls
on the distribution of each formation by combining the
resuits of objectives (3), (k), and (5).

Integrate the resuitant stratigraphic scheme with those

from surrounding areas to make regional correlations.

Reconstruct the geological history by compiling and
interpreting the data from abjg:tivé_(7);

Briefly iﬁVgstigité the economic significance of this
work by applying the results to hydrocarbon exploratioen

strategies.
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c. Area of Study

The area examined occupies the southeastern corner of

[+]

the Province of Alberta, and a contiguous area t

o
-
¥
L ]
w

by the F

[n]

110" W) in Canada, which is the eastern border of

Ry

the south

urth Meridian of the Dominion Land Survey (Long.

Alberta.

This boundary continues directly south into Montana, where

it runs within Range 13 East of the Principal Meridian of

that state (al]l range designations in Montana are

to the Principal Meridian). The western boundary

referred

is the

western edge of Range 20 West of the Fourth Meridian in

Aiberta (112° L0'W), which corresponds to Range 8

|
™

Montana. The northern boundary is th n

»
o]

West in

rthern edge of

Township 15 in Alberta (Lat. 50° 19'N), and the southern

boundary runs aleng the southern edge of Township

of the Montana Base Line in Montana (LB® 18'N - all

designations in Montana are referred to the Mont

Line). The total area encompassed is approximately L60

L+

townships, which is 16,5

kilometres).

0 square miles (LL 650 square

A number of factors governed the choice of the

boundaries detailed above. As discussed in the naxt

section, abundant data are available from the numerous oil

nd gas fields. Because the area straddles the

international border, direct comparison of American and

Canadian stratigraphic nomenclature can be made.

the differant stratigraphic schames east and west

tate of Montana (Fig. 1). It is bounded on the east

10 North
township
na Base

Similarly,

of the
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Cities shown here are abbreviated in foliowing figures. Locations
mentioned in text: 1 Swift Reservoir; 2. Rierdon Gulch:
3. Blairmore; 4. Gladstone Creek; 5. Swift Current; 6 Fernie
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Sweetgrass Arch can be related. Finally, the pinchout of
Jurassic strata in the northern part of the study area is
useful in the interpretation of the nature of pre-Cretaceous

erosi

[w]

n.
This part of the Great Plains iz a relatively
featureless Prairie,.interrupted by only a few bedrock
features such as the Sweetgrass Hills and the Cypress Hills
(Fig. 2). Pleistocene glaciations were the dominant force
in the shaping of the present-day surface; glacial spillways

esently occupied by streams,

and other channels, many

g«
-

provide the only other significant relief. Rodern-day
drainage in the southern half of the area is through the
Milk River system, which empti;: jnta the

¢
Missouri-MRississippi system and eventually to the Gulf of
Mexico. To the north, the Oldman River merges with the Bow

to form the South Saskatchewan, which drains into Hudson

Bay.

D. Data Collection and Utilization

Several varieties of subsurface data were employed .in
order to gainm maximum stratigraphic control. Table | and
Figé 3 summarize the amount, type. and distribution of data
points.

Overall, 535 céntral points were used, & control
density of 1.16 points per township, or about one point
every 31 square miles. This density is far greater than

_that used in previous published studies, and is sufficient



) ALBERTA MONTANA  TOTALS
Core " : 150 20 170
Samples : ; 79 0 79
Logs only ; 132 1654 286
Totals | . 361 174 535
Area (Townships) | - IBGQ 160 ASD
Egntrél Points / Taﬁnship- - 1,20 ~1.09 iijé

Table 1. Well control, by type and araas.
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Fig. 3. Location map, well control, and cross—sections. Circles
indicate welle with cores, triongles wells with sample control,
and crosses welis with geophysical logs only.



to map stratigraphy accurately while maintaining a
manageable quantity of data. Care was taken to use an even
dist-ibution of control! points by selecting one well with
high-quality geophysical logs, sufficiently deep
penetration, and drill cores (where possible) from each

= i

township. In some areas, however, -aii notably the extreme

northeast and southeast, there are simply no wells which
penetrate Lower Cretaceous or Upper Jurassic strata.

Alberta is much superior to
{

that from Montana (Table 1), despite a longer history of

]
-
-
0
|

The quality of data

pPetroleum exploration in Montana. Long-standing provincial
legislation in Alberta ensures the :Lbii:iian of all well
data, including drill cores and drilling sampies, to the

Energy Resources Conservation Board, which then allows

puﬁ)ic access to these data. In Montana, similar

Ieéi;iatigﬁ now exists, but it is not ie well enforced;
{

Eq?iEQUQﬁtly, m:‘< data have been lost or are otherwise not
available.

Nearly all the available drill cores taken from the
strata of interest were examined: only some closely-spaced
cores from Alberta oil fields were not included. Combined
with geophysical well logs, cores provide the highett
quality data, as lithologies End sedimentary structures can
be determined accurately. Where core was not available,
drilling samples, published logs of drilling samples (by
Canadian étratigraghiﬁ Service Ltd. and American

Stratigraphic Company), and/or geophysical logs were used.



Examination of drilling samples and sample logs, however,
was found to be of little value because of their poBr
Quality, which can be attributed partly to abundant caved

material from the rlying Colorado Grogp shales. Rapid

drilling th ceous and Jurassic, as the

en Mississippian strata where the
val is penetrated, also detracted from sample
§Qality.’ Foktunately, complete suifes of geophysical logs
were available both Alberta and Montanas. Clectrical
logs provided nos of the data; these were supplemented by
gamma, sonic and density logi wﬁhre available.

In addition to the subsurface well datas dcscribog
above, one obtcrop section was examined. Most completely
described by Sanderson €1931) and Russe!l and Landes (1940),
the section is exposed on the banks of Sage Creek, which
flows off East Butte in the Sweetgrass Hills (Section 8,
Township 36N, Range SE) (Fig. 2). Mississippian ;nd younger
strata are brought to the surface here on the flanks of the
Tcrtﬁary intrusive masses making up the Sweetgrass Hillg
(Chapter 3). Several other :octions-outsido the study area
were of value in the c8rrelation of subsurface stratigraphy
with previously-described stratigraphic_ units. These
include several outcrops in the Great Falls area, discussed
in detail by Walker (197L4), the section at Swift Resefboi?.
Montana (Township 28N, Range 10W) (Fig; 1), described by

Cobban (1945), and a number of sections in the eastern Big

Horn Basin of northern Wyoming (Fig. 5a).



From samples collected from cores and ocutcrop sections,
approximately 300 thin sections were made. Each was
examined and described petrographically according to the
classification scheme of Chen (1968) (Fig. L). This scheme
was chosen because it best distinguishes sandstones composed
primarily of quartz and cﬁgrt, as were most of those
examined in this study.

Approximately 300 samples were taken for the purpose of
palynological and micropaleontological analysis. Other
workers processed and examined the samples and interpreted
the floral aﬁdglﬂln;l assemblages in terms of environment of

e Appendix A). Their interpretations

deposition and age (s
were sometimes at variance, largely because of poor
preservation or ambiguous nature of the assemblages. The
results were ufeful, however, as a tool of stf:tigfgphié
correlation and in interpreting environmental conditions.

ndividual oil! and gas

Published descriptions of
fields, along with regional compilations incoerporating

regional cross-sections and/or interpretative well logs were
b}

instrumental in providing a base upon which to construct a
geological synthesis from the collected data. If must be
amph:si:eﬂ..hawever, that almost all published studies
suffer greatly from a lack of consideration of sufficient
core and outcrop data, as lithological variationns are rather
subtle and continuaus marker horizons are scarce.
Geophysical logs alone therefore do not provide sufficient

information for unambiguous correlation across large
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Fig. b. Sandstone classification and nomenclature scheme
(after Chen, 1968). Q = quartz; F = felidspar;
R = rock fragments.
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distances.

Contour maps were prepared by th; SURFACE |1 Graphics
System, availabie on the Amdah! computer system at the
University of Alberta. These maps are not as interpretive
as they would be if drawn by hand; because the mapping
program tends to average and smooth out small-scal§ features
such as small stream channels. They are adegquate, however,
for illustrating regional stratigraphy.

Al)l measurements are reported in Imperial units, as the
well locations are surveyed in miles and feet, and all but

the most recent cores from Alberta are measured in feet.



bl PREVIOUS WORK

Much literature has been published on various aspects

A, Stratigraphy

of the Upper Jurassic and Lower Cretaceous of this area, and
humerous private industry reports also exist. MRost of this
work, however, {s limited to _individua! fields or small
areas; only a few papers make‘significant contributions to
our knowledge of the general stratigraphy. These important
steps toward the development of the present stratigraphic
framework are summarized here (Table 2). The history and
designation of individual lithostratigrnphi: units will be
discussed in Chapter 4.

G.M. Dawson (1886) published the first comprehensive
investigation of Jurassic and Cretaceous rocks in the
western interior. He established some Mesozoic nomenclature
kand‘described stréta cropping out in the southern Canadian
Rocky Mountains and Foothills. Sir J.W. Dawson (1885) and
G.M. Dawson (1885) discussed the Mesozoic fossil floras of
the area, and proposed the name "Kgotwnie" for a CGHBF

Cretaceous rock unit underlying the kota fermatioen, which

had been correlated northward from t United States.
Leach (1914) first used the name ”Bla‘rmo:éﬁgig‘desigﬁatg
the section of Lower Cretaceéus ta previously assigned
to the Dakota. He clearly distinguished it from the,
underlying Kootenay Formation (revised Canadian spelling of

the Dawsons' Kootanie), using lithological criteria.

16
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Rose (1916) followed Leach's correlations, but moved the
cherty conglomerate now called the Cadomin formation from
the top of the Kootenay to the base of the Blairmore,
calling it the 'Blairmore conglomerate'., The Blairmore -
Kootenay nomenclature was generally accepted by other
workers in Canada after 1915, HMacKay (1929) named and
described the Cadomin Formation from exposures ailong the
Rocky Mountain Foothills west of Edmonton. Although he did
not designate a type section, he described the formation in
detail and noted that it could be mapped for at least 70 km.
along striike. MacKay also tentatively correlated the
Cadomin with the Blairmore conglomerate of the southern
Rockies, although neither unit had been traced along the
mountain front betweer\‘he Saskatchewan and Bow Rivers.

Weed (1892) first noted the presence of Lower
Cretaceous rocks in the northern Plains. He extended the
use of the name "Kootanie'" to strata cropping out near Great
Falls, Montana, based on a comparison of the flora with that
described by the Dawsons, and on the general similarity of
the coal and sandstone units present in each area. in 1899,
Wweed also recognized strata of pr&bable Jurassic age in a
nearby area.

\ Fisher (39079 1909) recognized three major rock units
g: interest in the Great Falls Egul field. He extended the
Middle to Upper Jurassic Ellis Formation, consisting mostly
of marine shales and |imestones, from southern Montana to

the lowest unit. About 100 feet of strata were assigned to
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the Morrison Formation of prg‘:b]i Jurassic age, based on

lithological similarities with the well-known Morrison of

Colorado. Above this, he assigned a L75-foot section of
Eﬁantiﬁentgl sedimentary rocks to the "Kootenai' Formation of

Early Cretaceous age, remarking on the presence of abundant
a

coal in the lower member. It was obviousiy his intention to
correlate the Kootenai both lithologically and on the basis
of floral content with the Kootanie of the Dawsons. In
1908, Fisher extended his units over large areas to the
south. Stebinger (1916) recognized Fisher's Kootenai in the
north-central part of Montana, but he discussed the Jurassic

Formations. In 1918, Stebinger also described the Kootena

and Ellis in northwestern Montana, but could not recognize
the Morrisen in this area.

McLearn and Hume (1927) eriticized the éé?rel,tieﬁ of
the Kootenai of Fisher and his followers, noting that it
corresponded to the Kocotenay plus at least a part of the
Blairmore Formation. Cobban (19h5) formally ixegﬁged the
Morrison to include the basal coal-bearing member of
Fisher's Kootenai, and proposed a substantial unconformity
containing the Jurassic - Cretaceous boundary at the new
base of the Kootenai, therefore correlating the Kootenai
with the Mannville and Blairmore Formations of Alberta.

Walker (1974) reaffirmed these correlations, and discussed

o

in detail the deposition of the Morrison and Kootenai in the

Great Falils area. Because of the unusual history and



changing definition of the Kocotenai, no formal type sg:tiyﬁ
was ever established.

in the southern Plains of Alberta, Dowling (1917),
Dowling et al. (1919), and McLearn (1932, 19L4L5) made brief
mention of the Lower Cretaceous, referring to the
"varicoloured beds'". Russel!l and Landes (1940) published
the first comprehensive Canadian study, in which they picked
the top of the Lower (retaceous at the top of a seguence of
red and green ;halgs which they correlated with the
Blairmore fFormation. McLearn (1945) and Russell and
Landes ('940) realized that the ié!?’bgg;iﬁg Kootenay
Formation, of Late Jurassic and possibly earliest Cretaceous
age, does not extend under the Plains. Glaister (1959)
defined the Lower (retaceous Mannville Group in south
Alberta, correlating it with the Mannville Group of cuntral
Alberta, the ]ower two=thirds of the Blairmore Group of the
foothills, and the Kootenai formation of Montana. He alse
informally defined the upper and lower Mannville formations
and discussed a number of informal members in the present
study area.

In the southern CLanadian Foothills, Glaister divided
the Blairmore Group into upper and lower formations. Rellon
and Wall (1963), using lithological and palecontological
criteria, designated three informal units of formation
status: the )ow;r. middle, and upper Blairmore.

Norris (196L4) proposed a ﬁrﬁﬁtipil reference section

(hypostratotype) of the Blairmore Group, and divided it inte
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five units: the Cadomin formation, the lower Blairmore,
calcareous member, middle Blairmore, and upper Blairmore.
Finally, Mellon (1967) gave the Blairmore Group formal
lithostratigraphic status, naming and designating type
sections for three constituent formations: Gladstone (lower
Blairmore of Mellon and Wall (1963)), Beaver Mines (middie),
snd Mill Creek (upper). Mclean (1977) objected to Mellon's
designation of the Cadomin as the basal member of the
Gladstone; instead, he proposed that the Cadomin retain
formation status, and that the Gladstone be redefined to
comprise the strata between the Cadomin and Beaver Mines
formations.

Eldridge (1B96) first described and named the Upper
Jurassic Morrison F@rm:t;aﬁ from outcrops in the vicinity of
Morrison, Colorado. The formal type section, established by
Waldschmidt and Leroy (1944), is composed of continental
sediments much like those of the Kﬁﬁtiniiilhd Rannville.
Numerous papers concerning the Morrison have since been
published because of itz content of economic deposits of
uranium and coal. Walker (1974) summarized the nature and
distribution of the Morrisoen in the western United States.

Marine Middle and Upper Jurassic strata of northern
Montana were defined and discussed by Cobban (1945), who
elevated the Elli;'Farm;tia; to group status and subdivided
it into the Sawtooth, Rierdon, and Swift Formations.

Weir (1949) extended Cobban's nomenclature into southern

Alberta, and outlined the northern erosiona) edge of the



Jurassic System. Ffew other Papers have dealt with the Ellijs
Efégp in detail, but Frebold (1953), Carlison (1968), and
Peterson (1966) provide some of the ma jor contributions
toward the correlation of the Ellisg with strata of
surrounding areas.

Other major stratigraphic papers are primarily .
syntheses of earlier work, or are concerned with adjoining
areas. These works include: Imlay (1952a, c). Cobban :ﬁ&
Reeside (1952), Peterson (1957a, 1972), Rudkin (1964),

Springer et al. (1964), McGookey et al. (1972), Stelck

t 1. (1972), and Herbaly (1974).

B. Paleontoloegy
Supporting the major stratigraphic works summarized

above are numerous important contributions to Jurassic -

Cretaceous paleontology of the western interior. Details
regarding age dating of igﬁividuil stratigraphic units will
be discussed later.
" Fossi) Floras &
Sir J.W. Dawson (1885) presented the earliest relevant
paleontological work on the Mesozoic floras of the southern
L 4
Canadian Rockies. As previously discusii&i he described
these floras briefly and assigned an earliest Cretaceocus
(sub-Dakota) age to the Kootanie unit. Little detailed
paiignt319§iealrﬁgrk was published in the following 60
yG;}s. although Weed (1892), Fisher (1908), and Rose (1916)

stated that fossil plants wJ‘: used to support their
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stratigraphic correlations.

Brown (1946) discussed floras near the JuJ:ssic -
Cretaceous boundary in Montana and Alberta, assigning a Late
~Jrassic age to the Morrison and an Early Cretaceous age to
the Kootenai and lower Blairmore. He thus provided
additfonal evidence for Cobban's proposal of a marked
Jurassic - Cretaceous unconformity in the northern Piains.
Bel) (1956) published the most complete and detailed
description of floras of Lower Cretaceous strata in the
Canadian Rockies and fFoothills. In this work, he emphasized
the difficulty of accurate dating because of generally poor
and ltong-ranging floras; however, he‘was able to assign a
Portlandian to Barremian age to the Kootenay formation, and
an Aptian - Albian range to the B8Jairmore. In the Plains of
east-central Alberta, Singh (1964) described the microfloras
of the Mannville G oup. By tracing the evolutionary
sucsession and by careful comparison with European
microfloras, he concluded that Lower Mannville deposition
spanned late Barremian (or later) to early Albian time, and
that the Upper Mannville was laid down during early to
middle Albian time. '

Several significant palynological contributions were
made by S.A.J. Pocock (1962, 1964, 1970, 1972, 1976).

Pocock (1962) reviewed previous work regarding dating of
strata near the Jurassic - Cretaceous boundary in the
western Canadian Plains, and graphically analyzed

microfloral occurrences in several Upper Jurassic and Lower



Cretaceous stratigraphic units. Pocock (1970, 1972)
exhaustively studied the Palynology of Jurassic sediments

+ and used his results to make detailed

[+ %
™

across western Cana
paleogeographical interpretations for a number of intervals
during the Jurassic Period, Although these studies are a
valuable contribution, the present author has noted some
inconsistencies in the correlation of strata from which
samples were taken, which will be discussed in Chapter V.
In 1976, Pocock set forth a preliminary dinoflagellate
Zzonation of the uppermost Jurassic and part of the Lower
Cretaceous in the Canadian Arctic, with suggestions for
correlations with the Western Canada Basin. Significantly,
he assigned pbést-Neocomian ages to Lower Eret:ceeu; strata
of southern Albi}tg. in agreement with age determinations
made by Singh (1964). Previously, Pocock FIQEE. 1970) had
pPostulated a Neccomian age for these sediments.
Fossil Faunas

Pubiishgd work on faunas did not appear until lang
after the first investigations of fossil floras. This can
be attributed in part to the fact that fossiliferous marine
rocks are much less abundant and generally not as well
exposed in this area, and were not studied in detail unti)
the mid-20th century.

Loeblich and Tappan (1950a, b) described numerous
species of foraminifera from the type section af the
Sundance Formation of South Dakota, and compared this fauna

with that from outcrops of the Rierdon Formation in Rontanas,
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to the southeast of the present study area. In a like
manner, Swain and Peterson (1951i51352) catalogued the
ostracod fauna of the type Redwater Shale Member of the
Sundance Formation and compared it with other Oxfordian
microfaunas, including that of the Swift Formation in
central Montana. Peterson (1954) continued this work by
examining and comparing Lower Sundance and Rierdon
ostracod®. He found !ﬂ;t a major microfaunal break exists
between the S5wift and Rierddn, and that western iﬁteriar
microfaunass of the Upper Jurassic are completely dissimilar:
to Gulf Coast microfaunas, thus suggesting & physical
barrier between the two areas at that time. LariﬁgérVCISSSf
discussed the paleogeography of Jurassic microfossi| r0nNes
in the Western Canada Basin, and provided s reference list
of :upgarting;p;ieantalagiéi! investigations of more limited
scope.

The megafaunas of the marine Hidaig to Upper Jurassic
Ellis Group of Montana were described by Cobban
et al. (1945) and Cobban (1945). imlay (1947) surveygélthi
faunas of this age over the entire western jﬁtﬁrigr of the
United States, correlating the observed ammonite zones with'
the standard Eurgpe;n zonation. In 1957, he used the fossil.
data to sid in the paleocecological reconstruction of
ic seas in the western iﬂt!?i;?-

Juras

Some papers published on the Jurassic palecntolopgy of
surrounding areas are of interest to this investigation.

Frebold (1957) and Freboid et al. (1959) are the most
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compreheéensive papers on the Jurassic megafaunas of western
Canadas. Brooke and Braun (1972), building on the earlier
worly of Wall (1960), described in ggt;il th# microfaunas of
the Jurassic System of Saskatchewan and north-central

Moentana east of

[

he present study area. Abundant
paleontological literature concerning the Upper Jurassic
Morrison Formation exists, but it is primarily concerned
with megafauna, most notably dinosaur remains. Such faunas
are of little significance in a subsurface study such as
thj;. as it is extremely unlikely that identifiable
fragments could be recovered.

The Lower Cretaceous of the study area is largely
barren because of its nonmarine origins. Only the "Ostracod
zone' or "Calcareous' member has yielded significant
microfaunal assemblages. Loranger (195]1) described these
faunas and Glaister (1959) correlated and discussaed the
significance of the fossil zone across Alberta and northern
Montana. (n central Alberta, Nauss (1947) described the
foraminifera and ostracods of Cretaceocus strata si{ghtly
younger than the '"Calcareous'" member. Caldwell
ggg al (1978), in setting up a foraminiferal 2onal scheme
for the Cretaceous of the interior Plains, however, were
unible,ta extend their Lower Cretaceous zones into the

Mannville group of the southern Plains.



I11. STRUCTURAL SETTING

The position of magcr structural entities and the history of
movement of these.Fgatures are important governing factors
in the deposition of sediments. In southeastern Alberta and
north-central Montana, the dominant structure is the
Sweetgrass Arch, which has lain at the western edge of the
stable North Americanm craton throughout much of Phanerczdlic
time. To the east, strata descend into the Hﬁ]]istcﬁ~agsiﬁ;
to the west, into the Alberta Syncline or its southern
euivalents (Fig. 5a). The Sweetgrass Arch and Williston
Basin, being ]QFQEESéa}e cratonic struﬁtqges. were fa¥%riy
stable during the Phanerazai:::!c,ﬁsgqugﬁtlyi little
structural defarmat{éﬁ of the sedimentary rocks deposited
over them has occurred. Minor folding and normal faulting
are found in the Alberta Syncline, but no major structural
deformation is encountered east ‘of the Rocky Mountain fold
and thrust belt. The fold and thrust belt Iims considerably
to the west of the Alberta portion of the study area, but it

hwestern corner of the area in

[ad

is very close to the

"
Q

u
Montana.
These three major structural features - the Sweetgrass

Arch, Williston Basin, and Alberta Syncline - and some of

the more important minor structures are discussed in more

detail below.
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A. Sweetgrass Arch

The first detailed investigation of the Sweetgrass Arch

was published by Romine (1929), who recognized the en

echelon northwest-trending Kevin - Sunburst Dome and South

Arch as components of the Sweetgrass Arch (Fig. 5b).
Richener (193h) considered the arch to be a single Targe
fold, the axis of which trended northwest from central
Montana into southern Alberta, there sh{fting to the
northeast and losing its identity north of Medicine Hat.
Tovell (1958) concluded that the arch is indeed a composite

feature (Fig. 5b). He traced generally

'narthﬁesterlyﬁplungiﬁg fold axes to a cuimination in

northern ARontana, which is the Kevin - Sunburst Damggb To
the south, paralieling the axis aof the Kevin - Sunburst Dome
and the edge of the Cordilleran Orogen is the South Arch.
Tovell considered the northeasterliy-trending portion @f!the
Sweetgrass Arch to be a separate northeasterly-plunging
;ﬁiié]iﬁg, which he named the Bow Island Arch. Instead of
simply dying out, as suggested by Tovell, the Bow Island

Arch was shown by Herbaly (1974) to pass through the

"+
=
n

Suffield Saddle; to the north, the trend is continued by
southwesterly - plunging North Battleford Arch (Fig. &b).
The Sweetgrass Arch is t;us composed of three major
iuhstru:;urg:. Both Tovell (1958) and Herbaly (1974)
emphasized that the designation of a single arch is a matter

of convenience only, and that a single origin cannot be

ascribed to the entire structure. The position of the
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uplift as a whole can be related to its situation between
two primary basing - the Williston Basin to the east and the
West Alberta Basin (a Precambrian basement feature
coincident in part with the Alberta Syncline) to the west
(Stelck, 1975). The dynamics of basin subsidence have
caused the arch area to remain relatively high, as
compressional forces resulting from shortening of the
basinal basement limit the diameter of a single basin to
about 500 km. (Dallmus, 1958).

Some felative uplift along the present Sweetgrass Arch
must therefore have occurred as long ago as the time of
formation of the Williston Basin, as a result of the
geometric constraints mentioned above. Burwash (1961)
proposed that north - south lines of weakness, formed during
the Precambrian Kenoran 0Orogeny, m:y=h:ve governed the
precise location of the main part of the arch.

Stelck (1975) noted the ercsion of Upper Ordovician
carbonates over the ancestral Sweetgrass Arch, inferriﬁgrthg
presence of a paleotopographic high as old as Early
Silurian. Erosional thinning of Jurassic and Mississippian
strata over the arch and facies patterns in Middle Jurassic
strata (Peterson, 1972) provide definite evidence of some
uplift before and during the Jurassic and Early Cretaceous.
A regional southward axia! plunge, opposite to the present
trend, must have been present, as shown by the erosiocnal
thinning and truncation of strata to the north (Alpha, 1958;

McMannis, 1965; Herbaly, 1974). Bokman (1963) associated
.



this southerly pluhﬁe:with ggﬁgr;l uplift of the Plains
which terminated the deposition of Mississippian carbonates.
Ra jor reactivation of the Sweetgrass Arch occurred
during the Late Cretaceous and early Tertiary Laramide
Orogeny (Tgéeii, 1958). Compressional forces which formed
the thrust-sheet structure of the Rocky Mountains also acted
on the craton margin, elevating the Kevin - Sunburst Dome
along an axis parallel to EEEFHQUﬁt:in front. As the
greatest uplift occurred at compressional foci in the
southern part of the area, a ﬁgrthuird\piuﬁge of the axis of
tﬁe Sweetgrass Arch resulted, opposite to the previous
plunge. Where the magnitude of the nertherly plunge became
equal to the previous southerly plunge, the Suffield Saddle
was formed. To the north gf this, the original southward
plunge is stil]l expressed i% ‘the North Battleford Arch.
Regional stratigraphic correlation shows that the

ancestral Sweetgrass Arch greatly influenced sedimentation

-

patterns during the Jurassic and Cretaceous. The
: ]

stratigraphy also shows, however, that the ancestral arch

was not exactly coincident with the post-Laramide arch, a

fact which must be considered when comparing stratigraphic

patterns with the present configuration of the arch.

B. Willisten Basin
The Williston Basin, one of the major structures of
central North America, is a stable intracratonic basin in

which Phanerozoic sediments have sccumulated to a total
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thickness of 3500 igtrgs in southeastern Saskatchewan, and
up to 5500 metres at the basin centre in western North
Dakota (Kent and Simpson, 19873). To the north and
northwest, the Basin grades into the broad Alberta Shelf
(Fig. 5a). As defined by Dallmus (1958), it is a primary
dynamic basin, formed as a concentric downbend of the
earth's crust.

Few major departures from the large-scale basinal form

1

exist in the Williston Basin. 5olution of the Devonian
Prairie Salt evaporites is responsible for widespread
collapse structures, some of which are important petroleum
traps. lﬁtriﬁssinal arches, such as the Swift QBFFE;t
Platform (Stelck, 1975)., formed in response to compressional

ted with the active subsidence of the basin,

A%80C |

stres

Ppear to be locally significant in the migration and

accumulation of petroleum (Christopher, 1974).
Strata dip markedly off the eastern flank of the
Sweetgrass Arch (Fig. 5¢), although the study area does not

extend to the Williston Basin proper. At the culmination of

the Kevin - Sunburst Dome, the top of the Jurassic System-
occurs at 800 metres above sea level, whereas at the
Saskatchewan border, this horizon is found as much as 200, .

metres below sea level,.
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dashed lines; solid line joining the two completes trace of
Sweetgrass Arch (the arch trend is clearer at larger
map scales).



C. Alberta Syncline

Unlike the Sweetgrass Arch and Williston Basin, the
Alberta Syncline is a retatively young structure, dating
back only to the Late Cretaceous to Early Tertiary Laramide
-Orogeny. The eastern, west-dipping limb of the syncl!ine is
an expression of the dip of the Precambrian basement and the
overlying Phanerozoic strata off the edge of the ancient
craton (Price, et al., 1981). To the west, Cretaceous
strata, structurally thickened by folding and thrusting,
form the western, east-dipping limb, which is developed on
top of undeformed Paleoczoic strata thast continue to dip west
withou; interruption (Price, et al., 1981). Ali the strata
discussed here'were deposited long before the western 1imb
of the syncline was formed, and the study area includes only
part of the eastern, undeformed |imb.

Structural dip off_the Swéetgr:ii Arch toward ;hg
Alberta Syncline is even more marked than toward the
Williston Basin (Fig. 5¢). The top of the Jurassic System
lies as deep &s 350 metres below sea level at the western

bounqary of the study area, as compared to 800 metres above

sea level at the culmination of the Kevin - Sunburst Dome.

D. Minor Structures

Numerous smaller structures are present in southern
Alberta and.northern Montana. None of these apparently
existed during the Jurassic and Early Cretaceous, but they

have been of crjtical importance in petroleum OCCUFFre&nce.



Tovell's (1958) analysis _of the Sweetgrass Arch showed

that numerous small folds radiate from the K bu
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culmination. Russell and Landes (1940) discussed many of
these structures and their importance in petroleum
entrapment. Relatively few data were available at the time
of their report, so that it is now possible to ;;;itru:t a

!
much more detailed structural analysis with préiéij well

€

control,
A closely-spaced group of Tertiary intrusive masses

rass Hills erop out in the east-central
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part of the study area, south of the interpational border
!‘. B

(Fig. 5b,c). Their origin can be linked to the increased

ross-sectional curvature of the Sweetgrass Arch resulting

ful

from Laramide compressive forces uplifting the Kevin -
Sunburst Dome. Dalimus (1958) showed that the crust would
crack to a depth sufficient to allow magma to rise along
fractures if a certain ctritical rate of change of dip across
a basin margin was exceeded, Which presumably occurred along
the axis of the Kevin - Sunburst Dome.

The importance of the Sweetgrass Hills in the context

stud is that they have locally brought .
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nd younger strata to the surface, as
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discussed in Chapter |, Kemp and Billingsley (1921)

outlined the general geology of the Sweetgrass Hills, and

Meldah! and Rice (1966) published a road log for the area.
Capped by the resistant conglomerate of the Cypress

Hills Formation, the Cypress Hills rise 700 metrés above the

&



Plains in southeastern Alberta and southwestern Saskatchewan
(FTg. 5b). Furniva) (1946) described them as anticlinal
structures formed by compressive forces associated with the
Laramide Orogeny. Russell and Landes (1940) postulated
large-scale slumping as the mechanism to explain structural

displacement observed in outcrop, but they had insufficient

subsurface data to appreciate the amount of loca!l

deformatiomn of deeper strata. Present well contrel shows

ispiaces Cretaceocus,

[}

that faulting of various types

Jurassic, and Mississippian strata in the area.



IV. REGIONAL LITHOSTRATIGRAPHY

The lithostratigraphic scheme arising from this study is

summarized in Fig. 6. Detailed analysis was limited to

strata from the Upper Jurassic Rierdon Formation through te
the Lower Cretaceous El:ﬂstgne Formation; the underlying
Middle Jurassic Sawtooth and Shaunaven Formations are
briefly discussed only to clarify the Rierdon palecgeclogy
and paleogecgraphy. Similarly, characteristics of the
overlying Lower Cretaceous Beaver Mines Farmation are
summar ized to elucidate the top boundary of the Gladstone.

Ld

Sedimentary structures described in this chapter are

illustrated in Fig. 7.

A. HMiddle Jurassic Paleogeology
4
Commencement of marine sedimentation in the Middle and

Late Jurassic marked the end of an extremely long period of

erosion and the burial of a major unconformity in western

North America. Jurassic deposits over lap progressively

clder formations from southwest (Permian and Pennsylvanian

in southern and central Montana) to northeast (Devonian in_

Saskatchewan) (Peterson, 1972; Springer et al., 196L). This

southerly tilting of the Sweetgrass Arch area at some time
between the Middle Mississippian and Middle Jurassic. In

southern Alberta and north-central Montana, the pre-Jurassic

subcrop consists entirely of Mississippian strata,

38
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represented by the Rundle Group in Alberta and the Madison
Group in Montana. Bokman (1963) analyzed the
post-Mississippian unconformity of Alberta in some detail,

documenting the deep erosion ef the Mississippian carbonates

by céﬁplgx stream systems.

B. Ellis Group

The name "Ellis" was first used for an undescribed rock
unit of probable Triassic to Jurassic age mapped by
Peale (1893) in southern Montana. Several! workers later
recognized the Ellis as a formation, but a formal type
section was not located and described unti) 1945
(Cobban, et al.). Cobban (1945) raised the Ellis to group

status, and described the three constituent formations: (in
ascending order) the Sawtooth, Rierdon, and Swift.

Sawtooth and Shaunavon Formations

Cobban (1945) recognized the type Sawtooth fFormation at
Rierdon Gulch, Montana (Sec. 23, Twp. 24N, Rge. 9W)
(Fig. 1), wheie it consists of three members:
1. basal quartzose sandstone up to 20 inches thick.
2. %ark grey interbedded é;lza%eaus and ngnféaltgfeaui
shale, 83 feet thick.
3. calcareous quartzose siltstone coarsening upward to vgfy
fine sandstone, 52 feet thick.
The type locality is about 55 km south of the southwest

corner of the study area, and |ies at the very eastern edge

of the disturbed belt (Foley, 1966). In the most



S/ 02

I1ban

=]

outhwesterly well examined in this thesis, Mont

Ruwe #1-A (NENW 33 30N BW), the Sawtooth can be recognized
with confidence. The upper siltstone member is 6L feet
thick, the medial shale 70 feet thick, and the basal
sandstone about six feet thick; all these thicknesses are
within the limits described by Cobban (19L45) for this area.

Although the correlative Shaunavon fFormation is not
part of the Ellis Group, it is discussed ﬁgre because it is
mapped within the study area. The type section is the cored
interval from 46B2 feet to 4820.5 feet in the Tidewater
Eastead:Crauﬁ #£1 well, at 15-11-6-20W3 (Saskatchewan).
Milner and Thomas {(195L4), who named the formation, described
two members in the type section:

1. a8 lower member of ¢ream lithographic limestone, sandy

e

and oolitic at the top, 79.5 feet thick.

2. an upper member of alternating thin, sandy, very
fossiliferous limestone beds and calcareous green and
variegated shale, 59 feet thick.

Christopher (1974) studied the Shaunavon in detail and

correlated it throughout Saskatchewan. His formation top

data and well logs from southwestern Saskatchewan have been
used to extend the Shaunavon into the present study area.
Stratigraphic names from the American side of the

Williston Basin have historical precedence with raspect té-

the Shaunavon, but considerable debate has taken place

ic formations in

[
"
L]

regarding the validity and scope of Jura

the northern U.5., 50 that the exact correlation of the
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Shaunavon with the Americanm units is unclear. Consequently,
the Canadian stratigraphi¢c scheme is here used oh both sides
of the border.

The Sawtooth can be correlated across the western part
ef the study area and the Shaunaven across the eastern part
with a high degree of confidence. Alghnugh they are
obviously egquivalent units on the basis of stratigraphic
position and fossil content (to be discussed in Chapter §5),
their lithologies are sufficientiy different to justify the
use of the two formation names. In view of the fact thgt.
the lithologic change is transitional and not easy to
document, a rather arbitrary boundary must be designated,

which the author proposes as the crest of the Sweetgrass

Arch (Fig. 5¢c).

[

The Sawtooth - Shaunavon lithosome thins and is locally

absent across the arch (figs. 8, 10, 11) due to both

th the

L]

depositional and erosional factors, as strata from b

=
("]

top and base of the formations are lost toward the crest.

Peterson (1972) interpreted Sawtooth - Shaunaven strata at
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the crest of the %yeetgris; Arc
L

sand deposits; in the present study area, the Sawtooth and
Shaunavon are much sandier than in surrounding areas.
Paleoecological interpretation of the megafauna

(Imlay, 1957), microfauna (Brooke and Braun, 1972), and
mEE?aFlar; (Pocock, 1972) indicate that the formations were
deposited in warm shallow seas which became brackish to

fresh near the emergent or near-emergent Sweetgrass Arch.
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Fig. 8. Pre — Upper Jurassic paleogeoiogy. Circles Indicate Mississippian
strata, X's Sawtooth Formation, and crosses Shaunavon Formation.
Trace of Sweetgrass Arch is indicated by dashed line.



The thickness and lithofacies of the Sawtooth and Shaunavon
are affected significantly by the configuration of the
dissected surface upon which they were deposited

(Bokman, 1963). Documenta!ion of these relationships is

outside the scope of the present study, but it is important

to note that the relief on the Mississippian sgii:iiésks
greatly reduced by deposition of the Sawtocoth and Shaunavon.

Temporary retreat of the oceans and generally minor erosion

caused removal! of the uppermost Sawtooth and Sh:uﬁav;;

strata, as shown in Figs. 9 - 11,

Figure 8 illustrates the resultant pre-Rierdon
paleogeoclogy. At least three conditions detract from the
quality of thisvmap:

1. Most of the Mississippian inliers are probably larger
because of the difficulty in distinguishing thin
Sawtooth - Shaunavon beds from detritus of unknown age
on the Mississippian surface. .

2. The Sawtooth becomes more calcareous and less distinct
fro; the Rierdon in the west-centr:lfnﬁd northwestern
parts of.the study area, as illustrated in stratigraphic
cross-section S1 - N1 (Fig. 12).

3. The Shaunavon |imestone sometimes is not esasy to
distinguish from the Mississippian carbonates,
especially in the extreme northeast.

These effects are fairly minor, and do not significantly

affect the Rierdon paleogeology illustrated here.

e
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Rierdon Formation
(a) Type Section and Description
At Rierdon Gulch, Montana (Sec. 23, Twp. 24N, Rge; 9w ),
the type Rierdon dirfctly overlies the type Sawtooth.
Cobban (19L45) specifically defined the Rierdon as a
lithostratigraphic unit, noting that it is of eri-bve age
over ﬁhe area he studied. Cobban described the type section
from oldest to youngest as:
1. medium grey chunky limy shale with a few nodular
limestones, 20.5 feet.

dark grey fissile, calcareous to almost non-calcareous

%%

shale with thin beds of nodular limestone, 33.5 feet,
3. medium grey chunky limy shaie with a few thin beds of

limestone in the lower part, 43.5 feat.
h. alternating four- to six-inch limestone layers and

thicker beds of medium §Fey chunky limy shale, 35,f=eti
More concisely for subsurface correlation purposes, the
formation can be divided into three informal member's: a
basal! medium grey-green limy shale with limestone beds, a
medial dark grey-green fissile, slightly calcareous to
non-calcareous shale with minor limestones, 5ﬁd an upper
medium grey-green limy shale with nodular |limestones.
(b) Lithology and Environment of Deposition

Only a small amount of core from the Riserdon was
studied (Appendix A, Fig. 16), because such.thick shale
sequences are rarely cored in the course of petroleum

exploration; in most cases, only short cores from the top of
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the formation were talky Beds from alil levels can be found

in different cores, however) because post-Rierdon erosion

has removed varying amounts of the formation.

Al] three informal members of the Rierdon can be
recognized over large areas (Figs. 9 - 13), as their
lithologies are remarkably homogeneous regionally, although
a greater overall proportion of shale than noted in the type
section was apparent. Disseminated and occasionally nedular
pyrite is ubiquitous. Only two minor variations from the
type section lithologies were noted. Thin (less than one
foot) bentonite beds were found in two wells . 6-31-6-8wk
and E%h*7=§Hhi‘ The significance of these beds remains
undetermined, as they have not been cored or described
elsewhere, and they are too thin to appear on geophysical
logs . Similarly, the significance of layers of silt-sized
siderite grains a few inches thick in a few cores could not

be determined from the limited data available.

tes a

The fossil content of the Rierdon clearly indic

shallow marine environment of deposition, with some slight

rE_J
-

faunal composition. Imiay (1947, 1953, 1957, 1962)
described a great variety of shallow marine megafossils,
d by molluscs, in the Rierdon and

strongly dominat

correlative strata. Very diverse ostracod and foraminifera
assemblages documented by Brooke and Braun (1972) in
southwestern Saskatchewan and north-central Montana also

indicate shallow marine candi;ﬂanl with normal salinity.



These authors interpreted a decrease in faunal divessity

upwards in the section to result from a gradual shallowing

of the sea. The Rierdgﬁ'micrgf\ara- described by

Pecock (1972),. alseo typifies shallow marine shelf
conditions. ’ £

In éﬂﬁ;luéiaﬁ! the Rierdon Formation was deposited in &’
broad shallow sea which FEEEi;iﬂ no coarse clastic debris.
Fluctuations in the relative rate of deposition of carbonate
and terrestrial muds led to the alternation of argillaceous
and calcareous beds in the formation. The record of
abundant life indicates well-oxygenated conditions above the
sediment - water interface, but ubiquitous pyrite denotes
more reducing canditions existed within the mud itself.
(e) Log Character

As core data are scarce, the lithologic nature of the
Rierdon almost always must be inferred from the character of
geophysical log responsas. The entire formation is shaly

and has negligible porosity and therefore does not deflect

=

the spontaneous potential curve. Relatively high

resistivity, low gamma emission, and high acoustic velocity

values characterize the thin limestone bands present in much
of the formation. Rapidly fluctuating, spiky log patterns
are thus produced where |imestones and shales are intimately

intérbgdded iﬁ the upper and lower members, while more

subdued gamma, sonic, and resistivity patterns are
ChiFiCtgFé:tiE of the more argillaceous middle member.

’
Typical log signatures are illustrated in the stratigraphic
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cr;ss-sections (Figs: 9 - 13).
(d) Correlation

The Rierdon can best be characterized by considering
its variations along the south - north and east - west
cross-sections, then examining its nature and distribution
over the entire study ares.

In the most soutﬁuosterly well in the study area
{(NENW 33 30N BW), closest to the .type locality, the Rierdon
is 102 feet thick, 34 feet thinner than at the type section.
Cobban's three informal members can be recognized here, the
basal ;alcareous member being 30 feet thick, the medial
non-calcareous member about 20 feet thi¢k, and the upper
calcareaus member 52 feet thick. Most of the thinning was
the result of erosion prior to the deposition of the'
overlying Swift Formation, as indicated by the reduced
thickness of the upper member.

Stratigraphic cross-section W2 - E2 (Fig. 10) and the

corresponding structural section W2S - E2S (Fig. 14) best

ililustrate the behaviour of the formation along a west to
.

east Jine. The Rierdon can be correlated with confidence

northward from Township 30N (Montana) to 1L4-33-1-19Wh
(Albeftu). the westernmost well in W2 - E2, although it
béiomes increasingly di{jicult to distinguish from thg upper
silty member of the Sawtooth north of this point. from
14-33-1-19Wk east to 2-4-1-17Wh, the Rierdon thins from 83

feet to L2 feet, primarily because of the marked erosion

which preceded the depositfon of the overlying Cut Bank
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Sandstone. The Rieréan'th}éREﬁs again to the east, although
only gradualily to about 120 feet at the present crest of the
Sweetgrass Arch, which runs between 6-1-1-11Wk and
7-18-1-12Wk on this section. East of the crest of the arch,
the formation thickens to a maximum of 180 feet and
maintains a fairly unifoerm thickness east of Range Wk,

East of the 6-29-1-8Whk well, thestop of thgiﬁijrdéﬁ is
taken at the "Rierdon Shoulder', a di;iiq;tive resistivity,
gamma, and sonic marker, The shoulder marks the top of
intercalated calcareous shales and argillaceous limestones
of the upper |1imy member where it lies below the
non-calcareoys shales of the lower Swift member. Careful
examination of the logs from 7-14-1-6Wk east to 10-8-2-1wk
(Fig. 10) shows that the shoulder rises stratigraphically te
the east, and that it is thus an expression of the upper
Rierdon lithologies in general; it does not mark a
particular horizomn within the formation.

Considerable debate has taken place regarding the
validity of the Rierdon shoulder as a marker for the top of
the Rierdon Formation. Most notably, Peterson (1957b)
argued that a marker much higher in the section should be
used. He supported this assertion with four points:

1. "[The Rierdon shoulder] is not consistent with

the definition of the [Rierdon] in the type
Area.
2. Occurs within a unit containing a distinct fauna

characteristic of the Rierdon ..,
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3. The di:gaﬁfafnity that separates the Swift and
Rierdon in the type area is located some
distance above the 'shoulder'.

k. The overlying shale section is not believed to

be equivalent to the lower Swift shale of the

type area.'
A major problem with Peterson's arguments is that he

nsidered the Rierdon Formation to extend eastward into the

i
[s]

asin. As will be discussed in

entre of the Williston

n

Eh:ptgfs V and VI, a considerable section of strata,
thickening toward the basin centre, was deposited in the
Williston Basin during the time of the Rierdon - Swift
depositional hiatus in the study area. Soame of these strata
can be included in the Rierdon, but a different system of
stratigraphic nomenclature is required £§ the east where
different lithotypes were deposited, Christepher (1974)
documented the eastwggd addition of section at the top of

the Rierden, agd con inued to use the Rierdon shoulder as

Lo

the marker for the top of the formation well east of the
Alberta - Saskatchewan border, showing it to rise
stratigraphically in that direction. fFurther east, where

the Williston Basin nomenclature takes effect, the Rierdon
shoulder is not an important marker. Peterson's third and
fourth arguments are effectively refuted by use of the
Williston Bisjﬁ nomenclature. His second argument does not
apply to a Ii;hastratigraphic unit such as the Rierdon

=

Férm:tién. which was defined specifically on lithological
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¢haracter. Peterson's first argument is incorrect in that
it has been demonstrated here that in the study area, the
shoulder indeed marks the top of a sequence of strata which
corresponds very closely with the sequence in the type
section.

Lithologically, the Rierdon is quite uniform across
section W2 - E2. The three-member subdivision of the
formation can be distinguished in 14-33-1-19wk (Alberta).
tast of 6€-23-1-10Wk, the resistivity curve is very
distinctive, showing the basal limy member to be from 50 to
70 feet thick, the medial non-calcareous member from 20 to
30 feet thick, and the upper limy member from 70 to 100 feet
thick. In the intervening area, across the Sweetgrass Arch,
the upper limy member and most or all of the medial member

d by erosion. The elevation of the arch was

have been

sufficignt, therefore, to cause significant erosion during
the sHort regressive interval between Rierdon and Swift
deposfition.

A\ sequence of tithologies in the Rierdon similar to

that ollserved in W2 - E2 can be traced across stratigraphic
cross-section W3 - E3 (Fig. 11). in thi:iﬁ:se. hawever; the
formatfon is generally thinner than it is to the north; «;u'iiy'T
in the extreme east (SWSW 35 3IN 12E) does it thicken to 170 |
feet. Most of the difference is because of thent;inngf

basa! 1limy member, which is about 30 to 4O feet thick in the

eastern wells, as opposed to 50 to 70 feet in the eastern

half of W2 - E2. The southern three wells of stratigraphic



section S2 - N2 (Fig. 13) illustrate the thinning of the
basal member to the south; further to the south,

Cobban (i§h5) noted the thinning and eventual loss of the
o

basal member east from the type section. He mapped the
southern pinchout of the entire formation to pass as close
to the study area as Township 28N, Range IW. Evidently the
South Arch, thF southernmost component of the Sweetgrass
Arch, had sufficient topographic relief at the time of
Ri:rdan‘dgpa;itian te cause depositional thinning and
eventual pinchout of the formation. As there is no evidence
of an influx of coarse clastic debris from the south, the
arch was evidently not a high-relief source area.

In south - north ;tr;tigr;phic cross-section 52 - N2,
the Rierdon thins to about 135 feet in Tauﬁships ILN and 35N
before thickening again to approximately 170 feet in
Township 36N (Montana) to Township 1 (Alberta). This
thinning appears to be the result of extensive local erosion
prior to deposition of the overlying Swift Formation. North
from 7-14-1-6wWh, the upper mamber gradually tﬁins beneath
the Swift, indicating a general northward bevelling prior teo
Swift deposition. The Rierdon thins more rapidly north of
Township 12, reflecting the removal ;f both Swift and
Rierdon strata by pre-Mannville erosion.

:Erés;isgctiah S1 = NI (Figs. 12, 15) also shows the
general northward bevelling of the Rierdon. Sub-Blairmore
erosion is more evident in this section, as the Swift is

completely eroded north of L-32-6-14Wk. |In addition, the



absence of Cut Bank and Gladstorfe strata over much of the
northern hal!f of the section indicategs that a large arsa wasg

exposed and experienced erosion or nondeposition during most

(e) Regional Analysis

_—

The present distribution of the Rierdon formation is
summarized in the isopach map (Fig. 16). Three major |
features st3 d;agtz
1. A broad platform of relatively thick Rierdon makes up
theastern half of the map. The formation is

the so
thickest in the middle of the area and thins to the
north and south; on the northwest the platform is
bounded by the 100-foot isopach 1ingi'
2. A sharp erosional thinning of the formation along a
north-south trend is centred on Range 17Wh in Alberta
and Ranges 5W - 6W in Hgntan;, and is here referred to
as the Cut Bank Valley.
3. The formation thins in the northern half of the area to
s pifnchout in Townships 12 to 15,

A few imaartiﬁt_cantrals of these features can be
coutlined. The emergent South Arch caused the formation to
thin in the southern part of the study area, but the low
northern part of the ancestral Sweetgrass Arch had less y
effect on the pattern of deposition. There is no indicatien
-of an original northern shoreline, due to the southward
tilting of ihe area combined with northward bevelling by

pre-Swift and pre-Blairmore erosion. The effects of
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Fig. 16. Isopach map, Rierdon Formation. Crosses indicate wells with

core control; see Fig. 3 for remaining control points.
Contour interval = 20 feet.
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{
pre-Swift erosion are manifested primarily as minor
variations in thickness in the southeastern platform area,
and in thinning of the Rierdon across the Sweetgrass Arch.
Pre-Blairmore erosion in the northern and western parts of
the study area caused general northward bevelling and
significant local channelling which removed the Swift and
much of the Rierdon, particularly in the Cut Bank Valley.
Other unpublished work by the author shows that the entire
noerthern border of the Rierdon is dissected by
sharply-bounded Blairmore valleys, although this is not
apparent on the regional! isopach map. More well control and
interpret;}iV’ contouring would show the presence of some of
these valleys.

Swift formation

(a) Type Section
The type section of the Swift Formation is kocated on
the north shore of Swift Reserveir, Montana (NE 1/k,

sternmost Cordilleran

Sec. 27, Twp. 28N, Rge. 10W), in the e
thrust sheet bringing Jurassic and Mississippian strata to
the surface. As described by Cobban (1945), the Swift

consists of a lower shale member and an upper iiﬁdstaﬁe
member . The shale, 54 .5 feet thick, is dark grey,
non-calcareous, and finely mitacegz;; it_:gntains minor
pyrite, some hard siltstone streaks, and large rusty
brown-weathering calcareous concretions. A few inches of
highly glauconitic shale with water-worn belemnites and

black chert pebbles form a distinctive basa)l marker. The

.
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80-f§ot-thick sandstone member is composed primarily of fine
‘quartz grains with subsidiary grey and black chert, and is
flaggy, ripple-marked, bioturbated, and contains abunpint
black-grey fissile shale partings and accessory glauconite,
muscovite and coaly fragments. Another glauconitic
chert-belemnite conglomerate up to seven inches thick marks
the contact between the two members.

At the type locality, the Swift discqnformably overlies
the Rierdon, and is unconformably oversdain by mudstones,
siltstones, and sandstones of centinental origin, the age of
which has not been clearly defined. Cobban {'945) assigned
this continental sequence to the 5$permost Jurassic Morrison
Formation, but three samples collected in the interval by
the author yielded palynomorphs of Aptian age. This problem
is discussed in more detail in the following seciion on the
Morrison Formation.

(b) Lithology and Fossil Content

The lower shale member of’the Swift conforms closely to
Cobban's (1945) description over the entire ;tudy area.
Glauconite is sometimes concentrated in isolated small
lenses, and migor woody plant debris was often observed. A
basal chert-belemnite conglomerate was found only once, in
the McColl - Frontenac Union 9A-22-3-8wh well, at 2920 feet
(Plate 1a). Scattered ¢ark‘cﬁert pebbles were faund in the
shale in some pther we)ls.'but-not in sufficient quantities

to constitute the marker bed.
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In contrast, the upper sand member is not as
homogeneous, and does not closely resemble the type section
over most of the study area. The term used by many
geologists and drillers to describe the member s "ribbon
sand", referring to a wide range of interbedded sandstone,
siltstone, and mudstone lithologies. In gross compositien,
the ribbon sand varies from 953 mud and 5% silt to almost
100% cieag medium-grained sandstone. iAccardiﬁg to the

classification of Reineck and Singh (1573)i all lithotypes
from lenticular bedding with single flat lenses through wavy
bedding to cross-bedded sandstone with flasers are
represented in the core studied (Fig. 7; Plates 1b - 2¢c).
Coarser siltstone and sandstone beds often show evidence of
loading on underiying mud layers, and reactivation surfaces
are also common (Plates 1b - 2b); these features indicate
rapid alternation of current and Wave power.

The mud-sized component of the ribbon sand closely
reseémbles the underlying shale member. In most cases,
however, the mudstone in the ribbon sand is siltier, more
micaceous, contains some amber, and exhibits larger and more

abundant fragments of coalified woody plant debris. The

colour of the mud component is the basis for a subdivision

«f the ribbon sand: where the mud is medium to dark grey,

he rock is called '"dark ribbon sand";: where it is lTight

"

grey to grey-green, the term "light ribbon sand" is used.
Severe oxidation, which removed nearly all the organic

material, pyrite, and glauconite originally present, is

[t
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responsible for the light gplour. In general, the light
ribbon sand exhibits a greater gross percentage of coarse
clastic material than does the dark ribbon sand (Plate lc).-
The light ribbon sand always overlies the dark, usually but
not always with a sharp contact.

Quartzose siltstone with very minor dark and light
chert grains most eanmaﬂly_mikes up the coarse component of
the ribbon sand. Where the coarse fraction is more abundant
th?ﬁ the mud, it coarsens te a very fine- to medium-grained
sandstone and becomes more ]%thiﬁ with the addition of dark
grey to black dhert and a small percentage of rock fragments
(Plate La). Grain size variations of the coarse fraction
are usually quite gradational, although lenses and beds of

co

rser extralitharenite can abruptly intertongue with silt
and fine sand (Plate 2:).‘ |

Pyrite is abundant in the dark ribbon sand, occurring
beth as disseminated grains and as nodules up to three
centimetres in diameter (Plate 1d). Glauconite is rare,
appearing most often in the lower part of thick dark ribbon
sand sequences. in the light ribbon sand, siderite pellets
about | mm in diameter are vgfy common, Occurring
disseminated throughout the rock, or less commonly as
detrital concentrations in silt or sand lenses.

The contact between the sthale and ribbon sand members
is preserved in only two of the cores studied - CMG Black
Butte 5-17-1-8Wk (p. 24k4) and Conrad Province 12-36-L-15Wk

(p. 265). In both cases, the contact is rather indistinct,
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Y¥nd separates silt-streaked shale below from ribbon sand
with thin flat lenticular silt beds above. No
chert-belemnite conglomerate was observed in either case.
Analysis of the geophysical logs shows that this contact is
often gradational, especially where the shale member is

thickest. Coarse ribbon sand does abruptly overlie the

shale in a number of wells however, especially whekFe the

]

lower member is thinner than 15 feet.

Bioturbation is nearly ubiquitous in the dark ribbon
sand (Plate 1d), but is much less common in the light ribbon
sand. Tubular burrows up to 3 mm. in diameter, brinchiﬁﬁ
and cutting ieéass beds at al! angles, make up most of the
trace fossils. The density of burrowing activity is
extremely variable, but it appears to peak where the
mud-sized component makes up 25 - 50% of the rock, although
burrows may not be as easily detected where the mud
percentage is lower. Rarely is the burrowing so intense
that the original bedding is completely destroyed. All
burrows are tentatively assigned to the genus Chondrites, by
comparison with illustrations and photographs in
Chamberlain (1978). Both Chamberlain (1978) and
Seilacher (1978) showed Chondrites té OCCUF in a wide
variety of marine environments, hence its presence is useful

~ -
only as an indicator of marine conditions,.

Other fossi) evidence indicates that the Swift was
deposited under primarily shallow marine conditions, and all

fossil groups suggest shallowing toward the top of the
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formation. A shallow marine megafauna dominated by molluscs
\vas documented by Imiay (1947, 1957); most notable is the
presence of the pelecypod Mytilus in western Montana and
H;omtng, which suggests littoral conditions. Microfaunas
similar to those characterizing the Rierdon are found in the
Swift-and correlative strata of the Williston Basin, but the
Swift assemblages are less diverse, indicating a more
restricted nearshore environment (Brooke and Braun, 1972).
Continued shallowing, decreased salinity, and increased -
turbidity are evident in the upper part of the Swift, as the
microfaunad assemblage becomes restricted to shallow-water,
brackish-tolerant agglutinated foraminifera. The microfiora
record tﬁe same trend of decreased marine influence upward
from the base of the Swift (Pocock, 1972), a trend also
noted in palynological samples examined for this thesis.

No dilgnastic fossils were recovered from the light
ribbon sand in the course of the present study. Evidently
-the continued shallowing trend eiiminated all marine fossil
Indicators in these strata.
{c) Environment of Deposition

As noted in part (b), the litholegy and fossil content
of the Swift denote a shallow marine environment of
deposition. A shallow marine continental shelf depositibnal
model, which depends on>;torm actiQity‘to provide enisodic
influxes of coarse sediment, can account most satisfactbrify

for the distribution and nature of the Swift and its

equivalents.



Brenner and Davies (1974) proposed a regional
depositional model! for Oxfordian sedimentary rocks of the
western interior of the United States south of the study
area (Fig. 17)1 They conciuded that a mud facies, inciuding
the shale member and the least sandy sections of the ribbon
sand member of the Swift, was deposited under widespread
homogeneous low-energy shallow marine conditions in a troad
epicontinental seaway. A nearshore marine sand facies was
deposited at the western edge of the seaway flanking the
source area; the type ?acility of the Swift is included in
this nearshore facies. As previously :éﬁticﬂgd, megafaunal -
occurrences support the interpretation of a nearshore
efS?ronment of deposition to the west (Imlay, 1947, 1957).

A marine bar-sand facias, capping the mud facies over
the entire study area and including the dominantly sandy
sections of the ribbon sand, was laid down dL "ing the
;ubsequent progradational regression, Submarine sand bars,
consisting largely of trough Eras§-b;§ﬁed sandstones
(Fig. 7: Plate 2c), were separated by muddy interbar areas,
where much of the fine sediment ainnéwgd from the bars was \\%
depo;iigd in wavy~- and ienﬁiﬁglgéﬁbgdﬂéd lithotypes.

Brenner (1980) proposed that coarse clastic sediment was

carried onto the shelf by gurrents generated by major storms
acting in conjunction ui!flced-suq- flow jets from rivers
flowing off the westerly source area. Strong storm surges

triggered the deposition of coarse coquinoid sandstone beds,

which were observed by this author in northern Wyoming but
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-Nearshore marine sands

Mud facies

Mixed carbonate - clay facies

cLalliin Marine bar sands

Regiona! paleogeography and depositional mode]
for western interior United States dur ing
Oxfordian time: A - early transgressive phase:
B - maximum transgression; C - regressive phase
(after Brenner and Davies, 1974 ).,
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Similar lithotypes have been interpreted as ''marine-bar

not in the study area.

sandstones' in the 'J' interval of the (retaceous Dakota
Sandstone of Nebraska by Exum and Harms (1968), and as
"shelf sandstones' in shallow Cretaceous sands of the
northern Great Plains by Rice and Shurr (1980).

Hallam (1975) criticized such interpretations, with specific
reference to the Brenner and Davies (1974) model; he
suggested that such a widespread distribution of very
uniform shallow marine deposits could also be explained by
the diac?ronous deposition of ;Jbtidal dunes along a
prograding shoreline, although he did not p:opose any more
specific explanations.

De Raaf et al. (1977) described strata virtually
identical to the Swift ribbon saﬁd member from the Lower
Carboniferous Kinsale Formation in County Cork, Ireland.
They concluded that wave action was the most important
process in the generation of the observed bedforms. Silt
and sand were dropped from suspension after being entrained
by storm waves and currents, and were often reworked by
these same waves. They classified the sequences of
lithotypes into fouf categories: coarsening~upwards (CU),
fining-upwards (FU), coarsening- then fin\ng—upwards (Cufruv),
and random sequences. The succes:lons‘o* sequences observed
led them to conclude that deposition took place in an.arel

of shallow quiet water where mud was normally deposited, but

which periodically experienced higher ;nergy conditions

-



which introduced coarser sediments and deposited them in
various types of longshore shoals. Two important
coenclusions regarding the environment of depﬁs}tian of the
Kinsale Formation were reached by De Reaf et al. (1977): the
area experienced generally low wave energy with occcasional
storms; and a wide range of energy conditiens existed, but
storm energies were damped by the muddy character of the
platform sediments.

- The sequence of events summarized by Brenner and Davias
explains thé general succession and distribution of
lithotypes in the Swift and equivalent units, whereas the
more complete sedimentqlagical analysis of De Raaf et al.
prpvides the basis on which individua)l sections may be
interpreted and lays the groundwork for more detailed

bl

reconstruction of sedimentary environments. Compar

thicknesses of strata are present in each case, and all the

lithotype sequences found in the Carboniferous sections are

present in the Swift, as illustrated by the following

examples.

1. Eaarjgnfng upward (CU): Core - CMP Coutts 3-13-1-13Wh,

2590-2618 feet (Appendix A, p. 24B); Log - Energy

Reserves Van Auken NWSE 14-30N-4W, 2469-2547 feet

(Fig. 11).

2.. Fining upward (FU): Core - No clear core descriptions of
entire Swift fining upward; Log - CMG Lait 6-23-1-10Wk,
2902-2976 feet (Fig. 10).

3. Coarsening then fining upward (CUFU): Core - CMG Black
' #
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Butte 5-17-1-8wk, 2906-2970 feet (App. A, p. 2kh); Log -

Pan Am Olson #1 NE 10-36N-8E, BDéB-BIEE feet (Fig. 13).
L. Random sequence: Core - Cardinal State Darrow

SENE 8-37N-5E, 2896-2926 feet (App. A, p. 243); Log -

Whitehall Comrey 7-1k-1-6Wh, 3302-3380 feet (Figs. 10,

13). .

De Raaf et al.'s (1977) study encompasses a much smaller
area than is covered by the Swift, but it appears that the
depositional model could be applied over a larger ares,
given a sufficiently broad shelf and an adequate sediment
supply. Some di;éhraﬁi;ﬁ of deposjtion resulting from
progradation probably occurred, which helps to explain the
homogeneity of the facies over such a large area.

One major feature of the Swift Formation not found in
the Kinsale Formation is the highly-oxidized, ]ight‘ééiéufid
ribbon sand. Wave power and flow rates during deposition of
the light ribbon sand were probably only slightly higher
than during deposition of the dark ribbon sand, as similar
lithotypes are observed, albeit with a greater proportion of
sand and silt. Deposition was more rapid, as indicated by
the increased proportion of coarse sediment and de;re;:éd
aandance of Chondrites burrows (Chamberlain, 1978). Some
sections of dark ribbon sand which ]iEk glauconite and yield
transitional to non-marine microfossil! assembliages may
represent intermediate conditions.

Siderite-bearing light ribbon sand lying directly over

the pyrite-bearing dark ribbon sand is analogous to
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successions in the Coal! Measures of Yorkshire descrind by
Curtis and Spears (1968), wh{ch they interpreted to be the
product of more rapid deposition of the upper strata.
Sulphate-%educing bacteria could not produce sulphur
sufficient rapidly to mahntain pyrite formatian, hence
siderite was precipitated in the upper part of the sectipn
during diagenesis. Actual emergence during deposition of
the light ribbon sand seems uﬁlikely. but sedimentation
probably occurred less episodically, so that oxidizing
conditions were maintained at the sediment-water interface.
In summary, deposition of the Swift Formation began
with a marine transgression over the entire study area. A
basal chert-belemnite conglomerate and scattered dark chert
pebbles were deposited in some areas, but otherwise. a very
homogeneous dark glauconitic marine shale accumulated over a
broad shallow shelf. Increased coarse clastic influx and
progradational shallowing 6f the sea led to deposition of
the ribbon sand member. Sand and silt from a rising
westeriy source area were entrained by storm waves and
currents’ were dropped from suspension over the broad, |
dominantly muddy shelf area, and were reworked by waves and
currents associated with the same storms into a variety of
sand‘bodies. separated by muddy interbar areas. Reﬁucing

conditions caused glauconite to form and cosalified wood

-
-

fragments and abundant disseminated organic material to be
preserved. Further progradational shaTowing led to the

spread of more oxidizing conditions and a slight overall
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increase in wave power and flow Fategi producing the
transitional to highly oxidized light ribbon sand. {
(d) Log Character ] ]
A wide raiggfﬁifgeaphysical log Ee:pgnse: are produced
by the ngiabf; lithology of the Swift Fgrmltjﬁﬁ, With the
aid of 62 cores penetrating at least part of %he fa?Mitign
(Appendix A, Fig. 18), however, the Swift aan be
distinguished with confidenfe in mos- Bse
" The basal shale member, where we!' de eioped, exhibits
the distinctive log :ignitu;g aff; dark shale:t the
spontaneseys potential curv:isffkégf§ﬁa!run‘ directly on the
shale line, while the resistivity {s uniformly very low. ,
The gamma log shows a very steady h;gb gamma ray count, and
. ) & ¢
a i9u!a¢§ustie velaéity(is indicated by the sonic log. ;J

Where an abnormally large amount of silt is present and
where the shale grades upward to the ribbon sand member, the
logs gradually assume a chaFacter more iﬁéiClti;E of
;iifitﬂﬁGa The spontaneous potential curve is the least
responsive to such variations, requiring ibaut 20 EEBQQ silt
or sand caﬁtant-befere deflecting :igﬂifieantlyrfrgm thar |
shale line.

A large range of log responses characterize the ribbon
sand member, which, as pFeviauiiy1di:eu;g§dgTin:ludes all
lithologies from silty shale to clean medium-grained

: . /
sandstone. At the shaly end, the log curves grade into the

responses dés¢ribed for the shale member, whereas the -

cleanest sand bodies exhibit classical sand responses, ma?@z
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characteristically low gamma readings and up té 60 mv
negative spontaneous potential deflections. Resistivity and
sonic responses are more variable, as they are more strgngli
governed by fluid composition and degree of cementation.
The bulk of the ribbon sand member, which s composed of the
lenticularly-bedded lithotype, exhibits "iylinderésh:ped“l
intermediate log responses normally associated with
siltstones. !

Numerous small-scale variations in s;ﬁé and silt
conte&t produce rather jagged curves, making it difficult to

pick 3 boundary between the shale and ribben sand membets in

'many cases, especialiy where the shale member is thicker

than 4O feet. The somewhat arbitrary division of the
members which results‘{ust be taken into account as a socurce
of lor when interpreting the isopach maps.
(e) Correlation |

Unlike the Rierdon and Sawtooth Formations, the Swift
is not closely comparable to the type section in the most
southwesterly well of the study area (NENW 33 30N QH

=

(Montana)). Pre-Blairmore j?ﬁ:ign in the Cut Bank ??ll:y
has removed the entire ribbon sand ;Embéf in this well,
leaving only &7 fo:= of the basal shale member, _which is
identified by its stratigraphic position between the Rierdon

and the overlying Cut Bank Sandstone, and by core data from

the correlative interval in the Shell Triba! (SwWSW 28 JUN

8W) well. ' ,
‘ -
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To the east of the NENW 33430N 8w well in stratigraphic
cross-gsection W3 - E3 (Fig. 11), the Cut Bank Valley cuts
furthe? down section and completely eliminates the Swift_i
East of the sharp eastern boundary of the valley, from Range
LW to the eastern edge of the section, the Swift increases
gradually in thickness from 80 feet to about 140 feet. The
shale ?ember is thin west of Range 8E, reflecting onlap onto
the remaining low relief of the ancestral Sweetgrass Arch.
The ribbon sa d‘nenber does not appear to be similarly
affected, althdugh later erosion may have obscured the
depositional thinning.

b )
a more complex picture,. Removal of the Swift under the Cut
Bank Valley is illustratea in the ipterval from 1h=-33-1-19W4
(Alberta) east to b-i—l-16wh. The formation thickens
rapidly east of the valley, but is truncated sharply by
another erosional valley from Range 12Wk to Range 9WL, most
notably in 6-1-1-11wWk. East of the eastergn valley margin,
the S;ift thickens rapidly to about 90 feet, and varies
between 80 and 110 feet to the eastern end of the section.
Ge;%::l eastward thickening from the Sweetgrass Arch,
evideﬁi\especially in the shale member, and variable
pre-Blaff;;re erosion control the thickness along this line
' a

of section.

The sputh - north stratigraphic cross-sections

demonstrate northward bevelling of the Swift by

pre-Blairmore erosion, which occurs at a fairly uniform rate

Stratigraphic cross-section W2 - £E2 (Fig. 10) presents —
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in section S1 - N1 (Fig. 12). Also of interest in this

section is the onlap of the basal shale member against a

[y ]

omponent of the ancestral Sweetgrass Arch south of

Township 3 (Alberta). Section S2 - N2 (Fig. 13) illustrates

that the Swift is much thicker and more uniform in the

eastern part of the area. Minor chanpelling is demonstrated
in Townships 2 to 5, where the formation is overlain by
basal Gladstone sandstones. The shale member is persistent
in this cross-section except in Townships 34LN and 35N

(Montana); h;FE the ribbon sand is thick and the Rjerdan is

abnormally eroded, as noted previously. A possible

explanation for these observations is that erosion of the

Rierdon was intensified over a local paleotopographical

high, which may have been emergent during deposition of the

Swift shale member, providing a locus foer the formation of

shallow marine sand bars of the ribbon sand member.

{f) Regional Analysis

Figure 18 (a,b,c) presents the isopach maps of the

Swift fFormation and its two constituent members. The major

features exhibited are:

1. A platform of thick Swift in the southern and eastern
parts of the study area, bordered roughly by the BO-foot
contour line (Fig. 18c).

2. The north-trending Cut Bank Valley.

3. A north=northwest-trending valley in the centre of the

area, here named the Whitlash Valley, after the town of

Whitlash, Montana (Twp. 36N, Rge. U4E) (Fig. 2).



Fig. 3 for controi

See

interval = 20 feet.

witt shale member.
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Fig./ 18c. Isopach map, total Swift Formation. Crosses indicate wells
with core control; see Fig. 3 for remaining control.
Contour interval = 20 feet.
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®
L. The pynchout of the Swift in the north-central part of
the area.

Thickening of the basa) shale member to the east and
west (Fig. 18a) indicates that low topographic relief stil)
existed across the ancestral Sweetgrass Arch at the time of
deposition. Generally, however, the Swift was deposited as "
a widespread shallow marine unit with fairly uniform
thickness.

Prolonged #rosion, especially widespread minor
channelling, between the deposition of the Swift and the
Blairmore was rg;pén:ible for sculpting the present
configuration of the Swift. ‘Because of the southward tilt
of the area, the formation was trgdcd to a pinchout well
south of the Rierdon erosional edge and consequently, no
evidence of a northern paleoshoreline is preserved. ;Thl Cut
Bank Valley, iﬁ the western part of the area, cuts thrugh
the entire Swift and into the uﬁﬂgrlying Rierdon; on the
other hand, the Whitlash Valley, in the centre of the study
area, does not cut as deeply, and so thins or removes only
the Swift along most of its length. Tga tributary valleys,
shown as trends of thinned ribbon sand, feed into the main
Whiitlash Valley from the southwest (Fig. 1Bc). The true
configuration of the Whitlash Valley is more intricate, as
demonstrated by Branch (1976) in the fred and George Creek
field (Twp. 37N, Rge. 2E (Montana); Fig. 33), but 'the few
wells examined serve teo ouytline only the main trend. North

of Township 2 (Alberta), the valliey trend swings to the
] .

*
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northeast, where it has completely eroded both members of

’ t
the Swift. Some erosion of the Rierdon appears to have
taken place to the northeast along this trend in Township &,
Range 10WL (Fig. 16), but the valley can be traced no
farther than this.

In the east-central part of the study area (Townships
1-10, Ranges 1%3 Wh (Alberta)), the Swift is markedly
thinned and is directly overlain by the Beaver Mines
Formation. This area experisenced extensive srosion during
the Early Cretaceous, as discussed in more detail in the

Gladstone section of this chapter. '

C. RMorrison Formation

The Morrison Formation (Fig. 22) is not mapped in this
thesis, but it is diieu;i;d briefly below, as many previous
workers hlngﬁiﬁaid it in the sgudy aresa.

The Morrison Formation was first ﬂéfiﬁgd and describad
by Eldridge (1896), who d;:i;n:tid & type section in eastern
Colerado, about 1200 km. sﬁuthg::t of ths present study
area. Waldschmidt and Leroy (194L4) described the formation
in more detail from a revised type section nearby, which
offered better access and exposure. They disting;i;hnd six
informal lithologic ynits totalling 277 feet thick,
consisting of variegated shales and siltstones with abundant

sandstone beds and a few |imestone beds, all of continental

origin.



Correlation and Extension to Study Area
The Morrison has been recognized and mapped over a
targe area of western North America extending as far north

as southeastern Alberts and southern Saskatchewan
(Peterson, 1966, 1972; Francis, 1957). it is distinguished
primarily as a lithostratigraphic unit of continental eorigin
conformably or disconformably overlying marine strata of the
Swift and its equivalents, and lying unconformably beneath
coarse sandstones or conglomerates of Early Cretacecus age.
Facies trends cannot be traced regionally, although informal
members are recognized in several areas (Imlay, 1952a;
Peterson, 1972). é
Well-documanted Qccurrincgs'af undisturbed Hérr%lan
ﬁéirlig)tﬁ th:!study area are around Great Falls,
!ppra:iﬁitiiy 100 km. to the south. Harris (1966) and
Walker (197k4) used lithological and paleontological evidence
to correlate strata cropping out in the Great Falls -
Lewistown coal field and along the Missouri River with the
Morrison of Wyoming and Colorado. West of the study area,
in the disturbed belt of northwestern Montana,
Stebinger (1918) and Ross (1959) were unable to recognize
the Morrison, although they realized that rocks of this age
might be included in strata mapped as the Lower (retaceous
Kootenai Formation. Palynological n@nly:ig would have aidad
them; despite dis@greement regarding the true age of

"Morrison and equivalent strata, their microfloral
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Blairmore - Kootenai unit (Brown, 1946; Bel), 1956;
Pocock, 1962, 1964). Cobban (1945) tentatively iiiiﬁﬁéi 2
Morrison age to strata overlying the type Swift, but |
provided no evidence for this assignment; as previously
noted, three samples taken by the author in this interval
yielded palynomorphs of Aptian age. in the area immediately
north of the Swift type locality, Weimer (1955) showed that
the Kootenai overlies the Ellis directly, implying the
absence of the Morrisen. Mudge (1972) mapped a 200- to
550-foot thick section of Morrison in the Sun River area in
the disturbed belt 70 km. southwest of the study area. He
found that the formation in the eastern half of his area
closely resembled the type Morrison, and graded conformably
up from the u‘daflying Swift. {in the Foothills and Front
Ranges of soufhw::tifn Alberta, strata of the correlative
Kootenay Group have been mapped and described by several
workers, including Norris (1959), Jansa (1972), and

'
Gibson (1977, 1979).

In the present study area, the Morrison has been
correlated using geophysical logs in several ol fields
(Billings Geol. Soc., 1958). Determinations made by a
number of workers are similar, each showing a section of
shales and siltstones lying between Swift ribbon sand below
and well-developed Lower Cﬁiiacegui tandstones sbove. None
of the correlations are documented by lithological or
paloontologi;ii data, however, and all are shown rather
incidentally on section® which are designad primarily to

<



demonstrate characteristics of other (petroleum-bearing)
formations. Correlative strata in other nearby fields have
been mapped as Kootenai formation (Billings Geol.

Soc., 1958; Branch, 1976), and Imlay (1952a) noted the
absence of the Morrison in the Sweetgrass Hills, and locally

near the Sweetgrass Arch in northwestern Montana. The

present author could not recognize any Morrison strata above
the Swift, although the paucity of Eare from Montana
hindered this effort,

The Morrisen Fa?niti;n was therefore not mapped in the
study area. If it was originally deposited, most of it
would ‘have been removed by pre-Blairmore erosion in the Cut
Bank and Whitlash Va;iey: and over the ancestral Sweetgrass
Arch. Quite possibly, some Morrison doas exist in thas
eastern part of tﬁi study area, but its recognition will
depend on finding unambiguous paleontological or

lithological evidence and correlating in detail from outcrop

sections.

0. Blairmore Group
Leach (1914) first used the name "Blairmore' on a map
legend to designate a section of Lower Cretaceous strata in

p area near Blairmore, Alberta (Fig. 1). Rose (1916)

assigned to the underliying Kootenay formation. Formal

stratigraphic status was given to the Blairmore Group in
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1967, when Mellon named and designated type sections for

three constituent formations: the Gladstone (oldest), Beaver

Mines, and Mill Creek (youngest). Mclean (1977) proposed

that the basal sandst d conglomerate member of the

L]

ne

L
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L
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Gladstone be called the Cadomin

ormation in accordance with

-

common usage in the central Alberta Foothills, and that the
Giadstone be redefined to include only the strata between
the Cadomin and Beaver Mines. s

Lower Cretaceous Nomenclature Problems

Three important stratigraphic schemes have been used

for Lower Cretaceous non-marine strats of the study area.

in Montana, the term "Kootenai formation' has been used

since 1907. In Alberta, early workers correlated drilling

¢

samples from exploratory wells with the Blairmore formation,
and so the term "Piains Blairmore'" was commonly used in the

petroleum indu

try. Since the work of Glaister (1959) was

published, th basal Cretaceous strats have generally been

ferred to as the Mannville Group, consisting of the

r

informal! lower and upper Mannville formations.

2

Te resclve the problems of stratigraphic nemenclature
and to choose the most applicable names for use in this
thesis, the author studied the origin and nature of each of
the Kootenai, Mannville, and Blairmore units. Factors
considered were the formal stratigraphic standing of tre
units and the similarity of their lithological Egmﬁaiitian_

¢

to that of the basal Cretacktous of the study area.
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The Kootenai formation originated as a miscorrelation
with the older Kootenay Formation (now Kootenay Group) of
Canada, but the spelling was changed by Fisher (1907) to be
in accord with the spelling of the name of the Kootenai
indian tribe of Montana. This minor spelling difference is
very confusing, especially as the names apply to coépletely
different lithostratigraphic u6its. No formal type section
has even been proposed for the Kootenai and thus it has no
formal stratigkgphic standing. Walker (1974, pp. 16-17)
discussed some of these problems, and stated:

"1t is highly'unfo;tunafe that ... a: formal change

in nomenclature was nét proposed, and the misnomer

'Kootenai' stricken from use as a stratigraphic term

in Montana. Blaifmore Formation, or perhaps Great

Falls Formation ... would have been much nor;

appropriate terms"

Nau;s (1945) originally defined the Mannville Formation
in central Alberta, and divided it‘into six members, noting’
that the overall lithology differed significan;ly from that
of the Lower Cretaceous in the southern Plains of Alberta.
Badgley (1952) elevated the Mannville to group'status and
correlated ii throughout ;entral Alberta. The Hannv?lle
Group was extended into southern Alberta by Glaister (1959),
who suggested that the lower Mannville and upper Maphville
be giv;n formation status, although he did not do/this
himself. Glaister recognized that the lithology of the type

Mannville could be compared with his Mannville of<southern

~—



Alberta only in a very general way, and that the "Mannville"
of the southern Plains could be correlated more closely with

the lower two-thirds of the Blairmore of the foothills,

v

The historical development of e Blairmore Group as
formal lithostratigraphic unit has t‘en summar ized at the
beginning of this section and in Chapter 11* The
lithological and Paleontological similarity of the basal

Cretaceous strata of the study area to the type Blairmoraes

has been recognized by this author and by severa™other

warkers (eg. MclLearn, 1945; Glaister, 1959; Aellon. 1967
Walker, 197h; Rice and Cobban, 1977).

Lower Cretaceous, primarily non-marine strata of the
study area are therefore as:igped to the Blairmore Group, a
formal lithostratigraphic unit very similar bonﬁ
lithologically and palcontolog}cally to the correlativas
strata of the study area. The revised Gladstone and Beavar
Mines Formations are also extended to the study area,

although the terms "“lower Blairmore"” and '"middle B!airiar?”

are more commonly used than the proper formation names. Th
, -

informal Cut Bank member of Montana |s raised to formation

status and is designated as the Plains cquivilent of the '

Cadomin Conglomerate’of the Foothills.

e
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Cut Bank formation

(a) Type Section and Description

The Cut Bank Formation, named after the town of Cut
Banby Montana (Fwp. 33X, Rge. 6W), is the oldest mappabl¢
lithostratigraphic subdivision of the Blairmore Group in the
study area. tt includes strata previousiy assigned to the
informal Cut Bank member of the Kootenai fotmation, the
Vanalta and Cosmos sands of the Border - Red Coulee oil

field, and the Taber sandstone of Alberta. The Cut Bank

lies completely in the subsurface, hence its recognition

depends entirely on cored sections, drilling samples, and
k4
geophysical logs.
The type section, described in detail in Appendix A

(p. 250), is designated to be the cored interval from the

depth of 2753 feet to 2806 feet in the Decalta Altair Milk

River (2-L-1-17WL (Alberta)) well. It is logged in the
interval 2755 to 2808 feet on the induction electrical |log
because of a2 small miscorrelation of the core depths.

The Cut Bank formation is primarily a medium- to
coarse-grained, poorly-sorted sandstone, the grains of which
are composed almost entirely of quartz’ and dark-coloured

chert (Plate 5a). Relative proportions of quartz and chert

are strongly controlled by-grain size, the chert being more

abundant in coarser beds, so that almost all the~pebblcs are

7

composed of dark chert where the Cut Bank is conglomeratic

-
(Plates 3b, u4b). In the classification scheme of

Chen (1968) (Fig. 4), the Cut Bank sandstones are
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litharenites and extralitharenites. Piastically-deformed
mud clasts occur at various }gvels thréuﬁhaut tgg formation,
usually in coarser sands near the base of fining-upward
sequences (Plate 3a). Minor components include: rock

fragments of fine clastic sedimentary rocks and argillites,

coal fragments and small lenses, si erite, calcite, and

pyrite. Sloss and Feray (1948) also\poted tourmaline,

- .

zircon., leucoxene, barite, magnetite, \kaolinite, and

possibly greenalite, No fossils have ?Zéﬁ FEQizEFEﬂ from
the éut Bank iFgrmatieng

Silica cements are dominant in the Cut Bank Sandstone,
while calcite and clay minerals are minor cement compoRents.
Quartz overgrowths are most common, but cementation by
microstylolitic interpenetration of chert grains has been
documented by Slosxs and Feray (1948). The sandstones are
generally guite friable and very porous, but chglﬁﬁEFStiE
beds are often more tightly';amEﬁtcé by calcite.

Many cored sections of the Cut Bank are composed
‘entirely of medium_ta coarse sandstone in massive beds, or
exhibit only iarggﬁ:cgle.plaﬁgf cross-beds or plane beds
(Fig. 7, Plate 2d). In several cases, however, evidence of
cut-and-fill is abundant, and smaller fining-upward units,
conglomeratic at the base and &amﬁased of material
occasionally as fine as fine sand to silt with thin mud

laminae at the top, are observed. Only rarely are

small-scale planar and trough cross-beds exhibited.
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The lower contact of the Cut Bank sandstone is
invariably sharp and erosiond1; a basal conglomerate with
pebbles up to two centimetres in diameter is usualty but ndt

always present (Plates 3b, kb). The upper contact may be

g«

[y

gradational, as the sandstone passes into green siltstones

of i;;fﬁladstgne Formation. frosion prior to the deposition
= f 1

of the Gladstone, however, has produced a sharp upper ~

contact with mudstone, siltstone, of sandstone in some

The Cut Bank Formation is éé??él;tgﬁ with the Cadomin
Formation of the cgﬁtril and iéu?hgrn Alberta Foothills.
The stratigraphic positioen of the tué formations is
identical, and their mineralogical compositions are very
similar (MclLean, 1977; Schultheis and Mountjoy, 1978).

Cobban (1955), Gallagher (1957), Shelton (1967), and Rice

fa)
=
¥
-]
\"‘
ho
~

and Cobban (1977) al!l recognized the .passage of the
sandstone intc a conglomerate identical to the Cadomin to
the west in Montana. The Cadomin - Cut Bank correlation
will be discussed further in Chapters VI izd Vil.
{b) Environment of D:pg;itiaﬁ

7 Several characteristics of the Cut Bank Formation

5
inéieate deposition in a fluvial environment:

1. The formation is confined to a roughly linear valley cut

sharply into underlying strat

2. There is abundant gvaEﬁﬁe of cut-and-fill, indicative

of the lateral migration of the depositing stream(s).

3. No marine fossils were recovered, and the formation
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often qrades upward into the'unquestionably ;ontinental
Gladstone. : - '
A more specific analysis of depositional environments

LY

would require more detailed analysis of long cored sections.

(c) Log Character ’

Unifornﬂand easily-correlated log responses result from
the litholoéicll homogeneity of the Cut B;nk Sandstone. The
spontaneqﬂsapptential curve shows a consi;tentl very marked

‘negative (l;ﬁtward) deflection because of the unifbrmly high
porosf‘y of most of the sandstone. A—steady low gamma ray
count is proyuced by, the low clay content and siliceous
composition of the formation. Génerally uniform moeerate
acoustic velocities are shown by the sonic log., while the
resistivity log is more variable, being controlled largeiy .
by the fluid content of the por} spaces.

Thin conglomerate beds are often more heavily cemehted
than the rest of the formation, and hence are characterized
by higher spontaneous potential values and higher acoustic
velocities. Beds containing abundant mud clasts sﬁow higher
spontaneous potential, higher gamma, and lower acoustic
velocity values. :

(d) Correlation and Regional Analysis

The Cut Bank Formation is encountered only in the
wgsiern parts of stratigraphic cross-sections Wl - EI

(Fig. 9), w2 - E2 (Fig. 10), and W3 - E3 (Fig. 11). In the

western four wells of W1l - E1 and W2 - £E2 and the western

three wells of W3 - E3, it makes up the lowest part of the
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Blairmore Group in the Cut Bank Valley; thg isopach map
(Fig. 19) shows fthat it Js canfin;ﬂ completely to the
valley. Tae western edge of the valley is not distinet, but
the eastern edge is much sharper (Figs. 9, 10, 11, 18, 19),
and can be traced Frgi the Ségthgrﬁ edge of the map area as
far north as the Jurassic pinchout (about Townships 12 to 13
(AleFt!));v This eastern edge cannot be observed north of
this point, as the amount of ercsion afFHisgisskEFi!msstF:ta
ﬁis not been studied in this thesis. A similar feature
called thg'pr Creek Escarpment, which 1imits the eastern
distribution of the Cadomin Fgrmitjan iMm west-central
Alberta, was outlined Ey MelLean (1976).

;fwgst- to northwest-trending tri!utary v:llgy} breach
th;EEi!tgFﬁ edge of the Cut Bank Valley in several pl::esf
an excellent example being the valley in which the Chin
{oulee oil field is located (Twps. 7 and 8, Rges. 14 and
15Wh; Fig..33) (Oyibo, 1972). HMore detailed control and
Eﬁﬁtsuring of the isopach maps would show Chin chiegjaﬁd
ofhéf ;n;il trigugiry valleys, which are also filled with
s:nd;taﬁgs of the Cut Bank Formation

Sandstones similar to the Cut Bank may have been
deposited in other valley systems nearby at about the P:me
time, but it is almost impossible to correlate them with the
Cut Bank if they cannot be traced continuously from the main
Cut Bank Valley. Such sandstones are more reasonably
included in the lithologically heterogeneous Gladstone

Formetion.
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Fig. 19. Isopach map, Cut Bgnk Formgtion. - Crosses indicate wells with
core control; see Fig. 3 for remaining control. Contour
interval = 10 feet. *



‘north-south trending belts of thick s
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. The thickness of the Cut Bank is controlled primarily

by the configuration of the erosional surface upon which it

lies. The deepest part of the Cut Bank Valley lies a few

-

miles west of the eastern escarpment, and is outlined by =

north-south trend of Cut Bank sandstone generally thicker

=

than 50 feet.. Shelton (1967) noted the presence of several

dstone,in the Cut

-
2
o]
=

»

Bank field (Fig. 33), but such belts are not evident on the

Y

isopach map by Blixt (1941), and were not noted by the

present suthor. Some of the thickness variations that are

obgerved can be ascribed to facies changes, because at any

place where finer fi:igs are p?eseﬁt near the top of the

formation, they may be included in the Gladstone.

The relationship of the Cut Bank Sandstone and th;
upper sandy member of the Swift Farnitjgﬁ has been debated
in print since 1941, when Blixt published the first
comprehensive study of the Cut Bank oil field (Fig. 33). Me
proposed that the Swift and Cut Bank are different facies of
one time-stratigraphic unit, witﬁ the following reasons:

1. The <Cut Bank Sandstone and ribbon sand member Pccbpy
the same stratigraphic interval and have similar
thicknesses. i

2. The units interfinger in several wells near the Cut Bank
field,

3. The ribbon sand is not transitional with the underlying

- Ellis shale. K

Erdmann and Schwabrow (1941) agreed with Blixt's rea ening,
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adding that the ribbon sand and Cut Bank interfinger in
wells near the Border ;‘Red Coulee Tields as well, Lack of
paleontological dat; led these workers to believe that the
Cut Bank and Swift were both Cretsfceous because of the

!
similarity of the Cut Bank and the Blairmore conglomerate of
the Alberta fFoothills. Weimer (1959) knew that the ribbon
sand’:as of Jurassic age on the basis of fossi)l evidence,
and was therefore forced to assign the Cut Bank, which he

interpreted to be a8 nearshore sandy equivalent of the marine

ribbon sand, to the Jurassic as well. He alsc observed the

t

. . . . £
Cut Bank and Swift to interfinger in a section dger

Creeks, west of the present study afea, although he has more

recently exﬂressed some doubt regarding the validity of this

obs.rvption (Heime;, pers. communication). t
The following observations refute the arguments

presented in the previous paragraph:

[ 4

1. The Cut Bank - Swift boundary is sharp and erosional;

the "interfingering' described by several workers can be
’ »
ascribed to the observation of coarse marine bar sands

in the Swift which lithologically are very similar to

the Cut Bank. -

T
require that the ribbon sand grade upward from the Swift

shale.
3. The Cut Bank was deposited in a fluvial environment and
not as a beach or as shaliow marine sand bars equivalent

to the fully marine Swift.

!



The Cut Bank Sandstone is thus younger and

néonf rmably overlies the Swift Formation. Rost Fiézﬂt

C
3
o
]

workers, including Cobban (1955), Glaister (1959),

[»]
-

Oakes (1966), Mellon (1967), Shelton (1967), Walker (1974),
and Rice and Cobban (1977), have recognized the

stratigraphic sgﬁgr:tigﬁ of the Swift and Cut Bank, but none

have ip:cifi::ily refuted the arguments for correlation with
the Swift ribbon sand.
The precise age relationships of the Cut Bank Valley
and the Cut Bank formation are difficult to interpret,
L
largely because of the great length of time available (ibQJt

35 million years - Fig. 21). A major eustatic sea level

drop, which occurred in the ga%iy Necocomian (Vail et al.,

—_— -
-

1977), may have reduced base level sufficiently to promote

deep incisement and valley formation. Alternatively, more,

local tectonic movements and consequent awail;bil}ty a} FJTZ
sediment may have been the most impaitaﬁt factors; in this
case, it would not be possible to determine the precise age
of valley formation or the possible existence of multiple
valley-cutting events (see discussion of Whitlash §i“§7 in
Gladstone section below). |In either tate, there istho clear
indication over what time interval during the Early

Cretaceous the Cut Bank Formation sccumulated.

Description

Mellon (1967) designated the typ® locality of the

Gladstone to be along Gladstone Creek in Township 5, Range 2
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! ,
W5 Meridian (Fig. 1). Here the formation is 250 feet thick

and consists of three informal members :

)

1. A basal, medium- to coarse-grained siliceout sandstone

and conglomerate, L3 feet thick.

[

Dark grey, gréea, and red shale interbedded with
calcareous ;iitstcne and fine-grained ’ihéitﬁngi 172
feet thick. %
3. Interbedded dark grey calcareous shale and silty

limestone with abundant freshwater invertebrates, 315

feet thick.

he present author has accepted MclLean's (1977)

~

suggested revision of the Gladstone which excludes the basal
sandstone, and therefore, the Gladstone as mapped in this
thesis éﬁwprises:anly the upper two member's.

Hgtereégngau; Iit:;)bgias distinguish the madial
member. Mellon (1967) 'did not discuss this member in
detail, but his descriptions at other localities show th;t‘;’
it is correlated on the basis of stratigraphic position ;na‘
general character rather than by matching specific beds ;r
horizons.

/

The upper member of Mellon's Gladstone is the
"Ealcirgaés” member described by Glaister (1959). At the
type section, Mellon distinguished three distinct |imestone
unit?‘i,par:tgd by shaly intervals, but Mellon's and
Glaister's descriptions of other sections make it clear that

the "Calcareous' member can be correlated only by its

~general lithology of dark calcareous shales, thin
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limestones, and calcareocus siltstones and sandstones, rather

than by specific markers or sequences.
(b) Lithology and Fossil Cohtent .
=l

A wide variety of lithologies are exhibited throughout

tone Formation. Volumetrically

the study area by the Glad
dominant are v;rigg;tgd.'pégrly=s§rteﬂ mudstones, silty
mudstones, and siltstones, which are coloured maroon,
grey-greernr, light to dark grey, and occasionally y;llﬁu to
brown. Thick m§nctanaus‘sequ2ﬁces of mottled maroon and
greenish nudstéﬁes and silty mudsto~es are particularly
common, containing only a few beds with some irregular
carbonate nodules. Grey anad green-grey fine-grained
sediments are often Eﬁéraéteri;ed by abundant small (1 mm.)

ains are rare, although plant

siderite nodules. Organic re

fragments can be found in t medium to dark grey rocks..

Sandstones are abundant and are very similar to those
of the Cut Bank, being composed primarily of quartz and

chert (Plate 5b). Gladstone sandstones are génerally finer

nd more quartzose than Cut Bank sandstones, although some

beds at the base of the Gladstone are nearly identical to

the Cut Bank (Plate 3¢). In an area surrounding the Grand
Forks éi] field (Twps. 11-13, Rges. 12-14 Wh (Alberta)),
‘Gladstone sandstones are very Qquartzose, even where
medium-grained (Plate 6a). Most Gladstone sandstones fall
imto the sublitharenite to litharenite categories of
éhlﬁ‘i (1éea) classification, with only rare

extralitharenites or quartzarenites. Minor componants
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include siderite nodules, detrital carbonate grains,
weathered feldspars of various types, and carbonacedus

-
organic debris, 6ccasibna|ly in the form of coaly fragments
or. partings. Silica is the pfinary cement, althougd not as
dominant as in the Cuf Bank, while clay, particularly
kaolinite, and calcite afe other iTportant cementing agents.
The proportion of cement is extremely varjable, so that the
degree of induratia; and amount of porosity varies widely.

Sandstone sequences,of the Gladstone generally fine

{
upward, and sometimes exhibit large-scale planar
cross-bedding and plane bedding, and more rarely smaller
trough and planar cross-beds (fFig. 7). Examples o
cut-and-fil)l and of intervals possessing abundant mud cla;ts
can be found, but are rarer than in the Cut Bank. Gladstone
sandstone beds are Jarely thicker than 20 feet; each usually
lies on a sharp basal contact and grades into sPitstones
toward the top. §andstone bodies are lenticular and cannot
be correlated except over small areas with closely-spa;ed
well control, such as in the Fred and George Creek field in
nortpern Montana (Branch, 1976) (Fig. 33).

In the western part of the study area, the '"Calcareous'"
member is recognized. Black calcareous shales and beds of
micritic tan argillaceous limestone no more than a'Iew fceg
thick are most characteristic of the "Calcareous'" member,
but abundant calcareous siltstones and lithic sandstones

‘also exist. These coarser beds are very simitar to

siltstones and sandstones in the lower part of the



Gladstone, ipé consequently can be rggggﬁi;gd Hiih

, -
confidence only wher#® they‘avg?lig the more distinctive
limestone and shale beds. As ﬁ§t§§ in part (a), the
"Calcareous" member \$ distinguished on 93ﬁ3¥;1 lithology
only, as there are no distinctive marker beds to use for
correlation. Formation top determinataions made by different

workers vary widely, because most correlations depend
) . -
heavily on geophysical log data, whicH are almost always

insufficient to éistiﬁguish the '"Cdlcareous'" member from the

rest of the Gladstone. ‘ . . A
t

—

he contacts of the Gladstone Formation Hlfh the
surrgunding formations vary in character. East of the Cut
Bank Valley, the base of the Gladstone represents ET: ma jor
Jurassic - CFEtiQEQU!'UHEQﬁFBFmith_lﬁd $s0 the contact is

very sharp, especially where a basal! Gladstone sandstone is

[+
[ ]
<
mw

oped (Plate _c). Where a basal Gladstone sandstone

n

lies over a coarse bar sand of the S5wift Formation, it is
5

nearly impossible to distinguish the two on geophysical

logs, although theyéusu;lly can be separated in core. West
LA
of the eastern margin of the Cut Bank Valley, where the

Gladstone QVEF(EEI the Cut Bank Sandstone, the cant::i is
ﬁridatiaﬁ;l or at least conformable. The -upper contact of
the ﬁlid;t&ﬂe generally marked by feldspathic sandstones of
the Beaver Mines formation sharply overlying finer-gralined

litholegies of the Gladstone.

Fossils are rare in the Gladstone below the

"Calcaredus' member. Megaflioral! and microflo¥al fossil
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assemblages composed entirely of terrestrial plant remains
have been described from both the Gladstone and Beaver Mines
(see Chapter V), but most have actually been recovered from
the Beaver Mines. More than 50% of the Gladstone samples
processed for palynological analysis for this thesi; failed
to yield any identifiable floral remains, although in
several cores, grey-coloured intervals bear abundant root
traces (Plate 3d).

A much more complete suite of fossils is present in the
"Calcareous' member. Ffresh-water invertebrates, including
pelecypods, gastropods, and ostracods are locally sp
abund;nt that some tﬁin beds can almost be considered to be
coquinas. The palynomorph assemblage is more diverse than
.that in the underlying part of the Gladstone, and is
characterized by taxa indicating a fresh- to brackish-water
environment (S.A.J. Pocock, C. Singh, pers. communication).
Loranger (1951) described an identical microfossil 2zone in

the Biairmore of central and southern Alberta and called it

the Metacypris persulcata z2one after a characteristic

3

ostracod. Mellon and Wall (1963) disputed Loranger's

identification of M, persylcata and other ostracods, and

Mellon (1967) referred to the fauna as the Protelliptio

hamili fauna, after the dominant pelecypod. More commonly,
the term "ostracod zone'" is used to signify the informal

biostratigraphic 2one, which is not synonymous with the
lithostratigraphic "Calcareous' member. The two are largely

coincident because of facies control, but almost all the
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fossil taxa are sufficiently leng-ranging to be found at

other stratigraphic levels (Mellen, 1967).
(c) Environment of Deposition
The Gladstone Formation below the "Calcareous' member
was deposited in non-marine, dominantly fluvial
environments, as indicated by its Iith%lagiial

heterogeneity, sedimentological features (as discussed in
the follouiﬁﬁypafagraphs). abundance of reddish beds, and
terrestrial floras and faunas (Beli, 1956;: Pocock, 1962;
Melilon and wWall, 1963), .
Sandstones in the Gladstone were deposited in fluvial
channels, forming lenticular bodies surrounded by
continental finer-grained sediments. The bulk of the
formaiion was deposited over floodplains, as indicated Ey
the presence of root traces, siderite and other carbonate

nodules, and plant remains¢ (Collinson, 1978). Red-coloured

'm ]

mudstones and siltstones stained by c;idized iren indicate
only periodic wetting, which occurs in Srid areas with a low
water tgble. while grey-coloured beds with root traces i;d
siderite nodules were ﬂggéﬂitgd under more reducing
conditions associated with ; high water table
(Collindon, 1973); fhe/pfépanderaﬁge of red beds in the
GladstofNe suggests an arid environment with only limited low
areas of backswamp deposition.

Much wetter environmental conditions are represented by

strata of the '"Calcareous' member. ts fossil assembiage

has been interpreted to denote fresh or fresh to brackish
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water by various workers (Loranger, 1951; Glaister, 1959;
Mellon and wWall, 1963; S.A.J. Pocock, pers. communication;
C. Singh, pers. communication). A lacustrine model of
deposftion accounts well for the abunaance of dark
calicareous shales and thin carbonates (Reineck and
Singh, 1973). Ailthough little core of the coarser.strata of
£he “"Calcareous'" hﬁmber has been observed, it may be
postuﬁated that the;e strata were laid down afong shorelines
or in. lacustrine deltaic and bar complexes. Oakes {(1966)
Aiscuss;d such a lacustrine depositional model for the
"Calcirgous“ member (which he called the Moulton member
(Table 3)) in'the North Cut Bank fi'.d (Twp. 37N, Rge. LW
(Montana)). Hys model, %Wthough based on only a small grea;
can probably be apélied to . the ”Calcar:ous” member over mast
of its range infthe thesis area.
C(d) tp§ Characte?
| ﬁelow.thc "Calcareous' member, the heterogeneity of
,llthologicaJ sequences in the Gladstone fFormation precludes
the deveiopment of log features correlatable over the study
areas, Sut4doesfserve }o distinguish the Gladstone from the
more uniform Upper Jurassic formstions. The overlying
Beaver Mines bem;tios is equally heterogeneous, -however,
aﬁd fhe th cén,be ;eparated with copfidence only where a
basal Beaver Hincs.oandstono can be recognized.

The '"Calcareous' membe} is more distinctive where

well-developed; A sharp log "kick'" of high resistivity and

acoustic velocity and low gamma emission marks the



argillaceous limestone, as demonstrated at 35B0 feet in the
*-

Bow Valley Tempest (10-30-9-19WL) well on stratigraphic

cross-section W1 - E1 (Fig. 9). Low resistivity and

acoustic velocity values, high gamma counts, and positive

spontaneocous potential defiections denote the dark sh;ie;.

A

Sandstone

nd siytstonhe bodies in the member do not provide
N )

unique log signatures because of their irregular
distribution, and therefore, unless the distinctive
limestone response is found, it is almost impossible to
distinguish the "Calcareous" member solely on log character.
(e) Cérfgiatian

Correlation of the Gladstone is made>difficuit not only

3
because of the lsck of distinctive log responses, but

because it was deposited on an erosiona! surfac

ce with

was latgr/SUBJEEted to

[+ %

considerable local relief an
variable erosion before being covered by the Beaver Mines
Formation. Despite these problems, examination of the
stratigraphic ire;s-sgctiahs and isopach map provides some
insight into patterns and control of deposition.

I'n cross-section Wl - EI (Fig. 9), the Gladstone is
present in the 15*3669§15Hk (Alberta) well, although it is
qu%tc thin. A thin . sequence of fine*grained sediments
essociated with the deposition of the Cut Bank Formation
m;kgsvup the iade; Gladstone, whereas the '"Calcareous"
member is fully developed. The lower Gladstone pinches out

Just east of the next weil on the section, but the

"Calcareous' member can be traced to the edge of the Cut
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Bank Valley in 4-27-10-16Wk. The existence of Gladstone
&

strata in L=16-10-9Whk, 11-24-9=-8whk, and L-9-10-6WhL is

problematical, but in“the eastern three wells, the

abruptly-increased thickness of Jurassic strata signifies
the presence of an ercsional escarpment facing west, on top

of which little or no Gladstone strata were deposited.

In cross-section W2 = E2 (Fig. 10), the entire

Gladstone is thick in the western four wells above the Cut
Bank Sandstone. The difficulty in correlating the
“"Calcareous'" member solely on log data is illustrated east
of L-2-1-16Wk; at some point the lacustrine strata of the
member grade into floodplain deposits with similar log
characteristics, but the precise location is unclear. The

formation thins sharply in 7-18-1-12whk over the Cut Bank -

Whitlash interfluve. A distinctive sequence of two thin
sandstones with intervening and overlying finer strata,
which can be traced several townships to the south, fills
the Whitlash Valtley in 6-1-1-11Whk. To the east, the

Gladstone thins and is generally fine-grained, implying that

1"ittle net deposition took place except in 6-29-1-8Wk, where

(o

a basal sandstone reflects the presence of a small stream
valley.

In the northe*n two wells of section S1 - NI (Fig. 12),
the Gladstone lies directly on Mississippian beds and
pinches aui against a north-facing erosional escarpment

between L-20-13-13Wwhk and 7-30-12-13Wk. As far south as

15-17-7-1hkWh, little or no Gladstone is preserved over the
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Jurassic except ih local valleys. An example of such a
valley is imn 5-36-11-1hWk, where 50 feet of Gladstone
quartzose siltstones can be related to a complex system of
lower Blasirmore dr&inage outlined by Berry {1974} in the
Grand Forks area. South of L-32-6-1LWk, the Gladstone is
wel!l developed, especially from 7!1851§1ku§ to

NWNW 16 32N 3W (Montana), where the sequence zaﬁsist‘gaf a
medial sandstone surrounded by finer facies.

Sgcgign $2 = N2 (Fig. 1'3) also illustrates the northern
ESE!FP!EﬁE and the presence of a thick section of Gladstone
south of Township 4 (Alberta).

(f) Regional Analysis

The Gisdstone thins to a zero edge in the eastern part
of the study area., but thickens sharply in the extreme north
and to the southwest, and along a north - south trend in the
centre of the isopach map (Fig. 20). This distribution is
best explained by interpreting the study area to have been a
broad upland during the time of Gladstone deposition, over
which sedimentation took place primarily iﬁ‘majar stream
valleys such as the Whitlash Valley, which éarrg;ﬁaﬁds to
the north - south trend where the formation is abnormally

thick. Rapid thickening of the Gladstone in the northern

part of the thesis area corresponds to the abrupt erosional

edge marking the northern margin of the southeastern
platform of Jurassic strata. This escarpment extends
northerly in the extreme northeastern part of the thesis

rea, as illustrated on section W)l - Ei1, and is cut back to



Fig. 20. Isopach map, Gladstone Formatioh. Crosses indicate wells with
core control; see Fig. 3 for remaining control. Contour
interval = 20 feet.



the south in Ranges 11 to 14Wh, where the Grand Forks stream
system ero@ed much of the Jurassic (Berry, 1974).

Strata of the "Calcareous" member are limited to the
Cut Bank Valley west of the broad upltand, as the
lacustrine-associated environments in which they were laid
down were probably bounded by the remaining relief on the
eastern edge of the Cut Bank Valiley. D. James {pers.
communication) has found that "Calcareous' member strata
increase in thickness and show more evidence of open-water
!dEﬁasitiaﬁ to the north and west.

Christopher (1974) mapped strata equivalent to the
Gladstone only in ma jor valleys incised in the bread upland
of the Swift Current platform (Fig. 2b), which is the
eastern continuation of the upland of the presant study
area. He postulated pre-Blalirmore uplift of the Swift
Current platform, which caused stream re juvenation,
deposition of valley-fil] sediments, and accelerated
interfluve erosion.

*f The ,mitlash Valley and associated minor valleys were
probably cut in response to the same conditions which caused
erosion of the Cut Bank Valley. hristopher's

tectonic controls were

interpretations indicate that lo
more important than eustatic sea level changes in valley
incisement. Basal sands of the Gladstons may have been

simult

[+%
]

d ite

po neously with the Cut Bank Formation, their

-

finer grain size being attributable to greater distance from

the western source area.
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(g) Other Stri%igr;phis Terms

Perhgps the most overworked and least clearly defined
stratigraphic unit in the Gladstone formation is the
Sunburst, an informal member used by early workers to refer
to a local Lower (retaceous reservoir sandstone in the
Kevin - Sunburst field (Fig. 33) (Hager, 1923;

Collier, 1929; Howel)l, 1929; Romine, 1929). Dobbin and
Erdmann (193L4) extended the Sunburst to the Cut Bank and
Border - Red Coulee fields to the west (Fig. 33), even
though they realized the sandstones were not exactly
correlative. They also used the term "Sunburst zone' to
include associated red and green siltstones and mudstones as
well as the Sunburst sand. Since then, the Sunburst has
been 'recognized" as far north as the Wayne field (Twp. 27.
Rge. 20Wh (Alberta)) (Ericksoen and Crewson, 1959), as far
south as Great Falls (Walker, 197L4;: Burden and

Hopkins, 1981), and for substantial distances east and west
of the Kevin - Sunburst field.

The term "Sunburst'" should be restricted to its
original range in the Kevin - Sunburst field. It would be
most useful if referred specifically to a type S;Ctiéﬁg
although it asppears that almost al) workers agree on its
boundaries in this area.

Most of the other names ‘used for ?\{arﬁ;i
lithostratigraphic units of the Gladstone in the study area

have Eiiﬁ applied to localized sequences, usually sandstone

bodies. §?F§¥§§?§§:h are often useful, as they are normally



restricted te rather sharply-defined strata in single
field or group of fields. Some are clearly redundant, and

their origin can be attributed te the lack of correlation

with previously-defined terms. For example, the ''brown

lime" of Oakes (1966) in the North Cut Bank Field (Twp. 37N,
Rge. LW (Montana)) is clearly part of the '"Calcareocus"’
member . Some names have been used by various workers to
refer to completely different strata, and would best be

eliminated. A good example is the Moulton sandstone, found

r - Red Coulee - North Cut Bank

n

in small fields in th Bord

area, which is composed of quartzose sgnd:tane%ﬁcgcrdiﬁg to

some workers, and andesitic tuffaceous sandstond according

[+ %

to others. Additional names of at least local ignificance
include: the Lander sand (Cut Bank field), various Sunburst
and "lower Mannville" subdivisions, and the Manyberries sand
({extreme southeastern Alberta).

in summary, the lithological variability of the

Gladstone dictates that informally-named lithostratigraphic

units should be correlated only over small sharply-defined

areas of no more than a few tens of square miles. Only the

" areous' member has proved to be sufficiently

1

2]
™
1]

=

distinctive to merit correlation aver a large part of the

study area.

Basver Aines

The Beaver Mines Formation is discussed briefly here in

n '

order to clarify the upper boundary of the Giadstone

Fermation.
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A composite section exposed on Rill and Gladstone
Creeks i; Township 5, Range 2 W5 (Fig. 1) makes up the type
Beaver éines Formation. Mellon (1967) found this section to

/
be 930 feet thick, although he noted that the thickness

;aries substantially over a smal!l area near the type
locality. He measured a L30-foot-thick lower sandy division
sharply overlying the '"Calcareous' member of the Gladstone,
the basal part of which consists of several feet of dark
green-grey shale and siltstone grading up to a 35-foot
green, fine-grained, cross-bedded sandstone containing
lenses of volcanically-derived pebbles. Two beds composed
of green, medium- to coarse-grained, feldspathic sandstone,
k0 and 85 feetsthick. are also present in this lower
division, The intervening and overlying beds congist of
dark green-grey shale, siltstone, and fine-graiged |
sandstone. Mellon's upper division of the Beaver Mines, 500
feet thick, is dominated by fine-grained rocks, especialty
varicoloured mudstones, with a decreasing propo;tion of
sandstone toward the top.

Several cored sections of the basaﬁ part of the Beaver
Mines were examined in the present study area. pas;l

sandstones, where present, are quite immature, containing up

to 20% matrix, usually composed of bentonitic clays which

swell upon contact with water (Plate 6b). Ma jor grain
components include 10 - 25% feldspar, abundant volcanic rock
fragments, and usually iess than 4O - 50% quartz and chert.

Minor components include dark- and light-coloured micas,
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chlorite, detrital carbonate grains, and abundant plant

fragments. In Chen's (1968) classification, sandstones of
the Beaver Mines Formation range from feldspathic
litharenites to extrafellitharenites.

On geophysical logs, Be¥ver Mines sandstones are
difficult to recognize and correlate. High clay and
feldspar contents produce high gamma ray counts normally
associated with more argillaceous rocks. In addition, the
abundant clay matrix fills pore spaces and thus suppresses
the negative spontaneous potential deflection which usually
typifies sandstones. Sonic and resistivity responses are
quite variable, although they can be useful for local
correlations.

Cores of the Beaver Mines were not studied sufficiently

**** interpretations. Continued
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sedimEﬁt:tia*/gﬁﬂgr a continental - fluvial depositional
regime can be/ assumed on the basis of the abundance of
fi@ﬁdp]giﬁ§;Y§l fine sediments and a fossi| assemblage very
similar to that of the Gladstone. Lacustrine or marginal
marine influence in Beaver Mines strata has been reported
(D. James, pers. communication) immediately to the west and
northwest of the study area.

The sharp Iithglagieg} contrast betag;n the more
mature, very siliceocous Gladstone i:%ditahe: and the Jless
mature, feldspathic Beaver Mines sandstones marks the

boundary between the two formations. Where the "Calcareous"

member is present, Jghere is usually little difficulty in
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recognizing the contact. - Where the Beaver Rines lies

directly on the lower Gladstone, however, accurate picks

dep€ﬁ§fypaﬁ closely-spaced core control, as the siltstones
e

=
and mudstones of the two formations are virtually

indistinguishable. In such cases, the base of the Beaver

Mines was picked at the lowest occurrence of feldspathic
argillaceous sandstone beds. Over the paleogeographical
upland where the Gladstone is thin or absent, it is

sometimes difficult to determine whether the basa!

Y
Cretaceous sandstone lying over the / eroded Jurassic surface

belongs to the Gladstone or to the Beaver Mines.

In ;:sés where sandstone baéie;ﬁ;rg of mixed provenance
(see Chapter Vil), some arbitrary definition is required to
separate Gladstone from Beaver Mines sandstones. It is
proposed here that a reasonable cut-off is a 53 feldspar
content in sandstcngs; In the western part of the study
area and immediately to the west and northwest, however, in
\\he area currently being investigated by D. James, there

exist very quartzose Gladstone sandstone® bodies above

]
-
~
k]
[ ]

feldspathic Beaver Mines sandstones. It is suggested that
these quartzose sandstones be included in the Beaver Mines
Formation, because they represent localized short-term
deposition of quartzose sand, probably derived from oclder
sediments, i% the midst of the Beaver Mjnes depositional

regime,,

LY
e



V. AGE RANGES OF LITHDSTRATIGEAPHTC UNITS

Introductory remarks made in Chapter | indicated that it is
very difficult to determine precise ages for Late Jurassic

and Early Cretaceous fossi| assemblages. Progress iS/ﬁQH
being made, hQHEVEF: toward reseclving differences among ‘
interpretations based on different fgs;ii groups from
different areas. g

Figure 21 summarizes the age ranges of Upper Jurassic
and Lower (Cretaceous strata in the study area. Because of
different paleontological interpretations and the poor
quality of assemblages p?i;gifed in some strata, most
formation boundaries are shown approximately and serve only
to indicate the most likely age ranges. Three stratigraphic
calungi are shown: one for the part of the study area west
of the Sweetgrass Arch, one for the part east of the arch,
and one for the part north of the Jurassic pinchout
(Townships 13-15 (A}berta))i The east and west columns
together can be viewed as a west-to-east "eross-section" of

The reader is referred to Chapter VI, Fig. 22, and

the area.

Table 3 for correlation of stratigraphic upnits discussed

below which are outside of the study area. )

109



(@]

‘0340 Buuowa. o
2l diysumoj ja yjsou oesD SS9y} ay)

ut se6o 2160jouoyo0eb 0y 18491 si0QWNU o
PUD @)300.g 90 §8UOZ DUNDJOIDJW

'(2961) Apjwy puo (ggel) gexsy ey sou

ws  (z¢

Y} JO SBAIDY UJIISDI PUD UIB
40 ji0d DY) 0} S48yl

61)

3J3000d 43}JD0 S3U0Z DJO}

‘(0861) sJ18woIy puo #3183S puo (
0z sjluowwo uosdoiny

W4HON,  “(Gs6L

1S9M Byy 03 J9jau ,3sD3, puo isam,
) obuisA3 uop a0 ‘sipak }
0401w (£961) uoliew pub (z/61) uno.g
g6l ‘Sv6l) Aojwy 190 seuoz ouno jobew
‘D3JD siseyy Ul syun oydoibiosysoyy jo sebup) by 1z By

‘(0y40qyy)
O suomIw

| LRI AT naeavigduny seouvgdale,
— e - o rl._ny_‘._w_mﬂmrlmwim.cv.u;:u_i.
-N—; [ T T T s hue s CQ._UOQQQ
| ”‘_y._‘w.,!cl.pl_wd _FriBsuiYitg |
. L e ] | av~7..-\n.|u_w:31~o_~ 1 ) k&l
~ _ f<.Jt.gwa’ﬂ_,..hmwin_ﬂufo
00 me — -
uoreumuyg | Y100ImeS 20 L DR | uejuoyjeg
— . " v e
ﬁur _: SISUBUINO 1 MPS $311eydeI0) 1,y ik _ ° [ )
wHH\Im\ = — SNISID $e.d21u0pATY ﬂ
1 : " —ver]
uopiaiy uopiery - o]
_ —ﬂq; agudiaa e S¥P1370 8015
- UNSET $®ia50uisoy CQ_DO——.U v
\ WNIPU0J0) se1s ouwk iy S
Py |P $€1820113g
llllll . : 1IdAWel SRIas0IparsuAnn w
T la)!l‘,llcl’o,“.»_ﬂ_.._wwg.'m,ﬁw”.”ew_d.““:o', sriiew seiss01paIsuaney | ToT] e
M HImS 2l IN [ T mmens [ wheees ivwseens ] )
I u....cu..&lmm_uc_:mu_;a
e avBiusine ) $31ouIyds:lay =Q~vh°-ﬂo
Tv| susidivep JNMQS»O
- or HA 7 e e Sy |
€ " rovornren ueiBp soww |
b
S ——————— ueipue|lio
\ \ ueiselsieg
i )
o] \ | \ usiujBueiep | xy
e ] ————— o my
P UB|AjI0)NBH -
\ usjwesseg W
.aw e
_ ino @ ueyjdy M
fuoIspe|Q |4 _Auoyspe|nl suoispeg w c
) L SN {=
- I} - £ P~ %& “ Pk P Ay ey PIPYINIODIPL (10 0wARY .
19AR 1AL 5>~N‘m el d ' ueiaiy
N A oM SAU07 sauoz Sauoz - S8uoz sabe;s
aliuowwe
a BJIO|JOIOIN MUNB 01D 1Y eunejebopy ueadoiny ueadoin3




A. Jurassic Formations

The dominantiy marine strata of the Ellis Group and
Shaunavon Formation contain an abundance of fossil
megafaunas, microfaunas, and microfloras which can be used
for age and paleoenvironmental determinations.
Megafauna

Megafaunal 20nes described by Iimlay (1947, 1952a,c,

1953, 1962) provide the most useful and rigorousliy-defined

dating scheme. Ammonites are the most important index

|

fossils and provide the basis for correlation with the ;fa\

European standard zones, bu; other molluscs such as bivalves
and belemnites are also significant components of the North
American zones. To date the formations og‘the Ellis Group,
Imlay collected from the type sections and from numerous
exposures on the f}anks of Tertiary intrusives in Montana,
including the Sweetgrass Hills. Similar age ranges were

interpreted by frebol!d (1957) for m'gafauna! assemblages

collected from §orrelative strata in the Fernie Formation of
the Alberta Foothills and Front Ranges.

As it is not feasible to make extensive megafaunal
collections from subsurface locatities, microfossil

assemblages must be used as the basis of subsurface

correlations.
Microfayna

Microfaunal assemblages of the Upper Jurassic of the
western interior United States were described by Loeblich

and Tappan (1950a,b), Lalicker (1950), Swain and



Peterson (f951, 1952), and Peterson (1954), as outlined in-
Chapter |1. Wal) (l§60) described the Jurassic microfaunas
of'Saskatqheuan but deemed them unsuitable for detailed age
Qating. He found that fhe foraminifera are generally‘lgﬁg
rangiﬂg and that the ostracods, while better index fossils,
are usuélly less abundant. He correlated ostracod and
foraminiferal assemblages with those of the Ellis Group, and
dated them solely o'ﬂ’he basis of those correlations.
Brooke and Braun (1972) constructed a detailed microfauna!l
zonation scheme for the same strata, which includes seven
primary assemblages and fhree sub-assemb.iages comprising sl
ostracod species, 108 fofaﬁinifera species, and at'!east
three ch;rophyte spécies. They traced their assemblages
across southern Siskatcheuan. relating them to the Williston
Basin lithostratigraphfc nomenclature, and also trgcedvth:m
to two outcrop sect}éns in the Little Rocky Mountains of
north-~central Hont;na. Unfortunately, they did not relate
the microfaunal assemblages directly to Imlay's megafaunal
zones, and hence were unable to provide precise age ranges.
Their microfaunal assemblages are sufficientiy wall defined,
however, to be useful in subsurface stratigraphic
correlation.
Microflora -
Pocock (1962, 1970, 19%2) has published most of tné
recent work on Jurassic microfloras of weitern North
Amér;ca. He described the composition of seven Jurassic

floral zones in his 1972 paper, and defined fairly



sharply-bounded age
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ranges which are significantly younger

than th of imlay's megafaunal zones. The present author
rega the megafaunal ages as more reliable than the
microfloral ages for the following reasons:

1. Most of the microflora! taxa are relatively long

ranging:;

Pocock assigned age

ranges by comparing the

percentage of species common to assemblages from the

upper Vanguard

(Fig. 22) and assemblages

J

Pocock maintained that

"Metacypris"

ostracod

than Kimmeridgian. However,

p.

as an

age

regarded this species as a
environment and did not use
and Christopher (1974) also
index fossil,

Pocock correlated the upper
of the Kootenay Formation

(basal part,

Gibson's (1979) revised nomenclature (Fig. 22)).

correlation is qugs{$iii5]e.

s Portlandian (

/ be as young

E/SFiﬁai]y. Pocock

/

.

+

-

(1962) himself,

work on Jurassic -

Formation (now Group)
from strata
the upper

ahasa

indicater.

Morrissey Formation,

in Saskatchewan
in England.
Vanguard contains the
is ne older

ensis which

at another point (1962,

6), he expressed doubt-as to the value of A.

Klingspor (1968)

of a marine

it in age determinations,

disputed its value as an

Vanguard with the basal part
in the Alberta Foothills
Keotenay Group of
This

as the basal Kootenay may
see Chapter VI),

in a discussion of previous

-
5

Cretaceous dating in western Canada,

“-exXpressed considerable uncertainty regarding exact dating of
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Upper Jurassic strata by means of microfloral and
microfaunal analysis.

Conclusions

Age ranges of the megafaunal zones defined by
Imlay (1947, 1953) are used to date the Jurassic strata of
the study area. At the present time, the microfossi|
assembliages alone are useful enly fer rough stratigraphic
correlation, as they are insufficiently subdivided to
document the extent of age variations resulting from onlap
and erosion of formations. Studies directly relating the
megafaunal, miﬁfﬁfiu;il, énd microfloral assemblages in
several outcrop sections would provide tools for much more
accurate dating and éaéreiitian of subsurface Jurassic
strata over all of the western interior.

No Jurassic strata exist in the northern part of the
area as the result of pre-Blairmore erosion (Fig. 21). In
the south, increasing age ranges of the formations away from
the centre of the ares reflects the presence of the -
ancegtral Sweetgrass Arch, Onlap during mar Fne
transgression caused the basal beds of each formation to
become younger toward the arch crest, while prolonged '
eXposure promoted increased erosion when the seas regressed.
qgep erosion of the Cut Bank and Whitlash Valleys praduégd
the irregular top surface of the Swift Farp:tiﬁn_ The;g
subtle relationships are documented by lithologicai

correlation, and hence are shown only :chgmitizaily;
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B. Cretaceous Formations
Continental strata of the Blairmore Group host only

floral and scattered microfaunal remains, and hence are much

-

more difficult to date than the marine Jurassic strata.

™
L

KRarine

rata equivalent to the Blairmore can be dated with
confidence, byt lie far to the north of the study area.
Regafliora R

Bell (1956) published a complete and detailed
Canada. Two important conclusions resulted:

1. Three distinct floral assemblages can be recognized,

which characterize the Kootenay Group, lower to middle
Blairmore, and the upper Blairmore.
2. Almost iiﬂléf the floral taxa are fairly long-ranging,
so that it is difficult to assign precise age ranges.
The Keootenay and lower Blairmore floral assemblages share a
large number of taxa, and are composed primarily of

conifers, fEfns, cycads, and ginkgos. In contrast, the

e

upper Blairmore flora, which Bel)l found to be separated from

the lower flora by about 200 feet of

o

arren strata, is
dominated by :ngiésaeFM'fax:_ Mellon and Wall (18963)
collected a flora transitional between the two Blairmore
assemblages from the northern Foothills.

| The lower to middle Blairmorse assemblage characterizes
~,all the Cretaceous strata investigated in this thesis.

Bell (1956) interpreted the most likely age of this

sassemblage as edarly Albian or Aptian, largely because he
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felt that it was not much older than the upper Blairmore
flora, which he dated with confidence as Albian. Bell did
realize that his arguments were not conclusive, however, and
stated that a Barremian age for the lower Blairmore
assemblage was possible. Gussow (1960), using the same
evidence and comparing it with floras from the English
Wealden strata, postulated that Blairmore deposition spanned

est (retaceous to Aptian time. Mellon (1967) pointed

ear |
out that aimost all collections of the lower Blairmore flora
had been made frgm*the Beaver Mines Formation, and that the
Gladstone Formation is usually barren, an observation which
casts even more doubt on the lower age range of Blairmore
deposition. Clearly then, the megafloral evidence alone s
insufficient for detailed age determination of the lower
part of the Blairmore Group, and. is usefu! only as a rough
correlation too).
Microflora

A comprehensive treatment of the Mannville microfloras
was published by Pocock (1962), although his analysis was
restricted to the lower part of the Mannville Group,
equivalent to the Gladstone and basa! Beaver Mines of the
present nomenclature in southern Alberta. Pocoeck found thnt:
the palynomorph assemblages of the Deville, "Quartz sand'",
"Calcareous", and "Glauconitic" members (Table 3) are all
aistiﬁét but stil)l fairly similar, Eﬁvirgﬁﬁeﬁtal
variations, particularly in the marine=influenced

"Calcareous" and '"Glauconitic'" members, expiain some of the
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differ

nces. Peceek interpreted the Mannville %;sgmnlages‘
by comparison with English Wealden assemblages, to indicate
that the Deville was deposited during the Berriasian to
Valanginian, the '"Quartz sand" during the Barremian, the
"Calcareous” member during the upper Barremian, and the
"Glauconitic" sand during the Aptian. As was the case for
the Jurassic microfloras and Blairmore megaflioras, however,
many of the Mannville microfloral taxa are long ranging and
;ansequgﬁt!¥ of limited use in age determinations.

Pocock (1976) later changed his age interpretations to sgree
essentially with those of Singh (1964) (see below), although
there appear to be significant differences between the
groups of ;pitigs r:gafd&d as index fossils by the two

workers. On the basis of palynomorphg (particularly

dinoflagellates) not documented in(his earlier studies,
Pocock assigned an Aptian age to the Deville and "Quartz

nd'" members, and a late Aptian age to the "Calcareous"
member .

Singh (1964) considered only index species of
microflora (those with a recognized restricted stratigraphic
distribution) in the Mannville of east-central Alberta.
Detailed comparison with English Wealden floras led him to
concltude that the Deville is no older than late Barremian
and that the Ellersliie (equivalent to the “"Quartz sand") |s

Apii;n in age. He dated the "Calcareous' member, which

contains no index .fossils younger than those

Ellerslie, as early to early middle Albian on
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k

. . o ., ) 3 ] L L
'ts stratigraphic position between the Aftian Ellersiie and

he overlying marine middle Albian Clearwater Formation.

I~

Microfauna

Few microfaunal taxa have been recovered from

‘tinenta! Blairmore strata of the thesis area, although

¥
i
b |

more diverse assemblages have been recovered from
correlative marine and transitiona] strata te the north.
The '"ostracod zone'", described in Chapter |V, comprises the

emblage below the

enly coherent Cretaceous microfaunal as

ea. Loranger (1951)

-

Beaver Mines formatien in the thesi

assigned an Aptian age to the "ostracod zone"”, based only on
3
its association with the pelecypod Unio (Protelliptio)

hamili. Badgley (1952) assigned an early Albian age to the
""zone'", again with little explanation. Gussow (1960)
interpreted a» Berriasian age for the fauna based on the

presence of Metacypris pahasapensis which, as previausly

discussed, is a facies-controlled fossil and not a reliable

age ind.cator. Mellon and Wall (1963) and Mellon {1967)

concluded that the microfauna of the Protelliptio hamili

zone (as it was called by Mellon (1967)) are not suitable

for age determination, as the constituent taxa are teoo long
ranging.
ﬁggaf!gﬂi

Mar 'ne megafaunas with well-defined sge ranges do not

exist in the Blairmore of the study area, but have been
recovered in abundance from equivalent marine str:tgkiﬁ

northern Alberta and British Columbia (Stelck et. al, 1956;
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Stelck, pers. communication). These strata can therefore be
dated precisely in terms of standard ammonite zones
(Jeletzky, 1967). Associated microfossil assemblages can be
used to continue correlations into marginal marine strata

(Stelck, et. a)l, 1956;: Meilon and Wall, 1963; Mellon, 1967;

Stelck ?nd Kramers, 1980). Further extrapolation of the age
ranges determined by marine megafaunas into continental
deposits must be based entirely on lithostratigraphic
correlation, although significant errors c#n occur because

of diachronism of deposition. Ages determined in this
manner agree well with the microfloral ages in the Mannville
of central Alberta, but they éannot be applied with as much
confidence to the Blairmore of the study area.

An important recent development is the dfsgavgry of the
ammonite freboidiceras in the basal Grand Rapids Formation
of north=-central Alberta (Tab'!e 31). Stelck and
Kramers (1980) inE‘rpreted the occurrence of this ammonite
to "indicate an garly‘:lbi;n age for the base of the Grand
Rapids, which lies abév’ the base of the .:ver Mines
equivalent (see Chapter VI). This determination thus
restricts the upper age limit of the Gladstone and

% N
equivalent strata to nddvaunger than early Albian.

Fossil taxa of the Blairmore Group of the southern
Albert; and northern Montana Plains cannot be interpreted to
provide sharply-defined, unambiguous ages. The fossil

) " . )
megaflora is fairly homogeneous throughout the section, and
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indicates iny an tarly Cretaceous age. The microfauna is
similarly long ranging, and its distribution is goverhed
primarily by facies relationships. Detailed studies of the
palynomorphs have led most workers to conclude that Aptian
and Albian ages can be assigned to the Mannville of the
central and northern Plains. More precise megafaunal dating
of lithostratigraphically equivalent marine strata further
restricts ages ranges, but these determinations are sub ject

to some doubt because of regional diachronism of deposition.



Vi. STRATIGRAPHIC CORRELATION WiITH SURROUNDING AREAS

As stated in Chapter |, the present study area is essential
to the understanding and correlation of several schemes of
stratigraphic nomenclature. Figure 22 and Table 3 show the
correlation of Upper(Jurassic and Lower (retaceocus strata in
the thesis area with strata of the same age in four adjacent
areas: the Rocky Mountains and foothills of southern Alberta
to the west, the Plains of central Alberta to the north, the
Plains of southwestern Saskatchewan to the east, and the Big;
Horn Basin of northern Wyoming to the south. The basic
stratigraphic scheme in each area is well established, and
in turn can be related with confidence to more distant
areas.

Correlations are discuss%d for three intervals: Ellis
Group equivalents, strata laid down during the time between
Ellis and Blairmore deposition, and Blairmore Group
equivalents. Lithostratigraphic correlation is the primary
ob jective, but chronostratigraphic evidence is presented as

b

well.

AL Ellis Group Equivalients

Marine strata of the Ellis Group are homogeneous over
large areas, undergoing only gradual facies changes to the
west, east aﬁd south. Th}s homogeneity and the presence of
abundant fossils lends a8 high degree of certainty teo both

lithostratigraphic and cﬁronostratigrlphic correlations.
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Southern Alberta Foothills

i

Marine strata of Middle and Late Jurassic age can be

tr

ced without interruption from the study area west to the
Foothills and Rocky Mountains, where they are included in

the Fernie Formation. The Ellis - fernie transition is not
defined and as the two units are very similar, an arbitrary
cut-off would have to be designated to separate them. The
Fernie, however, also includes older strata of Middle and

Early Jurassic age and younger strata of Late Jurassic age.

Frebold (1957, 1958) and Frebold et al. (1959) described the

lithology and megafaunas of the Fernie in detail.

The Rock Creek member of the Ferhie Formation (Fig. 22)
is composed of uniform very dark, rusty-weathering shales
with some bands of sandy |imestone and ‘1imy sandstone,
tending to become coarser-grained to tha east
(Frebold, 1968). It is thus quite similar lithologically to
the lower part of the Sawtooth Formation of the western part
of the thesis area. Frebold (1957, 1958) dated the Rock
Creek as middle Bajocian, but was unable to make direct
faunal correlations with the Sawtooth. He cited, however,

lay's (1953) report of the ammonite Chondroceras

Im
(Defonticeras) in the lower Sawtooth of southwestern
Montana, and noted the occurrence of the same genus in the

Rock Creek member.
frebold (1957) described three major divisions of the
lower Callovian Grey beds of the Ffern e. In the Foothills

west of the Alberta part of the thesis area, the Corbula
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munda and the overlying Grzghge: beds crop out, which
comprise just over 100 feet of gréy shales with bands and
lenses of greyish calcareous fossiliferous sandstone. In
the upper four feet are the Gryphaea beds, which consist
almost entirely of shallow-water molluscan fossils. S};ty
feet of shale overlie these beds, although only the basal
five feet yield fossils. Further west, approaching the
Fernie (B.C.) area, Frebold's third division is found, as
the Grey beds thicken te 225 fget: become less sandy, and
lose their characteristic pelecyped fauna found in the
Foothills. Frebold (1957) iﬁtEFéFEfEd the ;ge of the Grey
beds to be early Callovian, as he found theijr megafauna to
be correlative with the five Callovian faunal 2ones of the
western interioriUﬁitgd,St;tes outlined by Imiay (1947,
1952a) (see Fig. 21, this thesis). The Rierdon Formation is
thus lithologically similar to the Grey beds, especially to
fhe western shaly digisiaﬁ, and is of the same age.

The Green beds éf the FerniexFarmiii?n overlie the Grey
beds (Fig. 22). In the Foothills west ﬁf the thesis area,
the Green beds are composed of up to 50 feet of
shallow-water glauconitic sandstone with yellow-broewn
concretions containing belemnites, gastropods, vertebrate
remains, and plant debris (Frebold, 1957). Toa the noarth,
the sandstones are replaced by dark shales with large
concretions. The coincidence of shallow-water facies and =ssz{%

faunas in the southern fFoothills both in the Callovian

(Corbula munda and Gryphaea beds) and the Oxfordian (Green
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bgds) indicates the persistent presence of a relatively
shallow area.

Frebold (1957) correlated the Green beds with the shale
member of the Swift formation, although he admitted that
there had been insufficient recovery of index fossils from
the Green beds to date and correlate them accurately. Some
of the barren shales included in the upper part of the Grey
beds may also be partly equivalent to the Swift shale
member .

Gradationally overlying the Green beds are the Passage
beds, which Fr;bold (1957) correiated with the ribbon sand
m :\of the Swift Formation. The Passage beds consist of
dark shales with thin interbeds of sandstone very similar to
the'ribbon sand. Sandstonre content increases gradually
uphard. but never becomes as prevalent as it is in the type
Swift. No index fossils have been found in the Passage
Beds, but their stratigraphic position and lithology provide
suffici;nt evidence for their correlation with the Oxfordian
Swift Formation. Frebold (1957, 1958) and frebold et
al. (1959) suggested that the upper, sandier portion of the
Passage beds is equivalent to the Morrison Formation
(Fig. 22). This correlation is likely true, as will be
discussed later, but the precise location of‘the transition
from Swift to Morrison equivalent is unclear because of the
lack of fossil evidence. As well, marine influence
continued in the present-day foothills area after the sea

had withdrawn from the Plains. (see Chapter VI1!).

d



in summary, the Middie and Upper Jurassic strata of the
fFernie Formation can be correlated directly with the Ellis
Group both lithologically and paleontologically. Some
facies differences exist, but these can be'pttributeé to the

generally deeper-water depositional environments of the

rnie Formation and to local sheaals in the southern

-
[, ]

‘Foothills area. Frebold's (1957, 1958) paleontological

interpretations indicate that shorter periods of deposition

n by Eilis

are represented by the strata of the Fernie th

situation opposite to what would be expected when

[w]

strata,

al spects are considered. Abundant shale

[
o
[a ]
w

the environmen
strata lacking index fossils are contained in the Fernie,

the intervals

o |
[+ %

urin

Lo}

however, which were probably laid dowt

(2]
[

reen beds deposition.

between Rock Creek, Grey beds, and

Central Alberta

o Jurassic strata are preserved to the north of the

x

thesis area, as they are truncated at the northern erosional
escarpment within the thesis area. Lower Cretaceous strata

thus lie directly on Mississippian and Devonian formations

in central Alberta.
ngﬁﬁu,stern Saskatchewan

Christopher's (1964, 197k) stratigraphic nomenclature
is the basis for most of the carrelations discussed below.
Some of his age assignments and correlations, however,
‘require revision, as suggested in this section.

The Shaunavon Formation of the Williston Basin is

directly correlative with the Shaunavon of the esastern part
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of the study area, although its basal b?ds become slightily
older to the east into the Williston Basin because of oniap
onto the Sweetgrass Arch. it is éﬁE*grmibly overlain by the
Rierdon and Rush Lake Shale of the Vanguard Group east gé
Longitude 108", but a disconformity which increases in
magnitude toward the Sweetgrass Arch is present at the top
of the Shaunavon to the west (Christopher, 1974). Milner
and Thomas (1954) named and described the Watrous and
Gravelbourg Formations, which underiie the Shaunavon in the
Williston Basin. These formations are equivalent in age to
the lower part of the Sawtooth, although the lower age 1imit
of the older Watrous has not been determined conclusively
(Fig. 22).

The Rierdon Formation can be traced eastward from the
Alberta - Saskatchewan border for about 65 to 90 miles
(Christopher, 1974). Its lower contact is clearly defined
by the limestone of the Shaunavon, while the Rierdon
shoulder marks the top of the formation on geophysical logs.
To the east, the upper beds become younger and eventually
grade into fine-grained sandstone strata, at which point
Christopher (1974) subdiviﬁed the Rierdon into the iower
Rush Lake Shale and the upper Roseray Sandstone. .
‘Approximately 70 i?120 miles farther to the east, around
Ringé: 25 - 30W2M, Christopher claimed to rgcaﬁhi;e the

Rierdon shoulder again and hence extended the Rierdon into

this srea.



The shale member of the Swift Formation is directly
correlative with most of the Masefield Shale of
Christopher (1971;i 1980). <Christopher (1974) observed some
sand in the upper part of the Masefield, but such arenaceous
stfit; are more logically included in the overlying Success
fFormation,

As defined by Christopher (197k), the Success Formation
pPresents numerous correlation problems. Christopher
assigned the Success to the Mannville Group, and postulated
that it was deposited over a broad, low-relief erosional
surface. He distinguished two informal subdivisions of
interest in this study:

1. S1: generally coarsening-upward carbonaceous mudstones
"and quartzose siltstones to fine sandstones. Sandstones
are fairly massive near tmeetapi but occur in "pods and
rolls" where transitional to lower mudstones. The §] is
often glauconitic near the base, and contains abundant
small siderite spheres near the top.

2. 52: characterized by ''macrolenticular" fining-upwi?d

sandstone bodies with abundant trough and tabular

3

cross-stratification, grading up to small-scale trough
cross-beds and ripple laminae. It sharply and
unconformably overlies the S! unit,
Christopher (1974) mapped the Success as a blanket-type
deposit later removed from many areas by pre-Cantuar
erosion, The S1 unit is truncated to the north and locally

to the west and east of its type section near Swift Current
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(Township 15, Range 1hw3; Fig. 1) by the more widespread $2
unit.

fnclusion of the entire Success Formation in the
Mannville Group is clearly erronecus when the Upper
Jurassic - Lower Cretaceous stratigraphic succession in
surrounding areas is considered. Christopher tentatively
correlated the SI1 unit with the Jurassic Morrison Formation,
but various lines of evidence show that the §1 should be
correlated with the ribbon $and member of the Swift
Formation. Photographs by Christopher (197L4) show the :S]
lithotypes and accessory components to be very similar to
those of the ribbon sand, an observation confirmed by
re-examination of several cores. Christopher (197L4) .did not
discuss the nature of the Masefield Shale - Success (s1)
contact, but sandy beds observed in some cores of the upper
Masefield signa} the initiation of ribbon sand deposition,
and therefore imply a gradational contact. He found the
S$1 - S2 contact, however, to be regionally unconformable.
Finallyﬂ samples taken by the present author from two
Success cores (Tidewater Frontier Erawn=33é21—3iiﬁu3; 4093
feet and 4136 feet; and Tidewater Staynor Crown 1-29-2-22W3,
L166 feet) yielded Late Jurassic palynomorph assemblages
very similar to those found in the ribben sand.

The S1 unit of the Success fFormation is therafore
considered to be correlative with the ribbon sand member of
the Swift Formation. Patchy distribution Qf the S1 can be

b

attributed to pre-Blairmore erosion and to the difficulty of
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correla

ting the eroded remnants of the S1 across large areas

h poor core control. The ribbon sand - S1 lithosome is

[l

w i

probably thicker and more uidESﬁFeéd in the extreme

of Saskatchewan than mapped by

L

southwestern par

Christopher (197L4), as 3; can be correlated eastward with
confidence from the three east - west cross-sections of this
thesis.

in summary, the Rierdon and Shaunavon formations of the
thesis area can be correlated directly eastward into
Saskatchewan, +hé Swift can also be traced into
Saskatchewan, but there it has been divided into the
Masefield Shale and the S1 unit of the Success formation by
Christopher (197;)i For regional carrgrati@n purposes, the
Masefield and St unit should be incorporated intec one
f

rmation at the top of the Vanguard Group, and the S2 unit

o
-

Lo]
-
w
-

the Success should be assigned to a separate, younger

formation.

Northern Wyoming
Formations of the Ellis Group can be correlated
southward with a high degree of confidence, although the

L)

[ X7

Belt [sland paleotopographic high (see Chapter Vil fFig.
fnfiugnced facies significantly and caused erosional
truncation of each fgrmatigﬁ over various areas.

The Sawtooth Formation is recogpized only nerth af»th;_
Belt Island hggh (Peterson, 1972). To the south,

continental to restricted marime environments are indicated

. by the presence of abundant red beads and evaporites in the
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Nesson and Piper formations (Table 3; Rayl, 1956). HMiddle

WO

to late Bajocian ammonites recovered from the Piper show
that it was deposited approximately synchronously with the

normal marine Sawtooth (Imlay, 1956). Ffurther south, the
Nesson and Piper can be correlated lithologically with the .
Gypsum Spring Formation of the Big Horn Basin, which is
composed entirely of red beds, gypsum, and thin limestone

beds lacking diagnostic indem fossils. It is disconformably

overlain by the Sundance fFormation; the truncation of marker

[+ d

ed

[

to h

™
[ ]
s ]

uth indicates that the magnitude of the

in that direction (Imlay, 1956).

unconformity increase

Rierden Formation straia gradually become sandier and
less calcareous to the south of the thesis area
(Peterson, 1972). tn southern Montana, Imlay (1956)
distinguished a thin basal sandstone, a medial shale member,

and an

[

Pper sandstone. He recognized the same lithological
units in the Lower Sundance Formation of the Big Horn Basin,

and documented the same megafaunal zones in the Lower

L]

Sundance as in the Rierdan af:nartherﬁ Rontanas.

Little difficulty is encountered in tracing the two
membergs of the Swift ?armitiaﬁ te southern Montana. The
shale member b{iamgs slightly calcareocus, whereas the upper
member becomes more strongly dominated by cross-bedded B
fossiliferous s;nastang: with thin interbeds of p-l:éipad ‘

coquinas. Similar lithologies in the Big H

Basin of

-

oy

F

2
[

northern Wyoming make up the Upper Sundance Formation.

Brenner and Davies (1974) included the shale member of the
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Upper Sundance in the mud facies and the sandstone member in
the marine bar sand facies of their Oxfordian depositional
model. The molluscan fauna of the Upper Sundance,
documented by Imiay (1956), provides evidence that this part
of the Sundance is similar in age to the Swift of northern
_Héﬁtiﬂi; The Upper Sundance - Morrison boundary becomes
somewhat older to the south because of thé retreat of the
Oxfordian sea to the north.

B. Post-fllis, Pre-Blairmore Strata

Although no rocks of post-Oxfordian, pre-Aptian

a

t

have been identified in th thesis area, sedime

iﬁéunuiiged in nearby areas during this time. These strata
are discussed briefly because of their importance to the

reconstruction of the Late Jurassic - Early Cretaceous

gecological history of the western interior.

o

Southern Alb ,

erta

]
Lo

othills

of the Fernie Formation

o

ed

Deposition of the Passage

»
T
™

egntinugd uninterrupted in th est Alberta Basin long after

the withdrawal of the Swift (Oxfordian) sea from the
Sweetgrass Arch area. Continued thallowing pf the sea is

recorded by the increased sand content toward the top of the
,

Passage beds (Frebold, et al., 1959), much as the Swift

a

ribbon sand coarsens upward. The contact of the Passage
beds with thg;m;s:ive sandstone at the base of the overlying

Kootenay Group is transitional, and several workers have

~d

debated its exasct position (Frebold, 1957; Jansa, 1972; :
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Gibson, 1977, igjg)i Gibsen (1977, 1979) and Hamblin and
Walker (1979) designated the base of a massive,
cliff-forming sandstone to be the base of the Kootenay.
Gibsen (1979) formalized the stratigraphy of the -
Kootenay Group, subdividing it inte three formations. The
basal Morrifsey fFormation is a massive, éaarsgﬁinﬁiupqgrd
sequence of sandstone up to 80 metres thieck. The Hi:g
Mountain Formation comprises as much as 665 metres of
interbedded sandstone, siltstone, mudstone, shale, and coal.
As !ufhéli 590 metres of interbedded sandstone. siltstone,
mudstone, coal, and locally thick chert pebble conglomerate
‘m1ke up the upper Elk Formation. Gibson and Hughes (1981)
provided a detailed depositional model for the antire
Kootenay, consolidating and further developing previous

models by Gibson (1977) and Hamblin and Walker (1979). A1l

three models suggest that the Late Jurassic ea had

retreated from the craton and was retreating from the West
Alberta Basin as well during Kootenay time.

Insufficient paleontological evidence exists to date
the P:i:agg beds and Kootenay Group precisely.
Frebold (1957) reported the occurrence of the late
Portlandian ammonite Titanites occidentalis from the
Morrissey Sandstone. Because of their conformable contacts
with the Morrissey and the Green beds, the Passage beds were
assigned a Kimmeridgian to early Portlandian age. The
Kootenay would therefore be latest Jurassic to earliest

Cretaceous in age, with the Jurassic - Cretaceous boundary
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possibly lying somewhere within the Mist Mountain Formation
(Gipson, 1979). This entire dating scheme depends upon the

t

Rtative identification of a single specimen of a giant
ammonite, of which only Ythe ocuter whorls are preserved
(Frebold, 1957; p.66, Plates XL!) - XLIV). C.R. Stelck
(pers. communication) has indicated tht the identification
of this specimen may be called into question because it is
not sufficiently well preserved to warrant its assignment to
a particular genus. If the ""Titanites'" specimen actually
belongs to a Kimmeridgian or even late Oxfordian genus, as
suggested by Stelck, the

~

Kootenay EraG§ would have to be increased correspondingly.

ges of the Passage beds and

The Kcotenay would then perhaps be entirely Late Jurassic in
age.
No strata correlative to the Kootenay are found in the

area, as the group is erosionm!ly truncated near the

thesis area, as the group is erosionglly truncatec
eastern edge of the Foothills. The interval of erosion and

nondeposition shown in Fig. 22 includes most of Neocomian
(Berriasian to Barremian) time in the Foothills, but the
hiatus could be much larger if the Kootenay proves to be

entirely Jurassic iﬂfjge;

Extensive erosion and little deposition took place over
southwestern Saskatchewan during the latest Jurassic -
earliest Cretaceous interval. The §2 division of the
Success Formation was correlated with the Deville Member of

the Mannville Group of central Alberta by
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Christopher (1974), and was thus included in the Mannville
of southern Saskatchewan. Both the Deville and Success 52

are discussed in the following section on

lﬁiiifﬁérE*E§QEVi12ﬁt strata.

!
gg&thEFﬂ Wyoming

( To the south of the study area, the Morrison formation
was deposited in terrestrial environments as the Swift sea
retreated from the craton (see Chapter V). The Morrison is
well developed in the Great Falls, Montana area
(Walker, 197L), and can be traced continuously southward
throughout the western interior of the United States
(Suttner, 1969; Peterson, 1972). In the Big Horn Basin of
northern Wyoming, the Morrison consists of 130 to 280 feet
of lenticular mudstones, siltstones, and sandstones which
are exposed primarily in areas of badland topegraphy
(Moberly, 1960). These strata were laid down in fluvial
floodplain and channel as well as lacustrine gnvirahﬁ:ﬁti

/

(Moberly, 1960; Peterson, 1966).

The conformable contact of the Morrison of the Big Horn
Basin (and of most other areas) with the underlying
Oxfordian Sundance Formation is evidence of a Kimmeridgian
age. Yen (1951) described a molluscan fau%; from the
Morrisen which he interpreted to be older than Purbeckian
r.

of the

(1atest Jurassic), and Imlay (1952) summarized atg;

paleontological evidence for the Late Jurassic ﬁ&’
\
/

Morrison.



The Morrison - Cloverly (lowest Cretaceous)_contact is
.
not conspicuous in most of the Big Horn Basin because of the
similar lithologies of the two formations, and
Moberty (1960) proposed that the nandeéé;itiaﬁii.hi:}us

between the two was very small.

C. Blairmore Group Equivalents .

Continental strata of Early Cretaceous age are found

over the entire western interior of North America, recording
renewed deposition after a long hiatus as the result of
uplift of western orogenic and northeastern Precambrian

Shield source areas. . Low ermost Cretaceous strata are thus
‘@ ;

regionally diachronic because of the variable tlg}ﬂﬁ

local’ saurse area uplift. Paar pala olegi control

hinders the accurate correlation of depositional events, and
therefore the ages shown in Fig. 22 are subject to

modification.

Southern Alberta foothills

Little discussion is necessary in this section, as the
Cretaceous iithgsirstigr;phy of the thesis area is derived
from that of the Foothills,

The Cadomin Formation of the Foothills is equivalent to
the Cut Bank Formation of thg study area. Conglomerate with

chert, orthoquartzite, argillite, and siltstone pebb] nd

4 coarse quartz-chert sand matrix is the dominant lithology
of the Cadomin, éicurring§§¥terbedded with variable

proportiens of coarse- to medium-grained siliceocus
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sandstone, The pebble percentage and clast size generally

increase westward (Schultheis and Mount joy, 1978). The
Cadomin is up to 200 metres thick, although it rarely

exceeds 15 metres in the southern Foothills (McLean, 1977).

nt of the

Considering the homogeneity and large areal xt

formation, it is uniformly quite thin.
Schultheis and Mount joy (1978) and MclLean (1977) agreed
Cadomin accumulated (from west to east) as pediment

th h

t

"
]

and in alluvial plain

"

gravels, in coalescing alluvial fan
environments. In southern Alberta, the finer deposits of
the easterly, north- to northwest-flowing river system are

included in the Cut Bank Formation. To the north, all the

included in the Cadomin, although more k

3
-
[ ]

sediments ar
detailed study may justify the designation of other
formations composed primarily of sandstone.

The Gladstone and Beaver Mines Formations thicken
markedly westward from the thesis area to their erosional

truncation in the Rocky Mountains.

Central Alberta

Strata equivalent to the Blairmore of the itudy area
can be traced northward without inkerruption through central
Alberta to an outcrop edge adjacent to the Precambrian
Shield in nﬁf;hEFn Alberta and Saskatchewan. These strata’
are :!Signgd'éﬁ the Mannville Group over most of the area.

Nauss (19L45) designated the type Mannville as a
sequence of grey to grey-green continental and marine

sandstones, shales, and coal. He divided the succession
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into six members, but most of these caﬁ‘be recognized only
locally (Mellon, 1967). Williams (1963) described the
formal lithostratigraphy of the Mannvilie of central Alberta

(Fig. 22), which Mellon (1967) discussed and correlated
throughout Alberta.

The basal Deville Member of the McMurray Formation
consists of fragments of the underlying Mississippian and
Devonian carbonates in a matrix of green, brown, sand red
claystones, coal, and thin sandstones (Williams, 1963). It
is restricted to paleotopographical lows on the
pre-Mannville erosion surface, and has been interpreted by
Mellon (1967) to represent the residual weathering detritus
derived from the Paleozoic carbonates. Beds which match the
description of the Deville were found in cores from a very
few wells in the northern two townships of the thesis area,
north of ihe Jurassic escarpment (eg. R.O. Corp. East Alder
12-10-15-10Wk, 3101-3114 feet; Appendix A, p. 290).
Insufficient data were obtained to map or describe these
beds adequately, so they were not differentiated from the
Gladstone. It appears, however,.that the Dgsilig Member can
be extended southward to the edge of the Jurassic
escarpment.

Accurate dating of the Deville Member is not possible,
as it is the product of long-term weathering, and thus
varies in lithology and aﬁe ffom place to place. Most of it
must be Early Cretaceous in age, however, as it is found in

valleys cut during and immediately prior to deposition of
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the Mannville (Williams, 1963). Pocock (1962) recovered
palynomorph assemblages from the Deville similar to those
found in the Ellerslie, sufficient evidence to establish an
Early Cretaceous age. At least a part of the Deville Member
must therefore have been deposited at the same time that the
Cut Bank Formation was being laid down to the southwest.

Grading up from the Deville is the Ellersliie Member
(also called the "Basal Quartz"), a sequence composed of
kaolinitic quartz sandstone, siltstone, and silty,
micaceous, often carbonaceous shale. in central Alberta,
the Ellerslie was deposited in fluvial - continental
environments on a surface of moderate relief over Paleozoic
carbonates and thin beds of the Deville Member
(Wiltliams, 1963; Rudkin, 196L4). The Gladstone of the
Blairmore Group is directly correlative with the Ellers!ie
on the basis of stratigraphic position, sandstone
composition, and general depositional environments.
Ellersiie strata are more widespread and blanket~like than
those of the Gladstone, reflecting the dominance of
aggradation over erosion in the broader valleys of the
central and northern Plains near the edge of the advancing
Boreal sea (Rudkin, 1964).

The "Calcareous' member of the McMurray Formation
gradationally overlies the Ellerslie in central Alberta, and
consists of dark calcareous fossiliferous shale, silty
shale, and Jlenticular calcareous sandstones

(Williams, 1963). It contains fresh water to brackish
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miérafggsiis which become more marine to the north
(Loranger, 1951; Glaister, 1959; Pocock, 1962). The

"Calcareous" member of the Mannville is
lithostratigraphically correlative with the "Calcareous"
member of the Blairmore in southern Alberta. A broad,
low=-lying plain dominated by‘sh:lLaH lakes is envisaged as
the depositional environment in which such widespread
lacustrine to marginal marine facies ;;cumuiatedi(See
Chapter VIil).

he McMurray Formation grades sharply upward into the

-

Clearwater fFormation. In central Alberta, the base of the
Clearwater is marked Ey a p?rsistent very fine- to
medium-grained glauconitic sandstone called the Wabiskaw
Member by Badgley (1952) and Williams (1963). The remainder
of the Clearwater consists of dark grey shales and silty
shales, and very fine- to medium-grained "salt-and-pepper"”
sandstones, which contain much more feldspar and a generally
greater proportion of rock fragments than sandstones of the

McMurray Formation (Williams, 1963). A marine environment

-

he abundance o

-

glauconite and the presence

of marine microfossils (Pocock, 1962; Mellon and

is indicated by

Wall, 1963). On the basis of stratigraphic position and
sandstone composition, the Ciearwatgr correlates with the
Beaver Mines fFormation of southern Alberta.

It is clear that the Blairmore of southern Alberta can

be correlated directly with the Mannville of central

Alberta. The contact between the two groups must be quite
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gradational, and must vary with stratigraphic pesition. An
arbitrary cut-off (after Rellon, 1967) is thus designated to

Separate the Blairmore and Mannville in Fig. 23. South and

west of Ehg cut-off, drill hole cores indicate that red beds
like those in the Blairmore type sections characterize the
stratigraphic succession, while to the north and east,
green- and grey-coloured beds more closely resembling the
type Mannville predominate (Glaister, 1959; Mellon, 1967).
Southwestern Saskatchewan =

Tracing Blairmore strata eastward into Saskatchewan is
somewhat more difficult than tracing them northward into
central Alberta. Ruch of the difficulty can be attributed
to the sharply different scheme of stratigraphic
nomenclature employed by Christopher (1974, IQBQ) in
Saskatchewan. Christopher (197h) correlated the entire
Success Formation with the Deville Member of central Alberts
and Saskatchewan, Postulating that both units had been laid
down over a ia%g indeterminate period of time prior to the
commencement of deposition of the Gladstone - KRcMurray -
Cantuar lithosome. In the broader regional scheme of
sedimentation being considered in this thesis, only the §2
unit is correlated with the Devilie, as the S1 unit has been

hown to be equivalent to the Swift Formation. The

rosional hiatus which straddlies the Jurassic - Cretaceocus

boundary in Saskatchewan thus occurs between the S| and $2
units of the Success, not at the base of the Success as

proposed by Christopher (1974).
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Fig. 23. Location of arbitrary cut-off line,

based on subsurface data, separating
the Blairmore and Mannville Groups
in southern Alberta (after Mellon

1967).
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Most recent workers have included the strata of the
Lower Cretaceous of Saskatchewan in the Mannville Group (eg.
Maycock, 1967; Christopher, 1874, 1975, 1980), although
there has been considerable disagreement regarding this
nomenclature. Considering the position of the Blairmore -
Mannville boundary in Alberta (Fig. 23) and the nature of
the S(ﬁkatchewan strata (as described by Maycock (1967) and
Chrisgypher (1974, 1975)), the Lower Cretaceous strata of
weste;n Saskatchewan are best assigned to the Mannville
Group, except in the extreme Southwestern corner of the
Province, where they belong to the Blairmore.

Mannville strata overlying the Success are divided intc
the lower Cantuar and upper Pense Formations (Price, 1963)
(Fig. 22, Table 3). The Cantuar fills in a high-relief
unconformity throughout Saskatchewan, resting on Shaunavon,
Rierdon, Masefield, and Success strata (Ch?istapher, 1974).
Three formal members of the Cantuar were designated by .
Christopher; these are the (lowest) McCloud, Dimmock Creek,
and (highest) Atlas. The McCloud consists of quartzose
sandstones with a kaolinitic to si\iceous matrix at the base
grading up to dark grey coaly shales, which fill in the
lower part of large valleys. Most of the rest of the reljef
is filled in by the Dimmock Creek, which is characterized by
argillaceous sandstones containing abundant feldspar,
biotite, chlorite, and lithic fragments, as well as some

glauconite. Similar sandstones typify the Atias Member,

which forms a blanket deposit over the resulting low=-relief
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surface.

Post-Success uplift of the Sweetgrass Arch - SHift;
Current Platform (Fig. 24) caused the development of major
valley systems in which the fluvio-continental McCloud
Member was deposited (Christopher, 197L). The McCloud is
thus directly equivalent to the Gladstone of the thesis
area. Similarly, the ihf‘u!;QF feldspathic and lithic
detritus which characterizes the Dimmock Creek and Atlas
Members reflects the same event(s) which caused the onstet of
Beaver Mines deposition in southern Alberta and northern
Montana.

Northern Wyoming

Basal Cretaceous continental strata in northern Wyoming
make up the Cloverly Formation, which averages 280 to 300
fest thick in the Big Morn Basin, where Moberly (1960) has
subdivided it into three members: the Pryor, Little Sheep,
and Himes. The Pryor Conglomerate is a distinctive basal
member occurring primarily on the northeastern side of the
bi!}hg It consists of chert pebbie conglomerate and
siliceous, locally coaly sandstone, which grades to thin
well-sorted quartz arenites away from its depocentres, and

grades upward into the lower beds of the Little Sheep

w

Member. The Little Sheep is primarily a variegated

racterized by a '"gumbo' weathering

"
T
™

bentonitic mudstone

-
L

surface. At

ffaceous mudstone bed just below the top, and

| =

horizons of calcareous nodules in the upper part of the

member interrupt the mudstone segquence. Variably-developed
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beds of quartz-chert arenite and conglomerate with |limestone
lenses similarly break up the lower part of the member. The
upper Himes Member comprises about 100 feet of cliff-forming
variegated sandstones and mudstones, often with a
distinctive olive-grey cross-bedded sandstone at the base.
This sandstone contains a high proportion of lithic grains
as well as abundant partiy-decomposed feldspar in a muddy
matrix which swells on contact with water.

Shoestring-shaped bodies’of quartz arenite displaying
sequences of sedimentary structures indicative of a fluvial
environment are also common in this member.

The Cloverly correlates roughly with the Blairmore of
southern Alberta and northern Montana (Qalkgr. 1974;
Suttner, 1969), although the lithologies are similar only in
general nature, as a much greater proportion of Va]élﬁiéi
debris is present in the south throughout ‘the section. The
Pryor Conglomerate correlates in lithology, genesis, and
approximately in stratigraphic position with the Cut Béﬁk
and Cadomin Formations, while the Little Sheep Member is

correlative with the Gladstone Formation. Finally, the

Himes correlates lithostratigraphically with the Beaver

Mines, although the uplift and erosion of western source’
areas which controlled sandstone p:tfgl@gy in the Big HMorn
Basin did not necessarily proceed :t_the same rate as
similar activity sever;l hundred miles to the north. No

direct analogue for the '"Calcareous' member of the Gladstone

can be found in the Big Horn Basin, although Glass and



Wilkinson (1980) documented the aééﬁrfgn:i of extensive
Lower Cretaceous laeustriﬁe>f;¢ies of the Peterson Limestone
te the west in western Wyoming and southeastern Idaheo.
Lithological similarity of the Cloverly and the
H-rris?n in the present-day Big Horn B;siﬁ and-the lack of
contrary fossil evidence led Moberly (1960) to suggest that
Cloverly dE§asitiqn followed immediately Upon the
termination of Morrisen deposition and continued unti] the

Aptian. The Morrisen - Cloveriy hiatus may therefore not be

shéwn in Fig. 22, and the Cloverly may be at

as large a
least partly contemporaneous with the Deville Member of

central Alberta and Saskatchewan.
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Vil. GEOLOGICAL HISTORY

Lithostratigraphic and chronostratigraphic schemes
established for the thesis area in Chapters |V and vtand
external correlations established in Chapter VI can now be
used to reconsgtruct the geoclogical history of the western
interior for the Late Jurassic and part of the Early
Cretaceous.

A n

=

mber of workers have summarized the history of
parts of this area for part of this time interval
(Imlay, 1957; Peterson, 1957a, 1972; Schmitt, 1953;
Klingspor, 1958; Glaister, 1959; Rudkin, 196k4; McGookey et
al., 1372). None, however, has made a detailed analysis
spanning the entire Late Jurassic - Early Cretaceous
intearval, and most treatments have been confined to sither
Canada or the United States. The critical transition area
represented by this thesis therefore has not been adequately
analyzed. In addition, paleogeographical interpretations
. _

can now ge improved in light of recent information regarding
the development of the Columbian and Nevadan Orogens.

Figure 24 depicts the major palegtectonic elements

whiech influenced sedimentation during the Late Jurassic and

Early Cretaceous. The stable éfatéﬂ, which is subdivided

into the Alberta Shelf, Williston Basin, and Wyoming Shelf,
makes up the eastern part of the map. The Alberta Shelf
slopes westward into the Alberta Trough, and the Wyoming

'Shelf slopes westward into the Utah - idaho Trough. Betweaen

148
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these areas lie the Sweetgrass Arch and the Belt Island
trend, which is a paleotectonic high, continuous with the
Sweetgrass Arch and in part coincident with the Socuth Arch
of Tovell (1958) (Fig. 5b),

€ous strata are truncated abruptly

in the western part of the map area by Laramide (Late "

[a]

Jurassic and Creta

Cretaceous - Early Tertiary) overthrusting, uplift, and
caﬁSgbuent erosion. Events which occurred in the Columbian

rly

and Nevadan Orogens during the Late Jurassic and E
Cretaceous must therefore be correlated by ihQiréet means
such as dating of intrusions, analysis of sedimentary strata
in successor and intermaﬁtane basins, and structural
relationships. Price et al. (1981) summarized concisely the

events which took place in the Columbian Orogen during the

Jurassic and Cretaceous. Davis et al. (1978) and

Hamilton (1978) published similar compilations for the
Amer ican section of the Cordillera.

Numerous transgressions and regressiona afrthg sea taok
pPlace over the broad cratonic platform during the late
Mesczoic. At least five major advances can be documented
during the Middle to Late Jurassic and Early Cretaceous
alone. During this intervai; orogenic uplift to the west
Progressively restricted marine Pacifie access to the
interior, although a Pacific connection existed through

ritish Columbia in the Late Jurassic. The ,

northern
Transcontinental Arch, which trends northeastward through

Utah, Colorado, and Nebraska, was not breached during the
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time interval considered here (Williams and Stelck, 1975),
and thus there was no communication with the southern
Gulifian sea.

Seven sub-intervals are considered here: Middle
Jurassic, Callovian, Oxfordian, latest Jurassic - early

Neocomian, late Neocomian - middle Aptian, middle Aﬁti:n =

™

earliest Albian, and tarly Albian. Each subdivision

corresponds to a major depositional sequence.
-
A. Middle Jurassic

Four m;jar'transgressive Pulses took place over western
North America during the Jurassic. The first sea advanced
in the Early Jurassic, flaading only the Alberta Trough and
depositing the lower part of the Fernie Formation.

Figure 25 is a generalized palecgeographical
reconstruction of the western interior during the Middle
Jgréssiéﬁ when the sécond transgressive pulse took place.

To the west, the earliest stages of a major orogenic episode

were beginning. Cenvergent plate motions moved a number of

small orogenic land mgi,gs. collectively raferred to as

— e

“compasite allochthonous terrane |I" by Price et al. (1981)

rd the craton in what i$ now south-cenftral British
£

i

(=3}

Columbia and northeastern Washington. Similar movements of
more southerly velcanie arc .complexes toward the cgaton have

been documented by Hamilton (1978). The incipient collision

of these allochthonous terranes with the craton and with one

another began to compress, shear, and thrust older
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miogeoclinal strata eastward onto the craton. As large
areas were uplifted, these strata assumed increased
importance as sources of clastic sediment. In the Middle

Jurassic, however, this process was just beginning, hence

only scattered islands were present to the west: local
Sources must have accounted for most of the clastic sediment
deposited.

As the sea advanced, shallow water deposits of the
middie Fernie Rock Creek member were laid ddwn.
Frebold (1957) assigned a middle Ba jocian age to the Rock

Creek, but unfossiliferous shales overlying this member were

iprébably deposited in deeper water as the transgression
continued.

Belt Island and the Sweetgrass Arch profoundly affected
patterns of marine advance and water circulation, and were
locally significant sediment sources. In the early stages
of the transgression, normal marine siltstone and shale of
the S5awtooth Formation were deposited noerth and west of the
Sweetgrass - Bel!t Island land mass. Most of Belt Island.-was
never covered or was inundated only briefly, as no Middle
Jurassic strata are preserved over it. To the south and
east, continental and restricted marine evaporites were
deposited as the Watrous Fafma;icn in Saskatchewan, the
Gypsum Sprgng in northern Wyoming, and the Nesseoen and Piper

-
Formations in Montana and North Dakota. Wall (1960) found
the foraminifera of the Shaunavon and the Sawtooth to be

dissimilar, implying the existence of a Sweetgrass Arch

g



154

barrier throughout most of the Middle Jurassic.

Continued transgression led to more open miriﬁe
circulation throughout the western interior. Normal marine
facies were deposited almost everywh;re. including part of
the Twin Creek Limestone in the subsiding Utah - Idaho
Trough, the Piper formation in Montana and North Dakota, and
the Gravelbourg and Shaunavon Formations in Saskatchewan
(Table 3, Fig. 22). Restricted conditions persisted in
northern Wyoming, althou;h the middle member of the Gypsum
Spring Formation does'contain some marine | imestones with
normal marine megafauna (tmlay, 1956). The Sweetgrass Arch
was probably breached during the Bathonian. Relief on the

X
Mississippian surface was considerable, and probably was
important in controlling the topography of a lew chain of
istands along the arch trend. The Sawtooth and Shaunaven
are cons :quently thin (locally absent) and sandy in this
&
area.

During the latest }athonian and earliest Callovian,
some regression took place, with restricted marine facies
bearing marginal marine to brackish microfaunal and
microfloral'assemblages again predominating }H:li. 1860;
Pocock, 1972; Brooke and Braun, 1972). Deposition in the

Alberta and Utah - Idaho Troughs and in the centre of the

Williston Basin continued without. interruption. )

s
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During the early Callovian, the third Juraisié
transgressive pulse flooded the craton to an even greater
extent than did the Middle Jurassic advance (Fig. 26). A
thick sequence of velcanic rocks and EQEF;E sediments in
northern British Columbia and the Yukon records episcdes of
island arc volcanism and flysch depesition during the late
Middle Jurassic and early Late Jurassic (Eisbacher
et al., 1974). Such aétivity was confined to regions lying
substantially west of the craton, as no ma jor E]laéhthﬁﬂ;gi
terranes had yet moved into full contact with the thick
miogeoclinal sequence at the craten edge (Rudkin, 1964;
Price et al., 1981).

In the Alberta Trough, grey shales of the Grey beds
member of the upper Fernie Formation were deposited. A
shoal, probably directly connected to the craton, was the
locus of deposition of the shallow-water arenaceous,
calcareous, and fossiliferous ggrbajg munda and Gryphaea
beds. .
Advance of the sea over the craton during the Callovian
was again impeded by the Sweetgrass Arch and Belt lsland;
Peterson (1972) postulated that Belt Island had been
submerged at the time of maximum transgression, but both the
present author and Cobban (1945) observed substantial
depositional thinning of the Rierdon at the northern edge of
the trend. It thus appears most likely that the central

region of Belt island stood above the sea for the entire
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Callovian, although it shed very little clastic detritus.

Throughout most of the Eir]; Callovian, very
homogeneous calcareous green-grey to grey shales and
argillaceous limestones were laid down in the broad, shallow
epeiric sea. These strata are included in the Rierdon
Formation in southern Alberta and Saskatchewan and northern
and western Montana, and in the Lower Sundance Formation in
the remainder of the western Williston Basin. The

paleoshoreline on the northern and eastern flanks of the

Rierdon - Lower Sundance sea probably lay well beyond the
present eroded margins, as little evidence of nearshore
deposition has been found. I'n northern Wyoming, the Lower

Sundance thins across a low pPalectectonic positive feature
called the Sheridan Arch (Fig. 26); to the south and east,
the shales are more arenaceous and indicate a slightly
shallower environment of deposition. Rautmann (1975)
suggested that the Lower Sundance in this area was deposited

as 3 sequence of submarine sand waves or tidal current
\ =
ridges. Red beds, sandstones and evaporites were deposited

in shallow marine to restricted gﬁviranm;ats near the
southern margins of the sea (Imlay, 1957; Pgtefsan, 1972),
which generally remained ocutside the Fig. 26 map area.
Thick limestones of the upper Twin Creek Formation
accumulated in the Utah - Idaho Trough, which continued to
subside throughout the Callovian.

Wall (1960) found that a large number of ostracod and

foraminifera species are common to the Rierdon of Montana
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and the Rierdon - Rush Lake of Saskatchewan, although
Peterson (1954) showed that the ostracod population of the
Lower Sundance southeast of the Sheridan Arch differs
significantly from the Rierdon assemblage. These
microfaunal data thus support the concept of very open
marine circulation over the western interior except for the
portion of the cratonic basin southeast of the éhgrid:n
Arch. j

Shallow marine and tidally-influenced shereline sand
bodies were deposited as the sea regressed again during the
late Callovian. !n northern Wyoming, glauconitic, oolitic
sandstones were laid down in suSmergent bar complex and
barrier island environments (Rautmann, 1975).

Christopher (1974) constructed a regional facies model for

the Roseray Sandstone of southern Saskatchewan, showing that

it was deposited a; large tabular sandstone and siltstone
bodies which he called “alilabeds". Each of his clinobeds
represents a sheet of sediment deposited in shoreline to
distal (but shallow) offshore environments, with each

clinobed arranged in an pfflapping sequence indicative of a

regression, except for a small interval near the top of the

formation where onlapping clinobeds indicate minor
transgression.

As the regression continued, Belt Island and the
Sweetgrass Arch once again became emergent, and significant
erosion of the Rierdon occurred over paleotectonic highs.

Red beds, evaporites. and nearshore to continental

-



sandstones conrtinued to’ accumulate in saline lagoon and
continental environments. to the south and southeast of the
map area in Fig. 26 (Imiay, 1957). Subsidence in the Ufih -
Idaho Trough ceased in the late Callovian in respohse to
orogenic uplift to the west, terminating deposition af‘?;e

Twin Creek Limestone.

C. Oxfordian

During the early Oxfordian, marine waters flooded a
somewhat greater area than was submerged during the
Callovian (Fig. 27). Orogenic upltift in :auiharn British
Columbia became significant in the Oxfordian. Composite

allochthonous terrane | of Price et al. (198') had moved

ome into contact with the

la]

close enough to the craton to
thick Paleozoic to Triassic miogeoclinal succession in the
Alberta Trough, consequently uplifting and thrusting this
sequence eastward. To the south, the miogeoclinal wedge was
also thrust cratonward in response to the eastward movement
of smaller allochthonous terranes. As the newly-uplifted
land began to shed clastic debris, true molasse
sedimentation was initiated in the foreland basin.

At the time afim:ximum transgression, sediments were
deposited as shown iﬁ Fig. 27. Dark marine shales with
large irdiiftone concretions were deposited in the northern
and central! Alberta Trough, while glaucoenitic fostiliferous
shallow marine sandstones of the Green beds of the Fernie

accumulated over the shalliow area in the southern Alberta
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Trough. Nearshore sands were laid down along the edge of
the rising orogenic land and around the emergent part of the
Belt l;l;na trend, while mud deposition across the interior

produced the dark basal shale member of the Swift Formation

in southern Alberta and Montana, the basa! shale of the

Upper Sundance in Wyoming and the American part of the

Williston Ba

in, and the Masefield Shale of Saskatchewan.
No direct evidence of paleoshorelines is preserved in the
map area, as erosion has removed Dxférdian strata for an

indeterminate distance north and west of the present outcrop

edge. The Sweetgrass Arch - Belt Island high continued to

subside, as the basal shele of the Swift thins only slightly
1

across the Sweetgrass Arch. Only the extreme southwes®ern

part of the Belt Island trend was completely emergent.
: , 7 ) -
Increasing clastic influx from the west caused

extensive shallowing of the seaway during the late

Oxfordian; Fig. 28 shows the resulting paleogeography.
Nearshore sands continued to accumulate along the edge of
the emerging western l:ndiﬁ:ss and the Belt Island trend,
and similar sand facies were prﬁbiély deposited at the
western edge of the Alberta Trough in southern British
Columbia, but were later eroded. - |ﬁ the Alberta Trough,
upward-increasing incidence af}sanﬂsfaﬁe in the glssage%bga:
of the Upper Fernie provides evideﬁ:e @f.thg increasing
coarse clastic infigx;

Over large areas of the western interior, the ""marine

bar-sand facies" of Branner and Davies (197L4) was deposited.

-

-
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Storm waves and currents transported coarse clastic debris
from western source areas over the broad shelf, reworking
these sediments to form the bar sand and interbar facies
discussed in Chapter IV. Nearer the source ;réis in central
and southern Montana and in coarse sandstones with abundant
coquinas make up the upper sandy member of the Swift and
Uppar Sundance Formations. In northern and eastern Montana,
Alberta, and western Saskatchewan, finer sands and :fits
dominate the upper member of the Swift, Upper Sundance, and
"Success S1". The Sweetgrass Arch and nerthern Belt island
trend had Jlittle influence on the patterns of deposition,
alth95§h the watpr was probably very shallow over the arch
during the late stages of prc;rgdgtian. Little coarse
clastic detritus reached the centre of the Williston Basin,
where mud deposition continued. Sandier nearshore facies
were laid down at the eastern edge éf the Williston Basin,
while silt, sand, and evaporite deposition characterized the
areas to the south and southeast. Shoreline sands were also

nd

daiasitgd along the northern edge of the retreating sea
the eastern edge of the Alberta Trough during the latest

Oxfordian (Hopkins, 1981).

D. Latest Jurassic - Early Neocomian
Allochthonous terranes continued to move eastward

toward the craton during the latest Jurassic and earliest

C}et:ciéu:. further deforming and upthrusting the thick

miogeoclinal Paleoczoic strata, and producing large volumes
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of sediment which were deposited as molasse in the foreland
basin. Abundant igneous activiiy was associated with the
movement and collision of the v:rigus 2llochthonous
terranes, but the rgluitiﬁé igneous - metamorphic complexes
were not yet exposed or sufficiently close to the craton to
pfﬂvidgisigﬁifiilﬁt volumes of sgd{mgnt. Stable detrital
minerals, particularly quartz and chert, thds dominated the
coarse clastic fraction @f!the‘ic]a;se deposits during this
interv:]f

In the southern Alberta Trough, the Kootenay Group was

deposited during the latest Jurassic and earliest

Cretaceous. Progradational regression continued as the
marine basin was filled in from the south (Fig. 29), causing.
the sea to ratreat completely from the southern AleFt{
Trough by late Berriasian time (Jeletzky, 1971),
Upward-increasing sand Eanient of the Fernie Passage beds
tecords the transition from deep basin conditions to more
proximal shelf turbidite deposition, and abundant hummocky
cross-stratification in prodeltaic sgéimgnt: indicates the
importance of storm-aided sediment transport (Hamblin and
Hilker, 1979). Sandstones of the basal Kaateniyjﬂarri;:ey
Formation were QEﬁasitgq in ﬁe:r;hﬁ?e environments atgs
deltaic, beach, and dune sand bodijes (Gibson and

'Hughes, 1981). Strata of the overlying Mist Mountain
Formation were laid down in subaerial deltaic and coastal
and adluvial plain environments; abundant coal éeams ﬁrévide

he presence of extentive back-swamp and marsh

lad

evidence for
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environments. Coarser sandstones and congliomerates of the
Elk Formation, which were laid down in more proximal
alluvial environments, complete the progradational sequence.
Alfhoﬁgh the Kootenay succession is erosionally truncated to
the west near fernie, B.C., textugal data and sedimentary
structures indicate that the source area was fairly close by
(Gibson and Hughes, 1981).

The extent and correlation of the Kootenay to the south
is poorly documented, and caﬁsequ;ﬁtiy it is not clear how »
far the pr;grndatianal enhvironments discussed above can be
traced in-.this direction. immediately southeast af‘Grait
Falts, black carbonaceous shale, coal, and lenticular
sandstone and siltstone occur near the top of the Morrison

\
(Marris, 1966f. facies which have been interpreted as the
product of lacustrine deposition in a closed basin
(Peterson, 1966). It seems more reasonable, however, to
postulate some connection of this basin with the
northwesterly-directed drainage system which fed into the
Kootenay sea.

Across the American portion of the western interior
basin, variegated mudstones, siltstones, and iindgiine: of
the Morrison Formation were égriveﬂfffgzvthe west and
deposited under continental conditions during the latest
Jurassic. Aggradsation continued uninterrupted from late
Oxfordian time, and thus the Morrison lies conformably on
marine Oxforyian strata over most of the western interior.

In response to the northwestward retreat of the sea, the
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marine - continental boundary becomes younger to the
northwest. The Belt Island trend had subsided almost
completely by the latest Jurassic, :lthauéh Suttner (1969)
showed that it was still shedding coarse clastic debris
during Morrison time. Walker (1974) suggested that the
Williston Basin may have been the depocentre for several

| drainage, although streams which

L

FhQ

systems of int
followed the course of retreat of the sea drained a
substantial poertion of Montana. Several workers have

postulated a large influx of volcanic ash into the foreland

and cratonic platform basins during Morrison time, but such

an influx is of minor importance H?Eﬁ the ash content of
some of the overlying strata (eg. gﬁé Cloverly of Wyoming)
is considered.

Latest Jurassic and gagliest Cretaceous events in the
Canadian portion of the western interior are less clear.
Sufficient relief still existed on the Sweetgrass Arch to
prevent any sug:;antigi amount of sedimentation. Uplift
centred in the north toward the Canadian Shield caused
Jurassic strata to pe upturned and eroded to th§ south, thus.
destroying the record of the northern reaches af_the'
Jurassic System. Fluvial sediments @fgtha 52 member of the
Success Formation derived from the uplifted shield were
deposited S%nr southern Saskatchewan (Christopher, 1974),
while in central Alberta and Saskatchewan, the Deville

Member formed as a weathering residuum over the broad,

low-relief plain floored by Mississippian and Devonian
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carbonate bedrock. Coarse clastic debris was confined to
thg Alberta Trough to the west, and was thus not transported
onto thé cratonic platform.

Relationships among the Morrison, Success, and ngiiﬁi
units are unclear, but they all accumulated slowly over long
periods of time during the latest Jurassic and earliest
Cretaceous. Both the Deville and Success are shown in
Fig. 22 to be younger than the Morrison, but it is possible

that all three are largely contemporaneocus.
7

E. Late Neocomian - Middle Aptian

A long period of stable tectonic conditions marked the
Neccomian of the western interior; consequently, very slow
grgsiangar aggradation took place ever most of the area
(Fig. 30). Im the Canadian portion of the cratonic basin,
channelling of the Mississippian and Devonian bedrock
surface took place as the Deville Member and Success (52)
Formation continued to accumulate (Williams, 1963;
_Ehri;taphef, 1974). f}n most areas to the south, deposition
of the Morrison Formation had effectively ceased by early
Neocomian time. The Kootenay sea had retreated north along
the Alberta Trough, leaving a broad alluvial plain which
experienced prolonged erosion. Long=term pediment
development deeply eroded the Kootenay Group on the sastarn
flank of the Colupbian Orogen (MclLean, 1977).

Tectonic activity in the western orogenic terranes

increased markedly at some time during the late Neccomian.
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In southern and central British Columbia, the composite

et al. (1981) was pushed

allochthonous terrane | of Pric

against the miogeocl!inal wedge of Paleozoic strata with

leration of the rate of

[, ]
o]

renewed vigour, resulting in an ace
uplift of source areas immediately west of the Alberta
Trough. This activity may Feflict‘the collision and
suturing of composite allochthonous terrane ||, another
group of small land masses transported toward the continent
by convergent plate motions, farther to the west. Similar
events occurred at approximately the same time to the south
along the Nevadan Orogen. Igneous activity also increased,
as major intrusive bodies were emplaced in |Idaho and British
Columbia (McGookey et al., 1972).

Clastic influx into the foreland basin was renewed as
the result of western orogenesis. At the western edge of
the Alberta Trough, coarse alluvial fan sediments of the
Cadoemin Formation, eroded primarily from the upthrust
miogeoclinal upper Paleozoic strata, over lapped the pediment
gravels which continued to accumulate downslope (Schultheis
and Mountjoy, 1978). In the eastern part of the trough,

oarse sediments of the Cadomin and Cut Bank Formations were

=
-

sited in alluvial fans and pediments and in a

O

dep

northward-draining river system. A dry climate, favouring
episodic depositional events, was suggested by several
workers, including McLean (1977) and Schultheis and

Mount joy (1978). McLean postulated that fluvial aggradation

=

began only after a rise'af base level from early Neocomian



levels, possibly as the result of the blockage of the
drainage system by an alluvial fan complex. The Cadomin and
Cut Bank Formations are bounded to the east by sharp valley

ching

walls, which prevented coarse detritus from re

eastward into the cratonic basin during the late Neocomian.
Qlthﬁugh most of the Belt Island trend remained low
during the Early Cretaceous, minor uplift along the
Sweetgrass and North Battleford Arches and over the adjacent
Swift Currgnf Platform helped to define a southern boundary
of the Cut Bank - Spirit River drainage system (Figs. 24,
30). This uplift was the predyct of renewed activity along
the ancestral Sweetgrass Arch trend, whiéh in turn was
probably connected ﬁifﬁ the increased western crogenic
activity. H;ikér (1974) outlined an area in northern

Montana where the batal "Kcotenai" coarse clastics are

ing that this was part of the paleotectonic

[, ]
]
¥

aS:ent; sugg
high. Deep channelling took place over the Sweetgrass -
Swift Cutrent Platform as it was uplifted, as exempiified by
the Whitlash Valley in the thesis area and several

tchewan

pre-Cantuar "valley-forms" in southwestern Sask
outlined by Christopher (1974, 1980).

Hhilg streams flowing from the western uplands in
northern Montana were diverted to the north, streams in
central Montana and further to the south drained eout into
the cratonic platform. Aprons of coarse clastic sediment
were laid down in pediment, alluvial fan, and various

fluvial environments in a fairly narrow strip along the



upland flank (Stokes, 1950; Peterson, 1966; McGookey

t al., 1972). These strata include the basal '"Kootenai"

—_— —

sandstone of. central and southern Montana, the Pryor

e

Conglomerate of northern Wyoming, the Ephraim Conglomerate
ef southern ldaho and northern Utah, and numerous similar
units to the south,. l‘

Drainage from the cratonic platform was generally
toward the Boreal sea in northern Alberta and British
Columbia, although several internal drainage systems may
have persisted from Morrison time. The Deville Formation
and possibly the 52 member of the Success Formation
continued to accumulate SUDH‘Y-iﬁ Klbertas and Saskatchewan.

le coarse detritus was deposited in the Big Horn Basin

*
~

=

area, which was situated near the edge of the clastic apron,
but thick bentonitic mudstones of the Cloverl!y Little Sheep

south® n Idaho was deposited.

ceantres in

F. Middle Aptian - Earliest Albian

By the beginning of the middle part of the Aptian

tage, the western interior of North America had been

subjected to a long period of erosion. A deeply channelled

x

lowland mantled in residual weathering debris occupied muc

of what is now Alberta and Saskatchewan (Fig. 31). To the

south, less erosion had taken place, but little aggradation

had occurred in many areas,.
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Aggradation dominated over erosion during the middle
Aptian and relatively fine clastic sediments were dgpasit;1
over the entire western interior. Much of the sediment was
derived from Paleozoic ﬁiagga:linai sedimentary rocks in the
western orogeni; belt, where uplift continued, although

probably at a reduced rate. In southern |Idaho, velcanic

~

ly abundant ash to areas to the

E

activity continued to sup

b+ ]

east.

The precise reasons for the sudden widespread
deposition of fine sediment are unclear. Suttner (1969) and
Walker (1974) proposed that older Paleozoic strata,
characterized by pure carbonates and ih;lesabgc:me the
primary source rqcks, providing finer detritus than the more
siliceous younger Paleozoic strata which were eroded ear!lier
in the Cretaceous. The abundant presence of kaol!inite and
lacustrine sediments in strata south of the thesis area
indicate increased vegetation and slow aggradation during
the middle Aptiath (Walker, 1974; Moberly, 1960). A more
humid climate is ;hergfare indicated, possibly as a result
of slowed uplift and hgnée decreased elevation of the
Colunbi;n - Nevadan Orogen. Intrabasinal sediment sources
probably became more important under humid weathering
conditions. All three F;Etars - decreased uplift, a change
in source rocks, and more humid climate - probably
contributed to the deposition of fine clastics.

In Montana and Wyeming, the Kootenai and Cloverly

Formations were deposited, comprising variegated siltstones



175

and mudstones deposited in floodplain environments and

lenticular quartzose channel sandstones. Lacustrine sstrata,
: i

characterized by dark shale, coal, and calcareous sediments,

accumulated over large areas. In the Cloverly Formation of
i

the Big Horn Eisin]iréii siliceous hirgpans and nodules are
préducts of long-term weathering in large seasonal lakes
(Moberly, 1960).

Drainage on the cratonic platform trended primarily
north to northwest (Fig. 31, this paper; Hééaekey
et al., 1972; McLean, 1977; Christophear, 1980). A few major
streams transected the Sweetgrass - Swift Current Platform
by virtue of coptinuous erosion as the platform rose.
Sedimentation over the platform was limited to the ma jor
valleys and their tributaries, which were filled with
lenticular sandstone bodies and abundant floodplain red
beds, while Jursssic and Mississippian strata were eroded
from the interfluves. These valley=fil) strata make up the
Gladstone Formation of southern Alberta and the Mcdioud

Member of the Cantuar Formation of southwestern

H .
Ed

Saskatchewan,

A nhorth-facing paleocoescarpment of Jurassic strata cut
by numerous stream valleys marks the horthern edge of the
Syeetgris; - &wift Current platform. To the north, broad
qéirtz%:g sand bodies and associated floodplain and
lacustrine deposits were laid down by streams which migrated

over large areas, restricted only slightly by broad valleys.

Alluvial plain and marginal marine sandstonas, deposited
V)
-\
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where river gradients dropped sharply approaching the
northern sea, are dominant in central and north-central
Alberta and Saskatchewan, where they are included in the
Ellerslie Member of the McMurray Formation. Paleczoic
sedimentary rocks and the Precambrian Shield lying to the

northeast were important sediment sources.

-

2, the B

ol
a2
™
o
=

Near the beginning of Albian eal sea

long major river
7
valleys (Fig. 31). Widespread deposition of lacustrine and

L
-
-
. ]
[

transgressed southward, extending

| =

P

o

swamp facies occurred as the lower reaches of stream systems

became choked with fine sediments in re

ponse to the rise of
base level. In Saskatchewan, the McCloud Member of the
Cantuar Férm:ticn is capped by lacustrine and coal swamp
facies (Christopher, 1974). Dark calcareous muds and minor
sands of the "Calcareous' member were dgp@iftgd throughout
Alberta over a low-relief plain dotted with lakes and
swamps. Lacustrine conditions predominated for the entire
post-Cut Bank, pre-Beaver Mines interval to the south along
the Spiri{.ﬂivgr - Cut Bank drainage system, as the
"Calcareous' member directly overlies the Cut Bank Sandstone
in this area. immediately to the east, tga Sweetgrass - e
Swift Current Platform remained sufficiently high to shed
quartzose sandstones, which were deposited in deltaic and
shoreline complexes in the lake(s) to the west

(Walker, 197L4; Burden ‘and Hopkins, 1981).

Depositional patterns in the American portion of the

cratonic basin were not greatly affected by the

»



transgression of the sea. In the foreland basin adjacent to

Nevadan Orogen, a large body of limestone and shale

called the Peterson Limestone was deposited as the product
of prolonged sedimentation in a large lake, which probably
drained northward into the Cut Bank - Spirit River system

(Glass and Wilkinson, 1980). The Belt Island trend

therefore must have subsided complietely by this time, a

conclusion reached independently by Suttner (1969).
Renewed subsidence of the foreland basin at the

of relative

o
[+ %

eginning of Albian time after a long perio

tability is suggested by the continuity of lacustrine

facies along its length. Thus, little sediment fro

- |
Lo
x
L.

2
re
o
[
-
]

degrading western source ]rei was transported out i

cratonic basin at this time.

G. Early Albian
Uplift in the Columbian and Nevadan Orogens was sharply
renewed and igneous activity increased markedly during the

early Albian. Th nts may reflect further collision of

allochthonous terranes with those terranes that had alraady

accreted to the craton. As a result, large volumes of
coarse clastic sediment. characterized by a high percentage
of feldspars and volcanic rock fragments, were eroded and
tr aﬁsparfeg into the foreland and cratonic basins.

Mellon (1967) postulated that volcar.c detritus was derived

-
from vents situated along the western eqge of the

depositional basin Abundant low-grade metasedimentary rock
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fragments indicate that upthrust lower Paleozoic and
Precambrian miogeoclinal strata were also being eroded.

As the western orogenic areas rose, the Boreal sea
sadvanced southward, as shown in Fig. 32. Relief on the
pre=Cretaceous unconformity remained ;uffi;iEﬁtiy marked to
influence the pattern of marine advance. Tongues of the sea
extended up the drainage channels, and the erosional remnant
of the North Battleford Arch (the northern extension of the
Sweetgrass Arch) (Fig. 24) limited the spread of the sea in
west-central Slikitﬁhe;;ﬁ (Leung, 1976). The sudden renewed
influx of large volumes of sediment, combined with marine
transgression, produced a distinctive sedimentary sequence
of marine shales and siltstones which make up the iieiru:tir
Formation of central and north-central Alberta. Marginal
marine and shoreline sand facies are included in the

Wabiskaw Member of the Clearwater and the basal member of

the Upper Mannville Formation in east-central Alberta and of

i -

o |

the upper part of the Cantuar Formation i west-central
Saskatchewan.

In the central interior, continental sediments aggraded
rapidly as base level Fasé and the heavy clastic influx
continued. Sandstone, siltstone, and mudstome were

\ .

deposited in marginal marine, deltaic, and fluvial

environments, making up the Upper ille of central

Alberta, the Dimmock Creek and Atlas Members of the Cantuar
in Saskatchewan, and the Beaver Mines Formation of the

Foothills, southern Alberta, and northern Montana. Many
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lakes formed during "Calcareous' member time were filled in

- by prograding sand bodies. The distiﬁﬁtivg‘
volcanic-feldspathic lithology typifies most of the
sandstan:ff alEﬁaugh older sediﬁgnt:ry strata and the
Precambrian Shield become more /dominant sediment sources
toward the eastern edge of the\platformal basin. Sufficient
sediment was deposited to fill in most afiihg
deeply-entrenched drainage systems, although the 5Swift
Current Platform was not completely covered until the Atlas
Member was deposited (Christopher, 197L). _ Subsidence
continued in the foreland bgsiﬁ?as a westward-thickening
wedge of sediment EEiUTgi!tEd.

- Ih southern Montana, ldaha. and Hyamiﬁq‘_thg effects of

'uplift and transgression were less profound. in the
foreland basin, the Bechler Congomerate was deposited over

the Peterson Limestone in pediment, alluvial fan, and-

braiégd fluvial environments closely analogous to those in
which the alder-Ephraim and Pryor ;anﬁlamgr;te; were
deposited. Coarse sediment was trapped so effectively in
the rapidiy-subsiding trough that sedimentation patterns in
the east continued almost unchanged from Aptian time,. In
the Big Horn Basin area, slightly rejuvenated drainage
caused ﬂepas}tign of more abundant fluvial sands in the
Himes Member of the Cloverly Fgrqitiéﬁ than:-had been
deposited in the underlying Little Sheep Member.

Deposition of the Blairmore and equivalent strata marks

the end of a long phase of continental sedimentation in the
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foreland basin, as the Blairmore is the uppermost unit of
the '"Lower Molasse'" assemblage of Eisbacher si’ll. (197L).
Sufficient‘progradation ultimately took place to move the
Clearwater sea shoreline north again in the late early:-
Albian. After this event, however, quiescent conditions in
the western orogen and repeated tran;gressions resulted in
the accumulation of a thick séctlon of marine strata
throughout the entire western interior during the
‘"mid-Cretaceous. Only when tectonic uplift was renewed
during the Late Cretaceous Laramide Orogeny did molasse

sedimentation finally fill in the entire interior basin-.
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VIl). PETROLEUM OCCURRENCE AND POTENTIAL
7

=

Lithostratigraphic and chronostratigraphic correlations made
in this thesis have aided in constructing a regional
geocological history of the western interior for the Late

Jurassic and tarly Cretaceous. These correlations, combined

*

with environmental interpretations, can be used to better

understand and predict the occurrence of petroleum in the

'ea..

A. History and Present Activity .
Geologists realized as early as 1916 that considerable
petroleum potential exists in Upper Jurassic and Lower
Cretaceous strata of north-centrat Montana and southern
Alberta. Stebinger (1916) in Montana, and Dowling
et al. (1919) in Alberta noted that favourable structures
—

and reservoir strata are present, but diiéﬂVEFY!iﬁd

productioh.qwaited active exploration efforts, -

i'n March of 1922, the first oil discovery was made in
Sec. 16, Twp. 35N, Rge. 3W (Montana) by the Gordon
Campbell - Kevin Syndicate, the we'll producing
non-commercial amounts of oi) *rom the basal Ellis sand
kSawtboth Formation). .The first commercial well was
coﬁpleted in Sec. 34, Twp. 36N, Rge. 2W by the Sunburst 0il
'and Gas Company in June of lééi. One hundred barrels per
da§ of medium-gravity crude Qerp recovered from the Sunburst

(basal Gladstone) sandstone (Hager, 1923). This well is

182
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considered to be the discovery well of the large Kevin -
Sunburst oil and gas field, which was degglapéd gxtgn;ngIY :
over the next few decades, and continues to pfaagﬁe today.

Explordtion activity accelerated immediately after the
Kevin - Sunburst discovery. In 1926, the Cut-Bank oil and
gas field was discovered by the Sandpoint Berger #1 well
(SENW 1 35N G5W), alTthough development ﬂid.ﬁﬂt begin until
1931. The Sandpoint well, which recovered seven million
cubic feet of gas per day from the (ut Bank S:ﬁd;taﬁe, was
drilled in an effort to find a (western) downdip extension
to the Kevin - Sunburst field (Blixt, 1941).

Both fields produce from numerous lenticular sa%f:taﬁg
bédie; within the lower part of the Blairmore, but even th;
early workers realized ghat the sands could not be reliably
:arrelatgé between fields, Sustained wildcat drilT}hg ave%

the following years in both Montana and Alberta produced

many discoveries of smaller fields in Mississippian,

sawtooth, Swift, Cut Bank, Gladstone, and Beaver Mipes

strata. Figure 33 shows the present distribution of fields ;-
producing from Upper Jurassic and Lower Cretaceous E
reservoirs in the study area. Most of these fig!é‘ are ;
quite small, containing fewer than ten million barrels (1.6
million cubic metres) of established oil reserves or ten” ,

billion cubic feet (280 million cubic metres) of marketaWle
3 s a'

s

gas (BilTings Geol. Society, 1958; Alperta Energy Resources

Conservation Board, 1980). The Cut Bank and Kevin -

Sunburst fields originally contained more than ten times
£
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éﬁ:ig amounts, bﬁt their reserves have been gria;ly depleted
by 50 years of pﬁaduétiaﬁ.

.k Petroleum exploration in the study area continues
actively at the present time. In the Alberta SBEt:
wells were completed to or beiauiLaner Cretaceou:
Jurassic strata .in 1980, THQ'§UﬁdFEd and fifty- | o)
Here,ﬁi;ssifiéd &3 oil or gas wells, although sc - .
only from the Mississippian (0Oilweek, 1980).

exploratory wells and a somewhat greater number

development wells f(precise breakdown not avai!ai

% 1
drilled in 1979. Twenty-five (26%) of the exg ils
and about 70% of the development wellis were com - R

et al., 1980).

or gas discoveries (TeSelle

B. Occurrence of Petroleum

Petroleum has been found in every formation discussed
in the thesis area except th Rierdon Shatle. Trapping
mechanisms are complex and diverse, 5ﬁvﬁ|§iﬁ§ both regional
and local structural features as well as arosional and
depositional stratigraphic controls.

The Kevin - Sunburst Dome is the primary regional
structural feature (Fig. %e). Its Egnfiéufatian has
controlled the migration of pgtraieum‘ta the many fields on
its flanks, while numerous smallgr faﬁd; radiating from its
northern end are locally significant in oil entrapment
(Russell and Landes, 1940; ErSmann and Sehqiﬁraw. 1941

Herbaly, 1974), Deformation of %trati éguséd by the
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emplacement of the Sweetgrass Hills has affected the
configuration of small fields in the immediate vicinity.
Faulting has not significantly affected petroleum migration

or -entrapment on a regional scale.

Stratigraphic controls of petroleum entrapment fall

-
*

into two categories: deposition of lenticular reservoir
sandstohes. and pinchout of sandstones against relief on

A

unconformity surfaces. Both categories are illustrated in

> ~

the.fOIIOwing discussions.

The Sawtooth and Shaunav;n Formations contain mipor
accumylatidns, usually of gas. They ;re rarely primary
objectives of field development, but instead are exploited
in conjunction‘yiiﬂ more productive Mississippian or
Cretaceous strata. Reservoir facies are limited to an ares
;eir the trend of the ancestral Sweetgrass Arch, where beach
and shallow-marine sands were deposited. in ;ontana. gas is
produced from the Sawtooth/Shaunavon in the Kevin - Sunbursf
and Utopia (Twp. 33N, Rge. UE) fields and from numerous
small fields near the Sweetgrass Hills. In each case,
lenticular development of porous sandy facies near tho‘tbp
of a nonporous carbonate : siltstone sequence is the pfimaiy
trapping mechanism. In Alberta, oil is produced from the
Sawtooth only at. Conrad (Twps. 5-6, Rge. 15WL) and Grand
}orks (Twps. 11-12, Rges. 13-14Wh). The Sawtooth has been
deeply eroded at both locations, a process which produced

traps in remnants of the formation that are sealed by

overlying impermeable Blairmore strata.
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, ;
mall amounts of oil and gas are produced from the

W

Swift Formation in :iﬁunbgr if flelds, which are also
usually only exploited in’:éggun;tian with more prolific
Cretaceéous reservoirs. Petfaigum accumwlations are almost
éntirely stfltig?iphiéal]y»éanthilEﬂ. szﬁurringlanly where
a sufficiently thick lenticular section of marine bar

s small fields in the

;)iin;stang ggs been deposited. Numerouy
| Sweetgrass Hills, the Ethridge field (Twp. 33N, Rge. W),
and the Shelby field (Twps. 32-33N, Rges. 1-2W) produce from
the Swift in Montana. The Swift does not produce in
Alberta, aithough potential reservoir facies are ‘developed
(for example) in)Twp., &, Rge. 7Wh. 3

Rany of thEIJ:rgest oil and gas accumulations in the
study area are found in the Cut Bank Sandstone, trapped by
both structural gnﬂ stratigraphic mechanisms. In the large
Cut Bank field, oil migrated up the regional dip on the west
flank of the Kevim - Sunburst Dome, and was trapped where
the Cut BSﬁkVS!ﬁd!tGﬁE Pinches out against impermeable Swift
strats  making up the eastern e%\grpmgnt of the Cut Bank
Valley. Fine-grained floodplain and lacustrine facies of

the Gladstone Formation pr#vide the upper seal. A ;;jiig:

trapping mechanism operated at the Border - Red Coulee and
Darling pools immediately to the north. In the Taber
(Alberta) area (Twps. 7-10, Rges. 15-17Wk), where numerous

smal) fields produce from the Cut Bank Sandstone, ‘the

regional dip is almost directly north (Fig. 5¢). Because

the Cut Bank Formation is so uniformly porous and permeable,



- : ‘ ' . 188
much of {he petroleum which may have originally been present
in this ares has migrated south toward the Kevin - Sunburst
culmination, finally being trapped in the Cut Bank field.
North of the internmational boundary, oil and smcfl amounts
of gas were trapped primarily in south- to east-trending
breaks in the fa;e of the eastern escarpment. Small folds
and faults are aiso import‘nt in the configuration'of these
tr:ps (Russe!] and Landes, 1940). Overlying and possibly
some equivalent fine continental facies form the upper
seals.

The Gladstone Formation contains, most of the rest of

the important petroleum reservoirs in the study area.

Almost all the Gladstone fields produce from lenticular
sandstones which fill valleys cut into the Swift Current -
Sweetgrass Platform. Some production around Twps. 36-37N,

Rges. L-6W (Montana) is from the Moulton member, which-
cdmprises shoreline sand bodies deposited around lakes in
which "Calcareous' member strata accumulated. Almost every
frap in the Gladstone can be attributed to the pinchout of
porous sandstone against impermeable valley walls Qnd/or
Qithin contemporaneous fine-grained sediment. Most of the
fields sthn in Fig. 33 east of the Cut Bank Valley produce
at least some oil ana gas from the Gladstone. Especially
notable is the large Kevin - Sunburst field, made up of
numerous small pools in channel sandstones on the western
flank of the Kevin - Sunburst Dome, and the Grand Fforks

field (Twps. 11-12, Rges. 13-14Wh (Alberta)), which produces
>
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pri:;rii; from a Gladstone sandstohe filling valleys cut
into the northern edge of the Swift Current - Sweetgrass
Platform. ) )

Beaver Mines Stritiahive not been %tudiea in Suffiéiéﬁt
~detail invthis thesi; to warrant an analysis of petroleum
OCCUFrrence. iﬁ the thesis area, the Retlaw (Twps., 11~13,
Rges. 18-19Wh), Enchant (Twps. 12-15, Rges. 15-17wWh), and
Turin (Twps. 10-11, Rges. '8-19wWhk) fields all produce from
th; "Glauconitic'" sandstone of the basal Beaver Mines

Formation.

c. Futyre Petroleum Exploration

Much petroleum remains to be disﬁgvargd }n the Upper
Jurassic and Lower Cretaceous strata of the study :rgii It

i

is -clear that inﬂividu;T future finds will be modest in
size, although aggregate reserves may be quite respectable.
Sufficient borehole data now exist to support detailed
regional investigations of the dgpasitig;il and eroslional
contrels on the distribution of each formation, which can
provide very valuable background data for local evaluatigns.
petroleum potential of a particular parcel of land. Some
suggestions for regional evaluations are given below.

Petroleum in the Sawtooth and Shaunavon formations is

'

found in lenticular saﬁést@ne reservoirs which were
deposited in shallow marine and beach environments. The

first step in regiona! evaluation is the construction of a



detailed lithofacies map to outline arsas containing _
potential reservoir facies. A detailed isopach map would

elucidate the §i|¢§t§P§§F!ﬁhy of the Rississippian erosional
7

face, thus pinpointing, for example, pinchouts and

™
-
-

pPossible beach sand accumulations., Also important would be

an evaluation of diagenetic controls on porosity and

permeability of the sandstones, which ipaggf te be

B B R ~ X
significant factors controlling petroleum entrapment in
- ¥ .

several fields. .
A detailed regional stué! of depositional ﬁlF;mEEE?i
controlling the trend, size, and shape of potentially
. productive lenticular sandstone bodies wauidig?gatiy enhance
=<

evaluation of petroleum production in the S5wift Formation.

AR investigation utilizing all the wel] control available

could build on the general model o m:%iﬁe bar sand

deposition, attributing preferre and bar configurations to

sgécifﬁ: Paleocurrent directions and to thg‘influgﬁie of the
ancestral Sweetgrass Arch.

Locating potential reservoir strata in the Cut Bank
Formation is net difficult, but finding traps is a major
chilienggi_ A détaiied map of the Palectopography of the
eastern Eé}é of the Cut Bank Valley and the immediately
ad jacent valley and highland areas might help to pinpeint
breaks in the valley wall and therefore Potential traps.

A reconstruction ef the paieadraiﬁ;ge Patterns on the

eroded Swift Current - Sweetgrass Platform would be

invaluable in providing a basis for the evaluation of th:ﬂj/

(
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characteristics of possible valley-fil) sindifaﬁe reservoirs
in the él;dstani Formation. Paleotopographic A
reconstructions such as those outlined by Branch (1976)-for
the Fred and George Creek fi§l§ (Fig. 33) and by 3 ”
Berr; (iSjA) for the Grand Forks field are useful for
interpreting paleocdrainage trends. éu;h maps are difficult
to dreaw for larger areas, however, b:é:u§: there are no
reliable regional str:tiQf:phic markers near the Jurassic -
Cretaceous unconformity {ﬁate the use of the Fish Scales
Zone as a stratigraphic marker in this thesis).

In summary, F=§§aﬁal geologic studies of potential
prodhciﬁg strata can provide an invaluable framework upon
which local evaluations can be constructed. Geaphysiéii,
"methods, particularly seismic, provide valuable additional
data, although the thiﬁhél? and lenticular nature of most of
the potential fEiEfvairsﬂigvgrgly limit the applicability of

geophysical techniques.’ In the final! analysis, only very

intensive drilling will fully evaluate petroleum prospects.



IX. SUMMARY ‘ .

*

Southern Alberta and north-central Montana are critical to
the interpretation of Late Jurassic and Early Cretaceous

ratigraphy in the western interior of North America. This

L]
i

straddles the north - south trending Sugétgr:ss Arch,

-]
-
[,
-

from which strata dip westward toward the Alberta Synéliﬁg
and eastward toward the Willisten ?asini Equally important
from the viewpoint of stratigraphic namgﬁ;i;gufe is the
Canadd - United States border, which runs east - west ‘4
through the fFentre of the study gre:: In this thesis, the
Ug%gr Jurassic and Lower Cretaceous lithostratigraphy Qéi
interpreted ‘and refined usihs iit@giagicil and \\
paleontological data from drill cores and geophysical leog
data. This lithostratigraphic scheme was integrated with
schemes from surrounding areas to provide a unified
interpretation of the Late Jurassic and Early Cretaceocus
ge&léqieai history over the entire western interior.

ng;n: sedimentation commenced in the study area in the
Middle Jurassic after a prolonged period of erosion.
Shallow to m:réiﬁai marine sandstone, siltstone, shale, anq
limestone of the Sawtooth and Shaunavon Formations were
deposited and subsequently partiy eroded, igaqing-aﬁ

erosional surface of moderate relief underlain by

Mississippian carbonates and Middle Jurassic clastic and

carbonate strata.

192
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Early Callovian strata comprise widespread homogeneous
shaliow marine calcareohs and non-calcareous shales of the

Rierdon formation. Minor erosion occurred during the late

ntial part

Callovian as the sea regressed, although a subst
of the formation was removed over the Sweetgrass Arch,
Buring the early Oxfordian, the transgressive basa! dark

deposited. As the

£
[
"

shale member of the Swift Formation
sea began to retreat, silt- and sand-sized detritus was
transported from source areas to the west into the study
area by storm currents, and was deposited along with dark
mud in marine bar and interbar facies of the ribbon sand
memb;r of the Swift. Erosion took place from late Gch;dign
through latest Neocomian time, resulting in deep channelling
of the Jurassic Strata.

Basal Cretaceous strata of the study area are included
in the Blairmore Group because the r lithologies compare
more closely with those of the Blairmore Group af the
Foothills than with those of the Mannville Group, which is
defined in the central Plains of Alberta. Siliceous
sandstones and conglomerates of the Cut Bank Formation were
deposited in streams occupying the westerly Cut Bank Valley
during Neocbmian (?) and early Aptian time. Finer fluvial
sands and floodplain facies of the Gladstone Formation were
laid down over the entire area during the Aptian, and are
overlain by earliest Alb¥an lacustrine dark shale,
limestone, and sanystone of the '"Calareous' member.,

Continental sandstones of the Beaver Mines Formation,
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characterized by sandstones containing abundant feldspar and

volcanic debris, cap the succession.

Marine Jurassic strata in the study area can readily be
correlated to the west, south, and east, but have been
removed by pre-Cretaceous erosion near the northern edge of
the thesis area. The first major marine advance onto the
craton in the Hid{}!‘qurassié can be traced over Jlarge
areas, but poor water circulation and widespread marginal
marine to evaporitic conditions prevailed, as indicated by
the presence of red bed and evaporite lithologies to the
south and east of the study area.

More open marine iaﬁd}ticns prevailed during the early
Callovian advance, as strata of the Rierden Formation were
laid down over southern Alberta, most of Montana, and the
western Williston Basin. Equivalent strata include the
Lower Sundance fFormation of the northern and central Great
Plains, the Rush Lake Shale and Roseray Sandstone of
south-central Saskatchewan, and the Grey beds member of the
Fernie Formation in the southern Alberta Foothills. All of
these units indicate deposition of mﬁﬂ: over a broad shallow
shelf area. Some evVidence of coarser shoreline and
regressive facies are found in the Lower Sundance of
northern Wyoming and the Régéray of Saskatchewan.

An even more extensive marine transgression during the
early Oxfordian is recorded by widesjpread dark shales which

Jpsnuthern Alberta and

make up the basa! Swift formation ir

Montana, the lower part of the Upper 5Sundance formation to



the south and east, the Masefield Shale in Saskatchewan, and
part of the Eféen beds member of the Fernie in the southern
Alberta Foothills. The marine bar sand facies deposited
during the subsequent regression in the Swift can be traced
southward through Montana and into the upper part of the
Upper Sundance furthgf_ta the south and east, :n; Eistulrd
inte the "§1" uRit of the Success Formation. Uplift of
N

sources areas to £h= west is recorded by coarse nearshore
Fatjés in western Montana and a coarsening-upward succession
in the Passage beds of the Fernie in the Alberta Foothills,

cDﬁtiﬁEﬁt¥l strata of the Morrison formation grade
upward from the marine Oxfordian, @nd continued to
aﬁéumulaﬁésavgr the Americaﬁ’ﬁartign of the western interior,
during the latest Jurassic. Erosion took place to the north
and continued over the entire cratonic basin during the

arliest Cretaceous, producing residual weathering deposits

f the Devillie Member of the Mannville Group 9n central

o]

Alberta, and the "S$2" unit of the Sggéass Formation in
Saskatchewah. Prograding shallow marine to fluvial facies
of the Kootenay Group were deposited in the Alberta Trough

ame time.

at thg

Renewed uplift of western source areas trlgii?&d
deposition of coarse clastics along the western edge of the
craton in pediment, alluvial fan, and fluvial EﬁVifaﬁﬁEﬂt;,
beginniﬁgbabégt the latest Neocomian. These sediments are

Cut ank Formation in northern Montana and

included in th

2

domi

southern Alberta, the C Formation of the Alberta



Foothills, and the Pgyor and Ephraim Conglomerates in
Wyoming and |Idaho. Generally finer continental sediments
were deposited somewhat later as the source areas degraded,
different source lithologies were exposed, and the tlimate
became more hugid. Thesevinclude the Gladstone formafion in
southern Alberia and northern Montana, the Cloverly )
Formation in Wyoming, the McCloud Member of the Cantuar
Formation in Saskatchewan, and the McMurray Formation and
Lower Mannville Formation of central Alberta. Widespread
lacustrine to marginal! marine deposits are evident at the

top of most of these units, signifying a rise in regional

base level.
*

The stratigraphic sequence discussed in this thesis is
capped by sediments deposited in conti/ental to marginal
mar ine envirofments which became more marine in character

)

T

northward toward the’advaﬁcing Boreal sea. Renewed uplift
to the west, prob;bly caused by increased interactions of
allochthonous terranes at the western edge of the craton,
caused igneous rocks to be exposed'and eroded, resulting in
a fairly sharp influx of feldspathic and volcanic iedimgﬁts
into the cratonic and foreland basins. These strata are
included in the Beaver Mines fFormation in southern Alberta
Ind‘noPthern-Hontana. the CloverlvaormatiQn to the sagth,
tﬁe Dj@mock Creek and Atlas Members of the Cantuar Formation

in Saskaichewan, and the Upper Mannville and Clearwater

Formations in central and horthern Alberta.
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Considerable reserves of petroleum are trapped in Upper
Jurassic and Lower Cretaceous strata in southern Alberta and
north-central Montana, but E}tEhSEVE drilling is needed to
discover and exploit the numerous small reservoifrs. Studies
which may aid in exploration strategies include:
determining regiona)l depositional patterns to aid in
predictien of sand bar gecometries and crie?t;tiani in the
Swift formation; mapping erosional breaks in the eastern
wall of the Cut Bank Valley, where petroleum might be
trapped in the Cut Bank S;ﬁdstaﬁe; and mapping Early .
Cretacecus palecdrainage patterns which controlled

deposition of lenticular sandstones of the Gladstone

Formation.
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EXPLANATION OF PLATE 1

A. McColl - Frontenac Union 9A-22 (9-22-3-8whk)
2920 feet
Chert pebble - belemnite conglomerate, base of shale
member of Swift Formation. {(Scale bars are 1 cm.

long).
L4

B. CMG Pan Am Pendor (11-35-2-9wk)

2721 feet
Typical development of dark-coloured,
lenticulariy-bedded ribbon sand member of Swift K

Formation, showing silt streaks and siltstone lenses
in dark shale. Smal) light-coloured spots are
truncated Chondrites burrows. (White scale card is 5
cm. long).

C. CMG Aden (6-31-1-10Wk)
2822 feet ;
Typical development of light-coloured ribbon sand
member of Swift Formation, showing lenticularly-b.dded
coarse siltstone in a finer matrix, with most
mud-sized material confined to thin wavy beds between
siltier beds. (Dime for scale).

D. CMG Cypress (6-23-7-3Whk)
L6776 feet

Dark ribbon sand displaying moderate bicturbation.
Original silt-streaked to lenticular bedding is still
distinguishable, but most sand lenses are cut by
mud-filled burrows, while sand-filled burrows are
common in mudstone beds. Note large pyrite nodule.
(Scale bars are | cm. long).
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EXPLANATION OF PLATE 2

CMG Black Butte (5-17-1-8Bwk)

2962 feet
Dark ribbon sand showing predominantly wavy bedding;
note presence of both siltstohe and cherty
medium-grained sandstone lenses. Reactivation surfaces
with thin mud drapes are common in the siltstone
lenses, signifying variable wave and current energies.
This core was taken near the Flat Coulee oil field,
where oil is produced from 12- to 15-foot beds of
sandstone in the Swift. (Scale bars are | ¢cm. long).

CMG Pan Am Pendor (7-29-2-Bwlk)
2B06 feet

Dark ribbon sand dispiaying well-defined alternation
between cross-bedded fine sandstone beds_and
silt-streaked mudstone beds. Reactivation surfaces and
mud drapes are common in the sandstone beds. This is a
very clear example of the alternation of wave and
current energies which occurred during deposition of
the ribbon sand. (Scale card is 5 em. long).

CAG Pakowki (6=2-L-7wWk) : .

2900 feet
Dark ribboen sand composed of small-scale trough
craoass-bedded sandstone, with only isolated flasers of
muddy material. (Scale bars are 1 cm. long).

Decalta Altair Milk River (2=L=1=17whk)

2778 feet
Cut Bank Sandstone, showing typical development of
large-scale planar cross-bedding. The lower sequencs
is truncated and overlain by a thin pebble laysr and
then another planar cross-bedded sequence. (Scate card
is 5 cm. long).
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EXPLANATION OF PLATE 3

Decalta Altair Milk River (2=b-1=-17Wh)

2760 feet :
Cut Bank Sandstone, containing plastically-deformed
mud clasts suspended in medium-grained litharenite.
(Scale card is 5 cm. long). -

Decalta Altair Milk River (2=-L=1-17wWhk)

2797 feet
Cut Bank Sandstone - conglomerate bed near base.
Pebbles are primarily chert with some argillite. Note
also the large coal fragment in the centre of the
photo. (Scale card is 5 c¢m. long).

CMG Pendor (10-20-3-7wWhk)

2888 feet
Sharp contact of basal Gladstone sandstone over ribbon
sand member of the Swift Formation. Note the abundant
mud clasts in the coarse-grained chert-rich sandstone.
(Scale bars are 1 cm. long).

TNR Omega Comrey (10-27-2-5Wk)

3175.5 faeet
Gladstone Formation - grey-green, pooriy-sorted silty
mudstone, showing abundant root traces. (S5cale bars
are 1 cm. long). ’
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EXPLANATION OF PLATE 4

CMAG Black Butte (5-17-1-8wk)

2943 feet
Dark ribbon sandstone - photomicrograph of fine
sublitharenite, composed almost entirely of quartz and
chert. (Fully-crossed nicols, field width 10.5 mm.).

Westcoast Twin River (14-33-1-19wWk)

3545 .5 feet *
Cut Bank Sandstone - photomicrograph of basal lithic
paraconglomerate. Almost all pebbles are composed of
chert with variable staining; some show a number of
inclusions. Matrix is composed of fine- to
medium-grained sublitharenite cemented by silica, and
with good intergranular porosity. (Fully-crossed
nicols, field width 10.5 mm.).
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EXPLANATION OF PLATE §

A. CPOG Horsefly Lake (12-20-8-16wk)

3197.5 feet
e, . .
Cut Bank Sandstone - photomicrograph of medium-grained
calcareous litharenite. Grain composition is very

typical of the Cut Bank, although the amount of
calcite cement is unusually high. (Fully-crossed
nicols, field width 10.5 mm.).

B. CMG et aT Pendor (6-1-L-9Wh)

2853 feet .
Gladstone Formation - photomicrograph of typica! basal
submature litharenite. The grains are predominantly

quartz and chert, although there are some sedimentary
rock fragments. (Fully-créssed nicols, field width
10.5 mm.). ' .
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EXPLANATION OF PLATE 6

-

A. Gridoil Teck Hays (16-28-13-1Lwk)
3124.5 feet
Gladstone Formation - photomicrograph of supermature
lithic quartzarenite. Very well-sorted, cemented
entirely by silica, and contains an unusually high
percentage of heavy minerals. (Fully-crossed nicols,
field width 10.5 am.).

B. Shell Manyberries (6-23-6-7wWh)
957.9 metres (3143 feet)

Beaver Mines fFormation - photomicrograph of submature
feldspathic extralitharenite. Contains abouyt 20%
quartz, 10% variabiy-weathered feldspar, and 70% chert
and volcanic rock fragments. Also present are detrital
carbonate grains, dark micas, and plant debris.
(Fully-crossed nicols, field width 10.5 mm. ).
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