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Abstract

Sandstones of the Lower Cretaceous Ellerslie Formation
overlie a major unconformity in southeastern Alberta. Post-
Jurassic erosion produced a subcrop pattern on which an ex-
tensive’drainage system developed in Lower Cretaceous time.

The Ellerslie sandstones were deposited in the river valleys,
as point bars and as later channel fill with a rise in base
level.

Within the study area, two morphologically distinct types
of paleochannels are identified: a major meandering system and
an incised channel of low sinuosity. These channels are filled
with sandstones of different geometries.

The Ellerslie quartz arenites are responsible for a linear
belt of o0il fields extending from Montana to south-central Alberta.
However, there have been production problems. Knowledge of the
diagenetic history of these rocks allows recommendations aimed

at optimizing o0il recovery.
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Work Schedule

During the summer and fall of 1983, 200 well logs from the
study area were correlated and several cross-sections and maps
were produced. This formed the basis of an independent study
conducted by the author while employed at Mobil 0il. Before
returning to Dalhousie University at Christmas time, eight cores
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SEM photos were taken, and 26 thin sections werr:
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cut from the cores. During January 1984 the thin sections were
described and the diagenetic history was worked out. Extensive

reading was done throughout the course of the study. The

thesis was written and typed in February 1984,



Chapter 1

Introduction

Sandstones lying above the Pre-Cretaceous unconformity form
important oil reservoirs in Alberta and northern Montana.
Although they have produced oil for several decades, there
is still disagreement in the literature regarding correlations
between individual fields and their depositional histcery. There
has been little research done on the diagenesis of these rocks.
The nomenclature applied to the basal Cretaceous strata
reflects the difficulty of regional correlation. Figure 1 shows
some of the more common schemes adopted for Alberta. Several
local names have been introduced for the reservoir sandstones
of individual fields. 0il company geologists have called the
producing sandstone near Taber, Alberta, the Taber sandstone,

ed the

femed

while the prolific sandstone of Cutbank, Montana, is cal
Cutbank sandstone.

In order to give regional identification tc the basal Cret-
aceous sandstone of southern Alberta, the nomenclature commonly
used in central Alberta will be used for the purposes of this
study. However, the Ellerslie Member of the Mannville Group will
be elevated to formation status in order to recognize it as a
mappable unit. The Calcareous Member (or "“Ostracod Zone' of
oilfield terminology)} and Glauconitic Member will likewise be

referred to as formations in agreement with Farshori, 1982,
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Figure 1:

Nomenclature for basal Cretaceous

strata in Alberta, after Glaister, 1959.




The purpose of this thesis is to formulate a model for the
deposition and subsequent diagenesis of the Ellerslie sandstone
within a small area of southern Alberta. The author is not
aware of any previous work done on this specific area. The
data base is entirely subsurface, consisting of 200 wire-line

logs, 8 cores, and 26 thin sections.
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The study area 1s located about 210 kilometers southeast
o - AL T PN S T . N TR VU S AP S o s~
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L

14, 15, and part of 16, west of the fourth meridian.

Figure 3 shows the location of wells drilled in the study
area. Ellerslie oil fields are shown in green. Although these
fields were discovered in the early 1%60's, many of the wells
are still in production and several recent oil wells have been
drilled.

The Southeast Taber fields trend in a northerly direction
consistent with other fields surrounding the study area. How-
ever, the Chin Coulee field is oriented in an anomalous, north-
westerly direction. The Southeast Taber fields are irregularly-
shaped and sporadic in distribution, whereas the Chin Coulee
field is narrow, elongate and continuous. Any geologic model

proposed for the study area must account for these differences.









Chapter 2

Structural Setting

The broad stable platform in front of the main belt of
Rocky Mountain disturbances is interrupted by a complex series
of structures. The study area lies on the western flank of one
of these features, the Sweetgrass Arch. It is a broad, gentle
uplift that rises in Montana and plunges northward to meet the
Battleford Arch at the Suffield Saddle. East of the Arch is the
gently-sloping western flank of the Williston Basin; west of the
Arch is the steeper eastern limb of the Alberta syncline (Figure
2).

Although it is generally agreed that the Sweetgrass Arch is
primarily a Tertiary feature, Jurassic, Mississippian, and even
early Paleozoic activation may have occurred (Webb, 1951; Herbaly,
1974; Thompson and Crockford, 1974; Stelck, 1975).

The dissolution of Paleozoic evaporites has been documented
as a local structural control of Mannville sedimentation (Putnam,
1982). However, this phenomenon was not detected by mapping in
the study area.

The resulting structure in the study area is relatively
uncomplicated, with a regional dip of about 5 metres per kilo-

meter to the northwest.



Chapter 3

Regional Geologic History

Mississippian

During Mississippian time, the present Plains and Rocky

LI SUP o~ = . N <7
as thick seguences of mainly

o}

re deposited. Post-lMississipplan
erosion on the Sweetgrass Arch and renewed subsidence in the
Alberta syncline preserved most of the Mississippian rocks in a
westerly direction so that subcrops of the various members are
present in belts that parallel the axis of the Arch. Pennsyl-
vanian, Permian, and Triassic strata are completely missing from

the area of the Arch.

Jurassic

While much of the Alberta shelf remained emergent in Middle
Jurassic time, the western and southern portions were transgressed.
The resulting marine sedimentation is termed the Ellis Group in
southern Alberta. It consists of Sawtooth sandstones, overlain
by Rierdon shales, and uppermost Swift sandstones.

Subsequent elevation of the northern portion of the Sweet-
grass Arch caused erosion of the Jurassic strata so that members

successively wedge-out northward. Erosion was most pronounced



along the crest of the Arch, and thus the group thickens east-
ward and westward on its flanks, as well as southward. Figure
4 shows this subcrop pattern.

In the study area, the Swift Formation was completely
eroded. The Rierdon and Sawtooth Formations overlie the irreg-
ular Mississippian unconformity, tending to smooth out the

paleotopography.

Lower Cretaceous

A. Lower Mannville

During late Jurassic or early Cretaceous time, great orogenic
movements associated with the Nevadian Orogeny produced the

present-day Selkirk Mountains belt.. The entire southern Alberta

1

basin became emergent as the Jura

n
16}

iC sea was expelled. A major
drainage pattern developed which flowed northward from Montana and
cut through the various Jurassic units exposed along the Arch.
Clastics were supplied to this drainage system from the
uplifted mountains to the west (Berry, 1967; Herbaly, 1974; Webb,
1954) or from the Precambrian craton to the northeast (Glaister,

1959; Hopkins, 1981; Hopkins, et al., 1982; wWilliams, 1963).

Fluvial sands and shales were deposited in wide floodplains, form-
ing the Lower Mannville Ellerslie Formation of southern Alberta.
In central and northern Alberta, some workers have proposed

an estuarine valley interpretation (Horne, et al., 1982; Marion,

14

1982) or a combination of small estuarine, shoreline, and tidal






deposit interpretations (Hopkins, 1982). These interpretations
may all be compatible if contemporaneous facies transition is
considered. Conditions were probably more fully marine in the
north. Webb, 1954, has mapped thickened marine sequences of
Lower Cretaceous age in the Peace River region.

An advance of the Clearwater Sea from the north is marked

by the conformable deposition of the Calcareous Formation (or

oS a-Tele)
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Alberta. It consists
interbedded with siltstones and mudstones, which grade upward
into fine- to medium-grained white sandstone. Farshori, 1983,
distinguished four lithostratigraphic units within this formation
and correlated them to four stages of infilling of a large lake.
The presence of freshwater gastropods, pelecypods and juvenile

ostracods confirms a lacustrine origin.

B. Upper Mannville

With continued advance of the Clearwater Sea, accompanied
by slow subsidence, the Glauconitic Formation was deposited over
much of Alberta. It is generally agreed that the shoreline
existed somewhere between Calgary and Edmonton (Herbaly, 1974).
Broadly speaking, deposits to the northwest of this shoreline
are marine and deposits to the southeast are continental.

However, there is considerable confusion in the literature

+
o}

s to the precise location of the shoreline an

jsh)
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the origin of



many of the deposits. Proximal Glauconitic sandstone sequences
have been interpreted as marine bars by some authors and as
fluvial deposits by others (Farshori, 1983; Herbaly, 1974; Hopkins,
et al., 1982; Tilly, 1983).

It seems likely that the shallow sea had an irregular shore-
line which fluctuated locally through Upper Mannville time.

Therefore, marine and continental deposits would occur
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account for the facies relations observed in the paleoshoreline
region.

Within the study area, sedimentation was probably initiated
by an influx of fine clastics into the Upper Mannville sea.
Sandstones interbedded with mudstones are interpreted as crevase
splay and mouth bar deposits that formed in interdistributary
bays of a lower delta plain.

As positive tectonic movements in southern and central British
Columbia increased the supply of detritus, the delta prograded.
Distributary channels cut into the lower delta plain deposits,
sometimes eroding through to the Ostracod, Rierdon highs, or
Ellerslie Formation. These northwesterly-trending channels were
filled with sand or shaley sand.

Figure 5 shows these stratigraphic relationships, as found
in the study area. Figure 6 shows the correlations across the

Sweetgrass Arch.









Chapter 4

Correlation

Many of the formation boundaries were easily picked using
a combination of electric, gamma ray, sonic, and neutron well
logs. The base of the Fish Scale Sand, which marks the top of

the Lower Cretaceous section, has a well-established, distinctive
£ i

D
4
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ern on electric logs. Similarly, the top of the lMannville
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section is recognized by a marked change in average conductivity
readings. The Bantry Shale of the Ostracod Zone has a fast sonic
velocity, low density, and because of its high smectite content,
a low gamma ray response; it is used extensively as a marker bed
in southern Alberta. The Rierdon Shale is readily distinguished
on electric logs from the Ellerslie and Sawtooth sandstones which
lie above and below it. The high resistivity limestones of the h
Mississippian give a log signature which differs from those of
the overlying clastics.

Problems with correlations are in distinguishing the sand-
stones of the Ellerslie and Glauconitic Formations. Both deposits
can have upright bell-shaped curves, typical of fining upward
point bar deposits (Figure 7). Furthermore, both can occur at
approximately the same stratigraphic position. Therefore, it
was necessary to study several core and chip samples. The dis-
tinctive mineralogies and textures of the sandstones were used to

ascertain correlations.






It was also noticed that gamma ray readings tended to be
higher for Glauconitic sandstones than for Ellerslie sandstones
of about the same grain size. This is attributed to the highly
radiocactive potassium content of the glauconite mineral and
potassic feldspars of the Glaucconitic Formation.

The regional stratigraphic cross-section A-A' (Appendix A),
through the Southeast Taber and Chin Coulee fields, was con-
structed to show these initial correlations based on rock samples.
It shows the characteristic downwardly convex nature of channel-
£fill sands. The paleochannels are clearly seen cutting into
Jurassic strata of the Rierdon and Sawtooth Formations. The
Southeast Taber channel is incised more deeply than the Chin
Coulee channel. The Ellerslie Formation of both channels pinches
out against Rierdon highs and the Ostracod Zone is found blanketing
the Ellerslie or Rierdon Formations. Glauconitic channels are
found where th; Ostracod beds are absent, as well as in strati-
graphically higher positions.

Several other stratigraphic and structural cross-sections
were drawn at a more detailed scale. (Appenix A). Many of these
"picks" were also checked with rock samples, providing the
necessary control to proceed with picking the rest of the tops
of interest on the basis of log profiles. These data were used

to generate a series of structural and isopachous maps.
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Chapter 5

Core Descriptions

Eight cores of Ellerslie sandstone were described in detail
(Appendix B). Well locations for these cores are shown on Figure 3.
In general, each core has several fining-upward sandstone

e
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guences. Bzsal congleomerate or co
an erosional contact with the underlying Rierdon or Sawtooth
Formations. Clasts of green, waxy, Rierdon shale, Sawtooth sand-
stone, or chert are common in this coarse unit. It is overlain
by massive fine- to medium-grained porous sandstone which is
overlain by fine- to very fine-grained, somewhat argillaceous,
finely laminated sandstone. The fine sandstones often grade to °
shale or mudstone at the top. Carbonaceous and coaly fragments
are most abundant towards the top.

In some sections of core the sequences are simply stacked
one above the other. However, in many parts of the cores there
are incomplete sequences and erosional contacts occur between
the sandstone units.

Although some weak cross-bedding and planar laminations can
be detected, much of the sandstone appears structureless. These
units may be massive, or there may simply be a lack of mineral
segregation or other inhomogeneities to outline the structures.
Occasionally, blocks of sandy or muddy material were found in a

framework of a different grain size. They appeared to be the

products of slumping.
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Compositionally and texturally the Ellerslie sandstones are
very mature. Quartz 1is the most abundant detrital grain, com-
prising up to 100% of the framework near the top of the seguences.
Dark-coloured chert and other sedimentary rock fragments are the
remaining detrital grains, increasing 1in abundance towards the
base of the sequences but averaging 20-40%. There is no deposi-
tional matrix. The grains are subrounded to subangular and
generally well sorted.

The sandstones are orthoguartzites according to Folk's orig-
inal classification scheme which was intended to reflect the source
terrain. In this scheme, quartz and chert are at one apex of a
triangular diagram and the sedimentary rock fragments are at another.
This infers a sedimentary provehance for the Ellerslie sandstones.
In his latest scheme, Folk groups chert with the sedimentary rock
fragments. Most of the Ellerslie sandstones would therefore be
classified as chert arenites, although a few guartz arenite units
are present.

The percentage of porosity and cement was estimated at inter-
vals throughout the cores. Although it is difficult to get accur-
ate values using a light microscope, the relative percentages are
meaningful. The more guartzose, finer-grained sandstones tend to
have a greater percentage of silica cement (up to 20%). The
distribution of clays and calcareous cement, however, seem moré
sporadic. The medium-grained units tend to have the greatest

porosities {(up to 22%).
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Chapter 6

Sand Body Geometry

Figure 8 is a composite Ellerslie sandstone isolith map
showing the sand body geometry. Details of construction are
given in Appendix D.
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within the study area, trending northward; Chin Coulee sandstone
spans 15 kilometers and is oriented to the northwest. The width
of the sandstone distribution is greater in the Southeast Taber
field, ranging from 4 - 7 kilometers as compared to 1 - 2 kilo-
meters in the Chin Coulee field.

Sandstone thicknesses in the Southeast Taber field are
variable across its width, reaching 18 - 21 metres in isolated,
irregular pods, but averaging 11.4 metres. Sandstone thickness
in the Chin Coulee field increases regularly towards the center
of the paleochannel and towards the northwest where‘it reaches
18 - 21 metres near Southeast Taber. 1In general, the Chin Coulee
sandstones are not as thick as in Southeast Taber, averaging 8.4
metres.

Figure 9 is a map of the Ellerslie sandstone structure. It
shows that structurally highest points of the sandstone in Chin
Coulee occur roughly along an axis through the center of the
paleochannel. The structure contours have a more complex pattern

in Southezst Talber.
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Chapter 7

Paleodrainage Mapping

Two types of maps were used to define the paleodrainage
pattern: both involve trend surface analysis. The methods used

to construct these maps are described in Appendix D.
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ture, the map shows the actual relief on the Jurassic surface
after river downcutting. Arrows were drawn through the points
of maximum curvature of contour lines to show the river course.
The paleoslope of the Chin Coulee valley is about 0.6 metres per
kilometer and about 1.8 metres per kilometer for Southeast Taber.

A comparison with the Ellerslie sand isolith {(Figure 8)
reveals that the sand distribution is very closely controlled by
the Jurassic structure for Chin Coulee. This is not true for
Southeast Taber where the greatest sand thickness does not neces-
sarily coincide with the channel axis. The thickest sands occur
at the edges as well as within the river valley. The comparison
also reveals that Jurassic highs correspond to areas of zero
Ellerslie sand deposition.

The paleodrainage pattern was also mapped using the datum
plane-valley floor isopach method of Andresen, 1961, and Bush,

1974. Figure 11 is the base of the Fish Scales to top of the
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at the expense of the underlying strata,

est section depict the channels.

The black

the red areas of thick-

areas of thinnest

section correspond to areas of no channel sandstone.

This method seems to highlight the channels better than the

unconformity structure method, probably because of the additional

effect of differential compaction around the channel sandstones.
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Chapter 8

Mapping the Mississippian Structure
P PP

Towards the Jurassic zero edge, some workers believe that
the Mississippian erosional surface has strongly influenced the

topography and, therefore, indirectly influenced

O

Jurassic pale
e sand deposition (Herkaly, 1974).

However, as the Jurassic cover thickens towards the south,
the relationship becomes less obvious. In the study area, up
to 50 metres of Jurassic marine sediments have smoothed out the
paleotopography, apparently creating no areas of preference for
stream erosion.

A 4th order residual of the Mississippilan structure was
compared with the Jurassic structure residual. Only a vague
correlation of highs and lows existed, mainly over Southeast
Taber. This may be purely a function of Mississippian well
control which is best in the deeper Southeast Taber wells. The
Mississippian surface may undulate randomly over the entire study
area.

Berry, 1§67, observed a similar lack of relationship in his

study of the Grand Forks oil field about 40 kilometers away, as

did Hopkins, 1981, in the Medicine River area.
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Chapter 9

Porosity Mapping

Porosity values of Ellerslie sandstone were measured from
sonic and neutron logs of the map area. Using a 10% porosity
cut-off, the thicknesses of porous sandstone were totalled for

andstone {(Fiagn
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the thinnest porous sandstone in yellow (0-3 m).
This map differs from the previously-drawn isolith which
contained porous and non-porous sandstone. For Chin Coulee,
the thickest porous sand simply occurs in areas of thickest
sandstone, towards the centre of the channel and especially
near Southeast Taber where the channel is deepest. 1In Southeast
Taber, areas of thickest porous sandstone do not necessarily
coincide with the areas of thickest sandstone. Lenses of silty
or non-porous sandstone cause differences in the two isopachs.
Average porosities were calculated for the porous sandstone
of each well (Figure 13). The highest porosities (21-24%) are
shown in yellow and the lowest porosity values are shown in
brown ({(12%). For Chin Coulee, the porosities increase regu-
larly towards the center of the channel. For Southeast Taber,
areas of highest porosity are found in isolated, irregular pods.
Values for the thickness and average porosity were multiplied

ach well to produce a ¢h map (Figure 14). The resulting pat-

J
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for

tern is once again very similar to that of the previous maps.
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A comparison between these porosity maps and the show map
(Figure 3) shows the effect of porosity on drill stem test
recoveries. None of the oil wells drain sandstone with <10%
porosity. Conversely, mud recoveries are almost always found
in sandstones with {12% porosity.

Salt water is recovered from sandstones with thicknesses
and porosities which are as good or better than in producing
sandstones. Salt water is not recovered from sandstone with
{10% porosity.

Sandstone thickness is not critical to oil production. There

1s an o0il well in one metre of sandstone in the Southeast Taber

field.



Thin Section Descriptions

Introduction
Ellerslie sandstones can be difficult to produce and there
appear to be differences in reservoir quality between sandstones
of various fields. Chin Coulee sandstones reguire acidizing and
fracturing to bring 10% primary recovery to 15%. However, South-
east Taber sandstones yield 12% recovery without secondary tech-

nigues. Pay zones in other Ellerslie fields can have recoveries

of 1

0]

ss than 1% (E.R.C.B., 1882).
In order to investigate these production differences, 26 thin

sections were described (Appendix C). Thin section locations are

shown on the core descriptions of Appendix B.

Methods and Problems

The thin secticns were impregnated with a blue epoxy in order

to differentiate the porosity more easily. However, not all pore

space received the epoxy. This was more of an inconvenience

than a problem, as it simply necessitated more careful observation.
The thin sections were siained with alizarin red-S and

potassium ferricyanide after etching in dilute hydrochloric acid.

Etching increases the clarity of fabrics and dissolves carbonates

2

of different compositions by varying amounts. Staining with

alizarin red-S differentiatcs carbonate minerals into two groups.
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Aragonite, calcite, witherite, and cerussite, which dissolve
rapidly in dilute hydrochloric acid, are stained, while dol-
omite, siderite, magnesite, and rhodochrosite, which react much
more slowly with the acid, remain unstained. Staining with
potassium ferricyanide will distinguish the ferrous iron dis-
tribution. Thus, pink-staining carbonates are calcite, purple
to royale blue-staining carbonates are ferroan calcite, un-
stained carbonates are dolomite, and pale to deep turguoise
carbonates are ferroan dolomite (Dickson, 1966).

Two of the thin sections were contaminated with drilling
mud and so it was not possible to obtain reliable data. The
contamination was caused by caving of the drilling mud into the
friable sandstones. Had the author beenrmore experienced, the
problem might have been avoided by taking only inner core samples.

Plucking of grains from the slide during grinding was another
problem encountered in a few thin sections. Plucked grains were
distinguished from pore space by their "grain shape" and the
absence of quartz overgrowths or other cements jutting into the
cavities.

Since a thin section is not necessarily cut through the
largest dimension of grains, a correction factor was applied to
the measured valﬁes of grain size. Taylor, 1977, suggests that
only about 70% of the actual grain size is seen in a thin section
of fairly well-rounded, regularly packed grains. Accordingly, the
figures for grain sizes, appearing in the descriptions, have been

divided by 0.7.
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Three hundred grains were point counted for 6 of the 26
thin sections. This provided an important check on the visual
estimates of the other sections. Unfortunately, this method
does not work for estimating the amount of cements; these per-

entages were visually estimated with the help of charts by

O

ot
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cholle, 1279, and Swanson, 1981.
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A. Grains

Quartz, chert, and sedimentary rock fragments (S.R.F.)
compose the main detrital components of the Ellerslie sandstone.
Quartz is the most common, averaging 70-85% of the clasts. There
is no depositional matrix, and therefore they are classified
as orthogquartzites or chert to guartz arenites (Figure 15A).

The gquartz normally occurs as single grains with straight
and undulose extinction equally common. About 20% of the quartz
is polycrystalline. Chalcedony is found locally but is considered
a sedimentary rock fragment (Figure 15B).

The sedimentary rock fragments generally compose less than
10% of the clasts and are very guartzose. 6 Quartzite, quartzose
sandstones, and shales are the most common. Rarely, a metamorphic
fabric is seen; since it is randomly oriented, the foliation is

considered to be a primary feature of the clasts.






B. Grain Contacts

According to Taylor, 1950, the nature of the grain con-
tacts in a sandstone is a visual measure of the result of sed-
iment settling and compaction. However, grain contacts are
high energy sites where cements are preferentially dissolved
or precipitated. In the Ellerslie sandstones, the types of
contacts are a function of chemical reactions as weil as mechan-
ica% compaction.

"Floating grains" and tangential, straight, and embayed
contacts are all common. "Floating grains" are found in pore
space created by the dissolution of cement (although grains
which appear floéting in the two-dimensional thin section may
have a contact in the third dimension). Tangential grain con-
tacts are either caused by low degrees of mechanical compaction
or by replacement then dissoclution along most of the grain con-
tact. Straight grain contacts may be caused by moderate mechan-
ical compaction or by guartz overgrowths of two grains growing
together. Embayed contacts can safely be attributed to com-
pacticn which causes guartz grains to become embedded in the
softer sedimentary rock fragments. Also, microstylolites are
commonly formed between two chert grains, causing a serrated
boundary marked by an opague line of insoluble impurities
(Figure 1624).

Similarly, the number of grain contacts per grain is not

just a measure of mechanical compaction. Taylor, 1950, contends
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that the number of contacts per grain should increase with burial
due to an increase in pressure. However, in Ellerslie sandstones,
the number of contacts per grain also decreases with increasing
replacement of detrital guartz with calcite cement. Therefore,
there is no trend with depth in Ellerslie sandstones.

However, it is possible to gain a general understanding of
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ductile grains. Also, many grains appear to have been rotated

so that they obtain a higher degree of packing. The presence of
at least some embayed contacts 1s also evidence of mechanical
strain. Extensive cementation could not have been present before
these mechanical effects because it would have inhibited strain

on the grains.

C. Grain Size, Sorting, and Shape

Grain sizes range from silt to pebble but most clasts are
medium-grained sand. Within each thin section, the grains are
usually moderately to well sorted. Although the clasts were
originally well rounded, guartz overgrowths impart a pseudoan-
gularity (Figure 17). The chert grains tend to be slightly

larger and more angular than the quartz grains.

D. Cements
Quartz overgrowths, ferrous and non-ferrous calcite, dolo-

mite, authigenic clay, and pyrite, are all found as cements,






Between 1-8% quartz overgrowths are found either jutting
into existing pore space or in contact with calcite cement. At
least two phases of overgrowth precipitation are recognized by two
lines of impurities within the siliceous cement of some grains.

Some of the silica may have been derived from dissolution
at micrdstylolites. This pressure solution silica is most
common in the finer fraction of quartz arenites, according to
Schmidt and McDonald, 1980. Alternatively, the silica may have
been derived from extrastratal sources by the chemical compaction
of adjacent, very fine-grained arenites, or as the product of
clay diagenesis in adjacent shales. Replacement of guartz grains
by carbonate may also have liberated silica to form overgrowths.

Figure 18 shows ferroan calcite cement. Only the surfac
grains are stained blue so some portions of calcite remain
colourless. The ferroan calcite is found composing up toc 5% of
the rock. It preferentially corrodes quartz along fractures and
irregular grain boundaries. Straight grain boundaries and quartz
overgrowths are not favoured sites for silica replacement by
calcite.

Non-ferrous calcite (stained pink or red) is often found
associated with the ferrous variety. There is a reverse zoning
pattern; ferrous calcite grows into the pores, followed by non-
ferrous calcite at the the pore centers. Normally, the non-ferrous
calcite would precipitate first; ferrous calcite would only form

after the concentration or iron in solution becomes relatively
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high. 1Iron is not preferentially incorporated into the calcite
crystal lattice.

The reverse zoning may be explained by two phases of calcite
cementation. Perhaps early ferrous pore fluids were followed by
less ferrous solutions. Alternatively, the process of replace-
ment may have provided conditions, such as increased temperature,
which were favorable for iron substitution. Later, pore-filling
calcite would not have this additional enerqgy.

In some thin sections, non-ferrous calcite occupies up to 29%
of the slide, completely eliminating the primary porosity.

Dolomite cement (Figure 19) occurs in patches in a few thin
sections, where it occupies less than 3% of the slide. It is
most commonly found cementing chert grains or filling fractures
in chert.

Clays are gquite widespread, comprising up to 15% of the thin
sections (Figures 19A and 20). They are found as thin films
around grains and as pore fillers. The clays may be oil-stained
and thus appear reddish-brown in colour.

Anhedral pyrite cement (Figure 20) is found in fractures and
as patchy, pore-filling cement in several thin sections. It
is often associated with carbonaceous material. Pyrite also
occurs as inclusions within chert and in euhedral crystals within

the cement.









E. Porosity

Porosity in the thin sections ranges from 0 - 22%. 1In
some slides the porosity is completely eliminated by cements.
In other slides, only minor amounts of quartz overgrowths or
clays inhibit porosity.

Most of the porosity is intergranular, although minor
intragranular porosity is created by fractured grains or is
found within sedimentary rock fragments.

Several textural relations suggest that at least some
porosity is secondary. Many of the pores are highly variable
in shape and size. Some parts of thin sections have a
higher percentage of porosity than others. Some pores are
"oversized", that is they are too big to be primary in origin.
Grains "floating" in porosity are fairly common, and pore space
next to corroded quartz grains is typical. Molds of replacement
along grain contacts was also observed. Traces of calcite

cement are commonly seen within the porosity (Figure 21).
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Chapter 11

Scanning Electron Micrographs

Samples of Ellerslie sandstone were viewed under a scanning
electron microscope in order to identify the clays. Figures 22
and 23 are photomicrographs showing kaolinite clay. It occurs
as pseudohexagonal plates which form booklets, and as vermicular
growths characteristic of authigenic clay formed in a fluvial
environment.

It is not surprising that kaolinite was found in these
sandstones. This clay is typically found in guartz-rich sand-
stones with very little feldspar. It is often associated with
quartz overgrowths and calcite cement, as in these sandstones
(Carrigy and Mellon, 1864).

Although clays can be detrital or formed by in situ alteration,
the clay viewed under the SEM probably precipitated from solution.
Evidence for this is the large, well-formed crystals and the
assocliated mineral assemblages. It is not derived from the.
alteration of feldspar because there is no feldspar in the Ellerslie
sandstone and the clay is evenly distributed in the slides. The
solution probably obtained the necessary aluminum from the nearby

shales.
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Chapter 12

Sznthesis

Depositional Model

The Ellerslie sandstones were depcsited in fluvial paleo-
channels. Differences between the Chin Coulee and Southeast
Taber fields are attributed to differing channel morphologies.

Southeast Taber sandstones are interpreted as deposits of
a meandering river. The log profiles and cores indicate that
point bars developed along the channel course. Stacking of
these sequences, one above the other, generates repeated up-
right bell-shaped curves on scome well logs. Channeling of one sand
body into another causes a more complex curve on other well logs.

As the individual meanders become open loops, the point
bars lose their crescent shapes and assume very irregular out-
lines. When meander loops are abandoned, they are filled with
fine sediment which forms clay plugs within and at the edge of
the river valleys. The resulting sand body of a composite point
bar system, such as Southeast Taber, has an irregular shape
and varying sand thicknesses. Wells spaced very close together
can show extreme variation and the thickest part of the sandstone
does not necessarily coincide with the true valley axis. '

Chin Coulee sandstones are believed to be products of the

infilling of an incised river valley. 1In response to a base level
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drop, the Chin Coulee channel was eroded straight through the
Rierdon Formation, trying to establish equilibrium. The Chin
Coulee rivér assumed a straighter course than Southeast

Taber. This tributary did not cut the Jurassic strata as

deeply as the main river, Southeast Taber. It experienced net
erosion: therefore, no obvious point bars developed and no clay
plugs filled abandoned meander loops of this low sinuosity river.

With a rise in base level, corresponding to an advance of
the Clearwater Sea, the Cretaceous river valleys were filled
with sand and capped by shale. Since the Chin Coulee tributary
was at a higher elevation, it was one of the last channels to
be filled. The resulting rock is a continuous, lenticular body
of sandstone with thickest deposits corresponding to points of
lowest relief on the Jurassic structure.

According to Cant, 1982, and Selley, 1978, this type of
depositional model is quite common in the rock record. Leeder,
1978, pointed out that the narrower the alluvial plain, the
greater tendency there will be for channel interconnections,
culminating in the production of a multistorey, valley-fill
deposit when the width of the alluvial plain approximates the
width of the channel system.

Figure 24 shows the sand bodies generated by low sinuosity
and high sinuosity rivers. This diagram, from Collinson, 1975,
is thought to be representative of Chin Coulee (2), and Southeast

Taber (B).



" FiG. 94: Schematc plan views of the sand bodies generated by A low sinuosdy and B) high

sinuosity streams  In A st the channel is abandoned belore sinuosity deveiops and the
abangonment s gracua an elongale sand body with no mnternal erosion surfaces results The iaters
extent of sucn a $and LOod,. seen n verhical sechon s clearly gependant upon the onentabion of the
section 0 relgnon te ine current {cl a-a and a’-a )} in B the frequent cut-off of meander ioops ana
the development of clay plugs {(black) i abandoned channels ieads 10 a senes of restrcied sand
podies separated einer by erosion surfaces (heavy hines) or clay plugs Tne hnal abangoned
channel may be sand or clay hilea The orentation of a verucal section througn sucn sand bodies
nas hitle infiuence on their observed fateral extent | from Collinson, 1978)
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The porosity maps also reflect the differing morphologies.
Chin Coulee has thickest, porous sandstone occurring in areas
of thickest sand; non-porous lenses are distributed evenly
throughout. The Chin Coulee channel was filled by rather
homogenous sandy material. Southeast Taber sandstones, on
the other hand, are most porous where point bars developed;
the finer, non-porous material occurs in quieter-water parts
of the channel. Therefore, the areas of thickest porous sand
do not necessarily coincide with the areas of thickest sandstone.

The overall drainage pattern was probably dendritic, with
tributaries that bifurcate at acute angles. Such a pattern is
generally developed in homogenous rock that is rather uniformly
resistant to weathering and erosion, such as the shales of the
Rierdon Formation. Although there is a possibility that Chin
Coulee 1s fault controlled, leading to a straight river, trending
in an anomalous direction, there is no geologic evidence to
support this.

The drainage system probably flowed from Montana to the
north, as suggested by several authors and evidenced by the
palecslope in the study area. The provenance of Ellerslie sand-
stones is much less certain. It is generally agreed that the
boundary between the lower and upper Mannville is marked by a
change in source area from the eastern Precambrian shield to

the uplifted mountains in the west (Glaister, 1959; Williams, 1963).
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However, in Lower Mannville time, the source rocks in the east
and west were very similar, consisting of clastics and carbonates.
It is unclear if the transition of source rocks occurred as early
as Ellerslie time. The chert and sedimentary rock fragments of
the Ellerslie sandstone indicate a sedimentary source, of an

undetermined location.

A diagenetic history of the Ellerslie sandstones is pro-
posed on the basis of textural relations observed in the thin
sections and SEM photographs. It is in general agreement with
the four stages of diagenesis suggested by Schmidt and McDonald,
1980, for guartz arenites, and the three stages of diagenesis
outlined by Dapples, 1972.

The first stage of diagenesis involved mainly mechanical
compaction of the clean, uncemented sands with primary inter-
granular porosity. The compaction was accomplished by rotation
of grains, deformation of ductile grains, and fracturing of
grains. Tangential grain contacts decreased in number and
straight or embayed contacts became more abundant. This stage
reduced both the primary rock volume and the primary porosity.
This stage must have occurred before significant cementation
because many of the fractures are filled with cement and early

cementation would have inhibited extensive mechanical compaction.

|

This stage corresponds to the immature stage defined by Schmidt

and McDonald, 1980.
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The next stage was marked by the onset of pervasive chem-
ical compaction, while the mechanical compaction of primary
porosity became insignificant. It was accomplished first by
pressure solution. The microstylolites and the first generation
of guartz overgrowths probably formed at this time.

This was followed by carbonate cement which preferentially

rernlaced Auasrtr alono drves o ~osd e i de e D se Bk b e 4

n

kaolinite probably grew at this time. The presence of clay is

f

known to inhibit the growth of secondary gquartz (Pittman, 1972).
The percentage of clay and guartz overgrowths show no correla-
tion when plotted on a graph. This lends suppert tc the hypeth-
esis that the overgrowths preceded the clay.

By this stage, the volume of remaining primary porosity was
reduced almost to zero. The cementation would have halted any
further mechanical compaction during this stage. This period of
extensive cementation is termed the semi-mature stage by Schmidt
and McDonald, 1980.

The next stage o¢f diagenesis was marked by the decarbonati-
zation of calcite and dolomite. This was probably caused by
carbonic acid derived from the decarboxylaticn of maturing
organic matter in intercalated shales. Pyrite cement would have
formed also at this time. This would explain the association of

pyrite and carbonaceous matter observed in the thin sections and

cores. Some of the iron needed to form pyrite may have been
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liberated by the dissolution of ferroan calcite. This decar-
bonatization stage is called the mature stage A by Schmidt and
McDomald, 1980.

In the final stage of diagenesis of the Ellerslie sand-
stones, a second generation of guartz overgrowths and carbonate
cement formed. The non-ferrous variety of calcite probably grew

- 1 - > o~ o
over the y ., producirn

ZonLng. IS CoirXeEiondas to the maiure
McDhonald, 1980.

‘“he supermature stage of Schmidt and McDonald, 1980, wes
never attained in these sandstones. Secondary porosity would
have been completely lost by mechanical compaction and much of
the gquartz would have recrystallized.

Several graphs were drawn in an effort to find correlations
between the types and amounts of cements, depth, anxd grain size.
However, the only pattern observed was a geuneral increase in the
amount of silica cement and a decrease in the percentage of

porosity towards the tops of the sandstone sequences.

Implications for 0il Production

These Ellerslie sandstones are not devoid of appreciable
cementation as the literature often suggests and as commonly
thought in the oil industry. These sandstones have had a

conplicated diagenetic history which ought te e well understood

i

i

preoduction 1s to be maximized.
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As Taylor, 1977, points out, grain size, permeability, and
homogeneity decrease upward in fluvial sandstones. The oil
accumulates at the top of the sandstone body, in the lowest
gquality sands.

It has therefore been commen practice in the oil industry
to fracture and acidize the producing Ellerslie Formation. This
aids the permeability in the heavily silicified zones and dis-
solves the carbonate.

However, the carbonate contains appreciable amounts of iron.
The acid used to dissolve the carbonate will liberate iron which
forms another precipitate. This can be as detrimental as the
carbonate itself. An iron complexing agent should be added to
prevent this. Also, kaolinite booklets will dislodge with fluid
flow and become trapped in the pore throats (Almon and Davies,
1981). Clay control agents should be added to minimize this

problem.



References Cited

\1mon, William R. and Davies, David K., 1981, "Formation Damage
and the Crystal Chemistry of Clays," in Clays and the
Resource Geologist, Mineral. Assoc. Can. Short Course,

F. J. Longstaffe ed., pp. 81-103.

Andresen, Marvin J., 1961, "Paleodrainage Patterns: Their Map-
ping From Subsurface Data, and Their Paleogeographic Value, "
in Geologic Notes, pp. 398-405.

Berry, Andrew, D., 1967, "A Note on the Discovery of the Grand
Forks Cretaceous 0il Field, Southern Alberta," Bull. Can.

Pet. Geocl., vol. 22, pp. 325-339.

Cant, Douglas, J., 1982, "Fluvial Facies Models and Their Appli-
cation," in Sandstone Depositional Environments, Am. Assoc.
Pet. Geol., pp. 115-137.

Carrigy, M.A. and Mellon, G.B., 1864, "Authigenic Clay Mineral
Cements in Cretaceous and Tertiary Sandstones of Alberta,®
J. Sed. Pet., vol. 34, no. 3, pp. 461-472.

Collinson, J.D., 1978, "“Vertical Sequence and Sand Body Shape in
Alluvial Sequences," C.S.P.G. Mem. 5, pp. 577-585.

Dapples, E.C., 1972, "The Behavior of Silica in Diagenesis," in
Silica in Sediments, Soc. Econ. Paleon. Min., pp. 36-54.

Dickson, J.A.D., 1966, "Carbonate Identification and Genesis as
Revealed by Staining," J. Sed. Pet., vol. 36, no. 2, pp.
491-505.

Energy Respurces Conservation Board, 1982, "Alberta Reserves"

Farshori, M.Z., 1983, "Glauconitic Sandstone, Countess Field 'H®
Pool, Southern Alberta," in Sedimentology of Selected
Mesozoic Clastic Seguences, Can. Soc. Pet. Geol., pp. 27-42.

Folk, Robert L., 1974, Petrology of Sedimentary Rocks, Austin,
Hemphill Publishing Co., 182 p.

Glaister, R.P., 1959, "Lower Cretaceous of Southern Alberta and
Adjoining Areas," Bull. Amer. AssoC. Petrol. Geol., vol. 34,
no. 9, pp. 1795-1801.



Herbaly, Elmer, L., 1974, "Petroleum Geology of the Sweetgrass
Arch, Alberta," Am. Assoc. Pet. Geol. Bull., vol. 58, no. 11,

pp. 2227-2244.

Hopkins, John C., 1981, "Sedimentology of Quartzose Sandstones
of Lower Mannville and Associated Units, Medicine River
Area, Central Alberta," Bull. Can. Pet. Geol., vol. 29,
no. 1, pp. 12-41.

Hopkins, John C. et al., 1982, "Morphology of Channels and Channel,
and Bodies in the Glauconitic Sandstone Member (Upper Man-
nville), Little Bow Area, Alberta," Bull. Can. Pet. Geol.,
vol. 30, no. 4, pp. 274-285.

Horne, J.C. ield: An Estuarine Sandstone
Reserve soc. Pet., Geol. Bull vol. 66,
no. 5,

Klein, Georgs tone Depositional Models for
Explor Burgess Publishing Co., pp.
3-27.

Leeder, M.R., 1978, "A Quantitative Stratigraphic Model for
Alluvium, with Special Reference to Channel Deposit De<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>