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diagenetic cement that precipitated from reducing pore
waters, likely of subsurface origin.

Isotopic analysis of the Nisku Formation main
mineral phases support the interpretation of dull calcite
and Fe-dolomite being pressure solution derived. It also
compliments rather well the neomorphism/recrystallization

history of the marine and matrix dolomite components.

9.2 FURTHER RESEARCH REQUIREMENTS

9.2.1 STYLOLITIZATION MECHANISMS

The amalgamation mechanism, as described in Chapter
2 applies to dolomitized sub- to intertidal sediments. The
"trigger" to the mechanism is the primary "organic" layering
that results from mechanical compaction of unlithified
sediment. In transmitted and reflected light microscopy the
seam material appears "organic". It does not display any
petrographic characteristics of clay minerals. This needs
to be confirmed by XRD and chemical analyses.

To further support this mechanism as a general
model, study of similar fine-grained carbonate lithologies
needs to be done. Analagous features and structures have
been described in the literature (Mossop 1972, Wanless
1979), but a comparative study of two or more similar

carbonates is required.
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The dolomitization-stylolitization mechanism of
Chapter 3 applies to a matrix dolomitized reefal carbonate.
Similarly, before proposing this mechanism as a general
model, a8 comparative study of other partially dolomitized

] imestones is needed to confirm or modify this mechanism.

9.2.2 PERMEABILITY BARRIERS

The trend produced by statistical analysis of core
data suggests that centimetre-scale stylolites have similar
abilities as vertical permeability barriers as do micron to
millimetre-scale stylolites. This is believed to result
from the shearing action of large sutures past their socket
walls.

Further research is required to determine whether
or not this type of trend is ubiquitous to all extensively
stylolitized carbonates, or just reefal carbonates such as
the Zeta Lake Member. The procedure is simple and inexpen-

sive. It requires no technical assistance, just time.

9.2.3 PRESSURE SOLUTION GENERATED MATERIALS

Further research is required to compliment the
cathodoluminescent study of the Zeta Lake Member. Trace
element analyses are required to substantiate the geo-
chemical interpretations made in Chapter 7. These interpre-

tations were made on a qualitative basis using other
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investigators data found in the literature, making the
conclusion susceptible to warranted criticism.

Trace element analysis is also required of dull
calcite spar and dull maroon dolomite: that which is
directly related to stylolites (fracture infillings) and
that which occludes porosity. The purpose of this would be
to establish if there are compositional differences not
detected by cathodoluminescence between directly related and
inferred phases.

Additional isotopic analyses of Zone | and 2 calcite
spar cements would be useful (if these zones could be
separated) to support the interpretations made in Chapter
7. Calculation of temperatures of formation waters from
which the mineral phases were precipitated/re-equilibrated
would also be of use to the diagenetic understanding of the
Nisku Formation, though not necessary to the recognition of

pressure solution generated-cements.

9.3 CONCLUSIONS

Research into the pressure solution phenomenon has
lead to the following conclusions:
1) Stylolitization is a response to pressure
solution that is initially dependent upon
original primary features and diagenetic

alteration of the sediment.



2)

3)

4)

5)
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Once formed, a stylolite may grow in one of
two manners; by continued amalgamation or by
pressure-dissolution of the sockets. ultti-
mately, the former evolves into the latter in
adult stage growth of the amalgamation
mechanism.

Both mechanisms of stylolitization propagate
laterally in the same manner. The difference

is visual. One can commonly see the propa-

gation mechanism "frozen" in the rock if

stylolites form by an amalgamation mechanism.
For dolomitization-stylolitization, rare
occurrences of fan-like arrays of dolomite
crystals confirms that the manner in which
these stylolites propagate is similar.

A stylolite, cannot grow vertically without
growing laterally. In this sense, stylolites
are self-propagating.

The shearing action of stylolitic sutures
penetrating deep into their sockets attenuates
accumulated insoluble material such that
large, centimetre-scale stylolites are as much
of a permeability barrier as small micron to

millimetre-scale stylolites.
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6) Direct evidence rel;ting stylolitization to
pressure solution generated céments is found
as veinlets propagating away from stylolites.
The carbonate material that makes up these
veinlets is seen elsewhere in the rock in
modes of occurrence that are spatially and
temporally related to stylolites.

7) Recrystallization and diffusion transport (of
pressure solution generated material) accounts
for luminescent characteristics of the rock
that cannot be related to cementation |
processes. The result is random luminescent
patterns and/or rep]adement of some pre-
stylolitic mineral phases found proximal
to stylolites.

This thesis has dealt with three main aspects of the
pressure solution phenomenon: stylolitization mechanisms,
permeability barriers, and pressure solution generated-
cements. It is hoped that the reader now has a better
understanding of how stylolites form and develop, and the

effects that this process can have on the rock.



APPENDIX A

CATHODOLUMINESCENT MICROSCOPY

Instrumentation Cathodoluminescent observations were made

using a Nuclide Corporation ELM-2A Cold Electron Gun
Luminoscope. Operating conditions are:
Beam Energy: 12.5 Kv DC
Beam Current: 0.5 milliamp for observation
0.8 milliamp qu photography
Spot Diameter: 8 mm spot size at a focus setting of
28%
Gun Type: Cold Cathode
Ambient Gas: Air
Instrumentation: Nuclide ELM-2A Luminoscope
Olympus standard petrographic
microscope (magnification 28X)
Olympus OM-2 35 mm SLR camera
Operating instructions for the luminoscope may be
found in the accompanying manual supplied by Nuclide

Corporation.
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Sample Preparation

Standard petrographic thin sections prepared to 30
micron thicknesses were used in this study. These were made
by Texaco Canada Resources Ltd.. All thin sections were
stained for calcite and dolomite using Alizarin Red-S and
Potassium Ferricyanide stains. For cathodoluminescent
conditfons the cover slips were removed and the thin
sections were washed in acetone before use in the Lumino-

Scope.

Photography

Photographs were taken using Kodak Ektachrome EES
P800/1600 professional slide film. This film gives the best
results. It reproduces CL 1light intensities and colors
accurately and does not vary with the processor.

Camera settings: Film speed 1600 ASA

Plain light exposures at 3 to 6
seconds

Polarized light exposures at 5 to 8
seconds

CL light exposures at 30 to 75
seconds, at 15 second intervals

Due to variable transmitted and CL light intensities

inherent in the thin section these exposure times only serve
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as a general guide. UnFortunately; exposure times must be
determined experimentally to find correct exposure times.
For plain light and CL light exposures the image
must be focused under plain light conditions. Images must

be refocused for polarized light focused.

Suggestions

Do not leave the electron beam on any one spot for
any length of time (approximately 2 minutes or longer).
This results in burning of the thin section due to long

exposure.



APPENDIX B

STATISTICAL ANALYSIS

The vertical permeability and porosity data used for
the statistical analysis of Chapter 4 is property of Texaco
Canada Resources Ltd., Calgary. Anyone wishing to use this
data must request the release of the core analysis for
Texaco Bigoray 6-12-52-9W5 from Texaco. For these reasons

the data has not been included in this appendix.

Equations

Mean x = Ex
n

Standard Deviation

\/2&2 - n?z

Population parameter taken to be "n-1". Used to
estimate the standard deviation of the population from
sample data extracted from the population (e.g. for stylo-

lite classes).
2
Op = u[fxz - nx
n

Population parameter taken to be "n". Used when all
populations are taken to be sample data or when finding the
standard deviation of the population sample taken to be the
population (e.g. for No Seam class).
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Confidence Intervals

Used to calculate the standard difference of the
mean of samples for larger sample sizes (n>»25). Two
standard errors of the mean is equivalent to a 5% probabil-
ity level. Three standard errors of the mean is equivalent
to a 1% probability level.

2 Std. Err. of the Mean

:

Ng

3 Oé 3 Std. Err. of the Mean

Ng

where Ub = population standard deviation (No Seams)

Ng = number of items in the sample class
being compared

T-tests: First Distillation (Large sample method, n>25)

Used to test the hypothesis that a sample (stylolite
class) whose mean value is x could have come from a popula-
tion (No Seams class) whose mean value is X and whose
standard deviation is Op.

t = Error in Mean = IX - il = IX = il\’ns
Std. Err. of Mean (ga Op
s

Calculated t values are compared to tabulated values of t
for a normal distribution at n; + n2 - 2 degrees of
freedom. Calculated values that exceed normal distribution
t values are significant at probability values indicated in
tables. Therefore the mean values compared are different.
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T-tests: Second Distillation (Small sample method, n<25)

Used to test the hypothesis that one sample (stylo-
lite class) whose mean value is x|_and another sample (No
Seams class) whose mean value is x2 could have come from
populations identical both as to mean and variance.

First step is to make a pooled estimate of the
population variance.

A
0’2 = nls% + nsp
ny * ng =g
n = sample size s2 = sample variance

Second step is to make a8 best estimate of the
standard error for the difference of the means of the two
samples.

A
OTV = O l + l_
ng - n2

Third step is to calculate the t value.

t = X2 =  X|
o
Calculated t values are compared to tabulated t
values for a normal distribution at n; + np - 2 degrees of

freedom. Calculated t values that exceed normal distribut-
ion t values are significant at probability levels indicated
in tables. Therefore the compared mean values are different.



APPENDIX C

ISOTOPIC ANALYSIS

Preparation and Collection

Sample powders were prepared for isotopic analysis
in two different fashions.

Calcite powders (between 2 to 5 milligrams) were
placed in glass "boats" made from 6 mm glass tubing sealed
at one end. Each glass boat was inserted in a reaction
vessel made from 20 centimetres of 9 mm glass tubing sealed
at one end. In the reaction vessel the glass boat§ sat on a
10 cm spacer cut from the narrow end of a pipette. 100%
phosphoric acid was added to this level before the insertion
of the glass boat. After insertion, the reaction vessels
were placed on a vacuum line, evacuated, then sealed with a
torch. These vessels were stored upright until it was
desired to invoke the reaction. This was done by inverting
the vessel, allowing the calcite powder and phosphoric acid
to mix. To ensure that only calcite derived COp was
measured in the mass spectrometer, the vessels were inverted
only | hour before being inserted into the mass spectro-

meter.
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Dolomite powders (between'Z to 5 milligrams) were
placed in the main body of a carbonate reaction vessel. In
the small arm of the vessel 5 millilitres of 100% phosphoric
acid was placed. The vessels were then placed on a vacuum
line and evacuated. When sufficient vacuum was reached the
vessels were closed, removed from the line and inverted,
allowing the acid to mix with the sample powder. The
vessels were then placed on the vacuum line again.

After | hour any calcite COp» was collected from each
vessel and sea]ed in 6 mm glass tubes. Due to the nature of
the dolomite, this gas would be COp derived from micrite.

After 3 hours the vessels were opened and evacuated,
and then closed. This was done to ensure that any calcite
derived CO2 was evacuated. The reaction was then allowed to
proceed for 72 hours to let the dolomite-phosphoric acid
reaction reach completion. After the allotted time, each
vessel was opened, evacuated, and the dolomite COp collected
and sealed in 6 mm glass tubes.

All reactions were performed at 2590 celcius.
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Analysis

Measurement of the isotopic ratios was done on a VG
Micromass 602D mass spectrometer. Isotopic ratios were
measured with precisions better than +/- 0.10 per mil. The
measqred ratios were then converted to PDB values using
phosphoric acid - carbonate fraction factors of O’Neill et

al. (1969) for calcite, and of Land (1980) for dolomite.
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