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1. INTRODUCTION

1.1  Purpose and Scope of the Study

The Peace River Arch region of west-central Alberta and adjacent eastern British Columbia
is one of the more important oil and gas producing areas in the Western Canada
Sedimentary Basin.

The present study was initiated to investigate the regional pattern of thermal maturity in the
Cretaceous strata of the region and to contribute to studies of the paleothermal heat regime,
and modelling of thermal maturation with time in respect to the periods of hydrocarbon
expulsion. Structural and sedimentological.evidence suggests that the Arch had collapsed
or inverted by the Cretaceous and thermal maturation studies by Kalkreuth and McMechan
(1988) to the west had indicated some influence of the structure on the pattern of thermal
maturity in the Cretaceous sequence.

The objectives of the present study include:

- compilation of existing data on thermal maturity in the region

- generation of vitrinite reflectance data from selected petroleum exploration wells in
order to define lateral and vertical variations in thermal maturity (including
integration of existing information)

- mapping of thermal maturity in selected stratigraphic horizons

The scope of the study comprises:

- creation of an integrated, computer-based data set of thermal maturity parameters
from published and unpublished sources

- examination and selection of samples of organic material from 38 petroleum wells

- vitrinite reflectance analyses of more than 250 samples from these wells and
construction of reflectance-depth profiles and best fit lines in each well

- contour maps of maximum vitrinite reflectance at the top and base of the
Bluesky/Gething Formation

- trend surface and residual maps on the base of the Bluesky/Gething

- coalification gradient map

- cross sections illustrating the disposition of iso-reflectance surfaces

The study area is located over the Peace River Arch (PRA),Fig. 1. Wells sampled in the
study occupy an area bounded to the east by Range 18 west of the 4th meridian, to the west
by 25W6, to the north by Tp96 and to the south by Tp65. Maps include data from areas
slightly further west and south (approximately Lat. 55 to 57 and Long. 113 to 123; Fig. 1.
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Fig. 1  Location of Study Area, Section Lines and Peace River Arch
12  Geological Setting

The Peace River Arch is a major crustal structure of northern Alberta and British Columbia
consisting of an uplift of Precambrian rock associated with many faults that cut the overlying
Devonian, Mississippian and Pennsylvanian sediments. The granitic basement of the area
stands about 800 to 1000m above its regional elevation; (Cant, 1988).
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The arch is a 140km wide uplift trending ENE-WSW from the Peace River region to the
Sth meridian in north-central Alberta (Fig.1). Horst and graben structures parallel the axis
in the axial region. The uppermost Devonian, the Wabamun, covers the Precambrian
basement in almost all locations.

The first uplift of the structure is not clear but probably initiated during mid Cambrian. The
arch was emergent by mid Devonian and normal faulting occurred. Mid to Late Devonian
sediments onlap the arch which was finally buried by carbonate sediments at the end of
Wabamun deposition. The Mississippian and Pennsylvanian were periods of block
subsidence along fault boundaries, indicating that the Arch was inverting or collapsing.

Mesozoic deposition indicates continued regional subsidence on the Arch; there is a 100 to
150m positive thickness anomaly in the Mesozoic in this area. The Upper Mannville
indicates 50 to 100m of extra subsidence in the region of the Arch (Cant,1988).

The Western Canada Sedimentary Basin developed as a S-W dipping asymmetric trough in
Early Cretaceous. Stratigraphic and facies relationships for the Lower Cretaceous section
are shown in Fig. 2.
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The Mannville Group was deposited during a lower transgressive phase followed by a major
influx of Cordilleran sediment during an upper, regressive phase. Two sub-basins for Lower
Mannville deposition developed on either side of an axial high trend, extending from N.E.
British Columbia to S-W Saskatchewan; to the west a foredeep trough and to the east a
regional low due to subsurface leaching of Devonian salt beds. During deposition of the
Upper Mannville, there was rapid subsidence in the Peace River Arch area which expanded
a broad trough to form the Clearwater Formation shale basin, north of a prominent hinge
line extending S-W from Tp80 on the Sth meridian to Tp60 at the eastern margin of the -
disturbed belt (Jackson 1984).

The "axial high trend" extends N-W through the study area from the S-E corner and, in this
area, the Lower Mannville was not deposited. To the west this sequence thickens to more
than 150m at the edge of the Disturbed Belt and eastward thins to less than 30m over much
of the project area. The Upper Mannville thins from more than 350m in the west to less
than 200m in the east (Figs. 3 & 4).

Jackson (1984) recognised three phases in the paleogeography of the Lower Mannville.
During Cadomin and Lower Gething deposition, the region was of continental character
with Cadomin piedmont fans in the west and fluvial Gething deposits over the remainder
of the region. The Upper Gething was deposited during an initial transgression in a S-E
direction which resulted in a coastal/continental plain covering much of the area with a
narrow N-S trending zone of estuarine deposition along the 5th meridian. By uppermost
Gething and Ostracod time the area was subject to marine deposition.

The Bluesky-Wabiskaw-Cummings sequence was deposited on shelf, beach and offshore
bars. Thick coal sequences, capping beach and deltaic sequences prograding from the S.E.
did not extend northward beyond Edmonton. Bluesky coals are restricted to a small portion
of the south western part of the study area.

During Upper Mannville time western sourced clastics built a northward thinning wedge of
coastal and continental sediments in a series of progradational pulses (Falher and Notikewin
Members). Coastal plain progradation (and associated coal deposition) did not extend
northward beyond an approximately E-W zone in the vicinity of Tp80 to 90 at uppermost
Notikewin. Limits of coal formation in lower units occur progressively further to the south.

The overlying Lower Colorado Group (Late Albian) comprises the basal marine shales of
the Harmon Formation, overlain by the Paddy/Cadotte formed during a major regressive
pulse. These units are essentially shoreline continental and near-shore marine sediments
over most of the area. Lower delta plain and intertidal mud flats of the Paddy Member are
restricted to the extreme south west of the area.
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Fig. 3 Lower Mannville isopach, illustrating thicker basin fill in areas of greater
subsidence, and in channels incised into the pre-Mannville surface. (Jackson
1984)
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From late Albian to Campanian time the Colorado/Shaftsbury sea spread across the PRA
region and much of North America. The mainly continental sequence of the uppermost
Cretaceous and Paleocene sub-crops are located to the south of the study area and are
generally south of 55° latitude.

2 METHODOLOGY

2.1  Well Selection

To provide broad coverage of the PRA region on a regularly spaced grid, it was decided to
sample wells along three latitudinal section lines parallel to the axis of the arch and two
longitudinal section lines normal to them (Fig. 5). It was intended to sample one well every
two to three range subdivisions (i.e. 12 to 18 miles apart).

The northern and southern section lines were chosen such that the western extremity was
in the region occupied by the arch and to the east they trend off the arch structure (Fig. 5).
The axial section-line extends much further eastward than the nose of the arch. The
latitudinal lines were also oriented such that their mid-section lay over the arch and they
were off the arch at each extremity (Fig. 5). The intent was to highlight possible influences
of the Arch by sampling in both the areas underlain by the arch and those areas marginal
to it.

The SWELLS data base was used to select well locations based on optimising the following
parameters:

- proximity to selected section lines and regular spacing along the lines
- penetration of the stratigraphic succession to at least the base of the Cretaceous
- availability of retained cuttings over a wide stratigraphic interval

22  Nature of Samples

In terms of data generation and compilation, the primary aim of this study was to extend
eastward the work of Kalkreuth and McMechan (1988). These authors published
coalification gradients and vitrinite reflectance maps of Cretaceous and Jurassic strata.
These maps were based on sampling of coal and petroleum wells and outcrop sections in
north-eastern British Columbia, to the west of the Peace River Arch region. Data from this
study was then integrated with data generated in this project.

The earlier study was primarily based on the analysis of coal from cuttings samples and, in
order to maintain consistency, it was decided to use cuttings samples wherever possible in
this study. In most petroleum wells, cores are cut in only a limited number of stratigraphic
units. Consequently, cores rarely serve to provide samples throughout the sequence
penetrated. Cuttings are taken at regular intervals during drilling and, when retained in
storage facilities, can provide samples over a wide stratigraphic interval. Cuttings offer the
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best potential for generating a reflectance profile of a well which is required for the
determination of coalification gradients, for modelling of thermal history and for
interpolating reflectance values at horizons not sampled.

Cuttings samples have two disadvantages relative to core:

1. samples may contain material caved from higher levels (and lower maturity) in the
well

2. samples have frequently been subjected to extremes of heating during the drying
stage of sample retention

Cores, on the other hand, have not been heated and depths are relatively accurate. This
suggests that a combination of cuttings (to provide a significant depth coverage) and of cores
(to provide control on sample depth) would offer the optimum sampling procedure. This
approach however is also subject to some anomalies. Coal seams are rarely recovered in
petroleum well cores and samples are usually derived from coal spars in coarse clastics or
from organic rich fine grained clastics, Coal horizons identified on logs and represented as
abundant cuttings in samples are generally relatively thick. Differences in vitrinite
reflectance have been reported between thick and thin coal seams at the same stratigraphic
level (Kalkreuth & McMechan, 1984); thick seams yielding higher values. This reflectance
discrepancy has been ascribed to differences in heat retention/thermal conductivity between
coals and surrounding strata. Samples derived from cores might be expected to yield
reflectance values even lower than thin coals (i.e typical of extremely thin coals)

23  Sampling for Vitrinite Reflectance Analyses

The majority of samples were hand-picked from cuttings samples, usually chosen where logs
indicated the presence of coals and sample vials contained abundant coal fragments. The
aim was to choose coal samples throughout the sequence penetrated. In the north and east,
where the sequence contains limited coal, samples were taken where coal was present in
cuttings vials, even where logs did not clearly indicate the presence of a seam. One well was
fully cored (Imperial Spirit River, 12-20-78-6W6) and a few had a large number of cores
giving a wide stratigraphic range of samples (e.g: Bear Villa No. 1, 78-74-14W5) and in these
cases samples were restricted to core. In addition, in several wells, both core and cuttings
samples were used. Few samples were taken below the base of the Cretaceous as it was
intended to use coals for analyses rather than dispersed organics from clastics.

In the east of the study area where the Bluesky/Gething section is thin and/or dominantly
marine, coal intersections were absent or were too thin to be revealed in logs or in cuttings
vials. In these cases cores were sampled to provide a source of reflectance data. In most
cases, coal spars or accumulations of carbonaceous fragments on bedding planes provided
suitable samples. Core and cuttings samples are differentiated in the tabulated reflectance
data (Tables I to VI).
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24  Vitrinite Reflectance Analyses

Random reflectance (without polarizer) was determined on samples below 0.6% Rrand and
on samples where vitrinite fragments were so small as to preclude stage rotation. At higher
reflectance values, maximum reflectance was determined. In general, as many
measurements as possible were made on each sample to a maximum of 50. In the majority
of samples, 30 to 50 measurements were made to establish the arithmetic mean and
standard deviation.

All random reflectance values were adjusted to Rmax using the relationship derived by
Weiss (1985) from coals in the Cretaceous section of Alberta:

Rmax = 1.12*Rrandom - 0.05

Reflectance data for all samples analyzed are tabulated in Tables I to VI which are ordered
according to section lines and also include data on well locations, reflectance depth
regression equations and coalification gradients.

25 Reflectance Data from Other Sources

Kalkreuth and McMechan (1988) studied the regional coalification pattern in Cretaceous
strata of the Rocky Mountain Foothills and Foreland between Grande Cache in the south
and the Peace River area in the north. A few wells from this data set were incorporated
into the western parts of section lines used as the basis for this study.

Reflectance data on wells from the PRA region are included in studies by Schaefer et. al.
(1984) and Weiss (1985). Two wells were selected from each study for incorporation into
this project (Table VII). In these wells there was a large number of cuttings samples over
a wide stratigraphic interval including the Lower Cretaceous succession. In each case the
reflectance data were replotted and reflectance-depth regressions fitted.

2.6 Restrictions on Sample Selection

As previously outlined, the Early Cretaceous section thins and becomes increasingly
influenced by marine conditions to the north and east of the study area. Consequently, coals
become fewer and thinner within the sequence in these areas. It is difficult to find coals
which are thick enough to be recorded at the scale of petroleum well-logs, if present at all.
It was necessary, in order to produce samples across the area, to select coals from cuttings
without log verification and in several cases to take samples from cores.

In many cases, it was apparent from visual inspection of cuttings, that samples had been
subjected to extreme heat during drying. Coal cuttings often showed evidence of expansion,
gas release and fluid phase. Wherever possible, such samples were not included, but this
feature is so widespread that it is virtually impossible to create a cuttings-based sample set

-12 -



without selecting coal grains from heated vials. In such cases, grains were selected that had
retained the cubic outlines and high gloss surfaces typical of natural coal and grains showing
features of heating were discarded.

The SWELLS data base was searched for wells drilled in the study area from the beginning
of 1983, when samples were no longer subjected to extreme heat during drying. The search
identified some 3000 wells. A check of cuttings availability for a random selection of these
wells revealed that in general, a narrow stratigraphic interval only had been sampled. This
is probably due to the assumption that adequate cuttings representation is provided by older
wells nearby.

This presents a difficult situation for organic petrographic studies. Many wells drilled prior
to 1983 have been subjected to extreme heat during drying at the E.R.C.B. storage facility;
requiring care in sampling and analysis and the possibility of anomalous results.

2.7 Restrictions on Analysis

In samples showing microscopic evidence of abnormal heating (bright rims on grain margins
and along internal fractures), measurement was restricted to those grains showing no visible
evidence of heating. Samples indicating extreme heating (vacuoles, semi-coke texture etc.)
were rejected. The need for this selective analysis reduced the number of reliable samples
in the data set and lead to a need for resampling in several cases.

In this study, samples derived from core were generally found to have reflectance values
significantly lower than cuttings at the same depth or than values interpolated from best fit
lines to cuttings samples. A correlation was derived for the relationship between reflectance
values measured in core and cuttings at the same depth:

Rmax (core) = 1.028*Rmax (cuttings) - 0.089  (Fig. 6)

This relationship was used to adjust values derived from cores; all reflectance values used
in maps, sections and models are set to a standard "cuttings basis".

This reflectance differential is considered to be the result of two factors:

1. different conductivity of different host strata (coal versus clastics)
2. where samples have been heated during drying producing in certain instances
coke-like structures

Even where heat effects are not visible under the microscope, reflectance may still have
been elevated slightly. There is evidence in this study to indicate that in samples showing
evidence of heating, restriction of measurements to only those grains showmg no visible heat
effects may still yield anomalously high values.

-13 -
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Fig. 6 Relationship between reflectance values derived from core and cuttings
2.8 Restrictions on Externally Sourced Reflectance Data )

Data provided from Kalkreuth & McMechan '(1988) were considered comparable to the
- data set generated in this study because:

a) analytical methods were standardised between the two data sets by use of the same
sample preparation techniques, the same reflectance standards and either the same
microscope or microscopes standardised against each other

b)  most samples were derived from coal cuttings

Limitations on the integration of other data include:

a) limited knowledge of sampling, sample preparation and analytical techniques
b) only one or two samples per well are available
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3 RESULTS AND DISCUSSION

3.1 Compilation of Reflectance Data

The samples selected in each well and information related to the measured vitrinite
reflectance for each sample are listed in Tables I to VI (Tables I - VI are also available as
Lotus Spread Sheets on separate diskette).

The reflectance data have been plotted on reflectance depth plots for each well. The data
have been filtered where necessary to take account of caved samples and anomalous
heating. Samples considered to realistically represent the maturation level were then used
as the basis for the calculation of best-fit equations to represent the depth-reflectance
relationship. In most cases samples were from a relatively small depth range and best fit
equations are of first order. In a few wells in the west, where a relatively large number of

samples were obtained over a large stratigraphic interval, the best fit was found to be second
order.

Best fit equations were used to calculate the reflectance at selected stratigraphic horizons;
specifically the top and base of the Bluesky/Gething Formation. In addition, these
equations served to calculate the depth in each well to the 0.55% and 1.3% reflectance
levels and to provide the coalification gradient in each well.

Reflectance contour maps have been prepared for the base and top of the Bluesky/Gething
Formation (Figs. 7 and 8). A second order trend surface map based on the reflectances was
established for the base of the Bluesky/Gething Formation (Fig. 9) and residual values are
shown in Fig. 10. A map of the distribution of coalification gradients is shown in Fig. 11.
Three cross sections illustrating formation boundaries and the disposition of the 0.55% and
1.3% iso-reflectance lines are shown in Figs. 12, 13 and 14.

32 Maximum Reﬂectgmce Contours - Base of Bluesky/Gething Formation

Fig. 7 is a contour plot of maximum vitrinite reflectance at the base of the Bluesky/Gething
Formation (or equivalent). Reflectance values at each well have been interpolated from
regression fits to reﬂectance-depth data in the well and the depth to the base of the Gething
as shown by formation picks in the SWELLS data base. No attempt has been made to
verify and/or adjust these formation boundaries. The map includes data derived from the
present study, from Kalkreuth & McMechan (1988), Weiss (1985) and Schaefer et. al.
(1984).

This map highlights the following features:
a) a "ridge" of high values trending SE-NW along the Outer Foothills as identified by

Kalkreuth and McMechan (1988); maximum values are of the order of 2.5% Data
from this study has made only minor modification to this region of high reflectance.
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isoreflectance lines paralleling this ridge (and regional strike) and declining to the
east. Spacing of isoreflectance lines increases eastward as reflectance declines
rapidly from more than 2.5% on the "ridge" to 1.3%, more gradually to 0.7% and
even more gradually to 0.5%. In much of the eastern and north-eastern part of the
area the reflectance at the base of the Bluesky/Gething is between 0.4%Rmax and
0.7%. Kalkreuth and McMechan (1988) suggest that this eastward decrease in
maturation is largely due to thinning of the Cretaceous-Tertiary sedimentary wedge
(e.g. see Figs. 3 and 4).

rapid decrease in reflectance to the west across the inner foothills, identified by
Kalkreuth and McMechan (1988) and ascribed to a westward decrease in the depth
and duration of burial beneath Maastrichtian-Eocene foredeep deposits, as well as
to a westward decrease in paleogeothermal gradients.

a "saddle-like" feature northwest of Fort St. John (Fig. 7) overlying the northern flank
of the Arch. Isoreflectance lines show a change in orientation from NW-SE to N-S
and then to SW-NE, northward from Dawson Creek. There is an indication that the
high reflectance "ridge" may continue with a northerly trend in the north-west corner
of the area. This feature was indicated in the data of Kalkreuth and McMechan
(1988) and has been confirmed and extended easterly in this study.

This change in isoreflectance orientation parallels the orientation of the underlying
Precambrian surface. North of the Arch this surface strikes N-S and to the south
strikes NW-SE (Cant, 1988). Bachu & Burwash (1990) have shown that heat flow
from the basement is the controlling factor in the thermal regime of the Western
Canada Basin. Isotemperature lines at the top of the Precambrian show a similar
marked change in orientation near the Peace River Arch (Issler 1990).

Kalkreuth and McMechan (1988) ascribed this anomaly to reduced burial by
Maastrichtian to Eocene foredeep deposits in the north as compared to the south.
In particular, they identified a zone of rapid northward thinning of this wedge in the
region of the reflectance anomaly and suggested that thinning may have been caused
by the presence of underlying basement flexures or fault blocks with north-side-up
movement.

Maximum Reflectance Contours - Top Bluesky/Gething Formation

Rmax contours at the top of the Bluesky/Gething Formation are shown in Fig. 8. The
pattern of reflectance distribution is very similar to that shown at the base of this unit. In
the west, contours at the top of the formation are transposed westerly relative to contours
of the same value at the base. In the east there is conformity of reflectance values at both
horizons because the unit is so thin that there is no significant increase in reflectance from
top to base.
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34 Tren rf Analysis; Reflectance levels and residual values at base of the

Bluesky/Gething Formation

Trend surfaces of second to fourth order were computed for the maximum reflectance
values at the base of the Bluesky/Gething formation. The second order surface gave an
83.92% "explanation” between actual and computed values. Higher order surfaces indicated
little improvement in "fit" (only 3.34% increase from order two to four) and it was decided
to plot contours of the less complex surface (Fig. 9) and residuals for the second order
equation (Fig. 10). The contour map of the trend surface indicates a NW-SE oriented
regional trend of maximum reflectance increasing regularly to the SW. There is a minor
increase in gradient at higher levels of reflectance in the SW and a marked decrease in
gradient to the east of the 0.6% contour. This pattern is very similar to the regional trend
shown on the reflectance contour map, (Fig. 7). The change in trend in the NW part of the
area that is revealed in that map is not highlighted by the second order surface. There is
some indication of this feature on the higher order surfaces. The 1.8% trend surface
contour approximates the location of the "ridge" of maximum reflectance values shown on
the reflectance contour map (Fig. 7) indicating that the trend surface underestimates the
actual values along the ridge by approximately 0.5% to 0.7%.

The residuals map (Fig. 10), illustrates the difference between the gridded surface of actual
values and the trend surface (2nd order). Positive residuals indicate areas where the trend
surface is of lower value than the actual surface. This plot highlights the presence of a high
reflectance zone in which actual reflectance is significantly higher than might be predicted
based on the regional trend surface. This zone corresponds to the high reflectance "ridge”
of Fig. 7. To the SW of this zone, residuals decrease markedly over a narrow area,
reflecting the decrease of reflectance at a greater rate than would be expected from the
trend surface. This feature is at the limit of data and the fitted surface has been little
influenced by the reflectance decrease near the SW limits. The residuals highlight the
change of reflectance orientation in the NW, by the presence of a zone of positive values,
and also the anomalously low reflectance values to the south of Grande Prairie (Figs. 7 and
8).

3.5 Coalification Gradients

The rate of increase of reflectance with depth varies with reflectance level, as evidenced in
deep wells with a wide reflectance range, where best fit regression equations are generally
of second order. Even at similar reflectance levels, coalification gradients can vary due to
variation in geothermal gradient (Bostick et.al. 1979; Teichmiiller and Teichmiiller, 1986),
thermal conductivity of the host rock and overlying strata (Damberger, 1966, Jones et.al.
1972). Consequently, any interpretation of coalification gradients should be restricted to
zones of similar maturity and lithology. There is a wide range of reflectance between wells
in the study area and, although no definitive conclusions can be drawn from calculated
gradients in wells which intersect sequences of different maturity, a reflectance-depth
gradient map has been constructed to show very general trends in coalification across the
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area (Fig. 11). In most cases these gradients have been calculated for the Early Cretaceous
part of the section.

The reflectance-depth gradient map shows that over most of the eastern half of the area,
reflectance increase is in the range of 0.02 to 0.04% Rmax/100m (Fig. 11). In the west,
gradients increase rapidly to a NW-SE trending "ridge" of high values where gradients
exceed 0.2% Rmax/100m. This zone of high gradients coincides approximately with the
location of the zone of high reflectance values at the base of the Bluesky/Gething
Formation (Fig. 7). There is an apparent change in orientation of the high gradient zone
to N-S to the west of Dawson Creek.

In the east there is a local zone of relatively high gradients in the region of the Peace River
heavy oil pool (Fig. 11). This anomaly is essentially due to the gradient calculated in the
Numac Tangent Well (11-30-80-23W5). Samples in this well are all derived from core and
have reliable depths, but come from a restricted depth interval. It has been suggested
(D.Issler pers. comm.) that high gradients might be expected in this area as a result of
anomalous heating by the outflow of the waters that carried oil into the Peace River pool.
This anomaly requires further investigation before any conclusions as to its extent and origin
can be made.

3.6 Hydrocarbon Generation Zones

Although different organic matter types generate hydrocarbon products at different levels
of thermal maturity, some generalisations can be drawn regarding zones of hydrocarbon
generation and destruction based on vitrinite reflectance values. Kalkreuth and McMechan
(1988) chose the following correlations:

Rmax 0.55%; onset of oil generation
0.80%; onset of gas generation (from oil or gas prone kerogen)
1.3%; end of oil generation
2.0% limit of preservation of light oil
2.2% limit of preservation of wet gas
4.8%; limit of dry gas preservation

([ | A (I O |

Examination of the reflectance contours at the base of the Bluesky/Gething Formation (Fig.
7) shows the 1.3% reflectance contour trending north westerly through Dawson Creek. Most
of the area studied to the west shows reflectance above this level and source rocks at or
below the Early Cretaceous in this area, are beyond the oil generation window. Along the
"ridge" of high reflectance values, Rmax exceeds 2.2% and in this limited area it could be
expected that only dry gas is preserved. Between 1.3% and 2.2% Rmax can be considered
a zone of potential preservation of wet gas for basal Cretaceous strata.

The 0.55% Rmax contour trends WNW through the north eastern portion of the area. This
indicates that over much of the area, to the west of this line, suitable source rocks at and
below the base of the Gething have generated oil. Between the 0.55% and 1.3% contours,
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rocks near the base of the Bluesky/ Gething are within the oil window, a zone in which oil
may have been generated and preserved in reservoirs. For strata stratigraphically younger,
the "oil window" lies further to the west (e.g. see Fig. 8) and in older strata it is transposed
easterly.

Hydrocarbon generation zones can also be illustrated on cross sections. Uncorrected cross
sections along lines AA', BB! and CC' are shown in Figs. 12, 13 and 14. These sections
illustrate selected formation tops and the depth at which the 0.55% and 1.3% iso-reflectance
surfaces occur in the sampled wells. The 1.3% surface can be estimated in only the western
part of the area. The 0.55% surface is, in general, sub-horizontal over much of the area.
As a consequence of the westward structural dip, this surface intersects the succession at
progressively older stratigraphic levels eastward across the basin. In the west of section BB’,
at Esso Bissette (12-3-77-16W6), strata below the Turonian-Cenomanian Doe Creek
Member are at levels of maturity greater than the onset of oil generation at 0.55%Rmax.
In the east at Imperial Heart River (2-9-83-15WS5) the 0.55% surface lies within the lower
part of the Mississippian Debolt Formation. In the extreme east at Texex et al. Livock
(6-78-87-22W4) the entire sedimentary section above Precambrian basement has not
attained maturity equivalent to 0.55% Rmax. Oils reservoired in this area have migrated
updip from western sources.

3.7 Summary

Based on the determination of vitrinite reflectances in 58 petroleum wells across the Peace
River Arch area the regional trends in maturation patterns within the Bluesky/ Gethmg
Formation are as follows:

1. Isoreflectance maps for top and base of the formation show the gradual decrease of
reflectances from a maximum at the eastern edge of the disturbed belt to relatively
low maturation levels to the east.

2. Trend surface and residual maps show the general NW-SE oriented trend of the
isoreflectance lines with reflectances increasing regularly to the southwest. Positive
residuals outline the ridge of high maturation at the eastern edge of deformation .
Negative residuals south of Grande Prarie indicate an area of comparatively low
maturity, as compared to the regional trend.

3. The distribution of vitrinite reflectances for the base and top of the formation as well
as the vertical variations of vitrinite reflectances in three stratigraphic cross-sections
indicate that Bluesky/Gething strata over much of the central and eastern part of the
Peace River Arch lies within the oil generative window. In the very east strata are
immature, whereas in the disturbed belt to the west most of the strata is overmature
in terms of oil generation capacity.
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6. APPENDIX

Legend for Tables I-VI

Sample #:

Rrandom (%):

Rmax (%):

e

S.D.:

refers to pellet number system used at ISPG
* denotes core sample

mean random vitrinite reflectance value obtained from dispersed
organic matter; for these samples maximum reflectances were
calculated using the formula shown on page 12

mean maximum vitrinite reflectance value obtained from coal

number of reflectance measurements recorded

standard deviation of the mean reflectance value

Comments - the following notations maybe present to indicate:

2 poptns:

bit/inert:

dom:

mode:

x .
*% .

xEX .

more than one vitrinite population present
sample consists of bitumen and inertinite
dispersed organic matter

reflectance value based on mode

sample slightly heat affected, see chapter 2.2
sample moderately heat affected, see chapter 2.2

sample severely heat affected
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