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This report contains the tabulated results of Rock-Eval/Toc Analysis of a composite core section from
coal company diamond drill cores in the Foothills of northeastern British Columbia. The reader is
referred to the attached manuscript (submitted for publication) by Leckie, Kalkreuth and Snowdon
for details location and interpretation.

Under the sample identification column:

Monk8008 refers to coal company drillhole MOB80-08 from which Shaftesbury and Boulder Creek
Formation samples were collected.

Monk812 refers to coal company drillhole MDD81-02 from which Hulcross and Gates Formation
samples were collected.

Monk 814 refers to coal company drillhole MUDB81-04 from which Moosebar and Gething samples
were collected.

Monk8011 refers to coal company drillhole MD80-11 from which Cadomin Formation and Minnes
Group samples were collected.
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ABSTRACT

Shale and coals from 1.2 km of core through most of the Lower Cretaceous preserved in Western
Canada were analyzed for source rock potential and maturation levels. The Minnes Group, averaging
2.7% TOC, has some potential for gas generation from a limited number of samples. The Gething and
Gates formations average 6.3 and 5.2% TOC, respectively, and some samples show potential for gas.
The marine Moo‘ékebar andH‘ulcro‘ss formations have 1.5 and 1.7% TOC, respectively, and very low
hydrocarbon yields on pyrolysis. Thésé ”r’riafine sediments contain dominantly Type Il organic
matter (OM) with lesser amounts of thermally deg?aded Type II. The Boulder Creek Formation has
1.1% TOC and poor source rock potential. Most Boulder Creek OM was oxidized during Late Albian
sea level fluctuation when thick paleosols developed. Hydrogen Index (HI) for the marine sediments
show a progressive decrease with depth from 132 to 61 mg HC/ g of TOC interpreted as due to thermal
degradation of Type Il OM with increased burial. These marine sediments may have generated
limited amounts of oil. HI for nonmarine sediments is scattered with no apparent trend with depth.
Tmax values are consistently lower for the marine samples of the Shaftesbury and Moosebar
formations than adjacent nonmarine samples and for the upper portion of the Minnes Group. Despite
a fairly large scatter, the vitrinite reflectances increase systematically with stratigraphic depths
from 0.94% R,max at the top of the Boulder Creek Formation to 1.5% R,max in the Minnes Group.

The reflectances indicate high volatile A bituminous and medium/low volatile bituminous coals.




From the coalification gradient (0.05% R,max/100m depth), the end of oil generation for potential
source rocks is indicated at the base of the Gething Formation.
INTRODUCTION

Lower Cretaceous sediments in the Foothills and western Interior Plains of western Canada
consist of alternating sequences of marine and nonmarine siliciclastic detritus deposited into the
western margins of a foreland basin. Most of the hydrocarbon production from Lower Cretaceous
strata in northwestern Alberta and northeastern British Columbia is natural gas whereas there is
minimal oil production which comes from the Upper Cretaceous (Fig. 1). The coarser clastic deposits
form gas and oil reservoirs containing reserves up to 805 billion m3 and 95 million m3, respectively
(British Columbia and Alberta, heavy oil excluded; Proctor and McCrossan, 1980; Wallace-Dudley et
al., 1982; Lee et al., 1985). In spite of the immense volumes of hydrocarbon production from the
Western Canada sedimentary basin, the quality and hydrocarbon source potential of these rocks has
not been thoroughly documented. Oil source potential calculations are typically based on analyses of
only a few samples over a large geographic area or a very thick geological section (e.g., Moshier and
Waples, 1985; Welte et al., 1984). The total volume of Lower Cretaceous rock in western Canada is
about 190,000 km3 (45,000 mi3), of which 65% is shale (Parsons, 1973) and it is generally assumed
that these shales are good sources for hydrocarbons in the Cretaceous section. A second common
assumption, although controversial, is that the Cretaceous shales were the dominant source for 1
trillion barrels of heavy oil or bitumen found in Lower Cretaceous sands in northern Alberta
(Vigrass, 1968; Deroo et al., 1977; Energy Resources Conservation Board, 1980; Jones, 1981; Masters,
1984). Source rock-volume calculations led Moshier and Waples (1985) to conclude that Lower
Cretaceous (Mannville equivalent) strata could not have been a sole source for the heavy oils unless
there existed yet undiscovered, very organic rich Lower Cretacous strata in Alberta.

The purpose of this study is to identify possible hydrocarbon source rocks in the Lower Cretaceous
of northeastern British Columbia and west-central Alberta and to evaluate their thermal maturity
with respect to known gas and oil fields in this area (Fig. 1). Four closely-spaced coal company

diamond drill cores in the Duke Mountain area of northeastern British Columbia (Fig. 2) were




measured, sampled and combined to make a composite section 1200 m long. The base of the composite
core section begins 335 m below the top of the Valanginian Minnes Group (Fig. 3) which in this area is
760 m thick (D. Stott, pers. comm. 1987). The top of the composite core extends 25 m above the base of
the Albian Shaftesbury Formation, or about 140 m below the Fish Scale Zone which marks the top of
the Lower Cretaceous. As such, the core represents most of the Lower Cretaceous section deposited
and preserved in Western Canada. Although the samples used in this study are from the Foothills,
there is hydrocarbon production from correlative units only a few tens of kilometres to the east and
northeast (Fig. 1).

The amounts and types of organic matter (kerogen) in sedimentary rocks and the burial
history of these rocks determines the formation of oil and gas (Karweil, 1955; Vassojevich, 1970; Dow,
1977; Powell and Snowdon, 1983; Fig. 4). In the present study, Rock-Eval/TOC analyses were used to
determine quantity and type of kerogen, maturation levels and source rock potentials for all shale
samples. In addition, all of the coal seams from the coal-bearing sequences and handpicked coalspars
from marine and non-marine intervals were analysed for vitrinite reflectance to determine coal rank.
Recent organic geochemical studies, including Rock-Eval analyses of marine Shaftesbury shales from
the Deep Basin, have indicated a predominance of Type II/IIl kerogens at maturation levels within
the oil window (Weiss, 1985).

GEOLOGICAL SETTING

Lower Cretaceous rocks in northeastern British Columbia and northwestern Alberta consist of
alternating sequences of marine and nonmarine sediments deposited along the tectonically active
western margins of the Cretaceous epeiric seaway. The depositional setting of the reservoir and
source rocks (Fig. 3) have been described by Stott (1984), Jackson (1984) and Smith et al. (1984). The
Gates and Boulder Creek formations are a major, third order coarse clastic cycle bracketed above and
below by the marine Shaftesbury and Moosebar formations (Leckie, 1986). The Moosebar and
Shaftesbury transgressions both appear to coincide with major eustatic fluctuations, however the
Gates-Boulder Creek clastic wedge is interpreted to be the result of a major tectonic event which

occurred in the rising Cordillera to the west (Leckie, 1986). Regionally, the nonmarine deposits of the




Gething, Gates and Boulder Creek formations thin to the north and northeast. The stratigraphic
formations continue, albeit with different names (Fig. 3), from the Foothills into the Deep Basin
where they form prolific reservoirs and seals.

Foothills deformation of Lower Cretaceous sediments occurred during the Laramide uplift
between early Campanian and Late Eocene (Bally et al., 1966; Price, 1981) with most of the deforma-
tion occurring during the Paleocene (Kalkreuth and McMechan, 1984). It was during this interval
that present coal ranks were established and hydrocarbons were generated and underwent migration
(Deroo et al., 1977). In the Foothills, early Laramide uplift prevented deep burial and terminated the
maturation whereas in the outer Foothills and Alberta syncline to the east, strata were progressively
deeper buried and maturation continued (Kalkreuth and McMechan, 1984). Folding and faulting had
no or only little impact on the preorogenic coal rank (Kalkreuth and Langenberg, 1986).
Consequently, coal rank increases with stratigraphic depth at any given location independently of
the structural position of the strata. Previous studies on Lower Cretaceous coals in the Foothills and
Western Interior Plains have shown a wide variation in rank from high volatile A bituminous coals in
the Foothills to semi-anthracites in the Alberta Syncline (Hacquebard and Donaldson, 1974; Karst
and White, 1980; Kalkreuth, 1982; Kalkreuth and McMechan, 1984; Weiss, 1985; Kalkreuth and
Langenberg, 1986).

Most of the hydrocarbon production from Lower Cretaceous strata in northwestern Alberta and
northeastern British Columbia is natural gas whereas there is little oil production which comes from
the Upper Cretaceous (Fig. 1). The distribution of Cretaceous gas fields (Fig. 1) in northwestern
Alberta and northeastern British Columbia appears to have two underlying controlling factors.
Many of the gas fields overlie the northeast-trending Peace River Arch which was a structural high
during much of the Paleozoic but collapsed during the Mississippian and was a low through the
Cretaceous at least until the Albian (Stelck, 1975 Stott, 1982; Cant, pers. comm., 1986). A second
group of gas fields trends northwesterly and corresponds to the axis of the "Deep Basin" immediately

east of the deformed belt.




METHODS
Rock-Eval/TOC

Channel samples were taken over 1.5 m intervals from shales and siltstones throughout the
whole core. Samples from each interval were pulverized and about 100 mg analyzed using Rock--
Eval/TOC following techniques outlined by Espitalie et al. (1985). The core was drilled using water
as a lubricant, and therefore there is no mud contamination. The results of the Rock-Eval analyses
were critically examined and samples having less than 0.1% TOC and/or less than 0.1 mg HC/g of
rock for S2 were discarded from the data set because of the probability of large errors in the measured
Tmax and derived parameters such as Hydrogen Index (So/TOC) and Production Index (S1/[S1 +Sgl).
The remaining data (365 samples) have been plotted (Figures 5, 6,7, 11 and 12) and summarized by
formation in Table L.

The Rock-Eval/TOC results provide information about the dispersed OM in the core such
as quantity and type of organic matter and level of thermal maturity (Table II). The parameter S1 is
a measure of the amount of hydrocarbon liberated at 3000C and represents the volatile portion of the
geologically generated bitumen. The S2 peak is the amount of hydrocarbon released during
temperature programmed pyrolysis (300-600°C) and represents the bitumen which would be
generated if burial and maturation continued. S1and S2 are expressed in mg hydrocarbon/g of rock.
S3 is the quantity of COg formed by pyrolysis of the organic matter expressed in mg COg/g of rock.
Tmax, in degrees Celcius, is the temperature of the maximum of the S2 peak and an estimate of
thermal maturity. Total organic carbon is determined by oxidizing the pyrolysis residue in a second
oven (6000C in air) and algorithmically summing the oxidized carbon with the carbon in the S1 and
S2 hydrocarbon peaks. Although high TOC values may indicate good source rock potential, much of
the OM may be essentially inert and thus have very little productivity due to sedimentary reworking,
oxidation or advanced levels of maturation (Espitalie et al., 1985).

From the measured parameters, several useful derived parameters may be calculated. Hydrogen
Index (HI) is the normalized S2 value (S2/TOC) expressed as mg HC/gm of TOC which allows the

types of OM to be estimated (Table II). Oxygen index (O is the normalized 33 value (S3/TOC),




expressed in mg COg/gm of TOC. Production Index or Transformation Ratio (PI= S1/[S1 + S2)
indicates the level of thermal maturation and also the presence of epigenetic hydrocarbons. S2/53
indicates the type of organic matter (i.e., hydrogen-rich, oil-prone versus hydrogen-poor, gas prone)
for low to moderately mature samples.

Types of OM can be determined on a cross plot of HI and OI which yields results comparable to the
atomic H/C versus O/C Van Krevelen diagram (Fig. 5; Espitalie et al., 1977) and on a cross plot of HI
and Tmax (Fig. 6; Espitalie et al., 1984). The OM plots on the HI vs Ol diagram along kerogen
evolution paths called Type I, IT and III which are highly oil prone, gas and oil prone and gas prone,
respectively. Type IIT OM can be further subdivided as to its origin from coal or dispersed organic
matter (Espitalie et al., 1984). The Rock-Eval pyrolysis data shown in Figure 7 are tabulated by
Leckie (1987).

Tmax obtained from Rock-Eval pyrolysis provides an indication of the level of thermal maturity
(Fig. 4). The beginning of the "oil window" occurs at Tmax values of approximately 4300 (Espitalie et
al., 1985) and the main gas generation phase from Type II OM occurs at Tmax values of 450 to 4550C
and from Type III OM at 465 to 470°C. End of oil generation is indicated by a Tmax value of
approximately 4650C and values greater than 5200C indicate the dry gas zone (Teichmuller and
Durand, 1983).

Vitrinite Reflectance

A total of 117 coals and handpicked coal spars from various lithologies were analysed for rank
using vitrinite reflectance to quantify the level of thermal maturity of the sediments. The samples
were crushed to a maximum particle size of 850um (20 mesh), mounted in epoxy resin, then ground
and polished. Rank was determined by measuring maximum vitrinite reflectances using a Leitz MPV
II microscope under standardized conditions as outlined in the International Handbook of Coal
Petrography (ICCP, 1971) and A.S.T.M. rank classes assigned according to Davis (1978). The results,
expressed in terms of arithmetic mean and standard deviation, are summarized in Tables Il to V.
The relationships of coal rank and vitrinite reflectances to hydrocarbon generation and destruction

are illustrated in Figure 4.




RESULTS
Minnes Group

The upper Minnes Group recovered in this core is a 335 m thick succession of meandering fluvial,
overbank, lacustrine sediments and commercial coal deposits. Bioturbated sediment and pyrite
within some of the coals indicates local brackish water conditions. TOC content of the Minnes Group
ranges from 0.36 to 12.29% and averages 2.69%. S1 ranges from 0.03 to 1.8 mg HC/g and S2 ranges
from 0.19 to 27.86 mg HC/g indicating the presence of poor to very good source rock potential. HI
values are less than 84 mg HC/g of TOC indicating a high level of thermal maturity and thus gas,
would be the anticipated hydrocarbon product. This is supported by examination of the HI/OI and
HI/Tmax cross plots (Figs. 5 and 6) which show that gas would be generated from dispersed OM and
coals. The indicators of thermal maturation, Tmax (464 to 4850C), PI(0.04 to 0.39) and average R,
values (1.33 to 1.50) indicate that the Minnes Group falls beyond the oil window well into the gas
generation zone. Other formations discussed in this study overlie the Minnes Group and have
experienced proportionately less burial and thermal stress and thus are at commensurately lower
levels of maturity.
Cadomin Formation

The Cadomin Formation is an alluvial fan-braided river deposit (McLean, 1977; Varley, 1984a)
sitting unconformably on the Minnes Group (Stott, 1979). The Cadomin Formation is 45 m thick and
contains very little shale. No shale samples were collected. In the subsurface, the Cadomin
Formation forms a laterally continuous sheet 6f sandstone and conglomerate 1.2 to 18.8 m thick and
averaging 7.7 m (Varley, 1984b), with coal seams decimetres thick and having gas reserves of 16.9
billion cubic metres (Energy Resources Conservation Board, 1982). Varley (1984b) suggested that
Cadomin gas accumulations were derived from coal beds within the Gething and Nikanassin
formations. The average R,max values of 1.31 to 1.33 indicates that the Cadomin Formation liesin

the transition from oil generation to wet gas zone.




Gething Formation

The Gething Formation is a 136 m thick deltaic/coastal plain succession containing several
economically significant coal seams. Much of the interval has brackish water-bay fill affinities
(Gibson, pers. comm., 1987) and a major, northwards thickening marine tongue occurs in the upper
half of the formation. The Gething Formation contains 3 coal seams greater than 1.5 m thick,
ranging from 3.1 to 3.5 m thick (borehole MUD 81-04). The vitrinite reflectances of these seams
ranges from 1.30 to 1.32% R,max. Additional rank data from the Gething coals, collected from
nearby coal exploration cores (locations shown in Fig. 2), show that vitrinite reflectance increases
regularly with increasing stratigraphic depth (Fig. 10). The coalification gradients are relatively
high, ranging from 0.16 to 0.27% R,max/100 m depth.

The TOC content ranges from 0.12 to 23.48% with an average of 6.3%. S1 and S2 both have wide
ranges, varying from 0.07 to 5.43 mg HC/g of rock and 0.45 to 36.3 mg HC/g of rock, respectively. This
range indicates a highly variable source rock potential. The HI is generally less than 150 mg HC/g of
TOC, with 3 values between 150 and 300 mg HC/g of TOC. Tmax values of 470 to 483°C, P10f 0.06 to
0.27 and average R,max values of 1.24 to 1.31% indicate that the base of the Gething Formation is at
the high maturity limit of the oil window.

Moosebar Formation

The Moosebar Formation is a 98 m thick marine shale and siltstone sequence. At its maximum
point of transgression the Moosebar sea extended from the north across much of Alberta to south of
Calgary (Taylor and Walker, 1984). The Moosebar Sea was boreal in nature and in this area was
open to marginal marine conditions (McLean and Wall, 1981). The Moosebar shales were deposited
in an offshore-transitional to offshore setting below the shoreface zone. Bioturbation is present
throughout most of the formation indicating aerobic to disaerobic bottom-waters.

The Moosebar shales have an average TOC content of 1.48% and a range of 0.75 to 2.36%.
However, S1 and S2 range from 0.07 to 0.43 mg HC/g and 0.24 to 1.28 mg HC/g, respectively, making
the Moosebar Formation a poor potential source rock. The HI is low, less than 61 mg HC/g of TOC and

any hydrocarbon generated from these marine shales would be gas. Tmax values of 440 to 4730C, P1




0f 0.06-0.36, and average Rymax ,f 1.20 to 1.24 indicate that thermal maturation falls within the high
maturity portion of the oil window. Although the Moosebar shales are lithologically described as
marine, the organic facies may have been dominantly terrestrial. Thisisa relatively common occur-
rence in pro-deltaic shales and probably results from the overwhelming amount of terrestrial debris
dumped into a deltaic environment and/or the occurrence of oxidizing bottom water permitting the
biological reworking (oxidation) of the less refractory and more nutrient-rich marine organic matter.
The level of thermal maturity is presently too high to reliably extrapolate back to the low maturity
Hydrogen Index of this unit and hence infer the organic type. Nevertheless, the Tmax values exceed
those normally attributed to high maturity Type Il organic matter ("460 in Figure 15 of Espitalie et
al., 1985) and thus may be inferred to be dominated by Type [II OM on the basis of Tmax.

Gates Formation

The Gates Formation is a 280 m thick, dominantly nonmarine interval. There are 10 m of
brackish water, estuarine-bay fill deposits in the middle portion of the formation and the lower 27 m
consist of marine shoreface sandstones. Northwards, the Gates Formation becomes increasingly
marine with several fourth order transgressive-regressive cycles. These fourth-order cycles form the
wave-dominated Falher beaches (Leckie, 1986; Cant 1984; Smith et al., 1984) with estimated gas .
reserves of 96 billion m3 (Energy Resources Conservation Board, 1985; British Columbia Ministry of
Energy Mines and Petroleum Resources, pers. comm., 1986). Gas reserves contained in Gates
Formation coal have been estimated as high as 1.4 trillion m3 (Wyman, 1984). The Gates Formation
in this borehole contains approximately 21 m of coal occurring in seams centimetres to metres thick.
There are 8 seams greater than 1.5 m thick, ranging from 1.76 to 2.5 m thick (boreholes MDD 81-02
and MUD 81-04). The vitrinite reflectances range from 1.16 to 1.27% Romax.

The average TOC content is 5.2% and ranges from 1.01 to 25.73%. The S1 and S2 values range
from 0.06 to 4.81 mg HC/g of rock and 0.39 to 46.08 mg HC/g of rock, respectively. The high TOC and
S2 hydrocarbon yielding samples must be considered as potential sources but the generally low HI
values (Figs. 5 and 6) indicate that gas will be the expected product with some residual oil or

condensate potential indicated for a few samples. Thermal maturation, as indicated by Tmax (451--




4890C), P1(0.03 to 0.2) and average Romax (1.07 to 1.27) puts the Gates Formation well into the lower
part of the oil window and the upper part of the gas generation zone.
Hulcross Formation

The Hulcross Formation is 86 m thick and consists of finely interbedded marine shales, siltstones
and sandstones that make up 8 minor coarsening upwards sequences. The Hulcross shales and
siltstones were deposited in an offshore-transitional to offshore setting below the shoreface zone.
Much of the formation is only minimally bioturbated and finely laminated sediment is preserved
indicating that dysaerobic to anaerobic bottom conditions prevailed for long periods of time.

The TOC content of the Hulcross Formation varies from 0.21 to 3.01% and averages 1.71%. The
S1 values of 0.19 to 1.0 mg HC/g of rock and S2 of 0.72 to 3.26 mg HC/g of rock indicate a poor to fair
generative potential. HI ranges from 75 to about 134 mg HC/g of TOC and averages about 99 indica-
ting that gas would be generated. The OM probably was originally a mixture of Type Il and III
material (Figs. 5 and 6). Tmax values of 443 to 470°C, PTof 0.11 to 0.33 and average Romax values of
1.03 to 1.07 places the Hulcross Formation well within the oil window.

Boulder Creek Formation

The Boulder Creek Formation is a 111 m thick alluvial plain sequence sitting above 23 m of
shoreface sandstone. The alluvial plain deposits contain 15 paleosols up to 6 m thick (Leckie and
Foscolos, 1986) which played a significant role in affecting the source rock potential of the formation.
Average vitrinite reflectances range from 0.93-1.07 Rymax. Additional rank data from nearby
boreholes (locations and values shown in Figure 2) show comparable results.

The average TOC value is 1.14% with values ranging from 0.26 to 2.56%. However S1 values are
all less than 0.26 mg HC/g of rock and S2 less than 2.6 mg HC/g of rock which indicates a poor source
rock potential. All HI values but one are less than 150 mg HC/g of TOC indicating that whatever
kerogen is present would only generate gas. The HI/OI (Fig. 5) and HI/Tmax (Fig. 6) cross plots show
that the OM is dominantly Type III. The paleosols indicate long periods of exposure which resulted in
oxidation of most organic material and thus the unusually low TOC content. The 3 samples

containing coaly material (Fig. 6) are from black carbonaceous shales which are unaltered
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(unweathered) material lying between paleosols. The Tmax values of 442 to 4620C, PI of 0.06-0.25
and average Romax of 0.95-1.07 all indicate that the Boulder Creek Formation lies within the oil
generation window.

Shaftesbury Formation

The lower shales of the Shaftesbury Formation are marine in origin and were deposited during a
regional sea level rise which occurred throughout much of North America. Sedimentation was
primarily from suspension in an offshore depositional setting.

The samples have an average TOC value of 1.46% with a range of 1.12 to 1.85%. S1 and S2 values
average 0.3 to 0.5 mg HC/g and 0.9 to 2.25 mg HC/g of rock indicating that the lower Shaftesbury
shales have poor source rock potential. The low HI values, ranging from 91 to 132 mg HC/g of TOC
with a mean of about 110 mg HC/g of TOC, indicate that this unit has only residual gas generation
potential. The HI/Tmax cross plot (Fig. 6) indicates that OM consists of both Types Il and III. The
Tmax values of 440 to 4470C and PI of 0.17-0.27 indicate that the lower Shaftesbury lies in the upper
part of the oil window.

DISCUSSION
Source rocks and their degree of evolution

Types of OM were determined using HI/OI and HI/Tmax cross plots (Figs. 5 and 6). Because of the
moderate to high levels of thermal maturity, there appears to be little oil generative capacity still
present in the samples. Although it is difficult to back-extrapolate along the HI versus Ol maturation
trends, a few samples in the Minnes Group and Gething and Gates Formations show a possible input
of Type II OM on the HI versus Tmax cross plots. This cpuld also be coal-derived Type III OM
(Espitalie et al., 1985). All the samples contain dominantly Type III, gas prone OM. The marine
sediments of the Moosebar Formation, which would be expected to contain Type II marine OM and
thus have the potential to generate oil, contain solely Type III OM. The Shaftesbury Formation may
have the potential to generate some oil. Some of the Type III OM having very low HI values may be
the result of weathering of the terrestrial OM during sediment transport (Espitalie et g_l!, 1985).

Oxidizing bottom conditions and the large predominance of terrestrial organic input into the
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relatively nearshore depositional environments has apparently lead to the dominance of terrestrial
OM throughout this sequence of rocks, including the marine shales. The relatively high levels of
thermal maturity of many of the samples in this set preclude the definitive interpretation of the
nature of the organic matter. That is, the HI and OI have been reduced through thermal maturation
to the extent that they currently are at levels common to all types of organic matter and thus cannot
be back-extrapolated with confidence. As such, the interpreted hydrocarbon potential (for oil versus
gas) must be considered as referring to present and recent capacity and not necessarily precluding
some oil source at a much earlier maturation stage.

Thermal Maturity

Rock-Eval- The maturation of the kerogen was determined from the Rock-Eval pyrolysis results
and measurements of vitrinite reflectances. Generally, source rocks are mature and will generate oil
at a Tmax temperature range of 435 to 460 oC (Tissot and Welte, 1984). The Tmax values for the
shales in this study range from 440 to 4800C (Fig. 7). For the marine shales, the base of the Moosebar
Formation approximates the base of the oil window. For the nonmarine shales, the base of the oil
window lies about halfway into the Gates Formation.

The conversion of kerogen to bitumen during hydrocarbon generation means that, with increased
maturity, the S2 peak should decrease and S1 should increase. PI(S1/{S1+S2]) values of 0.1 and 0.4
mark the entrance and exit to the oil window (Tissot and Welte, 1978; Hunt, 1979) in the absence of
secondary hydrocarbon migration either out of or into the sample under examination. Since these
source rock samples include both shales and siltstones it is assumed that limited secondary migration
has occurred into the samples. There are no PI values greater than 0.6 which would be indicative of
samples containing secondarily migrated hydrocarbons (Hagen and Surdam, 1984). Little or no
control exists, however, to estimate the extent to which hydrocarbons have moved out of these
samples. The results show a great deal of variability in the PI between the marine and nonmarine
sediments. However, examination of Figure 7 shows that the PI for marine sediments has a
consistently higher value for a given depth interval than for closely associated nonmarine sediment.

This may be indicative of somewhat coarser-grained rocks in the nonmarine section and relatively
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more efficient expulsion of hydrocarbons due to higher permeabilities than the marine rocks. The PI
for marine shales versus depth and PI for nonmarine sediments show a slight but progressive
increase in PI with depth. All the marine samples have a PI range of 0.1 to 0.4 suggesting that they
lie within the oil generative window. The nonmarine samples have consistently lower Pl values
indicating immature to mature conditions.

Rank determination Coalification gradients, from the four boreholes making up the composite

section (Fig. 2), increase with stratigraphic depth as indicated by first order regression lines and vary
from 0.04% R,max/100 m in borehole MD80-08 in the southeast to 0.11% R,max/100 m in borehole
MD80-11 in the northwest. Variations in coalification gradients can be the result of varying present
and/or paleogeothermal gradients (Bostick et al., 1979; Doebl et al., 1974), increased heat flows by
magmatic intrusions (Buntebarth and Teichmuller, 1979) and/or changes in conductivities of the host
rocks (Damberger et al., 1964).

In the Monkman Pass area, variations in the coalification gradients likely reflect changes in the
conductivities of the host rocks, since for these closely spaced boreholes, the present and past
geothermal gradients must have been very similar and intrusive bodies are not known to occur. Our
results indicate that coalification gradients are also influenced by the nature and thickness of the
coaly layer. In Figure 11, vitrinite reflectances for 1) coalspars collected from various lithologies, 2)
thin coal seams (<20 cm) and 3) thick seams (>20 cm) are plotted versus depth. Although thereisa
scatterﬁof data points and local overlaps of the vitrinite reflectances, three coalification gradients
exist. Atany stratigraphic level the thick seams (>20 cm) have the highest reflectances with a
coalification gradient of 0.05% R,max/100 m and correlation coefficient of 0.9294. The majority of
coalspars fall to the left side of the diagram indicating lower reflectances, particularly in the samples
from the marine Hulcross and Moosebar formations (Fig. 11). The coalspars have the lowest
reflectance increase with depth (0.04% R,max/100 m) and a low correlation coefficient (0.7470). An
attempt was made to evaluate discrepancies in the vitrinite reflectances of the coalspars with respect
to their host rocks (shales, sandstones, siltstones and conglomerates) but no significant trend in

vitrinite reflectances according to lithology was detected, comparable to the results of Bostik and




Foster (1972). The thin seams (<20 cm) follow an intermediate coalification path (Fig. 11) with a
gradient of 0.06% R,max/100 m and correlation coefficient of 0.878.

A preliminary explanation for the gradient differences is that thick seams, because of their low
conductivity and greater heat capacities, act as heat collectors over long periods of time whereas thin
seams and coalspars are less affected by transient heat flows and consequently have lower
reflectances. Since coal has a lower thermal conductivity than most lithologies, the temperature
gradient through a thicker seam will be higher than for either the overall stratigraphic section or
specific non-coal bearing intervals such as shales or sandstones. As a result, the centre and bottom
conditions of thick coal seams will tend to exist at temperatures slightly higher than those which
would prevail for a non-coal lithology. A change of 2°C over 60 million years will resultina shift in
vitrinite reflectance of 0.03 to 0.04% R, (Snowdon, Goodarzi and Osadetz, unpublished results).
Although the differences in average coalification gradients might be considered to be of only a minor
nature, it is important to stress that in exploration areas where only limited sample material is avail-
able, vitrinite reflectances obtained from coalspars might be far off the regional coalification trend.
Minor faults shown in Figure 2 had minimal affect on coal rank. There is only one sample of sheared
coal in the Minnes Group which shows signs of a somewhat increased maximum vitrinite reflectance
value (1.68%) which might possibly be related to its position in the fault zone. Otherwise, the results
show a regular increase with stratigraphic depth, independant of the structural position of the strata.
Correlation of Tmax values versus vitrinite reflectances

The maturation levels of the organic matter, as expressed by Tmax (°C) from Rock-Eval analyses
and vitrinite reflectances (% R,max) from optical analyses, were found to increase gradually with
stratigraphic depth. Tmax values ranged from 4400C in the Shaftesbury Formation to 4900C in the
shales from the Minnes Group. Vitrinite reflectances ranged from 0.83% (high volatile A bituminous)
to 1.68% Rymax (low volatile bituminous) in coals and coalspars from Huleross Formation and
Minnes Group respectively.

Since the composite section is comprised of alternating intervals of marine sfrata interbedded

with non-marine coal-bearing sequences it offers the rare opportunity to compare Tmax values
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obtained from the shales with reflectance levels determined on the coals. Good agreement between
the two rank parameters would aid in future interpretations of Tmax levels in sequences were coaly
materials are rare or absent.

Teichmuller and Durand (1983) have shown that for coals there exists a linear relationship
between Tmax (°C) and vitrinite reflectances in the coalification range from 0.5 to 1.5% Ro (high
volatile to low volatile bituminous). Figure 12 shows the correlation between Tmax values from
shales and reflectance values of the coals for samples in the Monkman Pass area. The averaged
vitrinite reflectances obtained from the regression line of all coal samples is plotted versus Tmax
values in this diagram. The dashed lines indicate the range of Tmax and vitrinite reflectances for a
number of unspecified coals as published by Teichmuller and Durand (1983). The data presented
here show that there exists a fairly good relationship between vitrinite reflectances and Tmax values
although for any given reflectance level there is a wide range of Tmax values and vice versa. Thereis
also good agreement with previously published vitrinite reflectances/Tmax relationships
(Teichmuller and Durand, 1983) since the bulk of the data points fall within the dashed lines
(Fig. 12). Sofne of the extremely high or low Tmax values can be explained by variations in the
organic matter content (Fig. 12). For example Tmax values in samples containing less than 0.5%
organic carbon were frequently found to be characterized by reduced S2 peaks and increased Tmax
values most likely caused by adsorption of the pyrolyzate by the mineral matrix (Katz, 1983;
Espitalie et al., 1985; Peters, 1986). Tmax values for small S2 peaks (< 0.2 mgHC/g TOC) were found
to be unreliable and should be rejected (Peters, 1986). In fact, with respect to the corresponding
vitrinite reflectance levels, two regression lines can be drawn for the two facies. Tmax values for the
marine shales increase at a slower rate with increasing maturation while non-marine shales are
characterized at the same or similar rank levels by higher Tmax values. The discrepancies in the
Tmax values for the two facies may be related to slight variations in the type of organic material and
mineral matrix effects (Espitalie et al., 1985; Peters, 1986). For the study area the upper limit for oil
generation (1.30% vitrinite reflectance) corresponds to an averaged Tmax value of 4660C for the

marine shales. The averaged Tmax value for the non-marine shales plot at 470 0C. The two Tmax
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values agree reasonably well with data published by Espitalie et al. (1984) indicating at 1.30% Ro and
a Tmax value of 4650C.

The present data show that the Tmax values obtained from the shales clearly are indicative of
maturation levels. However because of the wide range of Tmax values at any given maturation level
they have to be interpreted in terms of trends rather than absolute values. Individual values may be
far off the regional maturation trend (Fig. 12).

Variation with depth

Increasing thermal maturation can be seen over the 1.2 km vertical profile represented by the
samples in this set (Figs. 7, 8 and 11). Separate regression lines calculated for the marine samples
and the nonmarine (Fig. 8) show that the Tmax values are consistently lower for the marine samples
and the rate of increase is lower. There are slight differences in types of OM between the marine and
nonmarine sediments which may affect Tmax values. Type III OM has a more complex structure
than Type II OM and a wider temperature range 1is observed for Tmax during cracking of the kerogen
(Espitalie et al., 1985). The two maturation trends may result from the thermal conductivity
properties of the different lithologies, as discussed above in relation to thick coal seams, different
hydrodynamic properties which have controlled temperatures, or alternatively, the difference may
result from the difference in fundamental chemical properties of terrestrial versus marine OM.

The Hydrogen Index distribution shows considerable differences between those of the nonmarine
sediments and those of the marine sediments. The regression line for the marine samples shows a
regular, and relatively rapid decrease of HI with depth (Fig. 9) whereas the regression line through

HI values from nonmarine samples indicates no particular systematic change as a function of depth
and a very low correlation coefficient. The high negative corrrelation of HI and depth for the marine
sections indicates that the OM is thermally sensitive and also that the level of maturity is such that
limited active thermal degradation (petroleum generation; i.e., gas) is occurring. The lack of
correlation and obvious scatter of the nonmarine HI data results from the variable presence of

reworked, oxidized and pristine organic matter, a situation expected for nearshore to fluvial deposits.
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Kerogen HI values from the marine sediments progressively decrease from 132 in the Shaftesbury
Formation to 61 mg HC/g of TOC in the Moosebar Formation.
CONCLUSIONS

Shale and coals from 1.2 km of core through most of the Lower Cretaceous preserved in Western
Canada were analyzed for source rock potentials and maturation levels. The average TOC is 3.05%.
The Minnes Group, averaging 2.7% TOC, has fair to very good potential for gas generation. The
Gething and Gates formations average 6.3 and 5.2% TOC, respectively, with fair to very good gas
source potential. The marine Moosebar and Hulcross formations have 1.5 and 1.7% average TOC
contents, respectively, and poor to fair source rock potential. The Boulder Creek has 1.1% TOC and
poor source rock potential. Most Boulder Creek OM was oxidized during Late Albian sea level
fluctuation when thick paleosols developed. HI for the marine sediments shows a progressive
decrease with depth from 132 to 61 mg HC/ g of TOC interpreted as due to thermal degradation with
increased burial. These marine sediments may have generated limited amounts of oil. HI for
nonmarine sediments remains constant with depth. Despite a fairly large scatter, the vitrinite
reflectances increase systematically with stratigraphic depths from 0.94% R,max at the top of the
Boulder Creek Formation to 1.5% R,max in the Minnes Group. The end of oil generation for potential
source rocks is indicated at the base of the Gething Formation.

Although much of the core lies within the oil window, none of the formations are notably oil
prone. The Moosebar and Hulcross marine strata have poor generative potential and the nonmarine
Minnes Group and Gething, Gates and Boulder Creek formations will have generated gas with only
minor amounts of oil. Oxidizing bottom conditions and the large predominance of terrestrial organic
matter into the relatively nearshore depositional setting of the marine sediments has lead to the
dominance of terrestrial OM throughout this sequence of rocks, including the marine shales. Assuch,
it will be domininantly gas that will be, or has been, generated. It hasbeen suggested by others that
Lower Cretaceous sediments were the source for heavy oil deposits in northeastern Alberta. The oil

was not likely derived from northeast British Columbia or northwestern Alberta.
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FIGURES

Figure 1. Location of the core in the Foothills and the distribution of Lower Cretaceous gas and oil
fields in northeastern British Columbia and northwest Alberta (from Wallace-Dudley,
1981). The location of the Peace River Arch is outlined.

Figure 2. Location map and coalification gradients of boreholes used in composite section. The
surface trace of the Moosebar Formation is shown. Additional vitrinite reflectance data
was collected from the designated wells for the Gething ("Ge") and Boulder Creek ("BCr")
Formations. E, in inset, is Edmonton and C is Calgary.

Figure 3. Lower Cretaceous stratigraphy in northeastern British Columbia and northwestern
Alberta. Potential reservoirs and coal bearing strata are also noted.

Figure 4. Comparison of coal rank and Tmax-values from Rock-Eval Analysis to zones of
hydrocarbon generation and destruction. Modified from Dow (1977) with Tmax values
from Teichmuller and Durand (1983).

Figure 5. Hydrogen Index versus Oxygen Index and maturation pathways.

Figure 6. Hydrogen Index versus Tmax. Organic matter types and oil/gas limits based on Espitalie
et al. (1984).

Figure 7. Geochemical log of Rock-Eval/TOC results for most of the Lower Cretaceous preserved in
the Foothills of Western Canada. Abbreviations described in text.

Figure 8. Tmax vs Depth

Figure 9. Hydrogen versus Depth

Figure 10. Variations in coalification gradients for the Gething Formation from bore holes Pacific
MMD77-03, 78-03, 78-07 and 78-08 (locations shown in Fig. 2).

Figure 11. Variations in vitrinite reflectances with increasing stratigraphic depths for the composite
section.

Figure 12. Correlation between vitrinite reflectances (%) from coals and Tmax-values (°C) obtained
from shales. Dashed lines indicate range of Tmax vs vitrinite reflectances for coals as

published by Teichmuller and Durand (1983).
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Summary of results.

Rock-Eval interpretive guidelines.

Vitrinite reflectance data, thickness of coal seams and A.S.T.M. rank classes for samples
from boreholes Petro-Canada MD 80-08 and MMD 81-02.

Vitrinite reflectance data, thickness of coal seams and A.S.T.M. rank classes for samples
from borehole Petro-Canada MUD 81-04.

Vitrinite reflectance data, thickness of coal seams and A.S.T.M. rank classes for samples

from borehole Petro-Canada MD 80-11.

25




IR c,k\(

e,,,j“o_'
Fig ’ .
1210 o 1200 L —
) 119 118 570,
® 0
\ PEACE RIVER
o
56°

X

LOCATION . g
OF CORE - ’
I 'b‘
m
S 2
§ A .‘ 0.
(]
T
AO ﬁ P &
0,, & /
’9/ )
({ 0 25 50 75
. d\ L ] 1 N km 540‘

<®p€ OJIL FIELDS Y 1 mi

i
0 20 40
> GAS FIELDS | .




Depth (m)

100 }

( @ MD8O-11
7

Rmax (%)
0o 1 2

e ru ]

0.11/100m

MDD78-03
" 125{6»6\’_

@MDD77-03
Ro 1.20-1.50 Ge

\

® MDD78-07
Ro 1.22-1.43 Ge

N\

‘MDD78-08
Ro 1.28-1.54 Ge

100 1

200 r

0.10/100m

Depth (m)

DUCHESS MTN.

T125°W_

_ ,  110°
I"7807 — =
BRITISH !

ALBERTA |
COLUMBIA | '

.

STUDY A/
AREAA |

e

52944 -
COMPOSITE SECTION BOREHOLES
ADDITIONAL VITRINITE
REFLECTANCE DATA

MOOSEBAR FORMATION

THRUST FAULTS

e 5292
o
2 N MD80-08
3 ‘ Rmax(%)
~ S 0o 1 2
E
- - €
2300 E 3
o €100 I3
& o
@ 400 a °©
MUD78-15

n
j=]
o

|

Ro 0.92-0.95 BCr

®up7s-17 %
. Ro 1.06-1.07 BCr
120°45 120%2 C~— 120°39
] 1
Lecl e

et a
Eg &




cored interval‘

FOOTHILLS

SUBSURFACE

Shaftesbury Fm

- — — Base Fish Scale Zone — — —

Shaftesbury Fm

o
O | Boulder Creek Q,E_ Paddy Mbr *
2= Fm | Cadotte Mbr*
[0
o3 Hulcross Fm |a.2! Harmon Mbr
w . o
O 5 Notikewin Mbr*
< £
~ |- Gates Fm ™ ¥
w | = .| Falher Mbr
x Qg e 5
(&) Moosebar Fm w.& Wilrich Mbr
Bluesky Mbr
ke e} ¥
% |S | Gething Fm | | Gething Fm
Q gt
2 =) =0
O | . > . *
-~ |m Cadomin Fm m Cadomin Fm
-‘\JWW\MN‘
’ *
Minnes Gp Nikanassin Fm
* Potential Reservoirs
C, ¢ Coal Bearing strata, common, rare




ROCK EVAL Tmax (°C)

086G

LIWIT NOILYAHISIHd SVO AHA

0014 SVO L3IM

0SS < ALIAVYD IdVY
SY3

‘ INOZ NOILVYAHISTHd 110
A

SSv

sey

NOILYHINID 110 MVId <
[ _

oevy

| ousy yaa1g, 110 _

i il I
3dAl ¥3ILLVW DJINVIHO
NOILONY1S3IA ANV NOILVYINID

WN3170413d 40 SINOZ

0'S 2
CMw

0v m

- Q

<C

I

0¢ o

Z

— <
3
2 prs
0¢ 3 3
& :
- S

w

o 3
GE1 M.- z
0C T |h= H

3} v

oD

o,ﬁlu (@]
6 [V mAE
Tui| | ¢
[ - 4 m!vm
L | @ o 7
9 = —¢
Jm CH
S b= —
-3 m
s /

1 w

=

=z

£ o

d

-

<L

wi

Q.

COAL RANK




3
...Mq +N
2\ 2277

o2

X3ONI N3I9AX0

[+

X3ANI N3I9AX0

X3ONI N39AXO0

X3ONI N39AX0

0s% 001 05 oSt 00% 05 0 002 114 oot 0s o 002 0s? ooy 05 [
L 1 1 1 1 1 1 1 L 1 L 1 1 1 i 1 L 1 1 i ‘L i 1 1 L 1 1 ! i 1 i !
0 * = 0
III B III B ITI
[~ o002
[~ oov
II - oos II
. o089 - o008
‘WA AYNESILAVHS ‘W4 ¥334D ¥3A1N08 ‘Wd SSOHITNH ‘Wd §3LVD
I B I i
™ o0o0% ~ 000% 1 * T 000F ~ oo0v
202 0st 00t as 0 ooe 0sT 00t 05 o ooz 0st
L L 1 1 1 1 1 L 0 L i ] 1 1 1 1 I 0 L i 1 1
D T M e ey
II1 r ITI III
ooz 002
I pu s
=
oo 00y o
)
o
r~ [}
m
[~ o003 008 =
II— —
L =z
jou)
m
- >
. 008 008
WS YYgISOOW ‘W4 ONIH13D ‘dD SINNIW
! L
\3
- ooo0% = 000% ~ 000F%

X3ONI N390HOAH




9 &

(4 ¢¢
Y37
gl
e I e e e T e e B e e e U LT
hike) 10
- TTEEATVARNT] [ L I3H0IVINAT] | S— I _mm«:fz:___ —111! L T _wmaufz:& | 3dAL
XYWL XYWL XYWL XYWL
005 sy ooy 008 o5 ooy 00 o5y oor 008 osy oor
L i 1 ] ! 1 no i 0 i 1 ! 1 1 1 1 1 ° L 1 1 i 1 i —- 1 0 L 1 i 1 1 i i} 1 0
I
H 1 1 1 v‘- Al X“ —
' . ] L ) [ 1
v : — S - S R
O 1 1 < i' [
H - ooz ! - o0z ' ooz AN H - ooz
' [ ' x ' T
! ' < . /..I\ =
o - o o o
' 1 ' el
L ' L 1 L | L =
ooy H oor H ooy H 0wy @
' ' ' m
L ' L ' L ' L =z
1 1 1
] ' . ' M
[ oos H [ 009 ! 003 ! Foos &
' . ! { m
T T i
r 1 r ! 1 r >
' N !
1 ’
- oo8 ’ I oo8 [ oo8 ’ I oos
¢ 1
‘W4 AHNESILAVHS, L ‘W4 X3340 ¥3a1nog L L ‘wd S3LV9 ; L
’ ’ il ﬁn ’
L 000% 0007 x 0007 “ goos
005 asy oov ooy 00¢ octy oot
L 1 i 1 1 1 i 1 L 1 1 1 L 1 1 L It 1 1 1 1 1 )
- ” 0 " 0 CECEEREEHL] - "
'
s . oL 2 e R I
~— 1 B
! i v b T adAL|
H ooz H ' - ooz ® ! roo¢ 4
/"1\; < < <
x r~ " [~ G
1 ' : b
H - ooy H - oor ' ooy O
[ [ ] o
! S ! - yAdAL - m
_ ! 1t 3441 woa (® : z
' o 1 = 1 oadA H 009 =
! 003 ! 009 1 404 (@ H z
! L / b ILINIT SYD-TI0 b R o
i ' 1 m
t 1
, . w0 sadas vod (D) x
’ - ooe ’ - oos ooe
’ ! * LIWIT 110 3HNLYARWI
‘W4 HYGISOOW , L ‘WA ONIHL3ID ) - *dD SINNIW L
. ’ 7’
~ oot = ﬁ ooot oot Looor




600

300

HI

ORGANIC C on

50

S1+S2
25

52/S3

172

S1/(S1+52)

500 0

450

TMAX ©C

400

L dc i« e
at ol
g 7

x
. N
x
x x x x *
x - * o . R * . . “ x .
o had o, ¥ " x x x x "
s R L R e RS X - " o . _. « . . )
W Ext T W P LAk T A et B Sl it e T e > Flouek L R - A I T L
- % P x - = P o .
" % * *
x 3 » *
M
. x % x x x
M
x * .. . Pl xx -x x *x X o« x
“ x - "
o - X " o wrox " " o« Lo
. R L5t x -~ . % » £ x Xy x * % x x x *
* x * e X % . x x x xx ¥ * ¥ % - -
N B K B !_..m.uxl 1w N % T TY, x . = x x >
x X x W % '] x x ® x o x £*3 x x xx « x « o, x
S ket Tow % Palaiks N xx x K™l < x . ¥ on « LI * . M
- "
>3 T = = - = = = = Q.
WF %F w TS w [I. w o
[] X w w o 0] * z [42]
%] o w 124 W= < . z x s w
w ow ) x x - o) . S . x x =
- o & o < L =z o =
L O O RG] x %] i [a} = .
< 3 . x - x x o - & . < x N =
m\w =) o= * P - . x o x O
T x x = o x x
x X% X xx ox x x X% x x x
2 e R RN P el % % wn e A % T xx ym LCF. ¥ bt e S E e % T wahow RS W M x % M e Ik
S— — Sp——— hw % ax x| xmom x ™ % == o = x ok ok xmxx wx % w ok wwox xww e e e
M « N
x x
x @ « * x x * x «
Xy x * x
x
R , x . * x, .
* X xy x x x . -
« x < " " « B
x
* x = M v B - x % =
* o Toxxy, xx x " x fx x k * x
- . oz . - e . Bty < B B o 3 . -
. K x * = . ax - U R o % y&mx g ” x > . e =
P A M N xS . 2 Clt o L. M x N xx "
x x, e x :
L P e ] . P ] 5% .= «oax ok xx ey
x x * x . X 2 X . x *
o . . g T R ek ™ N % - L W . I ' T,
Tl x % Fohon w X o TR o x E N x * = W = e M L S T )
=
M
" }% 7... Jw.#vxxh. .u.m.mx
o x x ]
|5 g % X x x :
= = = —_—
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o = ° ° ° ° o o ° o ° ° ° ° ° ° ° o 8 2 S a 2
° 3 a 2 2 2 a S ] 2 a S 2 S 2 = 2 S 2 2 S S < ]
° a 2 = H s 3 A e < a ] 3 B R 2 2 B s a =] 2 ot ot X




LCLC(\Q
et af
pc.g_ &

TMAX (C)

420 , 440 4?0 . 4?0 , 500
0 SHAFTESBURY FM.
BOULDER CREEK
FM. .
\ -
1 a
_ |\« NONMARINE
200 T cross ';g. Ol
FM. . ® "1 .
- GATES FM. hk AP
A
A Lt
\“:AA A
400 o y=0.024x +448 JAg 4, 4
r=0712 A
rs \ ’
N A
- : A
‘ u-:\‘i‘ :
MOOSEBAR FM. ¥ y=0.03x+449
600 . . U&e \ r=0412
w .'.. %, >
'é:“ :’ LALY ge
m [ ] vy k T A-AA
s GETHING FM.
r “‘ ‘o
= NN
i F IR
a \ «
800 T 200MN FM. \
MINNES GROUP AL,
N
. A ‘x .
A
. AAAA:
a Aa : E“
N
.
1000 - il
. -
et
- LY LY a
A ‘A\ a
A a
A A
A A
a
1200




200

400

o
Q

o DEPTH METRES &

00

1000

1200

HYDROGEN INDEX
0

400

0 . 100 20 , 8%
1
o SHAFTESBURY FM.
LU . BOULDER CREEK FM.
a a &
Y
At .
d A A ‘lA
A y =129.9 ~ 0.14x
o r=0918
NONMARINE'  [4 MaRINE

HULCROSS FM.

GATES FM.
A A
a a
‘:A
a
A
MOOSEBAR FM.
GETHING FM,
a
- A
Al
i CADOMIN FM.
T l . MINNES GROUP
A"
A LY
-y ﬁ . A .
Y - &
'S
AL AAl
N a
‘A£ A A
a
-4 . - A
agda a
-
A
I a
ah At a
A
fo
-t - A
- A
A
‘“M
N ‘A R ‘ y=0.013x+78.63

r=0.68

A

Leck e
et af

Fwg 9




Depth (m)

MDD 77-03

Amax (%)
o 1 2

gy

0.18%/
100 | 100 m

300 |

MDD 78-03
Rmax (%)

o 1 2
]

200 -

0.27%/
100 m
300

MDD 78-07
Amax (%)
a 1 2

T

0.16%/
100m

MDD 78-08
Rmax (%)
o 1 2

.

0.21%/
100 m

200

300

Leckie
et ol

Fu 10




300

600 o

metres

900 -

1200 ~

——

0.6 0.8 1.0
0 ) L

Maximum Reflectance (%)

1.2 1.4 1.6
I 1 1

|

1.8
1

Boulder Creek
Fm

Hulcross Fm

Gates Fm

Moosebar Fm

Gething Fm

Cadomin Fm

Minnes Gp

seams > 20 cm (W), r = 0.8294, 0.05% Rmax/100 m
seams < 20 c¢cm (&), r = 0.8780, 0.06% Rmax/100 m
coalspars (@), r = 0.7470, 0.04% Rmax/100 m

all samples, r =~ 0.7970, 0.05% Rmax/100 m

Shaftesbury Fm

gt
£ g v




\ 4
< a4
<
anoss NI S
A g wa 4
sauui
oy g W< WM g1
SN 4
<K<K
< \ NI g
"Wq ujwope) /
4
‘wy Buiyjen AAMMAA &
)
w4 Ly A_/A Aaw “
ieqosoomw | / <
< a A_/ <K <
q
‘w4 sajen ® 4 Ag/
() <
© / \
< n
° o \«
‘w4 SSO0JIINH 0 o
f e « \
©
F E g \
"¥o 18pnog | L = w4 \
) m MA <
[
Jdd\
e
Aingsajjeys
T _ _ T _ _
(@] o (@] o o (@] (@]
(@] D [¢0] N~ © (o) <t
[To] < <t < <t <t <t

(Do) Xew] - SISA|01AYd |BATJ YOOH

1.

P S >

LQ. (_k" e
A;

<4

1. 1. 1.

1

1

Vitrinite Reflectance - Rmax (%)

1.

0.9




No. of Samples

TOC

Table I: Summary of results of Rock-Eval/TOC and vitrinite reflectance analyses.

PI

S1 + S2

S1

S2

S3

HI

01

. Type O.f Ro max
Formation Organic (%)
Pyrolysed Coal X o X o X o X o X o X o X o x o Matter

Shaftesbury 14 0 146 0.18 020 0.03 203 039 040 061 162 035 012 0.05 109.78 17.37 8.07 429 11 I
Boulder Creek 27 9 1.14 067 010 005 082 0.72 007 007 074 065 054 044 5855 3993 6333 7T7.79 1 0.94-1.07
Hulcross 61 1 171 052 025 058 242 065 058 018 1.83 056 037 026 9944 13347 2379 2049 1 NI  1.03-1.07
Gates 86 47 520 4.3 011 049 734 1153 054 066 6.79 1090 093 0.55 90.07 5578 2533 1943 [I*1III 1.07-1.20
Moosebar 67 3 148 034 028 005 086 027 023 065 062 022 030 018 40.92 7.87 19.88 6.98 I 1.20-1.24
Gething 32 22 6.3 6.38 012 006 9.87 1592 0.75 1.06 912 1495 072 050 9275 62.12 3869 120.57 11* 1l 1.24-1 31
Cadomin 0 6
Minnes 78 29 269 214 016 0.08 3.3 5.2 034 028 295 495 031 029 104.32 14358 2897 9974 1 III 1.33-150
Total Core 365 117 3.06 3.49

* minor, & = mean, ¢ = standard deviation




Table I1. Rock-Eval Interpretive Guidelines

a) Source Rock Generative Potential

. S1 S2
Quality TOC (Wt %) (mg HC/g rock)  (mg HC/g rock)
poor 0-0.5 0-0.5 0-2.5
fair 0.5-1.0 05-1.0 2.5-5.0
good 1-2 1-2 5-10
very good >2 >2 10
b) Type of Hydrocarbon Generated
HI *
Type (mg HC/g of TOC) S2/83
gas 0-150 0-3
gas and oil 150 - 300 3-5
oil >300 >5
*assumes Ro = 0.6%
¢) Level of Thermal Maturation
. PI Tmax Ro
Maturation (S1/S1+52) °C) (%)
top oil window ~0.1 430 - 445* ~0.5
bottom oil window ~0.4 ~465 ~1.3

*varies with type of OM




Table II1. Vitrinite Reflectance data. thicknesses of coal seams and A.S.T .M. rank classes
for samples from boreholes Petro Canada MD 80-08 and MDD 81-02.

Maximum Reflectance %

coalspar

Borehole Formation Depth Thickness  Pellet A S. T M. Rank Classes
(m) (m) No.
Mean S N

MD 80-08 Boulder Creek 33.08 _* 746/85 1.03 0.04 50 High volatile A bituminous
MD 80-08 Boulder Creek 71.56 _* 747/85 0.95 0.06 50 High volatile A bituminous
MD 80-08 Boulder Creek 94.92 _* 748/85 1.00 0.05 50 High volatile A bituminous

. MD 80-08 Boulder Creek 100.80 _F 749/85 0.96 0.05 50 Highvolatile A bituminous
MD 80-08 Boulder Creek 137.30 0.70 2/86 1.07 0.05 50 Highvolatile A bituminous
MDD 81-02 Boulder Creek 11.70 _F 742/85 093 . 0.04 50 Highvolatile A bituminous
MDD 81-02 Boulder Creek 14.03 _* 743/85 1.03 ~-0.04 50 High volatile A bituminous
MDD 81-02 Boulder Creek 14.24 _ ¥ 744/85 1.04 0.04 50 High volatile A bituminous
MDD 81-02 Boulder Creek 46.79 _* 9/86 0.95 0.02 50 High volatile A bituminous
MDD 81-02 Hulcross 53.74 _* 745/85 0.83 0.05 50 High volatile A bituminous
MDD 81-02 Gates 125.07 0.07 11/86 0.88 0.05 25 High volatile A bituminous
MDD 81-02 Gates 126.08 _* 12/86 0.94 0.03 50 High volatile A bituminous
MDD 81-02 Gates 149.70 0.66 13/86 1.03 0.05 50 High volatile A bituminous
MDD 81-02 Gates 150.36 _x 14/86 1.07 0.04 50 High volatile A bituminous
MDD 81-02 Gates 151.96 _F 15/86 0.93 0.04 50 High volatile A bituminous
MDD 81-02 Gates 153.33 _ ¥ 16/86 1.06 0.04 50 High volatile A bituminous
MDD 81-02 Gates 158.28 0.27 17/86 1.00 0.05 25 High volatile A bituminous
MDD 81-02 Gates 175.96 0.48 18/86 1.07 0.06 25 High volatile A bituminous
MDD 81-02 Gates 177.05 0.13 19/86 1.12 0.05 50 Medium volatile bituminous
MDD 81-02 Gates 180.59 _* 20/86 1.05 0.06 50 High volatile A bituminous
MDD 81-02 Gates 199.12 0.60 21/86 1.17 0.07 50 Medium volatile bituminous
MDD 81-02 Gates 202.72 _* 22/86 1.18 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 208.30 _ 632/86 1.10 0.03 50 Medium volatile bituminous
MDD 81-02 Gates 210.36 _* 633/86 1.20 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 216.00 _* 634/86 1.12 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 216.67 _* 635/86 1.16 0.05 50 Medium volatile bituminous
MDD 81-02 Gates 218.17 _* 636/86 1.10 0.05 25 Medium volatile bituminous
MDD 81-02 Gates 219.67 _ ¥ 637/86 1.20 0.05 50 Medium volatile bituminous
MDD 81-02 Gates 222.61 _* 639/86 1.11 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 228.47 _* 638/86 1.07 0.06 50 High volatile A bituminous
MDD 81-02 Gates 244 .48 _* 640/86 1.22 0.05 50 Medium volatile bituminous
MDD 81-02 Gates 245 .92 ¥ 641/86 1.21 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 249.72 0.10 642/86 1.06 0.04 50 High volatile A bituminous
MDD 81-02 Gates 253.58 0.18 643/86 1.09 0.06 50 High volatile A bituminous
MDD 81-02 Gates 253.97 1.95 644/86 1.23 0.06 50 Medium volatile bituminous
MDD 81-02 Gates 260.71 _* 645/86 1.11 0.04 25 Medium volatile bituminous
MDD 81-02 Gates 266.12 _* 646/86 1.13 0.04 50 Medium volatile bituminous
MDD 81-02 Gates - 268.10 3.50 647/86 1.16 0.06 50 Medium volatile bituminous
MDD 81-02 Gates 2775.22 _* 648/86 1.17 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 304.37 2.50 649/86 1.20 0.05 50 Medium volatile bituminous
MDD 81-02 Gates 307.37 2.50 650/86 1.22 0.05 50 Medium volatile bituminous
MDD 81-02 Gates 309.07 2.50 651/86 1.20 0.05 50 Medium volatile bituminous
MDD 81-02 Gates 327.29 4.50 652/86 1.27 0.05 50 Medium volatile bituminous
MDD 81-02 Gates 338.86 _* 653/86 1.30 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 339.52 _* 654/86 1.26 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 343.46 _* 655/86 1.23 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 348.41 _* 656/86 1.16 0.06 50 Medium volatile bituminous
MDD 81-02 Gates 349.08 1.35 657/86 1.25 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 352.33 _F 658/86 1.27 0.04 50 Medium volatile bituminous
MDD 81-02 Gates 356.63 _ ¥ 659/86 1.17 0.04 25 Medium volatile bituminous
MDD 81-02 Gates 369.15 1.76 660/86 1.27 0.04 50 Medium volatile bituminous

S = standard deviation
N = number of measurements
f J—




Table IV. Vitrinite Reflectance data, thicknesses of coal seams and A.S.T.M. rank classes
for samples from borehole Petro-Canada MUD 81-04

Maximum Reflectance %

Borehole Formation Depth Thickness  Pellet ASTM.
(m) (m) No. Rank Classes
Mean S N

MUD 81-04 Gates 11.67 2.50 663/85 1.27 0.03 50 Medium volatile bituminous
MUD 81-04 Gates 15.42 0.09 664/85 1.22 0.04 50 Medium volatile bituminous
MUD 81-04 Gates 18.30 _* 665/85 1.29 0.05 50 Medium volatile bituminous
MUD 81-04 Gates 22.94 _* 666/85 1.24 0.05 50 Medium volatile bituminous
MUD 81-04 Gates 24.50 _ X 667/85 1.31 0.04 50 Medium volatile bituminous
MUD 81-04 Gates 27.05 _* 668/85 1.15 0.04 50 Medium volatile bituminous
MUD 81-04 Moosebar 70.56 _* 669/85 0.98 0.07 25 High volatile A bituminous
MUD 81-04 Moosebar 76.80 _x 670/85 0.94 0.03 25 High volatile A bituminous
MUD 81-04 Moosebar 97.85 _* 671/85 1.12 0.03 50 Medium volatile bituminous
MUD 81-04 Gething 153.25 0.22 673/85 1.19 0.04 50 Medium volatile bituminous
MUD81-04 Gething 153.40 0.20 674/85 1.27 0.04 50 Medium volatile bituminous
MUD 81-04 Gething 153.27 0.22 675/85 1.32 . 0.05 50 Medium volatile bituminous
MUD 81-04 Gething 154.63 0.02 676/85 1.25 0.04 50 Medium volatile bituminous
MUD 81-04 Gething 157.99 0.07 677/85 1.26 0.07 25 Medium volatile bituminous
MUD 81-04 Gething 158.30 _* 678/85 1.31 0.04 50 Medium volatile bituminous
MUD 81-04 Gething 162.27 0.60 679/85 1.26 0.07 50 Medium volatile bituminous
MUD 81-04 Gething 167.67 0.60 680/85 1.31 0.05 50 Medium volatile bituminous
MUD 81-04 Gething 174.09 _ ¥ 681/85 1.25 0.05 50 Medium volatile bituminous
MUD81-04 Gething 177.00 0.07 682/85 1.21 0.03 50 Medium volatile bituminous
MUD81-04 Gething 196.20 1.33 683/85 141 0.10 25 Medium volatile bituminous
MUD 81-04 Gething 200.82 _* 684/85 1.31 0.05 50 Medium volatile bituminous
MUD 81-04 Gething 203.67 _* 24/86 1.33 0.06 50 Medium volatile bituminous
MUD81-04 Gething 205.37 _* 25/86 1.28 0.04 50 Medium volatile bituminous
MUD 81-04 Gething 288.93 3.50 26/86 1.30 0.05 50 Medium volatile bituminous
MUD 81-04 Gething 296.82 >0.20 217/86 1.32 0.05 50 Medium volatile bituminous
MUD 81-04 Gething 304.60 3.10 28/86 1.32 0.05 50 Medium volatile bituminous
MUD 81-04 Gething 309.47 3.22 29/86 1.34 0.05 50 Medium volatile bituminous
MUD 81-04 Gething 312.75 0.14 30/86 1.27 0.05 50 Medium volatile bituminous
MUD 81-04 Gething 312.45 0.14 31/86 1.38 0.08 50 Medium volatile bituminous
MUD 81-04 Gething 317.45 _F 32/86 1.39 0.06 50 Medium volatile bituminous
MUD 81-04 Gething 320.08 _* 33/86 1.29 0.06 50 Medium volatile bituminous

S = standard deviation

N = number of measurements

-

coalspar




Table V. Vitrinite Reflectance data, thicknesses of coal seams and A.S.T.M. rank classes

for samples from borehole Petro-Canada MD 81-11.

Maximum Reflectance %

Borehole Formation/ Depth Thickness  Pellet A.ST.M.
Group (m) {m) No. Rank Classes
Mean S N

MD 81-11 Cadomin Fm. 9.08 _* 686/85 1.24 0.05 50 Medium volatile bituminous
MD 81-11 Cadomin Fm. 14.14 _* 687/85 1.27 0.05 50 Medium volatile bituminous
MD 81-11 Cadomin Fm. 32.90 _ ¥ 688/85 1.36 0.04 50 Medium volatile bituminous
MD 81-11 Cadomin Fm. 37.77 _* 689/85 1.14 0.05 50 Medium volatile bituminous
MD 81-11 Cadomin Fm. 45.80 _ 690/85 1.13 0.04 50 Medium volatile bituminous
MD 81-11 Cadomin Fm. 53.94 ¥ 691/85 1.15 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 72.70 0.07 692/85 1.23 0.05 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 76.00 0.10 693/85 1.31 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 77.10 _* 694/85 1.28 0.05 35 Medium volatile bituminous
MD 81-11 Minnes Gr. 79.26 _ X 695/85 1.40 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 87.94 _* 608/86 1.32 0.05 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 96.74 _* 609/86 1.31 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 134.95 _* 610/86 1.20 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 137.80 _* 611/86 1.15 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 152.00 _* 612/86 1.02 0.03 50 High volatile A bituminous
MD 81-11 Minnes Gr. 155.90 _* 613/86 1.19 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 159.30 F 614/86 1.36 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 171.55 0.10 615/86 1.42 0.05 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 203.00 0.10 616/86 1.49 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 205.50 _* 617/86 1.50 0.05 50 Low volatile bituminous

MD 81-11 Minnes Gr. 208.45 _* 607/86 1.39 0.06 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 210.94 ¥ 618/86 1.32 0.03 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 216.70 0.79 619/86 1.58 0.07 50 Low volatile bituminous

MD 81-11 Minnes Gr. 229.60 _* 620/86 1.21 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 240.85 ¥ 621/86 1.67 0.05 50 Low volatile bituminous

MD 81-11 Minnes Gr. 250.83 0.30 622/86 1.41 0.08 25 Medium volatile bituminous
MD 81-11 Minnes Gr. 260.90 _* 623/86 1.49 0.06 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 267.69 0.45 624/86 1.42 0.05 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 273.99 0.21 625/86 1.64 0.06 50 Low volatile bituminous

MD 81-11 Minnes Gr. 293.00 0.40 626/86 1.52 0.05 50 Low volatile bituminous
MD 81-11 Minnes Gr. 315.00 ¥ 627/86 1.41 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 321.50 0.19 628/86 1.60 0.06 50 Low volatile bituminous

MD 81-11 Minnes Gr. 344.59 _* 629/86 1.47 0.04 50 Medium volatile bituminous
MD 81-11 Minnes Gr. 363.95 0.11 630/86 1.68 0.06 50 Low volatile bituminous

MD 81-11 Minnes Gr. 365.25 _ 631/86 1.48 0.04 50 Medium volatile bituminous

S = standard deviation

N

*

I T

number of measurements
coalspar
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