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INTRODUCTION

This open file presents interim results of a new collaborative project between the Geological
Survey of Canada and the British Columbia Ministry of Energy and Mines. The purpose of the
project isto provide new data and resource models relevant to the petroleum resource potential of
the Bowser and Susut basins, and to use these to calculate improved petroleum resource
assessments of these basins. Previous work identified a significant petroleum potential in this
region while recognising that there are several poorly understood, but significant risks (Hannigan
et a., 1995). Theserisks give riseto concerns about reservoir quality and petroleum
accumulation and preservation. It isessentia to re-evaluate existing resource estimates by
considering new stratigraphic and tectonic models and determining if the physical environment,
primarily temperature, and the temporal relationships among hydrocarbon generation, migration,
entrapment and preservation, are conducive for the existence of amajor undiscovered petroleum
resource in this region. Comparing the thermal character and history of potential petroleum
source rocks and associated strata in the Bowser Basin to the diagenetic and tectonic history of
potential secondary migration pathways and reservoirs will facilitate identification of regions and
strata most prospective for petroleum exploration. The integration of these data, models and
interpretations into the updated stratigraphic and structural framework will improve petroleum
resource assessments and assist explorers dedicated to the goal of transforming a significant, but
unproven, potential into arobust and economical source of petroleum supply and regional
employment.

The purpose of thisinterim report is to release thermal maturity and reflectance data of
the northern two thirds of the Bowser and Sustut basins on a geological map base of the basins.
Future work on the thermal maturity aspect of the project will: 1) include additional samplesto
fill large gapsin data; 2) incorporate previously published data sets; and 3) integrate and interpret
these data in the context of the structural and thermal histories of the region.

LOCATION
The Bowser and Sustut basins are located in north-central British Columbia, between 55 N and
58 N, and occupy an area of more than 60,000 km? (Figure 1). They are in the Intermontane Belt
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Figure 1. Terranes and morphogeologic belts of the Canadian
Cordillera and location of the Bowser and Sustut basins. Modified
after Wheeler and McFeely, 1991



of the Canadian Cordillera, aregion of low metamorphic grade (mainly greenschist facies and
lower) relative to the bounding metamorphic and plutonic Omineca and Coast belts (e.g. Read et
a., 1991). They overlie Devonian to early Middle Jurassic strata of Stikinia. Stikiniais an
allochthonous terrane that accreted to the western margin of North Americain the Early Jurassic

to early Middle Jurassic.

GEOLOGICAL SETTING

Regional Stratigraphic Framework

The region to be examined is underlain by three broad stratigraphic successions, in part
overlapping in age.

Bowser Lake Group

The Bowser Lake Group isthe oldest, and by far the most widespread succession. It rangesin
age from late Middle Jurassic to mid-Cretaceous and includes strata deposited in environments
ranging from distal submarine fan, to deltaic, to fluvial, and lacustrine (e.g. Tipper and Richards,
1976; Evenchick et al., 2001, and references therein). It was deposited directly on volcanic arc
strata of Stikinia, and clasts were derived primarily from the oceanic Cache Creek terrane to the
east, as aresult of closure of the Cache Creek ocean and accretion of Stikiniato North America
in the Middle Jurassic (e.g. Gabrielse, 1991; Ricketts et al., 1992). Syntheses of stratigraphic
aspects of the Bowser Lake Group include those by Eisbacher (1974a; 1981), Tipper and
Richards (1976), Bustin and Moffat (1983), Koo (1986), Moffat et a. (1988), Cookenboo and
Bustin (1989), MacLeod and Hills (1990), Green (1992), Evenchick et a. (1992), Cookenboo
(1993), Ricketts and Evenchick (1999), Evenchick (2000), Evenchick et a. (2000), Evenchick et
al. (2001).

Skeena Group

The Skeena Group is Early Cretaceous to mid- Cretaceous age. It occurs south of the Bowser
Basin, and its stratigraphic relationship to Bowser Lake Group is not entirely clear. Sediments
were deposited in arange of marine to nonmarine environments, which locally included volcanic
influence. Studies of the Skeena Group include those by Tipper and Richards (1976), Bassett
and Kleinspehn (1997), and Haggart et al. (1998).



Sustut Group

The Sustut Group is mid-Cretaceous to latest Cretaceous age and occurs aong the northeast side
of the Bowser Basin. Sediments were deposited primarily in fluvial and lacustrine environments,
with possibly minor marine influence. On the southwest side of the Sustut Basin strata overlie
deformed Bowser Lake Group and Stikinia strata, and on the northeast side they overlie Stikinia
strata. The Sustut Group was examined by Eisbacher (1974b) and Bustin and McKenzie (1989).
Significant revisions to age of the Sustut Group based on analysis of palynomorphs by A.R.
Sweet are presented by Evenchick et al. (2001).

Regional Structural Framework

Strata of all 3 successions, and underlying Stikinia, are folded and thrust faulted. These
contractional structures define the Skeena Fold Belt, a thin skinned fold and thrust belt of
Cretaceous age (Figure 2). The dominant structures are open to close folds of hundreds of metres
to 1 km wavelengths (Figure 3). Larger wavelength folds are associated with structural
culminations of competent volcanic rocks of Stikinia. The dominant fold trend is northwest, but
domains of northeast trending structures occur locally on the west side of the fold belt. Large
scale features of the fold belt are presented by Evenchick (1991a,b; 2001). Structural studies
more restricted in space include those by Moffat and Bustin (1993), and Bone (2002).

PREVIOUSWORK - CONVENTIONAL PETROLEUM POTENTIAL ASSESSMENT
Method

Conventional petroleum potential in the Bowser Basin region was assessed using a probabilistic
play-based volumetric method (Hannigan et al., 1995; Canadian Gas Potential Committee, 2001).
The method (Lee, 1993) employs distributions of potential petroleum field parameters; these are
combined to give a conditional petroleum accumulation size distribution. Individual reservoir
parameter distributions are determined using, or constrained by, available data. Where data are
missing estimates are made subjectively with reference to appropriate analogues. For example,

field areas can be estimated by measuring the area of mapped structures. The largest mapped



~ £qo
12858

o =2 \\ SN N ‘
< TR IS, T 2
L IERRSORIPE. = S an
~— =~

7
< 4
e
2 Y

56°

Stewart

8 —— axial surface trace

northeast limit of
& Skeena Fold Belt

generalized regional
— fold trend

fold trend derived from

\ stereonets of poles to
bedding; n= 15,815
for map

% local fold interference

0 50

128° kilometres

55° .
|| Tertiary and Quaternary volcanic rock || Cretaceous and Tertiary intrusive rock (Coast Belt)

|| Cretaceous synorogenic clastic basins (Sustut Basin, Devils Claw Formation of Bowser Lake Group,
Skeena Group| )

|| Middle Jurassic to Early Cretaceous Bowser Basin strata (Bowser Lake Group)
|| Early and Middle Jurassic volcanic and clastic and minor intrusive rock (Stikinia)
|| Triassic and older volcanic, clastic, and intrusive rock (Stikinia)

Figure 2 Regional geological setting of the Bowser Basin, and major structural trends of the Skeena
Fold Belt (Evenchick, 2001). Areas lacking axial surface traces are areas not compiled or not mapped.

5



Folded Tango Creek Formation (Sustut Group) in footwall of thrust fault, in
triangle zone at the northeast front of the Skeena Fold Belt. Viewed to
southeast

View southeast to northwest trending folds typical of the central Skeena
Fold Belt. In Bowser Lake Group north of Muskaboo Creek.

Figure 3 Examples of folds typical of the Skeena Fold Belt.
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structure can then be used to constrain alower probability limit (e.g. 0.01%) for alognormal
distribution of field areas. The field size distribution can then be anchored at a high probability
(e.g. 99.99%) by some practical minimum prospect area (e.g. 2.56 km?). Alternatively, the set of
observed structures can be used as a biased sample of the total distribution of prospect areas. By
estimating both the number of potential prospects and the prospect-level risk it is possible to
infer the likely number of petroleum accumulations to be found. Thisis convolved, using order
statistics, with the conditional pool size distribution to produce a set of distributions that describe
the probability of pool size for apool of agiven sizerank. For example, it is possible to
calculate that the 95" and 5™ percentiles of the first rank, or largest pool, is 30 and 50 million
cubic metres, respectively. Asaresult, thereisa90% probability that the largest undiscovered
pool size will have the same sizerange. Likewise, the play-level risk modifies the calculated
total play potential. For example, if thereisafinite probability that the play does not exist,
perhaps because it is unknown if potential reservoir horizons are porous, then there will be an
equivalent expectation for a zero play potential. The results of this method are comparable to the
results of sequential sampling (discovery process) models that are applied to plays with
significant numbers of discoveries. This allows both an objective comparison of undiscovered
potential and an economic evaluation of conditions required to transform undiscovered resources

into proven reserves.

Play Definition, Play Parameters and Risks

Existing conventional resource assessments are in Hannigan et al. (1995) and Canadian Gas
Potential Committee (2001). Plays defined for both these assessments (the CGPC assessment
relies on the 1995 GSC assessment for objective data) are reconnai ssance evaluations conducted
prior to completion of the most recent geological investigations. The plays defined for these
assessments, listed below, were appropriate for the geoscience database of that time, but they are
now being revised to accommodate new geoscience data and interpretations. Separate plays for
both oil and gas were identified in two distinctive play areas, Bowser Basin proper, underlain by
potential Bowser Lake Group and Skeena Group reservoirs, and the Sustut segment, on the

northeastern margin of the Bowser Basin, where younger successions are preserved. Plays



consider only anticlinal accumulations, which are the first prospects explored in Frontier Basins.

The potential for stratigraphic accumulations is recognized but not assessed.

Play parameters were estimated from measured and described geological characteristics using
contemporary geoscience maps, stratigraphic models and data from two exploration wells.
Prospect volumes and potential reserves were estimated from available data. Play- and prospect-
level risks attempt to consider the lack of data regarding reservoir porosity and permeability.
There is asignificant concern that porous reservoirs may not have survived burial and diagenesis,
especially in Bowser Lake Group strata. However, if reservoirs exist, then the potential of the
region is considerable, as both marine and terrestrial source rocks are abundant and at suitable

levels of thermal maturity, especially for natural gas generation.

Play Resource Potentials

Resource potentias for the five anticlinal plays assessed in the Bowser Basin region are taken
from the 1995 GSC assessment (Hannigan et al., 1995).

Skeena Group structural gas play

Skeena Group structural gas play has a play-level risk of 1.0, signifying confidence in the
existence of the play, and a prospect-level risk of 0.04 were assigned to thisplay. The total mean
play potential of natural gasin-placeis 7.19x1010 m? (2.54 TCF) suggesting a mean recoverable
potential of 5.03x1010 m* (1.78 TCF). Thein-place resource estimate for the largest field sizeis
between 3.25x109 to 5.05x1010 m? (114 to 1783 BCF) and the median size of the largest field is
1.47x1010 m® (519 BCF) in place. The associated recoverable field size for this largest potential
accumulation is 2.28x109 to 3.53x1010 m? (80 to 1248 BCF). It is expected that exploration of
this play will discover 19 gas fields and that no more than 45 gas fields will be found.

Skeena Group structural oil play

Skeena Group structural oil play has a mean in-place oil potential of 2.01x108 m® or 1264
million barrels. The largest undiscovered in-place field sizeis between 1.00x107 and 1.42x108
m?® or 63.1 to 893.3 million barrels. The largest recoverable oil field is 2.01x106 to 2.89x107 m?



(12.6 to 181.5 million barrels) with amedian field size of 4.36x107 m* (274.4 million barrels).
The expected number of fields is 16 and this number will not exceed 37 oil fields.

Bowser Lake Group structural gasplay

Bowser Lake Group structural gas play has a play-level risk of 0.12, reflecting concerns
regarding the survival of reservoir porosity and permeability, suitable top seals, and the potential
for thermal destruction of petroleum. The total mean in-place gas potential of the play is
5.78x1010 m* or 2.0 TCF. The median of the largest undiscovered field (in-place) is 1.80x1010
m? (637 BCF), which is calculated to have a potential size range of 8.04x109 to 4.26x1010 m?
(284-1505 BCF). The recoverable size range of largest field size is 6.43x109 to 3.41x1010 m®
(227-1204 BCF). If gasfields exist in Bowser Lake Group strata then the mean number of fields
is173 and it is extremely unlikely that more 2473 fields will be found. No oil potential is
currently assigned to Bowser Lake Group reservoirs.

Sustut Group structural gas play

Sustut Group structural gas play is among the most attractive playsin theregion. There are,
however, significant concerns regarding a number of prospect parameters, including the relative
timing of trap formation to hydrocarbon generation. An overall prospect-level risk of 0.1 has
been calculated. The mean play potential (in-place) is5.27x1010 m? or 1.86 TCF of gas. The
largest undiscovered field (in-place) is between 2.54x109 to 4.48x1010 m? (90 to 1581 BCF).
The median of the largest field size is determined to be 1.24x1010 m? (438 BCF). The associated
recoverable largest field sizeis 1.78x109 to 3.13x1010 m? (63-1106 BCF). The expected number
of fieldsin the play is 14, and it is extremely unlikely that more than 34 gas fields are present.
Sustut Group structural oil play

Sustut Group structural oil play has play parameters and risks similar to the associated gas play.
The mean in-place play potential is 1.84x108 m? (1158 million barrels). The range of the largest
undiscovered field (in-place) is 9.57x106 to 1.38x108 m* (60 to 865 million barrels). The
median of the largest field sizeis4.17x107 m3 or 262 million barrels. The associated
recoverable largest undiscovered field size range is 1.92x106 to 2.79x107 m* (12 to 176 million
barrels). The expected number of fieldsin the oil play is also 14.



NEW PLAYSAND CONCEPTS

Revised stratigraphic and structural frameworks are key elements in improved cal culations of
petroleum potential of the Bowser and Sustut basins. Primary among these are division of the
Bowser Lake Group into a number of lithofacies assemblages, and recognition of the structural
style across both basins as that of a classic fold and thrust belt, complete with frontal triangle
zone. The previous assessments (Hannigan et a., 1995; CGPC, 2001) have significantly
depreciated the petroleum potential because of perceptions that observed levels of thermal
maturity in some of the highest stratigraphic levels were unfavourable for both the diagenesis of
reservoirs (a play-level risk) and the function of the petroleum systems, in particular the
preservation of petroleum accumulations. Changes in the description of organic maturity history
can have a profound impact on how the petroleum resource potential of the basin is perceived
and risked.

Lithofacies Assemblages of the Bowser Basin

In the new stratigraphic framework of the basin the Bowser Lake Group is divided into a number
of lithofacies assemblages based on associations of lithologies, cycles, and sedimentary structures
(Figure 4). Eachisinterpreted to represent a particular environment of deposition. The broad
assemblages are inferred to be aresult of deposition in submarine fan, slope, shallow marine
shelf, deltaic (3 types), and fluvia environments. This framework has been integrated with a
comprehensive fossil database, permitting the first interpretation of depositional history of the
Bowser Basin based on data across the basin (Evenchick, 2000; Evenchick et a., 2001).
Although the mapping is at reconnai ssance scale in some parts of the basin, this presentation of
distinctive lithofacies assemblage distributions is a major improvement that enhances both
petroleum system analysis and play trend elucidation. These greatly facilitate the search for

reservoirs and traps while identifying regions suitable for advanced geophysical surveys.

Skeena Fold Belt
Resolution of Skeena Fold Belt geometry is afundamental advance in the understanding of

Bowser and Sustut basins. First order characteristics of the fold belt are: 1) folds in most of the

10



0 50 100 . .
— — — ) m=mm=  |ocation of cross sections

kilometres

128°W
CRETACEOUS @ Groundhog-Gunanoot assemblage EARLY MIDDLE JURASSIC AND
| | sustut Group (deltaic) OLDER
Brothers Peak Formation Skelhorne assemblage (deltaic) |:|upper Hazelton Group clastic rocks
Tango Creek Formation BB Eaglenest assemblage (deltaic) I Hazelton Group volcanic rocks
| Jundivided Hazelton Group and

- Muskaboo Creek assemblage

MIDDLE JURASSIC TO MID-CRET. . lower
(shallow marine)
E Bowser Lake Group Todaai o |
JKBT
Devils Claw Formation = R‘?t ":]9'“ Ajssem agebfs ope) PALEOZOIC
Jenkins Creek assemblage (subl n:;alrtian-e fg;r) assemblage EPermlgn carbonate
(nonmarine) [ Devonian

Figure 4 Generalized lithofacies assemblage map of the Bowser Basin, and geology of bounding strata.
11



4!

Involvement of Stikinia

Folded Hazelton Group volcanics in hanging wall and footwall of
thrust fault, northeast Skeena Fold Belt. Heavy solid lines are faults;
narrow solid lines delineate the stratigraphic contact between
Hazelton Group volcanics and overlying Hazelton Group clastics.

NE

Triangle zone
Folds and northeast dipping contractional fault in Tango Creek Formation in triangle
zone at the northeast front of the Skeena Fold Belt. Monocline forming northeast
roof of triangle zone is at far right. Northeast is on right (photo reversed to view in
same direction as cross section shown below, and is of a ridge ca. 30 km southeast
of the cross section).

Eaglenest
Syncline

Ice Box

2. Syncline

no vertical exaggeration

SW conglomerate marker {‘eds
\‘ metres feet

4000

map width 2075 m 1250 m 7501700
bed length  3075m 2250 m 1875 1375
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0 ™ »l
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across this area is 3800 m, or 44%

Figures 5 Cross sections of the northern Skeena Fold Belt, illustrating
some of its major features. The top cross section shows: 1) involvement
of Stikinia strata (e.g. JHcu) in contractional deformation of the Skeena
Fold Belt; 2) the large scale of folds in the immediate vicinity of the
competent units of Stikinia relative to those structurally higher that are

see Figure 3 for legend for KBP, KTC, JKBT, JKBMC, JKBS, JKBE;

JHSu - undivided Hazelton Group clastic rocks (Lower Jurassic and lower Middle Jurassic);
JHCu - undivided Hazelton Group, Cold Fish Volcanics (Lower Jurassic);

RJv - undivided Triassic and Lower and Middle Jurassic volcanic and clastic rocks.

entirely within the Bowser Lake Group (e.g. the lower cross section); and
3) the triangle zone at the front of the fold belt. The lower cross section
shows the typical scale of folds in the Skeena Fold Belt, and an example
of an estimate of minimum horizontal shortening using measurements of
bed lengths. Locations of cross sections shown in Figure 4.



belt trend northwest, are close to tight, and upright to inclined to the northeast; 2) thrust faults are
present, but difficult to recognise because Bowser Lake Group lacks distinctive regional
stratigraphic markers; 3) contractional structures affect underlying volcanic, clastic, and
carbonate successions of Stikinia; 4) the fold belt accommodated a minimum of 44% horizontal
shortening; 5) it terminates to the northeast in atriangle zone within Sustut Group; and 6) itis
rooted in the Coast Belt to the west (Figure 5; Evenchick, 1991a,b; 2001). The relationships
between structures and stratigraphic units indicates that orogenic shortening began prior to
Albian (mid-Cretaceous) time, and continued into the Maastrichtian (latest Cretaceous) or |ater
(Evenchick, 1991a; 2000). The chert clasts derived from Bowser Lake Group and pal eocurrent
directions (Eisbacher, 1974b) indicate that the Sustut Basin subsided, at least in part, in response
to Skeena Fold Belt formation. Sustut Group and Devils Claw Formation are both inferred to be
synorogenic clastic basin fill linked to Skeena Fold Belt formation (Evenchick, 2000). The scale
of foldsis controlled by the proximity to mechanically strong volcanic unitsin Stikinia (e.g.
Figure 5). Primary orogenic structures, including atriangle zone, are important structural

elements that must be considered in arevised petroleum assessment.

VITRINITE AND BITUMEN (PYROBITUMEN) REFLECTANCE DATA

Sources of Data and Optical Procedures

The magjority of analyses presented herein are from samples collected by C.A. Evenchick,
C.J.Greig, P.S. Mustard, S.P. Porter, G.M. Green, and assistants during regional mapping of the
northern two thirds of the Bowser Basin from 1988 to 1992. Figure 6 illustrates of density of
samples. Samples were processed in the laboratories of the Geological Survey of Canada, in
Calgary. Additional data (ca. 50 values) for the areain the immediate vicinity of the Groundhog
Codlfield are from Bustin (1984).

Analyses were conducted by M. Tomica, F. Goodarzi, and L.D. Stasiuk at the Geological Survey
of Canada, Calgary, where the histogram for each of the averaged reflectance valuesincluded in
thisreport reside. Sample preparation, optical apparatus and procedures for new data followed,

depending somewhat on microscope specifics, the standard analytical practices of reflectance
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Figure 6. Density of samples in the northern two-thirds of the Bowser and Sustut basins collected by GSC
personel. Circles represent samples analysed and presented in this report. Crosses represent samples to be

processed and presented in future compilations.
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measurement at the GSC Calgary organic petrology laboratory. In general that procedureis as
follows. Rocksfor particulate mounted samples (for reflectance measurements) were crushed to
approximately 2 to 4 mm diameter and placed in Teflon molds; the molds were then filled with a
cold-setting epoxy mixture and cured. Grinding and polishing of the pellets was conducted using
atechnique similar to the modified version (Stasiuk, 1988) of the procedure used for polishing
coal as described by Mackowsky (1982).

Optical data were collected using an incident light microscope, aLeitz MPM Il microscope,
equipped with a Koelhler illuminator and white and ultraviolet light sources. Reflectancein ail
(%Ro) was detected with aMPM I photomultiplier unit. Mean random or maximum vitrinite
reflectance, bitumen reflectance for Type | (primary bitumen, derived from amorphous kerogen
or liptinite macerals such as alginite or sporinite), Type 2 (secondary bitumen, migrabitumen
likely derived from asphalitic components of petroleum) and Type 3 (residua pyrobitumen
derived from petroleum cracking) were recorded on standard data tables and subsequently

entered into a computer file.

Random (fixed stage) and maximum %Ro (rotated stage for anisotropic macerals) values were
measured under plane-polarized, monochromatic, light using a Berek-type triple-prism vertical
illuminator, Epiplan-neofluor oil immersion objective (X40; N.A. 0.90 ail) and Cargille type A
immersion oil (n=1.5180 at 23°C for 546 nm), or equivalent apparatus. Reflectance standards
used for %Ro measurements were selected such that the value of the standard was within
approximately 20% of the maximum % Ro of the maceral being measured. Several glass
standards (0.50, 1.025, 1.82) and a diamond standard (5.26% Ro) were used for maceral %0Ro
greater than 0.20. A maximum of 50 readings (n = 50) was recorded and average (%Ro mean)
for pristine maceralsin each sample. A Leitz photometer software package was used for %R0

data handling.

Presentation of Data

The accompanying map shows reflectance data on a base map of lithofacies assemblages. The
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data are symbolized according to type of data: mean maximum vitrinite reflectance (square),
mean random vitrinite reflectance (diamond), and bitumen reflectance (circles). Values of the
|atter two are converted, respectively, to equivalent mean maximum vitrinite values using the
linear formulae of England and Bustin (1986) and Jacob (1984; 1985). Original values and
recalculated values are listed in the accompanying database. The mean cal culated equivalent
maximum vitrinite reflectance values (R, ., ) are colour coded to represent critical cut off
values, so that blue represents the immature zone (R, . o 0-00 - 0.50%), yellow represents the
0.70 -
1.20%), red represents the wet gas zone (R, e 1.20 - 1.80%), orange represents the dry gas

marginally mature zone (R 0.50 - 0.70%), green represents the oil window (R

0 max eq 0 max eq

zone (R 1.80 - 2.50%), and white represents the zone of little hydrocarbon generation (R,

0 max eq
max eq > 2.50%0).

The base map is modified from Evenchick et al. (2001). Primary sources of information
for the compilation are Souther (1972), Eisbacher (1974b), Evenchick and Thorkelson (1993),
Evenchick and Porter (1993), Evenchick (1997a,b,c), Lewis et al. (1996), Evenchick et al.
(2000), and unpublished map data of C.A. Evenchick. Previous 1:250 000 scale maps of the

region are those by Geological Survey of Canada (1957) and Gabrielse and Tipper (1984).

Summary of Data and Preliminary I nterpretations

The resulting map illustrates that large regions in the northern two thirds of the Bowser Basin
have sufficiently low organic maturity levels that both the generation and preservation of
hydrocarbons and the diagenetic history of reservoirsisfavourable for the formation and
preservation of asignificant petroleum resource. Thisresult isasignificant change from
previous views that considered the high thermal maturity of some of the stratigraphically highest
coals as anegative indication for hydrocarbon potential in all stratigraphic levels of al regions of
the basin (e.g. Hannigan et a., 1995). While there are regions of the map that are at very high
thermal maturity levels, such that thereis areal risk to the preservation of both petroleum and
reservoirs, there are clear regional variationsin the thermal maturity of outcrops such that even
the lowest stratigraphic units are marginally to fully mature in select regions of the basin, as

described below. In addition, the presence of type 2 migrabitumen is a positive indication for the
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generation and migration of liquid petroleum within the Bowser Basin. Together the revised
patterns and levels of thermal maturity, combined with positive indications for the generation and
migration of liquid petroleum, provides a much more positive indication for petroleum system

function and petroleum preservation than was held previously.

The preliminary data show a number of first-order patterns of thermal maturity not previously

recognized.

1) The highest levels of therma maturity (R, > 2.5%) underlie a broad area and cross awide
range of stratigraphic units (marked LOW in Figure 7). Thisregion coincides approximately
with a broad aeromagnetic high. The high thermal maturity and aeromagnetic anomaly are
possibly aresult of buried Late Cretaceous and/or Tertiary plutons similar to those that outcrop in
the southeast-most part of the study area. In thisinterpretation the plutons are the source of
increased heat flow.

2) The northwest limit of the region described above coincides with areas of highest thermal
maturity reported by Bustin and Moffat (1989). Although we recognize the same genera pattern
of reduced thermal maturity to the northwest noted by Bustin and Moffat (1989), in severa areas
near the highest range we observe and report lower thermal maturity than Bustin and Moffat
(1989). Thisdifference will be addressed in future analyses.

3) Significant portions of the northwest and western Bowser Basin are within the range of R,
values compatible with oil and gas preservation (GOOD in Figure 7). These regions were not
previously recognized, and the lower thermal maturation than formerly assumed indicates a

greater possibility for oil and gas generation and preservation, and reduced exploration risk.

4) A broad band of stratain the northeast Bowser Basin and southwest Sustut Basin (Fig. 7),
coinciding with the roof of the triangle zone and regions structurally below the roof, reached

peak thermal maturity in the main stage of oil generation. These relationships are highly
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Figure 7 Relative regional prospectivity for petroleum potential as constrained by outcropping organic
maturity level, superimposed on the generalized lithofacies assemblage map of the Bowser Basin, and
the geology of bounding strata.
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favourable for the potential triangle zone play.

5) Northeast of the triangle zone, samples in the Sustut Group are consistently in the main stages
of hydrocarbon generation. Although data are sparse, they are widespread in alarge area of
favourable stratigraphic and structural traps, and suggest reduced play-level risk. The
combination of thermal maturity and structure in the triangle zone are most favourable revisions
of the geological parameters constraining petroleum potential. Not only was the triangle zone
play not explicitly considered in the previous assessments (Hannigan et al., 1995; CGPC, 2001),
but it presents a clear analogue to some of the most prospective and productive settingsin the
thrust and fold beld of the Foreland Belt of the southern Canadian Cordillera (Stockmal et al.,
2001) .

CONCLUSIONS
Geological framework data and initial petroleum resource assessments indicate significant
undiscovered conventional petroleum potential in the Bowser and Sustut basins. The
stratigraphic succession provides clear indication for both oil and gas-prone source intervals, in
select portions of the Bowser and Sustut basins. The geological framework has recently been
improved significantly as the result of new mapping, stratigraphic analysis and tectonic studies.
The new thermal maturity data set presented herein provides the first widespread, albeit
sparse, data set for alarge part of the Bowser and Sustut basins. First-order conclusions are that:
1) there are distinct regions characterized by specific ranges of thermal maturity that impact on
the petroleum potential of the basins; 2) along the entire length of the triangle zone at the front of
the Skeena Fold Belt samples in the roof of the triangle zone, and within the triangle zone, arein
the stage of liquid hydrocarbon generation, improving the oil potential of the previously
unassessed triangle zone play; 3) similar levels of thermal maturity farther northeast in the Sustut
Basin indicate a broad region of marginal to full maturity that is favourable for both petroleum
system function and reservoir diagenesis; 4) thermal maturities ranging from marginally mature
with respect to ail, to the dry gas zone along the northwest and west regions of the Bowser Basin

are indicative of abroad region favourable for hydrocarbon generation and preservation; 5)
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alarge region within the east-central basin exhibits very high thermal maturity, suggesting a
significant risk to both petroleum generation and reservoir preservation; 6) the pattern and timing
of maturation within the central part of the basin is not clear from available data, but the
possibility of significant gas cannot be discounted.

The observation of type 2, or migrabitumen, provides a significant indication that
petroleum systems probably generated liquid hydrocarbons within the basin. The full
implications of the migrabitumen observations is beyond the scope of this report that focuses on
thermal maturity patterns. However, these observations and their relationship to the timing of
peak maturity and trap formation could have significance for both play- and prospect-level risks
that will be discussed in subsequent reports.

Additional work is planned to evaluate the thermal and diagenetic history of potential
petroleum systems, with a special focus on identifying and characterizing prospective reservoir
intervals. The improved characterization of these petroleum systems and their evaluationin a
revised assessment of petroleum potential will be a useful guide to both the true economic
potential of the region and the most prospective regions and successions. Much work remainsto
transform this frontier region into a producing petroleum province. The positive indications for
potential resulting from this study, however, in avast region of complex and diverse geologica
and thermal history, indicate significant improvementsin play- and prospect-level risks,
compared to previous assessments. These factors should contribute to afavourable revision of
the undiscovered petroleum potential estimate, while motivating exploration of this part of the

Intermontane Belt.
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