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1 Executive summary 
In 2003 the Canadian Wildlife Service (CWS) of Environment Canada (EC) issued a Notice of Intent 
to designate the Scott Islands area as a Marine Wildlife Area (MWA) under the Canada Wildlife Act 
and a study area of 2.7 million hectares was identified (Figure 1). An assessment and consultation 
process regarding the marine values and non renewable resources was started to guide decisions on the 
boundaries of a management area to protect marine habitat, and to determine the types of human 
activities that may be permitted or restricted. This report provides a scientific assessment of the 
conventional petroleum resource potential of the Scott Islands study area covering Queen Charlotte 
Sound. 

Queen Charlotte Sound (QCS) as part of the Queen Charlotte Basin (QCB) is a frontier exploration 
area with limited information available. Lateral continuity of drilled lithologies, composition of 
sediments in the deepest and un-drilled rift section, timing and 3D structure of inversions, and history 
of fault permeability are significant unknowns. The known wide lateral and vertical distribution of 
Tertiary source rocks however gives confidence in our prediction of progressive and gradual 
generation of hydrocarbon. Miocene to Pliocene inversion, combined with inter-layered silt and 
sandstones, is likely to have created a number of trapping opportunities. 

Petroleum System models (PSM) of Tertiary and Mesozoic sourced petroleum systems along seismic 
reflection line 88-02 in QCS were used to study thermal maturation and hydrocarbon migration 
through time. They are based on interpretation of seismic reflection data with two nearby wells 
providing lithologic information and calibration. The models predict multiple accumulations of gas 
from Tertiary sources, and possibly oil and gas from an anticipated marine Mesozoic source. 

Source rocks of the Tertiary petroleum system were modeled as being widely distributed in depth as 
well as laterally. They are envisaged to generate gas over the last 25 Ma, increasing significantly when 
source rocks were buried at a higher rate due to increased sedimentation in the last few million years. 
Significant amounts of oil and gas are forecast to derive from a Mesozoic source anticipated to 
underlie Queen Charlotte Sound. Most of this Mesozoic hydrocarbon is predicted to be generated early 
in the rifting history. 

Faults provide pathways for oil and gas to migrate out of shaly or silty source intervals into more 
permeable overlying strata, where inter-layering of sandy and silty sediments provides trapping 
opportunities. Traps in either Mesozoic sandstones below the Cretaceous-Tertiary unconformity or in 
Tertiary sediments might have been filled. Hydrocarbon accumulations in Tertiary strata are predicted 
to occur in stratigraphic traps independent of migration along faults, as well as stacked along faults and 
in anticline structures, depending on permeability of faults and how high they reach into younger 
strata. Subsequent inversion and erosion likely caused some hydrocarbon loss to the surface. Most of 
the predicted traps lie below the zone of probable recent biodegradation but some might have 
experienced biodegradation in the past. 

A clear distinction between more prospective areas like the Cape Scott sub-basin (south of Osprey 
well, between Central Queen Charlotte Ridge and Cape Scott High) and the sub-basin SW of 
Harlequin well (between Central Queen Charlotte Ridge and Queen Charlotte Fault) and less 
prospective areas like the Cape Scott High is possible based on our findings. 
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2 Technical summary 
As part of the evaluation process for the the proposed Scott Islands Marine Wildlife Area (MWA) 
covering an estimated 2.7 million hectares northwest of Vancouver Island (see Figure 1) a scientific 
assessment of its non-renewable conventional petroleum resource potential is presented here. 

 
Figure 1. Map of Queen Charlotte Basin with location of seismic line 88-02 chosen for the 2D 
petroleum systems modeling presented in this study. Wells used for calibration are marked in orange. 

The proposed Scott Islands MWA includes parts of Queen Charlotte Sound (QCS), the southern part of 
the Queen Charlotte Basin (QSB). QCS is a frontier exploration area with only limited information 
available. Along seismic reflection line 88-02, spanning the southern part of QCS from southwest to 
northeast Petroleum System models (PSM) of Tertiary and Mesozoic sourced petroleum systems were 
studied. This enabled us to predict how thermal maturation combined with hydrocarbon migration can 
result in multiple accumulations of gas from Tertiary sources, and possibly oil and gas from an 
anticipated marine Mesozoic source in QCS. 
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2.1 Input 
GSC seismic reflection line 88-02 was chosen for 2D petroleum systems modeling to address 
hydrocarbon potential in the area of the proposed Scott Group Marine Wildlife Area. Line 88-02 
covers southern Queen Charlotte Sound crossing the underlying basin and is tied to the Osprey and 
Harlequin wells, via seismic reflection line 88-01. Time sections were converted to depth based on 
velocity profiles constructed from check shot surveys at the wells (see section 4.1). 

First order stratigraphic interpretation of the Tertiary (Unit 1, 2 and 3) and the Mesozoic (Honna, 
Moresby, Maude formations) based on Haggart et al (2005) was employed using marker horizons 
based on ties to the Osprey and Harlequin wells, leading to the interpretation of 11 horizons (see 
Figure 2 and Figure 3). For the petroleum systems modeling, additional horizons had to be added to 
further refine the stratigraphy into 35 units. Layer splitting algorithms provided by the software (IES 
PetroMod 8.0) were used to determine their geometry, guided by reflection seismic data, where 
possible (see Figure 3 and sections 4.1 and 7.1). 

Faulting was represented in the models by 3 main phases with faults created during inversion being 
active either from 6.5 to 3 Ma or from 3 Ma to present day. Many of the basin-bounding faults were 
defined active from their inception at 31.5 Ma until 1.5 Ma ago. Sensitivity to migration along faults 
was one of the scenarios tested and faults were assigned enhanced permeability along their fault plane 
when assumed to be active / permeable. 

Lateral homogeneous lithology has been assumed with lithologies derived from the Osprey and 
Harlequin well. Necessarily some layers were lumped together but the general character of sandstones 
interbedded with siltstones was preserved (see section 4.2). Source rocks are known to occur in the 
Tertiary Skonun and the Jurassic Ghost Creek formation. Tertiary kerogen is mainly terrestrial 
(type III) with possible marine (type II) influence during the earlier rift and post rift sequences. 
Kerogen of the Ghost Creek Formation is of marine origin. Mesozoic source rock samples taken during 
field work in 2004 (Schuemann 2005) showed high maturation levels and no reliable kerogen kinetics 
could be established. Standard kinetics for both kerogen types have therefore been used according to 
Burnham (1989). Reservoir rocks are present throughout the investigated stratigraphic column, from 
the Jurassic over the Cretaceous to the Tertiary. However, due to the arkosic nature of some of the 
sandstones, diagenesis might have reduced porosity in deeper parts of the section. While the upper 
Skonun lacks sealing capacity, silts and shales in the middle and lower Skonun as well as the Mesozoic 
provide suitable cap rocks. 
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Figure 2. Modified stratigraphic chart from Haggart et al (2005), showing the main stratigraphic 
units used to define the 2D PSM. Prominent source-, reservoir-, and seal-rock units are marked. 
Source rocks are either marine oil-prone (green) or terrestrial gas-prone (red). Letters in brackets 
refer to individual intervals of Unit 1 and 2 (see also Table 2).
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Figure 3. Reflection seismic image of the modelled part of GSC line 88-02 (Rohr and Dietrich, 1990 & 1992) with interpretation 
(above) and results of the 2D basin modeling showing predicted accumulations and main migration pathways(below). 
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2.2 Methods 
Models tested sensitivity to heat flow (either constant or variable over time), presence of different 
source rocks of various age (Tertiary and/or Mesozoic) and various nature (marine vs. terrestrial), and 
migration along fault planes (either determined by permeability of juxtaposed lithologies or 
additionally enhanced during tectonically active periods or additionally enhanced all the time). 

Calibration data are sparse, with no well directly positioned along the 2D model calculated (Figure 1). 
However, calibration data from two wells in fair proximity (Osprey, Harlequin) was projected onto the 
model plane and could be used. Well derived maturation indicators, such as vitrinite reflectance and 
Tmax temperatures, provide powerful, high quality calibration. 

With stratigraphy and burial history derived from well ties, the heat flow history is the key remaining 
parameter to achieve calibration to maturation data. Two different scenarios were investigated; one 
with a constant value of heat flow and one with a time-variable heat flow to account for crustal 
extension during rifting. Good calibration to the data in the Osprey well was achieved with both palaeo 
heat flow scenarios (Figure 4). 
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Figure 4. Calibration of 2D petroleum systems model along line 88-02 at the Harlequin (left) and 
Osprey (right) wells using vitrinite reflectance (solid line: constant heat flow, stippled line: rift heat 
flow). Calibration data of the two wells suggest elevated heat flow in the more southerly Osprey well, 
as also noted by Dehler et al. (1997). We have chosen conservative heat flow scenarios, which achieve 
perfect calibration for higher quality data of the Harlequin well. Insert in upper right corner shows 
assumed heat flow over the last 50 million years for the two tested scenarios. 

2.3 Results 
Using a rift heat flow compared to a constant heat flow model caused differences in timing of 
hydrocarbon generation. In rift models generation tended to occur in a pulse shortly after rifting, rather 
than gradually, especially with respect to Mesozoic source rocks. Comparison of the two heat flow 
scenarios investigated in this study shows that varying assumptions for palaeo heat flow do not 
significantly affect location and size but type of hydrocarbon accumulations predicted. 

Fault distribution and hydrocarbon migration along faults is one of the most significant factors 
affecting the number, size, and nature of predicted accumulations. As most of Unit 3 is comprised of 



Technical summary 7

sandstones without any seals, it is key whether active faults cut the underlying seal which in turn might 
cause hydrocarbon to be lost to the seafloor. Enhanced migration along faults resulted in few 
accumulations fed from Tertiary sources, while a number of accumulations are predicted ever since 
generation started assuming no enhanced migration along faults. Interestingly the number and size of 
predicted accumulations are virtually identical assuming enhanced migration only during tectonically 
active periods. 
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Figure 5. Left: Bathymetry map of Queen Charlotte Sound (modified from Offshore Map Gallery, BC 
Ministry of Energy, Mines and Petroleum Resources). Predicted Tertiary and Mesozoic oil 
(%Ro > 0.55) and wet gas (%Ro > 0.7) kitchen areas along line 88-02 are marked in green and red, 
respectively. Extrapolation of Tertiary kitchen area based on isopach (burial) data is marked in 
shades of yellow (note differences in interpretation of Tertiary sedimentary thickness). Zones of 
predicted accumulations along the 2D transect presented in this study are shown in figure A – C in 
corresponding colour (A – assumed terrestrial Tertiary source, B – marine Tertiary source, C – 
marine Mesozoic source). Predicted accumulations towards the margins of the basin are often shallow 
and might be affected by recent biodegradation (dashed circles). 

Figure 5 shows predicted hydrocarbon kitchens and areas in which accumulations derived from 
Tertiary or Mesozoic sources are expected to occur. Based on our assumptions most predicted 
accumulations derived from either Mesozoic or Tertiary sources are restricted to the south western part 
of the section modelled. With few exceptions accumulations are predicted to lie in close proximity to 
areas of higher maturation. Using temperature isotherms the zone of potential present day 
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biodegradation (40-80ºC) is predicted to extend from approximately 750 m to 1600 m (see also Figure 
7). Predicted present day accumulations within this zone might therefore be affected by biodegradation 
and are marked accordingly in Figure 5 a-c. 

2.3.1 Tertiary sourced petroleum system 
The Tertiary petroleum system is likely to contain terrestrial source rocks, but marine influence might 
have dominated the early Skonun. During subsidence of Tertiary half-grabens Skonun source rocks are 
predicted to mature progressively (see Figure 6). Active source rocks are all older than 25 Ma, with the 
deepest (interval B and E) being the source of most of the generated hydrocarbon. Generation of 
hydrocarbon started by 20 Ma with an increase in the last few million years, due to enhanced 
subsidence. 

Fault permeability is crucial for moving hydrocarbon out of the dominantly silty section of Unit 1. 
Migration of Tertiary gas was calculated to be primarily vertical, either up faults or focussed into 
anticlines. In our 2D PSMs lateral migration appears limited to less than 15 km. This number could 
however be exeeded in reality as flow might continue out of the model plane of our 2D model. 
Numerous stacked traps are predicted to occur either adjacent to faults or in anticline structures. Many 
traps were filled after 3 Ma, when most of the early inversion structures were quiescent. Enhanced 
migration along fault planes results in lesser accumulations and more gas may have migrated into 
shallow levels. A number of structures were in place to trap gas deeper in the section at the same time. 

2.3.1.1 Source rock: extent and maturity 
Source rocks were modeled as being widely distributed both in depth and in lateral extent. The 
Harlequin and Osprey wells drilled a number of layers with moderate - to - high values of TOC. On the 
basis of these observations the PSM was constructed to contain six Tertiary source layers over depths 
ranging from 200 to 6000 m. 

In general Tertiary source rocks in the Queen Charlotte Basin are considered to contain primarily 
terrestrial type III kerogen. As Queen Charlotte Sound is likely to have experienced an early marine 
influence with deposition of more marine type II kerogen, both scenarios were tested for, based on 
bulk kinetics according to Burnham (1989). 

Subsidence of half-grabens is predicted to mature source rocks progressively. Calculated present day 
transformation ratios vary from 0-100%. Although not obvious in the figures, the deepest source rocks 
were thin coal layers and were the source of much of the gas in the sections. The shallower, thick silty 
shale of interval E is partially transformed on several lines, and is clearly visible in the figures. These 
active source rocks are all older than 25 Ma. Younger source rocks did not mature enough. 

Deeper basins generated and expelled some gas by 20 Ma, soon after rifting. An increase in generation 
rate in the last few million years is predicted, as a number of source layers subsided by a kilometre or 
more. This most recent pulse of generation occurred after mild inversion in the late Miocene / early 
Pliocene that created folds and faults within the half-grabens. Many of the anticlines appear to be 
bound, but not necessarily cut, by coeval faults. 
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Figure 6. Predicted cumulative hydrocarbon generation over time from Tertiary source rocks along 
line 88-02. (left: constant heat flow, right: rifted heat flow; top: terrestrial source, bottom: marine 
source). Rapid hydrocarbon generation after rifting is evident through near vertical incline in the 
graphs on the right. Purple graph shows the total amount of hydrocarbon generated. Blue graph 
shows amount of hydrocarbon expelled from the source rocks. Brown graph shows total amount of 
hydrocarbon accumulated. Note differences in vertical scale. Yellow box indicates time of activity on 
inversion faults (10-3 Ma) during which enhanced migration along fault planes was assumed. Recent 
increase in hydrocarbon generation reflects higher sedimentation rates over the last 3Ma. 

2.3.1.2 Migration 
Migration of Tertiary gas was calculated to be primarily vertical: up faults, and focussed into 
anticlines; migration up faulted monoclines also occurred, but rarely over distances greater than 15 km. 
Basin-bounding faults and distal ends of monoclines tend to carry significant amounts of gas regardless 
of assumed fault permeability. Within half-grabens, migration was more dependent on the specific 
geometry of inversion structures and permeability of faults. The deepest source rocks were in a 
dominantly silty section of Unit 1 and faulting also played an important role in moving gas up to more 
permeable layers. 

Hydrocarbon moving though the inter-layered silty–sandy sediments in Unit 2 tended to do so in 
stages: saturate a porous layer, build up pressure, leak vertically, flow to the next porous layer, saturate 
it etc. The uppermost section, Unit 3, is dominantly sandy, and cut by fewer faults, mainly in the south 
western part of the Scott Sub Basin. 
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Figure 7. Hydrocarbon accumulations predicted to form in the western part of model 88-02 when Tertiary source rocks were present 
averaging both heat flow scenarios (Left: terrestrial, Right: marine). Stacked accumulations are predicted to have formed in shallow 
onlap structures in the west (10 km), in an inversion anticline (20 km), and in onlap structures in the central part of line 88-02 
(35 km). To assess possible influence of biodegradation predicted temperature intervals 0-40C (pink) and 40-80C (purple) are 
overlain. With the exception of the shallow western most accumulations most of the remaining were below the zone of predicted 
present day biodegradation (Figure 7).
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2.3.1.3 Trapping 
Vertical flow, vertically distributed source rocks and inter-layered sediments cause numerous stacked 
accumulations under unconformities, along faults, in anticlines, or in stratigraphic traps with shaly or 
coaly source rocks often acting as seals (Figure 7). Most traps start to fill soon after onset of generation 
(e.g. 18 Ma) but their persistence depends on what happened during inversion and whether they were 
affected by draining faults (e.g. migration along faults cutting anticline crests tended to drain 
accumulations). Recent generation coincident with deposition of sandy Unit 3 could however have re-
filled those traps after most of the early inversion structures had become quiescent (after 3 Ma) and 
leakage along faults was less pronounced. 

In general, models with normal or time-variable migration along faults show more accumulated 
hydrocarbon than models with migration always enhanced because many of the faults cut into sands of 
Unit 3 and allow gas to leak to the surface. Nevertheless, a number of traps are predicted to occur in 
anticlines fed, but not cut by faults, and a number of structures were in place to trap recent gas deeper 
in the section. Most of the accumulations are below the zone of predicted biodegradation (Figure 7), 
but more gas may have migrated into shallow levels within the zone of possible biodegradation with 
enhanced permeability. The existence of stratigraphic traps was not dependent on fault permeability. 

2.3.2 Mesozoic sourced petroleum system 
Most of the Mesozoic source rocks modeled presently lie below 2500 m. Our models indicate that their 
kerogen would be completely transformed to hydrocarbon today. According to constant heat flow 
scenarios, burial of Jurassic source rocks was sufficient in places to generate hydrocarbon during 
Cretaceous times, although more commonly generation began soon after rifting (see Figure 8). 
Generation of oil was typically followed by generation of gas within a few million years. Gas 
generation started even earlier assuming an elevated heat flow during rifting. 

According to our 2D PSMs oil and gas are predicted to have migrated up to 10 km along monoclines 
into traps formed in Mesozoic sediments, up Tertiary basin-bounding faults and into more recent 
inversion structures. Actual lateral migration might exceed this distance, as our models don’t account 
for third dimension. Depending on assigned permeability, Tertiary faults provided significant pathways 
into the Tertiary sediments, transporting especially oil further up section. Then, since much of the 
hydrocarbons were generated before inversion structures were formed, a fair amount of leakage 
occurred. 

Stacked traps of either oil or gas are predicted to occur adjacent to faults, in anticlines, and in 
stratigraphic traps. The greatest amount of hydrocarbon was trapped when faults had normal - not 
enhanced - permeability. Most of the predicted accumulations lie below the zone of predicted present 
day biodegradation. 

2.3.2.1 Source rock: extent and maturity 
Jurassic source rocks (Ghost Creek Formation) were modeled to exist as a single layer under southern 
Queen Charlotte Sound. Existence of Mesozoic source rocks under the Cenozoic basin has been 
inferred from outcrops and seeps on the Queen Charlotte Islands (Woodsworth, 1991; Hamilton and 
Cameron, 1989). Evidence for Jurassic source rocks to underlie Hecate Strait is given by oil shows 
reported from the Sockeye B-10 well. In addition bottom formations in both the Tyee and the Sockeye 
B-10 and E-66 wells have been dated as Cretaceous. Closer to the area under study, equivalent strata is 
present on northern Vancouver Island and on multiple smaller islands in Queen Charlotte Strait (i.e. 
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Harbledown Island, Parsons Island). The extent and degree of maturation of any potential Mesozoic 
source rock is unknown. As a best case scenario, Mesozoic source rocks were assumed under most of 
line 88-02, except the easternmost part. 

In most of the offshore of QCB the Jurassic source rocks presently lie well below 2500 m and 
calculations indicate that their kerogen would be totally transformed. In constant heat flow scenarios, 
the thickness of overlying Cretaceous sediments was sufficient in places to bury source rocks so that 
they generated hydrocarbons in the Cretaceous (Figure 8, left). More commonly, generation began 
soon after rifting (Figure 8, right). Generation of gas typically followed that of oil by a few million 
years. 

  
Figure 8. Predicted cumulative hydrocarbon generation over time from Mesozoic source rocks along 
line 88-02. (Left: constant-, Right: rifted- heat flow). Purple graph shows the total amount of 
hydrocarbon generated. Blue graph shows amount of hydrocarbon expelled from the source rocks. 
Brown graph shows total amount of hydrocarbon accumulated. Yellow box indicates time of activity 
on inversion faults (10-3 Ma) during which enhanced migration along fault planes was assumed. 

Burnham (1989) Type II kerogen was used to characterize the Mesozoic source rocks. They are 
expected to generate primarily oil followed by smaller amounts of gas. When rift scenarios were used, 
gas was produced earlier than in the constant heat flow scenarios, because the source rocks were heated 
to higher temperatures over a short period of time before they cooled off. 

2.3.2.2 Migration  
Oil and gas are predicted to migrate up monoclines into traps formed in Mesozoic sediments, into 
Cenozoic rift faults, and into more recent inversion structures (Figure 9). Along our 2D PSM large 
quantities of oil may have migrated as far as 10 km eastward up the faulted monocline through 
Mesozoic strata or the lower parts of Unit 1. Migration distances are likely to extend further in the 3D 
realm. Shortly after being expelled oil and gas would start migrating up basin-bounding fault zones, 
independent from our chosen fault parameters. Today, few traps lie adjacent to these faults. Inversion 
faults interpreted to cut the Mesozoic section provide significant pathways to guide hydrocarbon into 
Cenozoic sediments. However, since much of the hydrocarbons were generated prior to the inversion 
(see Figure 8), a fair amount of leakage might have occurred. 
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Figure 9. Hydrocarbon accumulations predicted to form in the 
western part of model 88-02 when marine Mesozoic source rocks 
were present. Stacked accumulations have formed in onlap 
structures in the west (10 km), in an inversion anticline (20 km), 
and in onlap structures in the central part of line 88-02 (35 km). 
To assess possible influence of biodegradation predicted 
temperature intervals 0-40C (pink) and 40-80C (purple) are 
overlain. 

2.3.2.3 Trapping 
When Mesozoic source rocks were assumed to be present, accumulations of either oil or gas are 
predicted to occur under unconformities or stacked along faults, in anticlines and in stratigraphic traps 
(Figure 9). The largest predicted traps tend to be in anticlines of the Mesozoic section or below the 
Mesozoic – Cenozoic unconformity. The Yakoun and rift basalts were modeled as fairly thick and 
impermeable; unless these layers were thin, had been folded, or cut by a fault; they tended to act as a 
seal. Cretaceous sandstones were the main reservoir rocks. In general, the greatest amount of 
hydrocarbon was trapped when faults had normal, not enhanced permeability. Most of the 
accumulations were below the zone of predicted biodegradation (Figure 9). 

Most of the oil and gas was calculated to be generated in a pulse before 20 Ma, and before inversion 
structures were formed (9-0 Ma). Nevertheless, a number of traps are predicted to occur in anticlines 
fed, but not cut by faults, and some fault traps. The existence of stratigraphic traps was not dependent 
on fault permeability. 

2.4 Recommendations 
To fully address the non-renewable conventional petroleum resource potential of the Scott Islands 
MWA the Petroleum Systems Modeling should be extended to include the parts of lines 88-01 and 88-
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03 that lie within the area. By doing so better estimates could be given regarding resources around the 
Osprey and the Harlequin well in the northern part of the proposed Scott Islands MWA. 

Addressing some of the most influential factors of the investigated petroleum systems might improve 
on the quality of resource predictions presented here. These are: 

• Kinetics of Tertiary kerogen 
While Mesozoic source rocks were investigated during fieldwork in 2004 (Schuemann 2005), it 
would be beneficial to also investigate the kerogen kinetics of the Tertiary Skonun formation in 
more detail. Kerogen kinetic strongly influences timing and type of generated hydrocarbon. 
Better knowledge of kerogen kinetics, ideally available as multi-component analysis, directly 
translates in more accurate predictions of type and location of hydrocarbon accumulations. 

 

• Permeability of Tertiary extensional faults 
Our PSM has shown the strong dependency of predicted accumulations on hydrocarbon 
migration patterns. Migration is strongly influenced by distribution and character of faults. 
Predictions based on PSM could vastly improve if better knowledge of fault parameters such as 
permeability and changes of permeability with time could be achieved. It seems suitable to 
investigate fault properties related to hydrocarbon migration where such faults are accessible on 
shore on Vancouver Island, the Scott Islands, and southern Moresby Island. 

 

• Distribution of Mesozoic rocks 
The PSM of the Mesozoic petroleum system in Queen Charlotte Sound is based on an 
anticipated marine Jurassic source. Presence of such a source is likely due to its occurrence on 
the Queen Charlotte Islands, the northern Tipp of Vancouver Island, Parsons-, and Harbledown 
Island. To more precisely model this Mesozoic petroleum system better mapping of Mesozoic 
strata underlying Queen Charlotte Sound would be beneficial. As the available seismic 
reflection data doesn’t penetrate deep enough to image these older and deeper buried rocks, the 
collection of gravity, magnetic, and especially tailored seismic reflection / refraction data could 
be used to improve on the understanding of their distribution. The lack of such knowledge is a 
significant obstacle in hydrocarbon assessment of the QCB. 

 

The resource potential of the Winona Basin has not been addressed in this study, as this basin reflects a 
different geological setting and information necessary for PSM in the Winona Basin area is not readily 
available. The Winona Basin occupies approximately one third of the proposed Scott Islands MWA 
and it has been suggested to hold some conventional petroleum potential (i.e. Hannigan et al., 2005). 

Apart from the conventional non-renewable resources parts of the area might present conditions in 
favour of non-conventional gas hydrate resources (i.e. Hannigan et al., 2005), which are not addressed 
in this report. 
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3 Introduction 
In 2003 Environment Canada issued a Notice of Intent to designate the Scott Islands area as a Marine 
Wildlife Area (MWA). A MWA is a legally designated marine area under the Canada Wildlife Act 
(CWA). Its objective is to protect nationally significant marine habitats for wildlife conservation, 
research, and interpretation. The Canadian Wildlife Service (CWS) of Environment Canada (EC) 
launched the formal process required to establish what would be EC’s first formal MWA designated 
under the CWA. A scientific assessment of the marine values and a comprehensive consultation process 
with other agencies, First Nations, local communities, industries and governments, key stakeholders, 
and the public was started. 

The Scott Islands studt area has been estimated to cover about 2.7 million hectares, including the five 
Scott Islands and located 10 to 46 km off the northwestern tip of Vancouver Island. Important 
decisions will include deciding on the boundaries of a MWA, and the types of human activities that 
will be permitted and restricted within the MWA. There has been significant recent interest in 
reviewing the long-standing moratorium on offshore oil and gas exploration – with a view to possible 
development of British Columbia’s offshore oil and gas resources. Federal oil and gas tenures – 
granted prior to the moratorium – exist within the study area. 

3.1 Previous work 
The Queen Charlotte Basin (QCB) on the west coast of British Columbia, Canada has been explored 
on- and offshore but without discovering any significant reserves to date (Figure 10). However, 
presence of oil seeps, potential source rocks on the surrounding Islands and in the wells in combination 
with thick sediments in inverted basins on the shelf  suggests a viable petroleum system. Parts of the 
Queen Charlotte Basin are within the Scott Islands MWA study area (see Figure 12 for location). 

The Queen Charlotte Basin is speculatively expected to have substantial petroleum accumulations as 
emphasised by previous work, including a resource assessment by the Geological Survey of Canada 
(Dietrich, 1995) estimating around 1.5 billion cubic meters (m3) or 9.8 billion bbl oil in place (see also 
Hannigan et al., 1998). The projections of natural gas in place are around 730 billion cubic meters (m3) 
or 26 tcf. Potential recoverable reserves are lower, possibly 400 million cubic meters (m3) or 2.5 billion 
bbl oil and 550 billion cubic meters (m3) or 20 tcf gas. In 2001 Hannigan et al. predict that the QCB 
region is expected to have 103 oil fields and 120 gas fields. The largest oil field size is predicted to be 
about 440 million barrels, with 6 fields over 100 million barrels, i.e., 1.3 billion bbl in the top 6 fields. 
The largest gas field is predicted to be 2.7 tcf, with 14 fields over 500 bcf, i.e., 12 tcf in top 12 fields. 

While the above mentionned estimations used a probabilistic approach, a process driven 2D petroleum 
systems model along GSC line 88-05 using Beicip-Franlab’s TemisPack 2D has been presented by 
Whiticar et al. (2004). They concluded that Mesozoic source rocks of the Ghost Creek formation could 
have generated significant amounts of oil and that, assuming kerogen kinetics according to Bustin 
(1997), the Tertiary source rocks of the Skonun formation in general lacked sufficient burial for 
maturation. 

Hannigan et al. (2005) give a conservative estimate for conventional petroleum potential for the MWA 
study area of 547 million barrels of oil and 2.5 TCF of gas (mean values of in place volumes) based on 
their previous areal apportionment of the QCB. They also present an optimistic estimate of up to 3.3 
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billion barrels of oil and 9 TCF of gas, assuming, that the largest field s are located within the proposed 
MWA. 

In the work presented here we have used Integrated Petroleum Systems (IES) PetroMod 8.0 SP4, 
which facilitates accounting for hydrocarbon migration along fault planes. In addition we have 
accounted for multiple source rock layers within the Tertiary Skonun formation and employed more 
widely accepted kerogen kinetics (Burnham, 1989) to model maturation. 

 
Figure 10. Location map of Queen Charlotte Basin (Dixon Entrance, Hecate 
Strait and Queen Charlotte Sound) showing 18 wells drilled (modified from 
Hannigan et al., 2001). 
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3.2 Geological backround 

3.2.1 Structure 
An intricate network of faulted half-grabens and grabens throughout Hecate Strait and Queen Charlotte 
Sound proves the extensional nature of the basin. Evidence for ongoing extension in the Miocene can 
be found in many sub-basins. Queen Charlotte Sound comprising the southern part of the QCB (see 
Figure 10) has experienced slightly different sedimentary and tectonic evolution than the northern parts 
of the basin, located immediately inboard of the Pacific North American Plate boundary. Small-scale 
extensional faults cut lower sections of the half-grabens and reflections diverge towards the basin-
bounding fault indicating deposition during faulting. 

The cause of basin formation remains under debate. Hyndman and Hamilton (1993) correlated 
volcanism to a period of transtension on the Queen Charlotte Fault but newer relative plate motion 
models (Norton, 1995; Atwater and Stock, 1998) agree that from 45-5 Ma the dominant motion 
between Pacific and North American plates at these latitudes was strike-slip with insignificant tension 
or compression. The transition from subduction to transform motion along the margin is probably 
indirectly related to basin formation but specifics are unknown (Rohr and Currie, 1997, Hamilton & 
Dostal, 2001). 

While crustal extension is generally observed in the area under study, it might have originated in 
different periods of time (propagating rifting) and it is locally inhomogeneous as becomes evident in 
the work by Dehler et al. (1997), see also Figure 11. A zone of extremely thinned crust is present in 
Queen Charlotte Sound with crust less than 20 km thick and a higher (paleao-) thermal gradient has 
likely affected this area, including the Cape Scott sub-basin. Such pronounced crustal thinning has 
been proposed  to have been caused by distributed strike-slip motion across the margin (Rohr and 
Dietrich, 1992). Sub-basins in Queen Charlotte Sound generally trend north-south while sub-basins in 
Hecate Strait trend northwesterly and are complicated by thrust faults and rejuvenation of normal faults 
into reverse faults.A tectonic model, which includes compression to uplift the Islands and invert sub-
basins while preserving the Queen Charlotte Fault as a major transform fault, was published by Rohr et 
al. (2000). 

According to McKenzie (1978) and Keen (1985) the subsidence history of a rifted basin is controlled 
by the amount of lithospheric thinning, and the amount of heat added to the crust and upper mantle 
during extension. Two stages can be defined: First, the rifting stage with the initial subsidence as 
response to active extensional processes, and second, a passive thermal subsidence stage, which 
corresponds to cooling of the crust and mantle toward thermal equilibrium. Although the tectonic 
structure within the QCB region doesn’t fully resemble a pure rift basin, as required for the model of 
McKenzie (1978), a process similar to a pure rifting was assumed for the 2D PSMs presented here. 

3.2.2 Stratigraphy 
A network of Miocene fault-bound half-grabens and grabens contains up to 6 km of siliciclastic rocks: 
sandstones, siltstones and conglomerates with some coals, which are collectively known as the Skonun 
Formation. A time of pure strike-slip motion from 45-5 Ma between the Pacific and North American 
plates was followed by transpression in the last 5 Ma (Norton, 1995; Atwater and Stock, 1998). A 
transition to transpression in the Pliocene is easily seen in the reflection data as extensional faults 
became compressional (Rohr and Dietrich, 1992). 
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Lithology varies rapidly in depth in all the wells drilled. Based on the reflection data the Skonun has 
been broadly divided into syn-rift and post-rift successions with the division being time transgressive. 
Sediments are dominantly clastic changing from being silty with possible marine influence in the rift 
section to inter-layered sand and silt in Unit 2 and mainly sand in uppermost Unit 3. Facies include 
alluvial fan, fan delta, delta plain shelf and slope settings (Higgs, 1991; Dietrich et al., 1993). Some 
channels have been carved and tills and moraines left by Quaternary glaciation. The isopach map of 
Neogene basin fill (Figure 13) describes the general shape and location of these sub-basins. 

At many locations, the basal sediments either interfinger or overly extensional basaltic rocks of the 
Masset Formation (Hickson, 1992; Hyndman & Hamilton, 1993). Masset rocks on Graham Island have 
yield ages of 35-12 Ma; most fall between 25-20 Ma. Unfortunately no reliable dates are available 
from basalts drilled in the wells. Syn-rift sediments in Queen Charlotte Sound are largely lower 
Miocene whereas in Hecate Strait substantial thicknesses of syn-rift sediments are lower and upper 
Miocene. Sub-basins may have initiated at different times with rifting starting in the south and 
progressing northward. 31Ma has been assumed here as onset of rifting in Queen Charlotte Sound. 

Pre rift strata including latest Triassic and early Jurassic marine mudrocks of the Sandilands and Ghost 
Creek Formations from the Kunga and Maude Group are known from the Queen Charlotte Islands and 
at least the Sandiland Formation is likely to occur in most parts of the Wrangell Terrane, underlying 
Hecate Strait and Queen Charlotte Sound (Cameron & Tipper, 1985, Woodsworth, 1988, Thompson et 
al., 1991, and Bustin & Mastalerz, 1995). Both the Sandilands and Ghost Creek formations comprise 
significant organic-rich potential petroleum source rocks in the region, which reach up to 600m in 
thickness with TOC up to 6.1%, comprising oil-prone Type I and oil and gas-prone Type II kerogens 
with HI values ranging up to 589 mg HC/g Corg (Bustin & Mastalerz, 1995). Organic-rich shales with 5 
to 10% TOC occur in beds up to 10m thick (Dietrich, 1995). 

Most of the oil occurrences so far encountered in the region appear as surface seeps in Tertiary 
volcanic rocks of the Masset Formation or as oil stains in subsurface samples encountered in Tertiary 
sandstones within the Sockeye B-10 well. Geochemically all these oil shows seem generally related to 
a Lower Jurassic source (Bustin & Mastalerz, 1995). Generally poor hydrocarbon potential is proposed 
for the Upper Jurassic / Cretaceous succession which mainly comprises Type III kerogens (Dietrich, 
1995). However, some of the onshore oil seeps (Hamilton & Cameron, 1989) and bitumens present in 
Tertiary volcanic strata of the Masset Formation can better be correlated to a Tertiary source (Fowler et 
al., 1988, Snowdon et al., 1988). 

3.3 This study 
2D petroleum systems modeling of Queen Charlotte Sound presented in this study is entirely based on 
publicly available data. The general shape and location of sub-basins is described by an isopach map of 
Neogene basin fill (Figure 13). This map was constructed largely from seismic reflection data collected 
during the exploration phase of the late sixties and calibrated using the 1988 seismic reflection data set 
(Rohr and Dietrich, 1992). Reflection seismic data collected by the Geological Survey of Canada (GSC 
line 88-02) in 1988 (Rohr and Dietrich, 1992; Woodsworth, 1991) was employed to determine the 
models geometry. 
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Figure 11. Left: Depth to Moho in Queen Charlotte Basin showed two zones of thinned crust in western Hecate Strait and 
southwestern Queen Charlotte Sound (Dehler et al, 1997). Right: Observed extension in Queen Charlotte Basin (Dehler et al., 
1997). Note: Pronounced extension of southern Queen Charlotte Sound compared to Hecate Strait. 
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Figure 12. Queen Charlotte Basin with location of GSC seismic reflection data. The 2D petroleum 
systems modeling presented in this study is based on the northeastern part of line 88-02 in southern 
Queen Charlotte Sound (blue). Off and onshore well locations are marked and wells used for 
calibration are named. For 2D petroleum systems modeling along GSC line 88-05 (black) see 
Whiticar et al., 2004. 

Well reports providing stratigraphic and lithologic information in combination with state of the art 
petroleum systems modeling software, allowed source maturation, hydrocarbon migration and 
entrapment to be modeled. While many of the parameters fed into the model remain unknown for this 
frontier basin, this report sheds light on the interaction of processes and which of the estimated 
variables are most crucial to study in future exploration. 
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Figure 13. Isopach map of Neogene basin fill based on industry and GSC seismic 2D data (Rohr and Dietrich, 1991). Area A 
represents Queen Charlotte Sound, the area under study, while area B refers to central Hecate Strait, as previously investigated by 
the authors (Whiticar et al, 2004). 
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Figure 14. Isopach map of Neogene basin fill in Queen Charlotte Sound (see Figure 13 for 
location). Isopach data are based on two different sources. The northern and eastern part is based 
on industry and GSC seismic 2D data (Rohr and Dietrich, 1991). The southwestern part (white 
outline and isopachs) is taken from NRCan according to the Offshore Map Gallery, BC Ministry of 
Energy, Mines and Petroleum Resources. Modeled part of line GSC 88-02 covers south eastern 
part of the Cape Scott Sub-Basin east of the Cape Scott High.  
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Figure 15. Gravity map of Queen Charlotte Sound (see Figure 13 for location) as published on the 
Offshore Map Gallery, BC Ministry of Energy, Mines and Petroleum Resources. 
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4 Input Data 

4.1 Reflection seismic 
Seismic reflection line 88-02 was collected by the GSC in 1988 (Rohr and Dietrich 1989) and was shot 
NE-SW covering southernmost Queen Charlotte Sound, a basement high extending NW of Vancouver 
Island, including the Scott Island Group, and parts of the Winona Basin. 

 
Figure 16. Map showing topography / bathymetry of the study area (from MapPlace.ca). Location of 
eight GSC seismic reflection lines acquired in 1988 is marked in red. The part of line 88-02 used for 
this 2D petroleum systems modeling study is marked in blue. Line 88-05 previously modelled 
(Whiticar et al., 2004) is marked black. 

Conversion of the seismic data to depth is based on velocity profiles constructed from check shot 
surveys at the wells. Individual check shot data were used to fit a Vo + kZ function to each well from 
the water bottom. Water was assigned a constant velocity of 1480 m/sec and velocity functions were 
interpolated over the region, based on a weighted sum of the control points near the desired location. A 
normalized inverse distance weighting scheme with a search range including at least three data points 
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was used. Average depth errors at the wells were < 50 m. Depth prediction errors at non-well locations 
were somewhat greater than this. The velocity model was tied to the wells using large radius Gaussian 
functions followed by short radius inverse distance operators. At the wells the depth errors then 
averaged to < 10 m. The model assumed that only sediments were present so if volcanics are 
interbedded with sediments in the very deepest sub-basins, the depths may be under-estimated. 
However, at these depths, the projected velocities of the sediments should begin to converge with the 
average velocities of the volcanics so there should not be a large error. Depth projections of reflections 
from Mesozoic rocks below the basin may have larger errors. 

4.1.1 Stratigraphic units 
Three main stratigraphic units were recognized and simply named Unit 1, 2 and 3. Unit 1 is considered 
to be syn-rift, based on reflector patterns within half-grabens. It is substantially thicker in three deep 
(half-) grabens imaged by line 88-02 (see Figure 3). Basal reflectors are low frequency, intermittent 
and partly of high amplitude and exhibit a character similar to a section of interlayered volcanics and 
sediments drilled by the Osprey well. Alternatively, these reflections could be from coal layers 
interbedded with sand/siltstones. Towards the flanks of the basin at either end of the modeled part of 
line 88-02 Unit 1 is rapidly thinning. Unit 2 and 3 are post-rift: Unit 2 is cut by many vertical faults 
that offset layers of different thickness. Unit 3 appears to be more continuous and less affected by 
faults. 

This first order stratigraphic interpretation was refined using marker horizons based on ties to the 
Osprey and Harlequin wells, resulting in 11 sub units. Requirements for petroleum systems modeling 
led us to further refinition and additional stratigraphic horizons, again based on observed changes in 
well lithologies, were inserted (see also section 4.2). 

Multiple wells in the Queen Charlotte Basin drilled Mesozoic rocks at their base (i.e. Tyee and 
Sockeye B-10). In other places reflectors in angular unconformable relation under the Tertiary rifted 
section were also considered to be Mesozoic rocks. Jurassic sequences potentially comprise very rich 
source rocks and were included in the petroleum system modeling presented here even though their 
distribution is largely unknown. 

4.1.2 Faults 
Faults and their permeability are integral to assessment of the hydrocarbon potential of this basin and 
three generations of faulting activity were identified and incorporated into the petroleum systems 
modeling (see Table 1). The most recent folding and faulting (3 - 0 Ma) can be attributed to 
transpression on the Queen Charlotte Fault, the Pacific-North American plate boundary since the 
Pliocene (Atwater and Stock, 1998; Norton, 1995). Earlier occasions of folding may be caused by  
plate motion along sub-parallel strike slip faults within the basin or regional stresses as the Coast 
Mountains were uplifted and volcanism continued east of the basin through the Miocene (Rohr and 
Currie, 1997). 

Because many of the faults may have a strike-slip component to their motion, 2D structural 
reconstructions should be treated with some scepticism. Changes in layer thickness across a fault could 
originate from late-stage lateral movement but are treated here as being present from time of 
deposition.
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Figure 17. Reflection seismic image of the modelled part of GSC line 88-02 (Rohr and Dietrich, 1990 & 1992) with primary 
interpretation (above) and all stratigraphic units and sub-units used to define the 2D PSM (below).
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Faults created during inversion were assigned times of activity of either interval P (9 Ma) to interval U 
(3 Ma) or post interval U (3 Ma) to present. Many of the basin-bounding faults were active during 
subsequent inversions and were defined in the model to have been active continuously since their 
inception. For modeling purposes, active faults were assigned enhanced permeability along their fault 
plane to facilitate fluid migration. 

Table 1. Different sets of interpreted faults and time of activity. 

 Period active in 
million years 

Tectonic event from to 

Colour used 
in seismic 

display 

rifting 31.5 1.5 yellow 

inversion 6.5 3 orange 

most recent inversion 3 0 red 

4.2 Well interpretation 

4.2.1 Lithologies 
Lithology was assigned to each interval following correlation of seismic to well data, based on the 
Osprey and Harlequin well (see Table 2). Necessarily some layers were lumped together but the 
general character of sandstones interbedded with siltstones was preserved. Physical parameters such as 
porosity and permeability were assigned using generic curves provided by the software based on 
percentage of sand, silt, etc assigned to individual intervals (see Figure 18). 
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Figure 18. Compaction as function of burial depth for different 
lithologies used in the 2D modeling. 
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Table 2. Age intervals, lithologies, and source rock properties as used during the PSM. 
Lithology assigned to intervals is based on Osprey and Harlequin wells. Assigned values for 
Total organic carbon (TOC) and Hydrogen index (HI) are modified from Bustin (1997), with 
TOC values adjusted to higher values prior to maturation. Source rock intervals are 
highlighted red. Most common reservoir intervals are highlighted blue. *Note: TOC of 
Source rock interval B was either 40% in terrestrial or10% in marine source rock scenarios. 

  Deposition 

Interval name from to 
Lithology 

Thickness 

(av. /max.) 
TOC HI 

Channel 0.50 0.00 SANDSTONE    

V 1.50 0.75 SANDSTONE    U
ni

t 3
 

U 3.00 1.50 SANDSTONE    

T 4.00 3.00 SAND&SHALE    

S 4.20 4.00 SANDshaly 200m / 450m 10 100 

R 5.00 4.20 SANDSTONE    

Q 6.50 5.00 SANDshaly 100m / 200m 5 100 

P 15.00 6.50 SILTSTONE    

O 18.00 15.00 SAND&SILT    

N 20.00 18.00 SILTSTONE    

M 20.50 20.00 SHALEsilty 75m / 120m 4.6 100 

L 21.50 20.50 SILTSTONE    

U
ni

t 2
 

K 22.50 21.50 SAND&SILT    

J 23.00 22.50 COALsilty 15 / 25m 20 100 

I 23.88 23.00 SILT&SHALE    

H 24.50 23.88 SILT&SHALE    

G 24.75 24.50 SANDsilty    

F 25.00 24.75 SAND&SILT    

E 25.25 25.00 SILTshaly 75m / 100m 4 100 

D 25.50 25.25 SANDsilty    

C 26.50 25.50 SILTshaly    

B* 26.75 26.50 COALshaly 50m / 75m 40/10 100/600

U
ni

t 1
 

A 31.50 26.75 SILTshaly    

Top-Honna-Top-Haida 91.00 31.50 SANDsilty    

Top-Haida-Top-Long 111.00 91.00 SAND&SILT    

C
re

ta
ce

ou
s 

Top-Long-M+Y 159.00 111.00 SANDSTONE    

Moresby-Yakoun 175.00 168.00 Basalt    

Ju
ra

ss
ic

 

Yakoun-Maude 178.00 175.00 Basalt    
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  Deposition 

Interval name from to 
Lithology 

Thickness 

(av. /max.) 
TOC HI 

upper-Maude 182.00 178.00 SANDSTONE    

Fannin 190.00 182.00 SILTSTONE    

Ghost Creek 196.00 190.00 SHALE 100m / 160m 5 600 

Sandilands 202.00 196.00 SILTshaly    

Peril 220.00 202.00 LIMEcarbo    

Sadler 225.00 220.00 LIMESTONE    

Tr
ia

ss
ic

 

BASEMENT 250.00 225.00 BASEMENT    

 

4.2.2 Distribution & quality of source rocks 
Source rocks occur in two formations: the Tertiary Skonun Formation and the Jurassic Ghost Creek 
Formation. In the Skonun, coals were drilled by the Sockeye wells and were inferred to exist in strata 
of similar age throughout the region. Elevated organic content has also been observed in two wells 
drilled in Queen Charlotte Sound (Harlequin and Osprey) and the Murrelet well in Hecate Strait (see 
Figure 19). 
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Figure 19. Total organic content (TOC) measurements from Harlequin (left), Osprey (middle), and 
Murrelet (right) wells (Bustin, 1997). 

As a general assumption source rocks within the Tertiary Skonun Formation are assumed to be 
lacustrine of terrestrial origin with a possible early marine influence, whereas Mesozoic source rocks 
are presumably marine, equivalent to rocks exposed on the Queen Charlotte Islands and Northern 
Vancouver Island region. Existence of Mesozoic rocks below the Skonun could in places be inferred 
by presence of unconformable reflections. 
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4.2.2.1 Tertiary 
Kerogen in the Skonun Formation occurs in many thin, partly coaly layers and is mainly of type III 
with total organic content (TOC) measurements ranging from 0 to 30% (Bustin, 1997). Modelling of 
each individual layer is beyond the possible resolution of the 2D models and six representative source 
rock layers were modeled (Table 2). To account for elevated organic content in the lower Skonun 
Formation (Bustin, 1997) TOC values of up to 40% in coals were used. Bulk kinetics according to 
Burnham (1989) were chosen to be used throughout the Tertiary section (see Table 2 and Figure 20). 
Source rock character was assumed to be laterally homogeneous over the region studied. 

4.2.2.2 Mesozoic 
In the Ghost Creek Formation exposed on the Queen Charlotte Islands kerogen is of marine origin and 
ranges from marginally mature to overmature (Vellutini and Bustin, 1991). Standard kinetics according 
to Burnham (1989) for marine kerogen (type II) and an average TOC of 5% was used according to 
Bustin and Mastalerz (1995), see also Table 2 and Figure 20. Uniform source rock character is 
assumed throughout the region studied. Source rock intervals are also reported to occur within the Peril 
Formation, but were not explicitly included in the models, as the organic content of both formations is 
represented by the 5% TOC assigned to the Ghost Creek Formation (Table 2). 

  
Figure 20. Kerogen kinetics according to Burnham (1989), as used for terrestrial (left) and marine 
(right) sources. 

4.2.3 Distribution and quality of reservoir rocks 
Apart from a pure sandstone interval within the upper Skonun Formation (Unit 3), Table 2 shows 
multiple intervals, mainly silty sandstones, which can also act as reservoirs (G, K, and O). The middle 
and lower Skonun is more silty but still comprises some potentially good reservoir rocks (Table 2), 
some of which are overlain by siltstones or shales that may act as seals (intervals C, H-I, and M, see 
also section 4.2.4) 

Within the Mesozoic, multiple intervals are comprised of sandstones and could therefore act as 
reservoirs (i.e. Honna Fm., Longarm Fm., and the Upper Maude Fm., see Table 2). 
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4.2.4 Distribution & Quality of cap rocks 
Good cap rocks seem to be sparse in the uppermost part of the Skonun Formation (Unit 3). The main 
intervals with sealing capability within the Skonun Formation are C, H-I, and M, all either in Unit 1 or 
lower Unit 2.  

Apart from basalt sequences, which were modeled as relatively impermeable, shales in the Tarundl 
Formation above the Honna Formation could provide effective cap rocks (represented by interval A). 
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5 Calibration data 
Calibration data are sparse, with only two wells (Harlequin and Osprey) drilled in Queen Charlotte 
Sound. Vitrinite reflectance measurements from these wells provide the best calibration available 
(Bustin, 1997). Further calibration data comprises corrected borehole temperature and heat flow 
measurements at the sea bottom (Lewis et al., 1991). 

5.1 Maturation indicator 
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Figure 21. Vitrinite reflectance (%Ro) data from all offshore wells in the Queen Charlotte Basin. Data 
of the Osprey well indicate an elevated heat flow in the southern part of Queen Charlotte Sound. 
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5.2 Heat flow 
Lewis et at. (1991) calculated a heat flow of 78 mW/m² for  a location at the NE end of line 88-02 (see 
Figure 22). 

 
Figure 22. Heat flow measurements and calculations (Lewis et al, 1991). 
Seismic reflection line 88-02 is marked in red (modeled part solid). 
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6 Calibration 
The Osprey and the Harlequin wells drilled by Shell in 1968 provide the closest calibration points for 
this study. Projection onto the model plane had to be used, as neither of the wells is located directly on 
the seismic reflection line modeled. Projection was guided by depth to the rift-related volcanics either 
drilled in the wells or indicated by strong reflectors in the seismic data. Maturation indicators, vitrinite 
reflectance and Tmax temperatures, derived from the wells provide the main thermal calibration for the 
2D petroleum system model. Heat flow measurements are available for both wells. 

With stratigraphy and burial history given, the heat flow history is the key remaining parameter to 
achieve calibration to maturation data. Although the net amount of rifting is variable within the region 
studied, laterally homogeneous heat flow histories were used in the models. We decided to investigate 
two different hypothetical scenarios; one with a constant value of heat flow and one with a time 
variable heat flow to account for crustal extension during rifting (Figure 24). 

  
Figure 23. Burial history at the projected location of the Harlequin (left) and Osprey (right) wells. 

6.1 Heat flow 
While only one constant heat flow scenario will fit the calibration data (80mW/m2), multiple time 
variable rift heat flow scenarios can be constructed to achieve an acceptable fit to present day 
maturation data. However, under constrains of assumed ages for episodes of extension and present day 
heat flow, the rift heat flow presented in inset of  Figure 24 achieved a good calibration (Figure 24) and 
believable results. Beginning of rifting was taken as the age of oldest Skonun. Heat flow was increased 
from 50 mW/m2 at 31 Ma to peak at 125 mW/m2 25 million years ago and declined exponentially to 
75 mW/m2 today (Figure 24). 

Both scenarios assume a present day heat flow of either 80 or 75 mW/m², which corresponds to a value 
of 78 mW/m2 measured at the NE end of line 88-02 (Lewis et al., 1991). 
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6.2 Vitrinite reflectance 
Calibration to vitrinite reflectance data in both wells was achieved using either palaeo heat flow 
scenario along line 88-02 (Figure 24). Minimal differences (<0.05 %Ro) do not affect the general 
predictions of the 2D basin models. 

 
Figure 24. Projected vitrinite reflectance data (left: Harlequin, right: Osprey) and calibration of 2D 
basin model along line 88-02 (solid lines: constant heat flow, stippled line: rift heat flow). Calibration 
is generally guided by highest measured values at a given depth to account for contamination due to 
caving (see Harlequin well). Vitrinite reflectance measurements available for the Osprey well show 
considerable scatter and calibration was guided by Harlequin well data. 

 



Results 36

7 Results 
Multiple accumulations originated from both Tertiary and Mesozoic source rocks are predicted to exist 
along line 88-02 (Figure 26). Near continuous generation of hydrocarbon over the last 30 Ma from 
both source rocks filled structural and stratigraphic traps. Episodic faulting allowed leakage, but a 
recent increase in generation rate has kept the traps supplied with gas. Main oil generation from marine 
Mesozoic source rocks tends to occur prior to 25 Ma in areas buried to over 4000 m today, while gas 
generation continues until 4 Ma even from the deepest buried Mesozoic sources. Gas/oil generation 
from Tertiary terrestrial/marine source rocks commenced approximately 24 Ma ago and continues 
today. 

7.1 Structure and stratigraphy 
GSC line 88-02 images a number of half-grabens in Queen Charlotte Sound (Figure 25 and Figure 27). 
It ties to GSC line 88-01, which in turn provides well control via the Osprey and Harlequin wells. 
Tertiary sediments of the Skonun Formation are generally over 3 km thick, reaching more than 5km in 
central half grabens. The Tertiary succession is inferred to be underlain by Mesozoic sediments evident 
by low frequency reflections. These sediments include marine source rocks of the Jurassic Ghost Creek 
Formation,. Minor inversion within the central half grabens (10-40 km) in combination with onlapping 
of Tertiary sediments onto the western basement horst and uplift of the eastern basement ridge (65-
75 km) created a number of structural and stratigraphic traps. 

7.2 Maturation 
Tertiary source rocks were assumed to be distributed vertically over 5000 m of section, ranging in age 
from 4 to 26.5 Ma (Table 2). Gradual subsidence allowed these source rocks to mature progressively 
and generation is calculated to be ongoing for at least the last 24 Ma (Figure 30). Rapid sedimentation 
accelerated maturation of the coal beds B and especially E in the last few million years so that they 
began to generate significant quantities of gas. Transformation ratio varies with burial but kerogen in 
the deep coal layer B has generally been transformed to over 90%. 

Mesozoic source rocks were interpreted to lie below the Tertiary basins. Calculated maturation of these 
older source rocks is sensitive to the assumed heat flow model. In the rifted scenario they matured 
mainly during a short period after the rifting (30-24 Ma, see also Figure 30), while they generated oil 
in the central graben in the western part of the model during the Cretaceous, when heat flow was 
assumed to be constant (Figure 30). 

7.3 Migration and trapping 
Migration was focused into anticlines, along faults and up dipping layers (Figure 26). Faults drained 
some gas traps in Unit 2, redistributing the gas into younger units. Inversion structures within the 
central graben (10-40 km) and uplift of the eastern basement ridge appear to be quiescent in the last 
3 Ma. In general more traps are predicted to exist when fault permeability was not enhanced. When it 
was enhanced, oil and gas could move into traps higher up section or be lost to the surface. 

Anticlines in the central part of the line (10 to 50 km) accumulated hydrocarbons depending on 
variations in fault permeability. Gas traps within anticlines at 14 and 20 km have either been fed solely 
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from Tertiary sources or represent a mixed source with gas derived vertically from underlying 
Mesozoic sources and gas derived via faults from Tertiary source in the deep graben to the north east. 
A sand/shale interval on top of Unit 2 act as seal and numerous shallow small traps form under it. 

 
Figure 25. Location of line 88-02 overlaid onto Tertiary sediment thickness display according to 
Natural Resources Canada (modified from Offshore Map Gallery, BC Ministry of Energy, Mines and 
Petroleum Resources). Left: Predicted oil (%Ro > 0.55, green) and gas (%Ro > 0.7, red) kitchen 
areas along line 88-02 for Tertiary and Mesozoic source rocks. Right: Zones of predicted 
accumulations (A – assumed terrestrial Tertiary source, B – marine Tertiary source, C – marine 
Mesozoic source). Based on our assumptions most predicted accumulations derived from either 
Mesozoic or Tertiary sources are restricted to the south western part of the section modelled. With few 
exceptions accumulations are predicted to lie in close proximity to areas of higher maturation. 
Predicted accumulations towards the margins of the basin are often shallow and might be affected by 
recent biodegradation (dashed circles). 
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Figure 26. Predicted accumulations (gas: red, oil: green) along line 88-02 averaged over all scenarios calculated. Intensity of colour 
was determined by number of occurrences, according to modelled scenarios. Some accumulations are predicted to contain either gas 
or oil depending on the scenario and are, therefore, represented by mixed colours. Arrows represent main migration pathways.

Accumulations are predicted to form mainly in pinch out and / 
or anticline structures in Unit 1. Some accumulations might 
have formed within the Mesozoic section. Seismic imaging is 
incomplete; the existence of those structures is fairly uncertain. 

Migration pathways into most consistently predicted 
accumulations show the dominance of lateral as opposed to 

vertical or sub-vertical migration, which seems restricted to gas 
moving up Mesozoic anticlines. Maximum distance of lateral 
migration is however predicted to be less than 15 km due to 
general horst and graben geometry (Figure 26). 
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7.4 Seismic reflection data and 2D model construction 
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Figure 27. Depth converted 88-02 seismic reflection data with interpreted horizons and faults. Stratigraphy and lithology along line 
88-02 as used in 2D basin model. Source rocks are labelled.
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7.5 Modeling 

7.5.1 Vitrinite reflectance 
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Figure 28. Predicted present day maturation level of Mesozoic and Tertiary source rocks along line 88-02 assuming a constant heat 
flow. Results presented in the remainder are restricted to basin SW of white dotted line (sediments to the NE are predicted to not have 
matured enough to generate hydrocarbon). 

Depth to predicted transformation ratio values >50% for Tertiary source rocks is fairly homogeneous at approximately 3200 m. 
Younger source rocks of Units 2 and 3 achieved a maximum transformation ratio of less than 8% even in the deepest basin (32 km) 
and do therefore hardly contribute to the petroleum system. 

Mesozoic source rocks have been transformed to >95% where buried below 3500 m. Only the monocline of the Cape Scott High in 
the south west and the shallowest and most north easterly part of the modeled basin might hold immature Mesozoic source rocks today 
(Figure 28). 
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7.5.2 Transformation ratio 
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Figure 29. Predicted present day transformation ratio of Mesozoic and Tertiary (Top: terrestrial, Bottom: marine) source rocks along 
line 88-02 assuming a constant heat flow. Stippled lines mark approximate location of transformation ratio over time extraction 
presented in Figure 30 (note offset between 50 and 56 km  to accommodate for missing Mesozoic sources at location of maximum 
burial of Tertiary .
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7.5.3 Timing of transformation and deposition of reservoir rocks 
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Figure 30. Transformation ratio over time for various source rocks overlain by deposition time of main reservoir rocks (dotted: rift 
heat flow, solid: constant heat flow). Left panel refers to location in the deep basin on line 88-02 (approx. 32 km), right panel refers 
to shallower basin in the east (approx. 50-57km, see Figure 29 for locations). Yellow bars mark deposition of main reservoir 
intervals.

Evolution of transformation ratio and deposition of reservoir 
strata are depicted in Figure 30 for two locations along line 88-
02. 

The main phase of transformation of Tertiary source rocks in 
the deep central graben is predicted to start ~24 Ma ago. 
Generation of hydrocarbon continues until present day with the 
exception of an assumed marine kerogen in the oldest and 
deepest buried Skonun source rock interval B, which achieved 
100% transformation 20 Ma ago. Multiple reservoir strata are 

in place by the time the younger of the Skonun source rocks 
were transformed. 

In the shallower graben to the NE transformation of Tertiary 
sources is restricted to the oldest sequence B, which is strongly 
depend on type of kerogen and heat flow model assumed. 

Reservoir layer D and to lesser degree Q and S were in place 
prior to transformation of Skonun source rocks. Trapping of 
Mesozoic derived hydrocarbon is restricted to older reservoir 
strata and/or reliant on slow expulsion/migration. 
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7.5.4 Evolution of main accumulations and possible biodegradation 
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Figure 31. Zone of possible present day biogenic gas formation (pink: 0 - 40°C) and biodegradation (purple: 40 - 70/80°C ) outlined 
by temperature field superimposed onto predicted accumulations as presented in Figure 26. Seven locations are marked at which 1D 
pseudo well extractions have been used to visualize history of accumulations and potential influence of biodegradation (Figure 32 to 
Figure 45). 

 



Results 

 

44

Figure 31 and Figure 32 show that most accumulations predicted at 8 km lie within the zone of 
possible biodegradation today and have done so in the past. Only accumulations in middle Jurassic 
sediments would not have exposed to such conditions. 

Figure 32. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
8 km from the south western end of line 88-02, assuming terrestrial Skonun source rocks. To assess 
biodegradation temperature field is indicated by colour overlay as in Figure 26. Time variable fault 
permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 
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Figure 33. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
8 km from the south western end of line 88-02, assuming marine kerogen in oldest Skonun source 
rocks. To assess biodegradation temperature field is indicated by colour overlay as in Figure 26. Time 
variable fault permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 33 shows the influence of a marine kerogen at most accumulations predicted at 8 km lie within 
the zone of possible biodegradation today and have done so in the past. Only accumulations in middle 
Jurassic sediments would not have exposed to such conditions. 
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Figure 34. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
10 km from the south western end of line 88-02, assuming terrestrial Skonun source rocks. To assess 
biodegradation temperature field is indicated by colour overlay as in Figure 26. Time variable fault 
permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 31 and Figure 34 show that the accumulation predicted in an onlap structure at 10 km lies just at 
the lower margin of the zone of possible biodegradation. It has however experienced such conditions 
over all its filling history. 
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Figure 35. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
10 km from the south western end of line 88-02, assuming marine kerogen in oldest Skonun source 
rocks. To assess biodegradation temperature field is indicated by colour overlay as in Figure 26. Time 
variable fault permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 31 and Figure 35 show that the accumulation predicted in an onlap structure at 10 km lies just at 
the lower margin of the zone of possible biodegradation. It has however experienced such conditions 
over all its filling history. 
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Figure 36. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
20 km from the south western end of line 88-02, assuming terrestrial Skonun source rocks. To assess 
biodegradation temperature field is indicated by colour overlay as in Figure 26. Time variable fault 
permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Although Figure 31 shows the major gas accumulation predicted at 20 km in an anticline formed in 
Unit 1 to lie below the zone of possible biodegradation, Figure 36 clearly shows it being exposed to 
temperatures between 60 and 80ºC from 22 to 4 Ma ago. Likelihood of biodegradation is therefore 
high. 
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Figure 37. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
20 km from the south western end of line 88-02, assuming marine kerogen in oldest Skonun source 
rocks. To assess biodegradation temperature field is indicated by colour overlay as in Figure 26. Time 
variable fault permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Although Figure 31 shows the major gas accumulation predicted at 20 km in an anticline formed in 
Unit 1 to lie below the zone of possible biodegradation, Figure 37 clearly shows it being exposed to 
temperatures between 60 and 80ºC from 22 to 4 Ma ago. Likelihood of biodegradation is therefore 
high. 
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Figure 38. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
37 km from the south western end of line 88-02, assuming terrestrial Skonun source rocks. To assess 
biodegradation temperature field is indicated by colour overlay as in Figure 26. Time variable fault 
permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 31 shows that the accumulation predicted in an onlap structure at 37 km lies clearly below the 
zone of possible biodegradation. Figure 38 additionally shows, that filling of this structure only began 
after sufficient burial and temperature had exceeded 80ºC. Likelihood of biodegradation is therefore 
low. 
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Figure 39. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
37 km from the south western end of line 88-02, assuming marine kerogen in oldest Skonun source 
rocks. To assess biodegradation temperature field is indicated by colour overlay as in Figure 26. Time 
variable fault permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 31 shows that the accumulation predicted in an onlap structure at 37 km lies clearly below the 
zone of possible biodegradation. Figure 39 additionally shows, that filling of this structure only began 
after sufficient burial and temperature had exceeded 80ºC. Likelihood of biodegradation is therefore 
low. 
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Figure 40. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
46 km from the south western end of line 88-02, assuming terrestrial Skonun source rocks. To assess 
biodegradation temperature field is indicated by colour overlay as in Figure 26. Time variable fault 
permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 31 shows that the oil accumulation predicted adjacent to a fault at 46 km lies below the zone of 
possible biodegradation. Figure 40 additionally shows, that high levels of saturation in this structure 
requires a constant heat flow model and that most of the filling postdates the exposure to temperatures 
below 70/80ºC. Likelihood of biodegradation is therefore relatively low. 
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Figure 41. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
46 km from the south western end of line 88-02, assuming marine kerogen in oldest Skonun source 
rocks. To assess biodegradation temperature field is indicated by colour overlay as in Figure 26. Time 
variable fault permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 31 shows that the oil accumulation predicted adjacent to a fault at 46 km lies below the zone of 
possible biodegradation. Figure 41 additionally shows, that high levels of saturation in this structure 
requires a constant heat flow model and that most of the filling postdates the exposure to temperatures 
below 70/80ºC. Likelihood of biodegradation is therefore relatively low. 

 



Results 54

  

  
Figure 42. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
60 km from the south western end of line 88-0, assuming terrestrial Skonun source rocks 2. To assess 
biodegradation temperature field is indicated by colour overlay as in Figure 26. Time variable fault 
permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 31 shows that the accumulation predicted in an onlap structure at 60 km lies within of the zone 
of possible biodegradation. In addition it has experienced such conditions over all its filling history 
(Figure 42). 
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Figure 43. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
60 km from the south western end of line 88-02, assuming marine kerogen in oldest Skonun source 
rocks. To assess biodegradation temperature field is indicated by colour overlay as in Figure 26. Time 
variable fault permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 31 shows that the accumulation predicted in an onlap structure at 60 km lies within of the zone 
of possible biodegradation. In addition it has experienced such conditions over all its filling history 
(Figure 43). 
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Figure 44. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
63 km from the south western end of line 88-02, assuming terrestrial Skonun source rocks. To assess 
biodegradation temperature field is indicated by colour overlay as in Figure 26. Time variable fault 
permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 31 shows that shallow oil accumulations predicted in Mesozoic strata at 63 km lie above the 
zone of possible biodegradation. According to the models presented here it is predicted to have 
experienced such conditions over all its filling history (Figure 44). It has to be noted however, that the 
lack of proper structural reconstruction puts accumulations at much shallower levels especially at this 
location on the eastern flank of the Cape Scott sub-basin. 
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Figure 45. Hydrocarbon saturation (top: vapour, bottom: liquid) over time in a pseudo well located 
63 km from the south western end of line 88-02, assuming marine kerogen in oldest Skonun source 
rocks. To assess biodegradation temperature field is indicated by colour overlay as in Figure 26. Time 
variable fault permeability is assumed and constant heat flow (left) vs. rift heat flow (right) is shown. 

Figure 31 shows that shallow oil accumulations predicted in Mesozoic strata at 63 km lie above the 
zone of possible biodegradation. It is predicted to have experienced such conditions over all its filling 
history (Figure 45). It has to be noted however, that the lack of proper structural reconstruction puts 
accumulations at much shallower levels especially at this location on the eastern flank of the Cape 
Scott sub-basin. 
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8 Discussion 

8.1 Input parameters 
Validity of predictions made using 2D basin modelling technology depends on quality of input. In the 
following the most sensitive parameters are presented and their influence on model predictions is 
discussed. 

8.1.1 Lithology 
Lateral homogeneity of lithology has been assumed along line 88-02. This approach was necessary due 
to sparse information concerning lateral variations. Such a large lateral extent of source, reservoir, and 
seal rocks may, however, draw an overly optimistic picture. 

8.1.1.1 Presence of source rocks 
Although the full extent of source rocks in the Skonun formation is largely undetermined, TOC-rich 
intervals extend uninterrupted over tens of kilometres in our models. Within a half-graben, timing of 
maturation may be unrealistically insensitive, because hydrocarbon would be generated and expelled 
over long periods of time due to varying burial. 

Another unknown factor is the nature of rocks causing the deep, high-amplitude, low-frequency unit 
within what was interpreted as Skonun Formation (i.e. 10-19km, see Figure 27). Only drilling into 
these units will reveal whether they are basalt or inter-layered coals and clastic sediments. In the latter 
case enormous amounts of hydrocarbon may have been generated, as burial of these layers is generally 
sufficient for maturation. Our models including Cenozoic source rocks have assumed one coal layer in 
the upper half of this unit (see Figure 28) to assess timing of maturation and expulsion of hydrocarbon. 
However, the amount of hydrocarbon generated may differ significantly. 

Tertiary source rocks in the eastern half of line 88-02 may not have generated any hydrocarbon. The 
Skonun formation (Unit 1 to Unit 3) is very thin – a few hundred meters and barely into the oil 
window. The Skonun thickens west of the basement high and is predicted to have generated 
hydrocarbon. 

Presence and nature of Mesozoic sequences below Queen Charlotte Sound are unknown. The seismic 
data did not image this part of the section well. Cretaceous rocks exposed on either side of Hecate 
Strait exhibit block faulting (Woodsworth, 1991) and / or shear faulting with as much as tens of 
kilometres offset (e.g. Chardon et al., 1999). Such tectonics could have negatively influenced 
distribution of Mesozoic source rocks but under the right conditions they could have produced large 
amounts of oil. 

Our models including Mesozoic sources might be considered optimistic, as they assume lateral 
homogeneity of source rocks within the Ghost Creek Formation, where it is inferred to underlie the 
Cenozoic basins. Although elevated TOC is reported for the Peril Formation, restriction of Mesozoic 
source rocks to the Ghost Creek Formation seems rectified, as it matures at approximately the same 
time as source rocks in the Peril Formation would. With the low resolution of the models within the 
Mesozoic, assigning elevated TOC to both units would overestimate the overall organic content. 
Hydrocarbon generation from Mesozoic source rocks may well have been drained by current activity 
on faults; micro-seismicity is currently recorded in this area. 
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Furthermore our models do not include a pre-Palaeogene heating event, which would have pre-matured 
Mesozoic sources. It could have been caused by either igneous activity or an earlier period of crustal 
extension. However, our constant heat flow models employ a relatively high heat flow throughout the 
Mesozoic and therefore reflect such conditions, resulting in extended leakage of Mesozoic derived 
hydrocarbons. 

8.1.1.2 Presence of reservoir rocks 
Apart from the optimistic assumption of lateral homogeneity mentioned above, our modelling does not 
account for deterioration of arkosic reservoir strata due to diagenesis during burial. Such diagenesis 
could severely limit the quality of reservoir rocks below a certain depth. 

8.1.1.3 Presence of seal rocks 
Apart from the optimistic assumption of lateral homogeneity mentioned above special consideration 
should be given to interval T. It has been assumed to be comprised of sand and shale and is predicted 
to cap numerous accumulations. If sediments of this interval are, in fact, more permeable, more 
leakage than calculated could occur through the over-lying sands of Unit 3. The nature of this interval 
should therefore be investigated in further detail. 

8.1.2 Heat flow 
Using a rift heat flow compared to a constant heat flow model caused differences in timing of 
hydrocarbon generation but ultimately not much difference in predicted accumulations. In rift models 
generation tended to occur in a pulse shortly after the rifting rather than gradually, especially for the 
Mesozoic source rocks. Rift heat flow models generated slightly less gas from Cenozoic source rocks 
because of a lower heat flow in the last 12 Ma, being 75 mW/m² today instead of 80 mW/m² as in the 
constant heat flow scenario. 

Our 2D model did not vary heat flow spatially, although present day heat flow measurements (Lewis et 
al., 1991a) under the Queen Charlotte Basin range from 57 to 98 W/m². However, calibration to the 
two closest calibration wells could be achieved using our simple, not spatially variable heat flow 
model. Comparison of the two heat flow scenarios investigated in this study shows that varying 
assumptions for palaeo heat flow do not significantly affect location, size, and type of predicted 
accumulations. 

8.1.3 Migration along faults 
Flow along a given fault, at a given time is subject to many variables. Inversion faults formed in a 
dominantly compressive regime, but may have locally been under extension and allowed significant 
amounts of migration e.g. in the apex of a flower structure. In addition to tectonic influences, 
weathering of surrounding arkosic rocks may have plugged fault planes, causing limited permeability. 

Enhanced permeability along fault planes, used to determine the degree of up-fault migration in the 
models, is one of the most significant model variables affecting the number, size, and nature of 
accumulations. For example few accumulations fed from Cenozoic sources formed along line 88-02 
assuming migration up faults. With no enhanced migration up fault, a number of accumulations existed 
ever since generation started. When inversion faults allowed up-fault migration between 15-3 Ma, traps 
formed after 3 Ma, as soon as migration up faults was set to normal levels. The number and size of 
accumulations is virtually identical to the model assuming no enhanced up-fault migration. The exact 
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timing of activity of inversion faults is not known, but many do not cut Unit 3. Onset of inversion is 
very difficult to pinpoint because of structural disruption. 

Modelling faults as being active all time is an exaggeration. Since many of the faults that cut Units 1 
and 2 (31 to 3 Ma) are part of compressive flower structures, it is unlikely that they were present 
during rifting. Therefore, they could not have acted as conduits during deposition of Unit 1. There are 
good structural reasons to believe that some faults have been active since Unit 3 was deposited (3-0 
Ma). To model these faults as having been permeable and draining hydrocarbons as far back as onset 
of rifting (31 Ma) over-estimates the amount of leakage that would occur. 

8.1.4 Structure 
Errors in style and timing of migration may have occurred because of difficulties imaging and 
reconstructing inversion structures. Many of the inversion structures occur as positive flower 
structures, that is, faults branching apart as they rise in the section. Where they converge at depth is 
difficult to image seismically. Such flower structures are common in regions dominated by strike-slip 
tectonics. Strike-slip faults often juxtapose layers of different thickness (i.e. 12-14 km, 42-50 km). It is 
impossible to reconstruct strike-slip deformation in a 2D model; backstripping these structures created 
migration pathways that might not have existed until later. 

In the models small ‘residual’ anticlines existed by 20 Ma and focussed migration. If inversion did not, 
in fact, start until 10 Ma later, the amount of hydrocarbons leaked through these structures could be 
overestimated. More may have flowed up the basin-bounding fault. This would affect trapping of 
hydrocarbon generated before inversion such as from the deepest Cenozoic source rocks or from 
Mesozoic source rocks. This is of lesser importance for the sub basins in which most of the 
hydrocarbons were generated and trapped in the last few million years. 

Timing of inversion was used to define periods during which faults had enhanced permeability, which 
significantly affects migration and leakage patterns. Timing of onset of inversion is hard to define 
based on the seismic reflection record alone, given the amount of structural disruption at the base of 
the rift structures. 

Timing of the end of inversion is easier to determine and depending on whether or not faults cut into 
Unit 3 or even reach to the seafloor it presents a key factor affecting migration. Many of the inversion 
structures underlie an undeformed Unit 3, but in places faults with small offsets reach past a seal layer 
(interval T) up into Unit 3 (e.g. 16-42 km). Faults with tiny offsets are difficult to map using lower 
frequency data such as used during acquisition of GSC line 88-02, and imaging close to the seafloor 
was simply not possible. Inversion structures that deform Unit 3 are clearly prone to leak in recent 
times. 

Migration of hydrocarbons from Mesozoic source rocks was affected by depth of Cenozoic faulting. 
Line 88-02 imaged some reflectors in basement and allowed some extrapolation of faults into depth. 
Presence of these faults in models allowed migration past the otherwise relatively impermeable 
Yakoun and rift basalt layers. 

If Mesozoic source rocks were present, the angular unconformity with Cenozoic rocks could be a good 
trap depending on local structures and permeability of the over-lying section (silty Unit 1). On the 
Queen Charlotte Islands, block faulting is fairly common in Mesozoic units (Lewis et al., 1991b) and 
may have provided vertical migration pathways. 
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8.2 Calibration 
Opportunities for calibration are sparse in Queen Charlotte Sound, which spans an area of 
approximately 150 x 200 km only drilled by two wells. Maturation profiles with depth at two proximal 
well locations show some variability (Figure 46). Both wells however fall within the general 
maturation trend established for the area based on all samples above 3500 m from all wells drilled in 
northern and central Hecate Strait. Guided by the Osprey well alone a higher heat flow could have 
been used. Such a higher heat flow would have also been in accordance to the observed pronounced 
thinning of the southern most part of the QCS (Figure 11). Due to higher scatter in the Osprey well 
data and more confidence in the Harlequin well maturation trend slightly lower and more conservative 
heat flow scenarios were applied. 
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Figure 46. Vitrinite reflectance data from wells located in northern and 
central Hecate Strait. Solid lines represent logarithmic fits to the data (blue: 
Harlequin D-86, red: Osprey D-36, black: samples from all other wells in 
northern and central Hecate Strait). 

8.3 Previous work 
Previous modeling includes a multi 1D study of the eight offshore wells in QCB using PetroMod 1D 
(Whiticar et al., 2003) and a 2D model of one line 88-05, using TemisPack 2D software (Whiticar et 
al., 2004). This latter study concluded that the Mesozoic source rocks could have generated significant 
amounts of oil, but that the Skonun did not appear to have sufficient burial. Only one Cenozoic source 
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layer was used in the model and kinetics from Bustin (1997) were applied. For the work presented 
here, it was considered more appropriate to use widely accepted bulk kinetics by Burnham (1989), 
which led to much greater volumes of hydrocarbon predicted than in previous models. 

Previous Temis models also used a very limited number of faults. In the current model presented here, 
tens of faults were implemented and  their location, extent and permeability proved to be important 
factors in migration and trapping of hydrocarbons. 

8.4 Risk factors 
As discussed above, work in a frontier basin requires a fair amount of inference based on limited data 
available. Consequently, a number of variables used in the model presented here are unknown or 
projected from a sparse dataset into a large frontier basin favouring preservation of hydrocarbons; we 
summarize them below: 

• Existence and character of source rocks. High TOC coal layers have been drilled in the 
Sockeye B-10 well. Such coal layers were assumed to also be present in Queen Charlotte 
Sound, but lateral continuity of these layers still has to be proven. Our assumption of such wide 
distribution of source rocks, both in depth and lateral, might be an optimistic one and ensures 
that hydrocarbons were generated over long periods of time (tens of millions of years) and have 
a greater likelihood of being trapped. 

• Lithologies in deepest basins, especially the low-frequency, high amplitude seismic 
reflection facies. Wells did not drill this layer; interpretations of its composition range from 
basalt flows to coal beds interbedded with clastic sediments. 

• Effectiveness of shale in upper Unit 2 as a regional seal. In the models a fairly thick sand-
shale (interval T) layer acted as a leaky seal preventing hydrocarbons from leaking into the 
sands of Unit 3. Whether the thickness and permeability of such a layer would, in fact, prevent 
loss of hydrocarbons should be further investigated. 

• Exact geometry of folds and faults in 3D. Trapping within inversion structures is very 
specific to exact geometry and lithology within the structure e.g. dip of strata relative to faulted 
monocline, faults cutting folds, seals in anticline crests etc. Few faults have substantial offsets 
in the shallowest section, which made them difficult to detect. Fine scale faulting could 
however be important and responsible for leakage. 

• Distribution of faults that reach to seafloor. Pliocene inversion in western Hecate Strait and 
ongoing seismicity in northern Hecate Strait could have created faults that reach the seafloor. 
Available data do not image the seafloor well. 

• Timing of inversions, both beginning and end, and their local variations. In the models 
Cenozoic source generated hydrocarbons at the same time as, or largely after inversion; 
Mesozoic source mostly generated oil and gas before inversion. 

• Permeability history of faults. Faults helped move hydrocarbons out of the silty rift section 
but could also allow leakage to the seafloor. 

• Significant leakage of hydrocarbons generated from Mesozoic source rocks according to 
models that assumed an always enhanced fault permeability to mimic presence of older faults. 
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• Regional stress changed as glaciers moved over the shelf. Throughout the Quaternary 
glaciation has affected the Queen Charlotte continental shelf. In the most recent episode, ice 
reached to the shelf edge; a pronounced forebulge migrated across the shelf during advance and 
retreat of the ice. Rocks at the crest of the bulge would be under extension and in the flanks, 
compression. These stresses cold affect migration of hydrocarbons. 

• Biodegradation presents a significant risk for Tertiary traps because some are predicted to lie 
at depths of less than 1800 m and in temperatures of 80oC or less. The current high rate of 
generation, however, may result in gas being fed from below replacing, that which has been 
degraded. Most of the Mesozoic sourced traps lie below the zone of possible biodegradation. 

8.5 Outlook 
Many of the risk factors we have raised can not be realistically assessed without better structural 
information from high-frequency 3D datasets and better lithologic information from wells. This work 
can not be done under the current moratorium on exploration in this basin. However, some work could 
usefully be done using existing data and samples. Newly develloped, less intrusive methods of 
investigation might also be used under the current moratorium. Some examples below:  

• Assess timing of end of inversion faulting for each prospective area rather than using regional 
values. 

• Apatite fission track analyses (AFTA) could be used on available well samples to determine 
burial and thermal history of sediments at well locations. 

• Multi-component kerogen kinetics could be established for available source rock samples 
which in turn would allow for  much refined PSMs. 

• Seabed mapping for hydrocarbon indicators as started in parts of the basin by V. Barrie. 

• “Sniffing” for gas vents as proposed by Whiticar et al (2003).  
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10 Appendix 

10.1 Predicted present day vitrinite reflectance 

10.1.1 Constant heat flow 

 
Figure 47 Predicted present day vitrinite reflectance along line 88-02, assuming a constant heat flow (see section 6.2 for more 
details). 
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10.1.2 Rift heat flow 

 
Figure 48 Predicted present day vitrinite reflectance along line 88-02, assuming a rift heat flow (see section 6.2 for more details). 
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10.2 Predicted accumulations 

10.2.1 Cenozoic petroleum system 

10.2.1.1 Constant heat flow 

 
Figure 49 Predicted accumulations along line 88-02, assuming a Cenozoic petroleum system, a constant heat flow, and no enhanced 
fault permeability. For legend see Figure 48. 
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Figure 50 Predicted accumulations along line 88-02, assuming a Cenozoic petroleum system, a constant heat flow, and time variable 
enhanced fault permeability. For legend see Figure 48. 
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Figure 51 Predicted accumulations along line 88-02, assuming a Cenozoic petroleum system, a constant heat flow, and enhanced 
fault permeability at all times. For legend see Figure 48. 
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Figure 52 Predicted accumulations along line 88-02 averaged over Cenozoic petroleum system scenarios, assuming a constant heat 
flow. Intensity of colour reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 
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10.2.1.2 Rift heat flow 

 
Figure 53 Predicted accumulations along line 88-02, assuming a Cenozoic petroleum system, a rift heat flow, and no enhanced fault 
permeability. For legend see Figure 48. 
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Figure 54 Predicted accumulations along line 88-02, assuming a Cenozoic petroleum system, a rift heat flow, and time variable 
enhanced fault permeability. For legend see Figure 48. 
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Figure 55 Predicted accumulations along line 88-02, assuming a Cenozoic petroleum system, a rift heat flow, and enhanced fault 
permeability at all times. For legend see Figure 48. 
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Figure 56 Predicted accumulations along line 88-02 averaged over Cenozoic petroleum system scenarios, assuming a rift heat flow. 
Intensity of colour reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 
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Figure 57 Predicted accumulations along line 88-02 averaged over all Cenozoic petroleum system scenarios. Intensity of colour 
reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 

 77



Appendix 78

10.2.2 Cenozoic petroleum system 

10.2.2.1 Constant heat flow 

 
Figure 58 Predicted accumulations along line 88-02, assuming marine source rocks in the early Cenozoic petroleum system, a 
constant heat flow, and no enhanced fault permeability. For legend see Figure 48. 
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Figure 59 Predicted accumulations along line 88-02, assuming marine source rocks in the early Cenozoic petroleum system, a 
constant heat flow, and time variable enhanced fault permeability. For legend see Figure 48. 
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Figure 60 Predicted accumulations along line 88-02, assuming marine source rocks in the early Cenozoic petroleum system, a 
constant heat flow, and enhanced fault permeability at all times. For legend see Figure 48. 
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Figure 61 Predicted accumulations along line 88-02 averaged over Cenozoic petroleum system scenarios, assuming a constant heat 
flow. Intensity of colour reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 
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10.2.2.2 Rift heat flow 

 
Figure 62 Predicted accumulations along line 88-02, assuming marine source rocks in the early Cenozoic petroleum system, a rift 
heat flow, and no enhanced fault permeability. For legend see Figure 48. 
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Figure 63 Predicted accumulations along line 88-02, assuming marine source rocks in the early Cenozoic petroleum system, a rift 
heat flow, and time variable enhanced fault permeability. For legend see Figure 48. 
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Figure 64 Predicted accumulations along line 88-02, assuming marine source rocks in the early Cenozoic petroleum system, a rift 
heat flow, and enhanced fault permeability at all times. For legend see Figure 48. 
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Figure 65 Predicted accumulations along line 88-02 averaged over Cenozoic petroleum system scenarios assuming early marine 
influence, assuming a rift heat flow. Intensity of colour reflects number of scenarios that each accumulation occurs in. For legend see 
Figure 48. 
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Figure 66 Predicted accumulations along line 88-02 averaged over all Cenozoic petroleum system scenarios assuming early marine 
influence. Intensity of colour reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 
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10.2.3 Mesozoic petroleum system 

10.2.3.1 Constant heat flow 

 
Figure 67 Predicted accumulations along line 88-02, assuming a Mesozoic petroleum system, a constant heat flow, and no enhanced 
fault permeability. For legend see Figure 48. 
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Figure 68 Predicted accumulations along line 88-02, assuming a Mesozoic petroleum system, a constant heat flow, and time variable 
enhanced fault permeability. For legend see Figure 48. 
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Figure 69 Predicted accumulations along line 88-02, assuming a Mesozoic petroleum system, a constant heat flow, and enhanced 
fault permeability at all times. For legend see Figure 48. 
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Figure 70 Predicted accumulations along line 88-02 averaged over Mesozoic petroleum system scenarios, assuming a constant heat 
flow. Intensity of colour reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 

 90



Appendix 91

10.2.3.2 Rift heat flow 

 
Figure 71 Predicted accumulations along line 88-02, assuming a Mesozoic petroleum system, a rift heat flow, and no enhanced fault 
permeability. For legend see Figure 48. 
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Figure 72 Predicted accumulations along line 88-02, assuming a Mesozoic petroleum system, a rift heat flow, and time variable 
enhanced fault permeability. For legend see Figure 48. 
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Figure 73 Predicted accumulations along line 88-02, assuming a Mesozoic petroleum system, a rift heat flow, and enhanced fault 
permeability at all times. For legend see Figure 48. 
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Figure 74 Predicted accumulations along line 88-02 averaged over Mesozoic petroleum system scenarios, assuming a rift heat flow. 
Intensity of colour reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 
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Figure 75 Predicted accumulations along line 88-02 averaged over all Mesozoic petroleum system scenarios. Intensity of colour 
reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 
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10.2.4 Cenozoic and Mesozoic petroleum systems 

10.2.4.1 Constant heat flow 

 
Figure 76 Predicted accumulations along line 88-02, assuming a Cenozoic and Mesozoic petroleum system, a constant heat flow, and 
no enhanced fault permeability. For legend see Figure 48. 
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Figure 77 Predicted accumulations along line 88-02m, assuming a Cenozoic and Mesozoic petroleum system, a constant heat flow, 
and no enhanced fault permeability. For legend see Figure 48. 
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Figure 78 Predicted accumulations along line 88-02, assuming a Cenozoic and Mesozoic petroleum system, a constant heat flow, and 
time variable enhanced fault permeability. For legend see Figure 48. 
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Figure 79 Predicted accumulations along line 88-02m, assuming a Cenozoic and Mesozoic petroleum system, a constant heat flow, 
and time variable enhanced fault permeability. For legend see Figure 48. 
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Figure 80 Predicted accumulations along line 88-02, assuming a Cenozoic and Mesozoic petroleum system, a constant heat flow, and 
enhanced fault permeability at all times. For legend see Figure 48. 
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Figure 81 Predicted accumulations along line 88-02, assuming a Cenozoic and Mesozoic petroleum system, a constant heat flow, and 
enhanced fault permeability at all times. For legend see Figure 48. 
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Figure 82 Predicted accumulations along line 88-02 averaged over Cenozoic and Mesozoic petroleum system scenarios, assuming a 
constant heat flow. Intensity of colour reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 
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10.2.4.2 Rift heat flow 

 
Figure 83 Predicted accumulations along line 88-02, assuming a Cenozoic and Mesozoic petroleum system, a rift heat flow, and no 
enhanced fault permeability. For legend see Figure 48. 
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Figure 84 Predicted accumulations along line 88-02, assuming a Cenozoic and Mesozoic petroleum system, a rift heat flow, and no 
enhanced fault permeability. For legend see Figure 48. 
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Figure 85 Predicted accumulations along line 88-02, assuming a Cenozoic and Mesozoic petroleum system, a rift heat flow, and time 
variable enhanced fault permeability. For legend see Figure 48. 

 105



Appendix 106

 
Figure 86 Predicted accumulations along line 88-02, assuming a Cenozoic and Mesozoic petroleum system, a rift heat flow, and time 
variable enhanced fault permeability. For legend see Figure 48. 
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Figure 87 Predicted accumulations along line 88-02, assuming a Cenozoic and Mesozoic petroleum system, a rift heat flow, and 
enhanced fault permeability at all times. For legend see Figure 48. 
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Figure 88 Predicted accumulations along line 88-02, assuming a Cenozoic and Mesozoic petroleum system, a rift heat flow, and 
enhanced fault permeability at all times. For legend see Figure 48. 
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Figure 89 Predicted accumulations along line 88-02 averaged over Cenozoic and Mesozoic petroleum system scenarios, assuming a 
rift heat flow. Intensity of colour reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 
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Figure 90 Predicted accumulations along line 88-02 averaged over all Cenozoic and Mesozoic petroleum system scenarios. Intensity 
of colour reflects number of scenarios that each accumulation occurs in. For legend see Figure 48. 

 


