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Objectives/Scope 

The aim of this research is to highlight an incompletely recognized oil family and source rock in 
the Montney Formation within the broader context of the Montney–Doig hybrid petroleum system, 
where hydrocarbon generation, migration, and accumulation are decoupled from simple 
stratigraphic and thermal maturity frameworks. We show that topset Montney-reservoired oils, 
sampled from 22 wellbores near the Alberta–British Columbia border (~56° N), were likely 
generated and subsequently migrated up-dip from inferred bottomset Montney source rocks that 
are presently overmature for oil generation. The range of source rock maturity is reflected in the 
oils, with greater maturity differences between early and late oil perhaps suggesting more 
geologic time for oil charging. By integrating oil and gas geochemistry, biomarker and isotope 
systematics, and regional stratigraphic and structural context, this study incorporates new 
geochemical observations into existing petroleum systems models and further refines our 
understanding of fluid heterogeneity and migration processes within the Montney–Doig interval. 
 

Theory / Method / Workflow 
Whole oil gas chromatography, terpenoid biomarker distributions (GC-MS), and bulk stable 
carbon isotope compositions from SARA fractions were determined for the 22 Montney-tested 
oils and compared to over 400 Western Canada Sedimentary Basin oils using hierarchical cluster 
and principal component analyses (e.g., Zumberge et al. 2016). These Montney oils were also 
analyzed by GC-MSMS (whole oil injection) to determine thermally dependent alkyl aromatic 
ratios, traditional biomarkers, C40 aromatic carotenoids, and diamondoids. In addition, Montney 
reservoir cores and cuttings from five of these wells were assessed for source rock potential, 
using Leco TOC, programed pyrolysis, and solvent extraction with subsequent biomarker/carbon 
isotope analyses. 
 
These data are interpreted within the Montney–Doig petroleum systems framework, in which prior 
work indicates hydrocarbon generation during deep burial followed by structural inversion, uplift, 
and differential cooling that facilitated hydrocarbon migration (e.g., Wood et al. 2021). Within this 
context, the geochemical analyses evaluate evidence for a previously under-recognized Montney-
sourced oil family and multiple, non-equivalent maturity signals consistent with multi-stage charge 
and extended migration histories, underscoring the role of migration timing and pathways in fluid 
distribution. 

Results, Observations, Conclusions 

GeoMark and others have previously typed other Montney-reservoired oils from different WCSB 
fields to the well-known Middle Triassic Doig (e.g., Riediger et al., 1990 and Riediger 1997) or 
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Lower Jurassic Gordondale source rocks. These new Montney-reservoired oils occupy a unique 
position in principal component space compared to other WCSB oil families. This suggested a 
primary Montney source facies that was later validated with extracts collected from Montney core 
samples. (Figures 1a, 1b & 1c) 
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The Gordondale and Doig-sourced oils clearly plot separate from these new Montney oils, and 
are independent of a mixing line, indicating these Montney oils represent a new, and previously 
not fully recognized oil family. Oil terpane biomarkers suggest a type II marine distal shale source 
facies deposited under the influence of persistent upwelling. Saturate and aromatic sterane ratios 
are consistent with a Triassic age.  
Early oil, rich in heavy-end biomarkers, migrates first with oil vitrinite reflectance equivalence 
based on biomarkers (VREB) representing the source maturity during early expulsion. With 
continuing burial, expulsion and migration, lighter hydrocarbons (lean in biomarkers) mix with the 
early oil. This subsequent maturity signal, VREQ (based on alkyl aromatics), represents the mid-
range composition. Although there is a good correlation of VREB to VREQ, the absolute values 
are only equivalent at the higher range (ca 1.15% VRE) (Figure 2) while at lower maturities, the 
difference between VREB (0.85%) and VREQ (1.05%). This suggests that the timing of charge 
from the source rock to the reservoir spans a long maturity window, from mid oil to wet gas 
generation. Excess amounts of thermally stable diamondoids present in reservoired Montney oil 
(from oil cracking to gas down-dip) may imply a higher-than-expected GOR. 
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In lighter colored Montney oils, where sterane and terpane biomarkers have been thermally 
degraded, pristane/phytane vales from gas chromatography along with stable carbon isotope 
compositions of the saturated hydrocarbon fraction (from SARA separation), can often determine 
the source of the light oil (Figure 3). Montney-sourced oil usually has higher Pr/Ph values and 
more positive carbon isotope values (enriched) than Doig-sourced oils. 
 

 
 
Montney core samples (1,800-1,915 m depth) contained between 0.62 to 1.3% TOC and 2,000 
to 5,000 ppm extracted saturate & aromatic hydrocarbons, far above the expected concentration 
for local oil generation. Vitrinite reflectance equivalent values from pyrolysis Tmax temperatures 
(VRET) indicate a local maturity level of only 0.67-0.76%, significantly below the VREB 
determined from extracted biomarkers (0.84-1.09%) which is consistent with migrated oil. 
Extracted oil maturity increased dramatically in one core (well 100/05-13) over only 100 m (Figure 
4) suggesting different Montney zones were charged separately over geologic time with migrating 
oil from deeper source horizons.  No significant mixing was evident in these relatively closely 
spaced core extracts. This interpretation conforms to Watt et al. (2022) Montney reservoir 
observations farther to the north in a higher maturity regime, where oil has converted to 
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pyrobitumen, and differences in gas isotope compositions indicate a stratified oil column with no 
vertical mixing. However, in other regions, Montney rocks may have some source potential 
interbedded with the reservoir facies (e.g., Becerra et al., 2024). Rudra et al. (2024) analyzed a 
number of organic-rich Doig and low TOC (~1%) Montney core extracts from Alberta for 
biomarkers and isotopes, but the few produced fluids were too mature to contain useable 
biomarkers. Their Lower Montney carbon isotopes from core extracts, however, were enriched 
with respect to Doig extract isotopes, consistent with our results. 
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Novel/Additive Information  

Aspects of the organic geochemistry of Triassic source rocks and oils have previously been 
reported, and conjectures regarding black oil migration within the Montney, from Bottomset source 
rocks (presently over mature) to  Topset reservoir facies, have been proposed (Euzen et al., 2021 
and Wood et al., 2022). Our new Montney oil family based on biomarkers and, especially, carbon 
isotopes, unique from Doig-sourced oils, demonstrates that up-dip Montney reservoirs can be 
charged with Montney source rock facies in addition to younger Doig-generated oil, essentially 
confirming the previously more speculative play. Large differences in Montney-reservoired oil 
maturity signals suggest a greater source rock maturity range with potentially more geologic time 
available for oil reaching the reservoir (Figure 5).  Evaluation of produced gas composition (Figure 
6) and formation water chemistry could offer additional, underutilized lines of evidence that can 
further constrain migration pathways, charge timing, and fluid connectivity, strengthening an 
integrated petroleum systems interpretation. These findings should empower operators to derisk 
up-dip, Montney step-outs or provide geologic support for unexpected oil volumes.  
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