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The Late Devonian Duvernay Formation in the Western Canada Sedimentary Basin (WCSB) is a 
shale reservoir that has recently been developed through horizontal drilling and hydraulic 
fracturing. An understanding of Duvernay maturity is critical in guiding both exploration and 
development. Published Duvernay maturity maps are inconsistent and do not align with 
production trends, e.g., oil production occurs up-dip of previously published fairways of “oil 
maturity” within regions characterized as thermally immature. To address these inconsistencies 
and produce a more refined understanding of Duvernay maturity trends, this study provides Solid-
state 13C Nuclear Magnetic Resonance (NMR) and Rock-Eval Tmax analyses from 38 wells 
throughout the WCSB. These Solid-state 13C NMR spectra are characterized by an aromatic and 
aliphatic portion. The aromatic portion typically consists of inert carbon, whereas the aliphatic 
portion consists of alkyl chains that can thermally alter into hydrocarbons. The ratio between the 
aromatic and aliphatic portions is used as a proxy for thermal maturity. Generally, the Duvernay is 
divided into three different assessment areas which are, from east to west, Innisfail, Willesden-
Green, and Kaybob. The Duvernays maturity generally increases southwest across the WCSB 
and coincides with structural depth; however, Willesden-Green is characterized by anomalously 
high thermal maturity contrary to structural depth. The Innisfail assessment area has the 
shallowest burial depth and only the southern portion of the basin reaches peak oil maturity. 
Willesden-Green and the Kaybob have similar burial depths (P=0.24), but Willesden-Green is 
significantly more mature than Kaybob in both the Solid-state 13C NMR maturity proxy (P=0.005) 
and Tmax (P=0.002). These results indicate that structural depth does not account for the 
difference in maturity between Willesden-Green and Kaybob. NMR maturity data indicate an 
increase in maturity at Willesden-Green that is perpendicular to structural depth. This maturity 
anomaly is here named the Willesden Green Maturity High. Results from this study document 
fairways of oil, wet-, and dry-gas maturity within the Duvernay Formation that are up-dip from what 
is reported in previously published thermal maturity maps. 


