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Summary

Sequence stratigraphy is useful for understanding basin history and to facilitate regional correlation of
reservoir intervals in sedimentary successions (Catuneanu et al., 2009). However, establishing a
stratigraphic framework for mudstone intervals can be challenging because often the datasets
traditionally used in coarser grained successions (e.g. geophysical, biostratigraphic, petrophysical, or
sedimentological datasets) are unavailable or of limited use (Ratcliffe et al., 2012; Pearce et al., 2005).
As a result, many studies are incorporating chemostratigraphy when studying fine-grained successions,
meaning that whole-rock geochemistry is used for characterization and correlation of stratigraphic units
(Ratcliffe et al., 2010; Pearce et al., 1999). Furthermore, chemostratigraphic proxies are being employed
to interpret sequence stratigraphic cycles (e.g. Turner et al., 2016; Sano et al., 2013). This project
presents data from the Middle to Late Devonian Canol Formation, an organic-rich mudstone present in
the Northwest Territories, to demonstrate how elemental proxies can be used to establish a sequence
stratigraphic framework.

Methods

The Middle to Late Devonian Canol Formation is present in the Central Mackenzie Valley and Mackenzie
Mountains of the Northwest Territories, Canada. It is the known source rock for the hydrocarbons
produced from the Kee Scarp reefs at Norman Wells (Snowdon et al., 1987) and is currently an
unconventional reservoir prospect. Elemental composition data has been collected for the Canol
Formation using a hand-held x-ray fluorescence analyzer from four Central Mackenzie Valley cores and
one outcrop in the Mackenzie Mountains. Data was collected every 10 cm for cores and every 50 cm for
the outcrop.

Chemostratigraphy has been successfully used in many studies of mudstone successions (e.g. Playter
et al., 2017; El Attar & Pranter, 2016; Ratcliffe et al., 2012). However, there are certain limitations to
using chemostratigraphic profiles including the potential for elements to migrate as a result of post-
depositional re-oxidation, diagenesis, or weathering (Tribovillard et al., 2006; Pearce et al., 2006). As a
result, multiple elemental proxies for the same environmental condition are typically considered.

Trends in elements primarily associated with detrital sediment (e.g. Al, K, Ti, Zr) can be used to infer
abundance of terrigenous input (Chen et al., 2013). Proxies such as Si trends compared Zr trends, and
Si-Al or Si-Zr cross plots can provide information about proportion of biogenic sediment (Turner et al.,
2015; Tribovillard et al., 2006) and redox sensitive trace metals (e.g. Ni, Mo, V) can be used to interpret
dissolved oxygen at the time of deposition (Tribovillard et al., 2006). Together, these elemental profiles
can be used to infer paleoshoreline trajectories, sequence stratigraphic surfaces, and systems tracts. In
this study, regression is interpreted based on decreasing abundance of terrigenous input reflected by
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declining Al, Ti, and Zr, lower biogenic sediment abundance interpreted by trends in Si that follow trends
in Zr, and increased dissolved oxygen resulting in lower enrichment of Mo and V. Opposite trends in
these proxies were interpreted to be the product of transgression. Maximum flooding surfaces are
interpreted at the transition from transgression to regression while maximum regressive surfaces are
placed at the boundary between regression and transgression. Figure 1 gives an example of the
geochemical expression of transgression, regression, maximum flooding surfaces and maximum
regressive surfaces in the Canol Formation. The identification of these surfaces and systems tracts can
allow for recognition of Transgressive-Regressive sequences with maximum regressive surfaces as
sequence boundaries following Embry (2002).
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Figure 1. The chemostratigraphic expression of transgression (T), regression (R), maximum flooding
surfaces (MFS), and maximum regressive surfaces (MRS) in the Canol Formation. Vanadium enrichment
(EF V) and molybdenum enrichment (EF Mo) are relative to the Post-Archean Average Australian Shale
of Taylor and McLennan (1985).

Results

Preliminary results show that it is possible to identify Transgressive-Regressive sequences in the Canol
Formation using a chemostratigraphic dataset. Furthermore, these sequences can be correlated
between cores in the Central Mackenzie Valley and an outcrop in the Mackenzie Mountains. Future work
for this project will involve integrating sedimentological and ichnological observations to strengthen
sequence stratigraphic interpretations and incorporating data from four additional outcrops in the
Mackenzie Mountains.

Conclusions

A chemostratigraphic dataset from the Canol Formation in the Central Mackenzie Valley and Mackenzie
Mountains of the Northwest Territories demonstrates that elemental proxies can be used to build a
sequence stratigraphic framework in mudstone successions. This facilitates mapping of heterogeneities
in organic-rich mudstone successions, which is valuable to the exploration and development of
unconventional shale plays.
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