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Summary

Stable isotope geochemistry of shale gas has proven to be useful for exploration and development.
Here we compare the isotope ratios of shale gases from the WCSB to other known basins in North
America. We find that they all can be described by one self-consistent continuum of isotope
relationships and trends.

Abstract

Stable isotope geochemistry is now recognized as a tool for shale gas exploration. Its utility however
depends on an understanding of the isotope systematics for the particular region of interest as well as
for shale gas maturation in general. Isotope data for Barnett and Fayetteville shale gas (Zumberge et
al., in press), fractured reservoirs and shale gas in the Appalachians (Burruss and Laughrey, 2010;
Baldassare, 2011, Molgat et al., 2011) and fractured reservoirs and shale gas in the WCSB (Tilley et
al., 2011 and unpublished data) provide a framework within which mature shale gases can be
evaluated and better understood in terms of their general evolution. Compilation, review and re-
interpretation of these data show that shale gases can be classified into three distinct maturation stages
that have unique and distinctive carbon and hydrogen isotopic relationships and trends. Identifying the
maturation stage of a gas can lead to a better understanding of the processes that have occurred and
may help predict the ultimate productivity of a shale gas play.

The three maturation stages of shale gas are defined here as pre-rollover, rollover and post-rollover.
Gases in the pre-rollover stage are isotopically normal (8*3C1< §'*C2< §"3C3) unless mixing of gases
from different sources has occurred. In the rollover stage, 8"3C ethane and §"*C propane become
progressively more negative as §°C methane becomes less negative. However, ethane and methane
are reversed (5'*C2 < 3C1) only towards the most mature portion of the rollover stage. Gases from the
Barnett Shale in Texas and the Triassic Montney-Doig Phosphate formations in eastern British
Columbia are characteristic of the pre-rollover and rollover maturation stages. In the Appalachians,
where Marcellus shale gases are generally at the transition between the rollover and post-rollover
stages, isotope ratios must be compared to a background range of Marcellus shale gas maturities in
order to assign a maturity stage. Correct assignment of maturity stage could be of importance because
the rollover stage may represent the peak of high productivity shale gas whereas the post-rollover
stage may represent a decline in productivity (Burruss and Laughrey, 2011). At the beginning of the
post rollover stage, §'°C1> §'3C2> §'3C3, but as 8"°C ethane and §3C propane become increasingly
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less negative at varying rates, ethane and propane may or may not be reversed with respect to each
other at the highest maturities. 6D of methane in gases of the post-rollover stage generally stays
constant or becomes more negative with increasing maturity. The post rollover stage is represented by
shale gas in the Horn River Basin of British Columbia, Permian and Triassic fractured reservoirs in the
Foothills of the WCSB, Utica shale gas in both Quebec and Pennsylvania, Ordovician fractured
reservoirs in New York State, and the most mature Fayetteville shale gas.
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