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Abstract

Detailed core studies and geochemical analysis of the 230-metre thick shale-dominated deposits of the Carlile and Niobrara formations,
Bigstick Pool area (southeastern Alberta and southwestern Saskatchewan), have revealed significant changes in shale sedimentary facies,
organic and carbonate content, and clay mineralogy. Sequence stratigraphic correlations show the succession is characterized by gently
basinward-tapering units. This, and the abundance of interbedded silt and sand ripples, suggests the shales were deposited in a shallow water
basin characterized by ramp-style morphology, with no significant shelf break or deep water deposits present.

Within the Carlile and Niobrara formations, the presence of ripple bedforms and basal scour surfaces in mudstone and sandstone laminae/beds
indicate traction current was a prevalent transport mechanism. These currents may have been generated by storms, tides and/or geostrophic
circulation. Depositional setting of these formations is a matter of debate, as both prodeltaic and shelf settings have been proposed. In a
shallow-water ramp-style basin, both settings have similar bedforms, ichnofacies, and diminutive ichnofauna due to stressed conditions from
frequent dysoxia and/or storm/wave reworking. Thus, facies boundaries in a ramp setting between the offshore prodeltaic and shelf
environments become non-distinct.

The Carlile and Niobrara formations are both characterized by similar bedforms, ichnofacies and strata geometries, indicating deposition in a
relatively similar setting. However, both formations are characterized by unique geochemical characteristics. These may reflect significant
changes in depositional setting, climate, ocean circulation, seaway width and connection to the Boreal and Tethyan seas. For instance, the
change from non-calcareous Carlile shales to calcareous nannoplankton-rich Niobrara shales likely reflects the introduction of warm Tethyan
waters into the basin. The influx of Tethyan water likely also caused a change in water circulation, chemistry, salinity and nutritional levels of
the seawater.
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The fabric and geochemistry of the Carlile and Niobrara shales and thus their shale gas prospectivity are likely more influenced by changes in
paleo-oceanography and basin scale processes than changes in depositional setting. Observations from this study provide insight on the
understanding of deposition of thick shale units and distribution of shale-dominated reservoirs, which is applicable to other shale gas reservoirs.
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The Upper Colorado Group thins from southwest to northeast as an overall
unit, but when considered on a formation scale, observed shelf orientation
changes from Carlile Formation to Niobrara Formation deposition (see
isopach maps below). This has been interpreted as a change in sediment
depocenter.
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Bulk Mineralogy and Clay Mineralogy

Depth

‘Whole Rock Weight Percentage (%)
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579.15 | Carlile Fm. | 17.97 | 105 1.89 026 | 220 | 70
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Quartz content is low throughout (<18%), and total clay content is considerably lower
in the Carlile and Niobrara formations than in the 2nd White Specks Formation. Calcite
content appears highest in the Upper Carlile Formation, Verger Member, and 2nd
White Specks Formation. Unlike the latter two, calcite content in the Upper Carlile

is attributed to shell content, as it is non-calcareous.
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579.15 | Carlile Fm. 429 17.14 4286 3571
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Clay mineralogy within the Upper Colorado Group is largely comprised of illite and
smectite, whereas chlorite and kaolinite are minor components. There appears to be
a slight decrease in chlorite content within the Medicine Hat Formation.

Clay Mineralogy
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Plots of 52 vs. TOC% and HI vs. Maximum Temperature (Tmax) have determined that
organic matter in the Upper Colorado Group is comprised of Type Il and Type IIl kerogen
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Both the Carlile and Niobrara formations are generally comprised of clay-sized and silt-sized sediments. Very fine- and fine-grained sand is present within the Upper Carlile Fm., at the top of
the Middle Carlile Fm., and in the 1st White Specks and Verger members. The Carlile Formation demonstrates an upward-coarsening trend up to the Upper Carlile, which is upward-fining.
The Niobrara Formation is upward-fining up to the middle of the Medicine Hat Member. Following this, an upward-coarsening trend is observed up to the top of the Niobrara.

Tpa I types. These types are sourced from a mixture of algae, pollen/spores, leaf cuticles,
bacteria, and higher, terrestrially derived woody plants. This organic matter is indicative ¥
of a combination of reducing and oxidizing depositional environments.
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A plot of production index (PI) vs. maximum temperature (Tmax) indicates that all formations within the Upper Colorado Group are immature. All maximum temperatures derived from Rock-Eval data are found to
be less than 435°C. A general comparison of TOC percentage versus depth demonstrates that the 2nd White Specks Fm. has the highest but most erratic TOC values. TOC is upward-increasing within the Carlile Fm.,
and is quite variant within the Niobrara Fm.






