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Summary
The Alida Beds have been exploited for oil and gas since the 1950’s. This paper reviews
how our ideas on sedimentation, stratigraphy and diagenesis have changed since initial
discovery. We also look at the upside potential of the Alida for further development and
exploration.

Introduction
Our ideas of carbonate sedimentation in Epeiric Seas have changed over the decades. The models of
deposition, porosity preservation, hydrocarbon trapping, marine regressions and contemporaneous
tectonic activity have all changed. The ramp model of carbonate deposition was popular with a concept
of shallowing and brining upwards sedimentation. Marine transgressions were not part of carbonate
sedimentation models back in the day. The prevailing models suggested that the hydrocarbons were
trapped by evaporites capping porous carbonates in a regressive regime for each strata in the
Mississippian. The “Carbonate Fear Factor” model (Lake, 2015) suggested an alternate hypothesis
involving marine transgressions infilling incised valleys with the evaporites being buried by open marine
carbonate sedimentation. Satellite images of restricted circulation in Hamelin Basin, Shark Bay, Western
Australia, followed by open tidally-influenced circulation in Sabkha Faishakh, west coast of Qatar were
the modern analogues. Oil is trapped within the confines of the incised valley as well as in older
sediments adjacent to evaporite-filled incised valleys. A Transgressive Surface of Erosion (TSE) at the
base of the Alida Beds in Handsworth pool traps 10.486MMm3/65.96MMbbls OOIP (Lake and Seifert,
2003). The pebble lag at the TSE is reminiscent of the Viking Formation pebble lag within the
Cretaceous.
We have learned that Epeiric Seas were tidally influenced and some of our best quality reservoirs are
related to drainage channels winnowing fines during movement of water off the tidal flat, as the tide

went out. We end up with a calcareous algae grainstone often preserving primary interparticle porosity
preserved within a low energy regime. The reflux model of dolomitization has lost favour as we
recognized that magnesium came out of normal seawater rather than from evaporites. In addition, the
tidal movement of normal salinity seawater was responsible for dolomitization of the inner tidal flat
environment. Vuggy porosity and anhydrite plugging was originally thought to occur within the deep
burial realm but we now know that it occurs as a result of exposure and dissolution; anhydrite infill of
pores occurs below the water table in the marine phreatic environment. All of these changes came
about as we gained access to the third dimension through horizontal drilling. Water depths of the basin
were in the order of 5 metres and deeper facies are only encountered on the western margin of the
continent in the Rocky Mountains of western Montana.
Original exploration for the Alida pools used isopach thins of the overlying Lower Watrous/Red Beds to
identify the parallel north-north-east-trending ridges for drilling targets. The Rosebank, Nottingham and
Alida pools were all discovered using this technique. A few “dusters” off-trend confirmed the
geomorphology of the pools. St. Onge and Strachan, (2003) emphasized the importance of preserving
the Alida Beds section in structural lows at the East Gainsborough pool. Gainsborough is north of the
parallel Alida pool ridges and is younger in age according to the transgressive nature of sedimentation.
Early workers thought that the continental location of the Williston Basin made it exempt from the
stress associated with mountain building. Subsequent work has outlined a basin and range extensional
tectonic regime with lateral offsets and extension similar to Miocene movement in Nevada, U.S.A.
Blocks have both a dextral and vertical sense of movement along the faults contemporaneous with
sedimentation. The individual blocks record a horst and graben geometry similar to Nevada. This,
together with an east-west-trending breached anticline west of the Weyburn pool is part of the Late
Mississippian Antler Orogeny. The sense of movement would suggest that the Williston Basin was
influenced by the Ellsemerian Orogeny in the Canadian Arctic during the Mississippian.

Theory and/or Method
Four cores from Alida Unit were logged in detail and stratigraphically correlated to gain a sense of lateral
facies changes and trapping.

Conclusions
The Alida Beds form a deepening upwards succession in response to marine transgression within Alida
Unit pool. Sedimentation is periodically broken by hiatuses of varying duration. Each stacked package
should be interpreted as a separate dynamic fluid system with separate oil/water contacts. Because
these rocks are transgressive in nature, the lower beds may have higher oil saturations than the beds
above. We can see the effects of subtle structural movements as we move up section. The sequence of
beds above the maximum flooding surface have repeated erosional events which mimic the morphology
of the preserved buried high on the Mississippian unconformity. This was not accidental, but rather was
a function of subtle crustal flexures.
The “Caprock” effect of Triassic-sourced Lower Watrous/Red Bed sulphates and magnesium-rich fluids
escaping downwards upon compaction has created an “attic oil” situation which has trapped oil

structurally above the maximum flooding surface. This phenomenon occurs along the Paleozoic subcrop
edge and is responsible for trapping hydrocarbons elsewhere as well. The Alida Beds flooded and
deepened upwards from the Tilston Beds exposure (MC2). Sedimentation was disrupted twice before
finally reaching the highstand surface. The first disruption in sedimentation included erosion. Porosity
within the “Algal Zone” thins to zero to create a stratigraphic trap for hydrocarbons. The next hiatus
marks the reversal from deepening to shallowing event. The uppermost hiatus marks tidal flat
sedimentation overriding offshore sediments in the highstand environment. The 101/03-01-00633W1/00 core contains a dolomitized mudstone reservoir and shows evidence of accommodation space
corresponding to stacked channels at the underlying hiatus surfaces. This dolomite contains
intercrystalline porosity and is similar to the Midale Marly in terms of reservoir quality.
The Alida Beds reservoirs have undergone partial dolomitization, which enhances porosity and accounts
for their prolific production histories. This likely results from restricted circulation. Anhydrite
pseudomorphs of crinoid ossicles are common throughout the section and are reminiscent of
dolomitization within the tidal flat diagenetic environment. The core on display is used to indicate how
quickly lateral facies change in these stratigraphic traps. The idea that we are not accessing all of the oil
with our horizontal wells attests to the upside potential for revisiting this reservoir (Shtand, 2018).
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Stratigraphic cross section across Alida Unit. Note: location of 101/03-01-006-33W1/00 core on display. There are three cycles of
sedimentation up to the Highstand Systems Tract (HST). Erosion occurred on the TSE to create a stratigraphic trap in the Algal Zone.
Datum is top of Tilston Beds (MC-2).

Core Description and photo of 101/03-01-006-33W1/00 Alida Beds core on display. Core represents the
entire Alida Beds section at the Alida pool. Note: TSE, Flood and HST. The HST is represented by a
porous microcrystalline dolomite. Each interval represents a separate hydrodynamic system with
separate oil/water contacts and should be treated as such when exploiting this reservoir. The section
above the HST has” Attic Oil” trapped by the “Caprock”. There are two more exposure surfaces in this
interval, but they cannot be correlated for any distance because erosion on the flanks of the pool.

Model of marine transgressions showing the effect of vertical permeability barriers on oil and water
distribution.

Core photo of micromoldic and intercrystalline porosity within the HST dolomite. 101/03-01-00633W1/00 at 1130.0m; 3x magnification.

Core photo of crinoid bivalve wackestone in quiet lagoonal facies, typical of the regional facies
blanketing the TSE. The rock has been partly dolomitized. 101/03-01-006-33W1/00 at 1138.3m; 3x
magnification.

Core photo of calcareous algal grainstone channel fill marking the TSE on top of the Algal Zone. 101/0301-006-33W1/00 at 1143.9m; 3x magnification.

Core photo of pelletal-fenestral tidal flat mudstone of the Algal Zone marking the initial flooding event
above the MC-2/Tilston Beds. Note: vuggy porosity development. This reservoir was exposed to
erosion and disappears updip in the next section, which is in response to the TSE. This is an excellent
example of exposures and transgressions creating stratigraphic and hydrodynamic traps in carbonates.
101/03-01-006-33W1/00 at 1145.2m; 3x magnification.

