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Stable isotope analyses

Introduction Basin-Margin, Intrastratal Karst in the Prairie Evaporite Formation Prairie Evaporite Marker Beds: Cores West and East of the Dissolution Scarp

The location of the Prairie Evaporite halite dissolution scarp 
has been updated based on new modern well control (Fig. 
3A). An isopach of the Keg River–Prairie Evaporite succession 
(which eliminates the effect of differential Keg River buildups 
on the decrease in Prairie Evaporite thickness into the 
dissolution scarp) reveals the marked decrease in thickness 
through the dissolution of halite into the scarp. East of the 
dissolution scarp, less soluble sulphates remain up to a point, 
beyond which only insoluble residues persist (shales and 
carbonates). North and east of Fort McMurray, sulphates have 
been gyspsified (rehydrated) through meteoric infiltration. 
Cumulative gypsum thickness is greater than 14 m in places 
(Fig. 3B). Gypsification typically occurs along the top of the 
remaining Prairie Evaporite strata, but also occurs on either 
side of the carbonate marker beds internal to the Prairie 
Evaporite Formation.

Regional cross-sections show the distribution of Prairie Evaporite Formation members 
related to underlying Keg River buildups. Whitkow Member halite is restricted to 
interbuildup basins, whereas the halite of the Leofnard Member—along with internal 
marker beds—is laterally extensive across the study area. Correlation of the marker 
beds into the dissolution scarp reveals that dissolution occured top-down, with halite of 
the Leofnard Member dissolving first. Eastward, the marker beds are undifferentiated 
due to difficulty in correlation. They are encased in the remaining sulphates, and act as 
conduits for fluid flow, likely playing a role in the dissolution history of the Prairie 
Evaporite Formation.

Diagenesis in Prairie Evaporite Marker Beds

Stable Isotopes

Paragenesis

Dedolomitization Fabrics and Model

Figure 1

Figure 2

Strata of the Prairie Evaporite Formation 
overly the dolomitized carbonates of the 
Keg River Formation. Initial evaporite 
deposition was constrained by the 
location of upper Keg River buildups, 
with the Whitkow Member halite 
restricted to interbuildup basins. 
Anhydrite of the Shell Lake overlies 
these deposits. Halite of the Leofnard 
Member, with a number of regionally 
mappable marker beds, record 
extensive evaporite deposition in the 
basin.

Figure 3

Figure 4

A number of cores that recover marker-bed strata from the 
Prairie Evaporite Formation were reviewed from locations 
west of the dissolution scarp, and from the east where only 
sulphates remain (cross-section B-B'). A number of cores 
taken from the top of the Keg River Formation and the 

Prairie Formation “laminites” were also reviewed for comparison. West of the dissolution 
scarp, the White Bear and Conklin marker beds comprise laminated to massive to cryptalgally 
laminated dolomudstone beds associated with anhydrite and lesser shale deposited in 
sabkha-like environments, all of which are encased in halite. East of the dissolution scarp, 
dolomudstone beds—interpreted to be correlative with the White Bear, Conklin, and other 
unmapped marker beds—are encased in anhydrite with gypsified margins bordering the 
dolostones. Increased thicknesses and inclined to brecciated bedding of carbonate beds east 
of the scarp suggest amalgamation of such beds through dissolution of intervening sulphates. 
Dolomudstones, including the Prairie “laminites”, east of the scarp exhibit varying degrees of 
dedolomitization consistent with diagenesis in a mixed carbonate-evaporite system.

Precursor dolomite:
crypto- to very fine crystalline dolomicrite

P = pore

Partial dedolomitization
of dolomicrite

Euhedral to anhedral
dedolomite mosaics (some
rhombic forms) with cloudy

cores of remnant dolomicrite;

Replacement of all
dolomicrite; dedolomite

mosaic with diffuse crystal
boundaries 

P
P

P
P

P
P
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Problematic Fluorite

Although fluorite crystallization is most commonly related to burial-stage diagenesis in association with organics (source of fluorine) (e.g., Aulstead and Spencer, 1985), textural 
fabrics in the Prairie marker beds, and absence of fluorite in marker beds west of the dissolution scarp, suggest its formation in the late near-surface diagenetic environment, with 
organics in the dolomudstones as a potential source for fluorine. Fluorine may also be derived from brine inclusions in halite and sulphates, which are released during dissolution. 
Photomicrographs above show fluorite associated with organics and gypsum crystal terminations after anhydrite laths.

The pattern of decreasing δ13C(PDB) and δ18O(PDB) 
values in the marker bed and Prairie “laminites” is 
consistent with meteoric diagenesis. Samples taken 
from dedolomitized sections show a clear negative 
deviation from the estimated ranges for δ13C(PDB) and 
δ18O(PDB) for Middle Devonian seawater carbonate 
(Veizer et al., 1999). Negative shifts in isotopic 
values are evident in data from single thin sections 
that grade from precursor dolomite to dedolomite 
(see thin section to the left). Precursor dolomites 
from the marker beds west of the scarp, and from 
the underlying Keg River Formation, fall within the 
estimated range for the Middle Devonian. 

The negative shift in δ13C(PDB) values in the marker 
bed dedolomites is interpreted as the influence of 
meteoric-derived CO2 and / or CO2 derived from the 
oxidation of organic matter during diagenesis. 
Evidence for the latter process is best documented 
in the dedolomitized, organic-rich beds of the Prairie 
Evaporite laminites, which yield highly negative 
δ13C(PDB) values (light blue open circles).

Precursor lime mud

Dolomitization: secondary
dark-cored, zoned
dolomite rhombs (burial)

Dedolomitization of
secondary dolomite 
rhombs 

An example of dedolomitization of secondary burial dolomite from 
the Devonian Hunter Formation of Arizona (Kenny, 1992). These 
textural characteristics are commonly reported in the literature; burial 
dolomitization creates masses of aggrading neomorphic dolomite 
rhombs with “cloudy” cores and inclusion-free, limpid zoned rims. 
This texture can be preserved during dedolomitization.

Euhedral (rhombic) to anhedral cloudy core dedolomite can also be produced from a precursor 
dolomite that consists of dolomicrite that has not undergone aggrading neomorphism during burial 
diagenesis to produce secondary dolomite rhombs. In this case, the cloudy cores in the dedolomite 
mosaics are remnant dolomicrite that have yet to be fully replaced by calcite. Distinct rhombic to 
sub-rhombic crystals of twinned calcite are observed. The relatively clear rims and cloudy cores may 
be confused with a precursor carbonate rock that consisted of burial dolomite rhombs as in the Hunter 
Formation in the previous example.

Devonian Hunter Formation Prairie Evaporite Marker Beds

An example of C1-D 
crystals, some with 
remant D1', surrounded 
by C2 which lines open 
pores or pores filled with 
gypsum. Note the 
fluorescing C1-D relative 
to the non-fluorescing 
C2.
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Mapping of the Paleozoic succession in northeastern Alberta has been undertaken to better 
understand the distribution of Devonian strata underlying the economically important oil sands 
areas. The Prairie Evaporite Formation represents an important unit as it has undergone 
extensive intrastratal karstification through the influx of basin-margin-derived meteoric water. 
Top-down dissolution of halite and sulphates within the Prairie Evaporite has led to structural 
compensation and subsidence of the overlying Devonian succession. Within the Prairie Evaporite, a 
number of marker beds comprising dolomicrite and anhydrite record decreases in the intensity of 
evaporitic drawdown across the restricted basin in Alberta. These marker beds are laterally 
continuous, and are shown to have survived the dissolution events in the zone of halite dissolution 
and further eastward. These marker beds display complex diagenetic fabrics that are consistent with 
diagenesis under the influence of meteoric water, and in the presence of sulphates. A number of 
important findings are presented below.

• East of the Prairie Evaporite halite dissolution scarp, less soluble sulphates remain in the Prairie 
Evaporite succession, and display extensive gypsification (rehydration).

• Gypsification of anhydrite also occurs immediately adjacent to undifferentiated dolomudstone 
marker beds that are considered correlative with mapped marker beds west of the dissolution scarp.

• The observed distribution of gypsum within the anhydrite of the Prairie Evaporite succession is 
consistent with top-down dissolution, and points to the dolomudstone marker beds as conduits for 
fluid flow in northeastern Alberta.

• With the amalgamation of marker beds through the dissolution of intervening 
sulphates, Prairie Evaporite marker beds may form significant conduits for flow in 
areas east of the dissolution scarp. Dedolomitized Prairie “laminites”, resting on or near the 
Keg River Formation, have been previously interpreted as potential aquifers within the region 
(Stoakes et al., 2013), however, these units are much less laterally extensive, and potentially 
discontinuous, given that they are restricted to the interbuildup basins of the Keg River Formation.

• Varying degrees of dedolomitization within the dolomudstone marker beds, which occurs 
exclusively in close proximity to rehydrated anhydrite (i.e., gypsum). This suggests that the 
dissolution of the sulphates was a primary source for the Ca2+ needed for the dedolomitization of the 
precursor dolomudstones—a finding consistent with a number of diagenetic studies assessing the 
nature of dedolomitization within carbonate-sulphate systems.

• Stable C and O isotope data corroborate the interpretation that dedolomitization resulted from 
fluids derived from a meteoric source.

• Dedolomite fabrics within the marker beds are similar to those observed in rocks in which the 
precursor dolomite comprised secondary burial rhombs with cloudy cores and more limpid rims. 
Here we show that aggrading neomorphism of fine-grained carbonates during burial 
diagenesis, resulting in rhombic crystal fabrics, is not necessary to produce cloudy 
cored euhedral (rhombic to sub-rhombic) textures during dedolomitization—these 
dedolomite textures can be derived from a dolomicrite precursor.

• The use of reflected light microscopy greatly aides in distinguishing remnant dolomicrite (D1') from 
inclusion-rich burial-dolomite cores in dedolomite fabrics.

• Based on textural characteristics and location considerations within the marker beds, fluorite 
is interpreted as authigenic and to be part of the telogenetic sequence, rather than having formed 
during burial stages.

Mapping of the Middle Devonian Prairie Evaporite Formation was 
undertaken as a part of a regional assessment of Paleozoic strata 
in the oil sands areas of northeastern Alberta (Fig. 1). A major goal 
of the mapping program included a reassessment of the 
Prairie Evaporite halite dissolution scarp, a major NW–SE-trending 
intrastratal karst feature that has had a significant impact on the 
sedimentary succession in the region. During orogenic loading and 
the westward tilting of the Devonian succession, the Prairie 
Evaporite Formation was exposed along the eastern basin margin 
prior to and during Early Cretaceous deposition. Influx of meteoric 
water resulted in intrastratal karst within the succession.To better 
determine the location and architecture of the scarp, cumulative 
evaporite mineral (halite, anhydrite, and gypsum) mapping was 
undertaken to assess the nature and degree of dissolution within 
and east of the scarp. Evaporite mineral mapping was coupled with 
detailed correlation of Prairie Evaporite member- and marker-bed 
stratigraphy (Fig. 2). Marker beds are regionally extensive and 
consist of dolomudstone and anhydrite beds with lesser shale. 
They record pauses in evaporitic drawdown within the basin during 
the Middle Devonian. East of the dissolution scarp, the marker 
beds have survived dissolution, and show distinct diagenetic 
characteristics that point to the infiltration of meteoric water from the 
basin margin. The dolomudstone beds are partially to fully dedolomitized, 
and the anhydrite that encases them have been rehydrated to gypsum to 
varying extents. These observations, coupled with the results of detailed 
petrography and stable isotope analysis, point to the carbonate marker beds as 
being conduits for the infiltration of basin-margin derived meteoric water. A 
paragenetic sequence is presented, as well as a model for the dedolomitization of a 
cryptocrystalline to very finely crystalline dolomicrite precursor. 
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An example of C2 
(calcite cement) 
replacing A2 
(anhydrite) within G2 
(poikilitopic gypsum). 
C1-D (dedolomite) 
is characterized by the 

presence of remnant unstained 
dolomicrite inclusions (D1'), best 
observed in reflected light microscopy.


