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Abstract 

The discovery of anonymously thick Cretaceous-age coal deposits in east-central 

Saskatchewan in 2008 generated a great deal of interest in the province and raised a 

number of geologic questions. Unlike other parts of the Saskatchewan where Mannville 

coals are laterally extensive and restricted to a few metres of thickness, these deposits 

appeared to be hosted in isolated ‘sub-basins’ with coal thicknesses exceeding 100 m. 

Coal accumulating in these thicknesses is exceptionally rare, comprising less than 1% of 

global deposits. The remarkable nature of these deposits provided the impetus for this 

study, with the aim of unravelling the geologic processes responsible for their 

development. 

A reconstruction of the depositional history in east-central Saskatchewan, within the 

context of the development of the Western Canada Sedimentary Basin, showed that the 

study area was subject to a unique mixture of marginal marine and terrestrial sedimentary 

environments at various stages through the Devonian to Cretaceous periods. These 

settings exposed the project area to a number of geologic processes that facilitated the 

development of these coal deposits.  

Seventeen separate deposits have been discovered in the study area, and are delineated by 

over 140 drillholes. Detailed logging was conducted on 103 of these drillholes and the 

results were used to correlate the lithologic units with documented regional stratigraphy. 

Stratigraphic correlations across the sub-basins revealed abrupt changes in elevations of 

Paleozoic strata, over horizontal distances of less than 100 m. These changes reflect 

paleotopographic lows which appear to have developed on the Paleozoic carbonates by 

karsting or erosion, or a combination of the two.  
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In the absence of obvious geologic process indicators, the best approach to understanding 

the development these sub-basins was to model their morphologies and compare them 

against current landforms. Stratigraphic logs were used to create 3D models for the eight 

deposits with the best well-control. The dimensions and morphologies of the sub-basins 

are most akin to modern day karst polje landforms. Base level polje landforms can 

develop restricted hydraulic systems creating an ideal setting for thick accumulations of 

peat. 

The coal in these deposits is a result of in-situ peat growth and auto-compaction in a 

limnic setting free of marine influence. A combination of dewatering and pore space 

reduction of the peat under its own weight allowed coal to begin to form at the base of the 

organic column, coincident to overlying peat growth. Periodic influxes of terrestrial, 

fluvial sediments introduced erratically distributed sand seams and partings into the coal 

beds. Peat growth terminated when a marine incursion blanketed the project area but 

subsidence, derived from the ongoing maturation of peat to coal, was active throughout 

the remainder of the Lower Cretaceous and the effects are recorded by changes in 

elevation of the formation surfaces from the sub-basin periphery to depocentre.  
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Chapter 1.0 Project Overview 

In the spring of 2008, junior exploration company Goldsource Mines Inc. (Goldsource) 

was exploring for kimberlites in east-central Saskatchewan by drilling discrete circular 

magnetic anomalies with coincident electromagnetic signatures. Although no kimberlites 

were discovered, the company reported intersecting over 30 m of coal, an unusually large 

thickness, within the Lower Cretaceous stratigraphy. The discovery ignited an 

unprecedented staking rush for coal in Saskatchewan with over 4 million hectares of land 

being selected all along the shield margin. Subsequent exploration revealed the deposits 

to be more discrete than initially hypothesized and most of the exploration interest 

subsided, but not before 17 separate deposits were identified in an area north of the town 

of Hudson Bay, and east of the Pasquia Hills toward the Manitoba border. This thesis will 

examine the stratigraphy and genesis of these coal deposits. 

1.1 Objectives 

The occurrence of coal in Mannville Group sediments has been well documented in 

several regions across Saskatchewan, but rarely in thicknesses exceeding a few metres. 

The unique morphology and thickness of the coal deposits in the Hudson Bay area were 

unprecedented anywhere in the province or even the country. Subsequent to the start of 

this project, discoveries of coal deposits of apparent similar nature were reported just 

across the border in Manitoba, but very little information on them has been released to 

the public (MacNeill and Bamburak, 2011).  

The discovery of these anomalous coal occurrences in Saskatchewan and Manitoba raises 

a number of questions. What role, if any, did karsting play in creating the accommodation 
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space for the coal? Could enough peat grow in these paleotopographic lows to create over 

100 m of coal, or was the organic material transported into its current location? 

The objective of this study is to characterize these deposits and to determine the geologic 

processes that facilitated their creation and preservation. Since these coal accumulations 

appear to infill paleotopographic lows, and are bounded laterally by Devonian 

carbonates, reconstructing the Devonian paleotopographic surface (or sub-Jura-

Cretaceous unconformity) is necessary to provide the best insight into the processes that 

created the accommodation space for these deposits.  

1.2 Approach 

Nearly all significant coal intersections were sampled for analysis by Goldsource prior to 

the onset of this project, leaving only the stratigraphic units above, below and peripheral 

to the deposits for logging. Although the coal intersections may have provided some 

insights, the stratigraphy in and around the deposits provides the best evidence to explain 

the geologic processes that impacted local formations.  

Lithologic logging, stratigraphic correlation and three-dimensional modelling were 

determined to be the best approach to understanding the genesis of these deposits. The 

locations of the main coal deposits and their associated drillholes are illustrated in 

Appendix A, where drillhole collars, depths and orientations are also listed. 

1.3 Methodology 

After a synopsis of the historic geologic research conducted in the project area was 

completed (Section 1.5) a reconstruction of the depositional and erosional intervals that 

impacted the resulting stratigraphy of the project area, with respect to the evolution of the 

Western Canada Sedimentary Basin (WCSB), was conducted (Chapter 2).  
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Decimetre-scale lithologic logging was conducted on 103 of the 146 holes that have been 

drilled to date across the study area. Downhole gamma-neutron and density well logs 

aided logging in areas of poor core recovery and in areas where the core was badly 

broken. Chapter 3 provides more information on the lithologic logging procedures 

utilized in this study. Appendix B is an example of the lithologic field log and shows all 

of the types of geologic observations recorded. Appendix D contains complete digital 

copies of all 103 field logs. 

Initial core logging focused on areas with the highest concentration of wells. The Pasquia 

area sub-basins1 (Appendix A, Figure A3) were the first discovered and delineated, but as 

drilling continued the study was expanded to include the Niska, Chemong and Split Leaf 

regions, along with holes drilled peripherally to the coal deposits (Appendix A, Figure 

A1). Holes drilled away from the known deposits were also logged as they were thought 

to be more representative of undisturbed regional stratigraphy. 

After lithologic logging was completed the units identified were correlated with 

stratigraphic members and formations known to occur in east-central Saskatchewan using  

publications such as the Lexicon of Canadian Stratigraphy (Glass, 1990), and those by 

Christopher (2003), Dunn (1982), and many others. Chapter 3, Section 3.3 details 

examples of these comparisons and contains photos of all stratigraphic units identified.  

Stratigraphic formation picks were then superimposed on lithologic well logs and 

preliminary cross sections were constructed to assist in the correlation of local 

stratigraphic units. These initial cross sections provided insight into the changes in 

                                                            
1 The term sub-basin was first introduced by Goldsource. Although these deposits are not technically basins 
the term has been adopted by most authors researching these deposits including Morris et al. (2009), 
McQuaid et al. (2011) and MacNeill et al. (2011). 



 

4 
 

stratigraphy across the deposits, but were inadequate for understanding sub-basin 

morphology.  

Abrupt lateral changes in stratigraphy, the proximity of the project area to several 

generations of paleo-shorelines and the presence or absence of a number of soluble 

Devonian units are all indicators that karsting may have played a role in the development 

of these deposits. Chapter 4 is dedicated to investigating karsting processes, their 

resultant landforms and their potential applicability to the project area.  

Another key to understanding the formation of these deposits involves determining how 

much paleotopographic relief would have been necessary to accumulate the organic 

matter needed to create coal deposits in excess of 100 m thick. Chapter 5 reviews the 

occurrence of very thick coal beds, the peat-to-coal transformation process, and the 

implications for the deposits in the project area. 

It was determined that a 3D reconstruction was necessary to adequately assess the 

morphology of the deposits and to unravel the depositional history of the sub-basins. A 

better understanding of the morphology of the deposits should provide insight into the 

processes that created them. Chapter 6 details the 3D modelling process undertaken in 

this study and the results derived from the eight modelled deposits in the project area.  
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1.4 Study Area  

The study area is located in 

east-central Saskatchewan 

and encompasses over 

1200 km2 in a region north 

from the town of Hudson 

Bay and east of the Pasquia 

Hills to the Manitoba 

border (Figure 1). Surface 

elevation in the project area 

is among the lowest in the 

province, averaging about 

325 metres above sea level 

(masl). Road and rail access 

run along the west margin 

of the area. Topography 

east of the Pasquia Hills is 

dominantly flat, low-lying, 

marshland. Over 140 

diamond-drill core holes have been drilled in the area, and most have high quality 

geophysical log and drill cores available for study (Morris et al., 2009). 

Figure 1: Location of project area with digital elevation model backdrop.  
Crosses indicate locations of industry drillholes. 

3º00’ N 

102º00’W 
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Figure 2: Chart of stratigraphy in project area. Modified  

from Saskatchewan Ministry of the Economy. 

1.5 Previous Research 

Prior to the discovery of 

anomalously thick coal deposits 

in the spring of 2008, the area 

just north of Hudson Bay and 

east of the Pasquia Hills had 

received remarkably little 

attention, from a geological 

perspective. A lack of well 

control and poor outcrop 

exposure meant that much of 

the published information on 

stratigraphy underlying the area 

had been inferred from other 

regions and extrapolated to this 

area. Figure 2 is a chart of the 

stratigraphic units expected to 

be present in the study area. 

Initial work on the Paleozoic 

rocks outcropping along the 

shield margin in eastern 

Saskatchewan and western 

Manitoba can be traced back as 
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far as 1892, when J.B. Tyrrell and the Geological Survey of Canada published a report on 

the outcrops that span the two provinces (Tyrrell, 1892).  

1.5.1 Paleozoic Stratigraphy in Project Area 

Baillie (1951) introduced the term Interlake while mapping exposed Silurian rocks in 

western Manitoba, many of which can be correlated into eastern Saskatchewan. One of 

the first detailed studies of outcropping Ordovician and Silurian strata in east-central 

Saskatchewan was conducted by Kupsch (1952), in which he identified carbonates of the 

Ordovician Red River, Stony Mountain, and Stonewall formations, as well as carbonates 

of the overlying Silurian Interlake Group. Dunn (1982) utilized over 300 wells to 

correlate the Devonian Dawson Bay Formation and its members across Alberta, 

Saskatchewan and Manitoba. Dunn’s well trace, however, was significantly south of the 

project area. Lane (1985) conducted extensive research on the Lower Upper Devonian 

Souris River Formation of the Manitoba Group. His area of study encompassed most of 

southern Saskatchewan, but not as far north as the current project area. Utilizing 

geophysical well logs and faunal evidence, Broughton (1981) correlated stratigraphy of 

the Silurian Interlake Group in southeast Saskatchewan and into Manitoba. Haidl (1988) 

used a combination of drill cores and geophysical well logs from four sites west of the 

Pasquia Hills to correlate sub-surface Ordovician and Silurian Strata. Jin et al. (1999) 

used biostratigraphic logging of drill cores to correlate Silurian strata through north-

central Saskatchewan into the Paleozoic outcrop belt in western Manitoba.  

1.5.2 Mesozoic Stratigraphy in Project Area 

Due to the relative lack of outcrops, Mesozoic units in the area have received 

considerably less attention. Babey (1955) mapped sand exposures along the Red Deer 
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River to the south and east of the town of Hudson Bay. He described unconsolidated 

sand, and soft sandstone with a few harder indurated layers, which he attributed to the 

Lower Cretaceous Mannville Group. He also identified grey shale, plastic clay, green 

sand, carbonaceous shale and coal occurrences in and around the unit. Beck (1974) 

mapped a series of river and stream cut-banks in the Pasquia Hills area, and was able to 

identify units of the Lower Cretaceous Mannville Group and Lower to Upper Cretaceous 

Colorado Group.  

In the mid-1990s the Saskatchewan Research Council (SRC), published a series of 

geologic and groundwater resource reports, including some for the Pasquia Hills 

(Millard, 1997) and Hudson Bay (Millard, 1996) areas. The reports provided detailed 

information on the Quaternary sediments as well as the stratigraphy of the Mannville 

Group sandstones and the Colorado Group shales. Christopher (2003) compiled massive 

amounts of data to produced regionally extensive maps of the Jura-Cretaceous Success 

and Cretaceous Mannville formations across Saskatchewan. 

More recently the Manitoba Geological Survey, in partnership with Westcore Energy 

Ltd., released a report on a study into the geology and morphology of the cretaceous coal 

basins which lie about 30 km to the east of the project area sub-basins (MacNeill and 

Bamburak, 2011). Although the authors focused more on coal properties, and discussed 

the deposits with respect to Manitoba stratigraphic nomenclature, it is clear that many of 

the same preliminary conclusions that were drawn are similar to those presented by this 

author in Berenyi et al., (2009) and Berenyi, (2010). 
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1.5.3 Regional Compilations of Particular Use in This Study 

The Alberta Geological Survey maintains a detailed compilation of works that profile the 

various stages of evolution of the WCSB. Mossop and Shetsen (1994) compiled 

contributions from numerous sources including industry partners as well as provincial 

and federal surveys. Recently, under the Targeted Geoscience Initiative II (TGI) program, 

the Manitoba and Saskatchewan Geological Surveys, in partnership with the Geological 

Survey of Canada, evaluated the hydrocarbon potential of eastern Saskatchewan and 

western Manitoba. This endeavor yielded detailed stratigraphic reports, as well as 

structure contour and isopach maps, of the various formations of the WCSB. These two 

compilations, along with the work by Christopher (2003), provide the most useful 

comprehensive descriptions of the regional stratigraphy anticipated to be in the project 

area.  

1.6 Summary of Study Objectives and Challenges 

The objective of this study is to better understand the geologic processes that enabled the 

creation and preservation of the anomalously thick coal deposits in the Hudson Bay area 

of east-central Saskatchewan.  

The project area covers a very small portion of Saskatchewan and is adjacent to Manitoba 

boundary where additional discoveries, of apparent similar nature, have subsequently 

been made (MacNeill et al., 2011). The project area has some of the lowest topography in 

the province, and the surface is typically wet and marshy in the summer with little 

outcrop exposure; conditions not conducive to surficial geological investigations. The 

bulk of the geologic research in the literature listed above pertains to regions of the 

province well south of the project area. Details of the stratigraphy in the project area have 
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been largely derived from subsurface correlations and extrapolations of well data from 

tens or even hundreds of kilometres away.  

Although the previous studies such as those by Baillie (1951), Lane (1985), Kent (1994), 

and Christopher (2003) provide a good approximation of the formations expected to be 

present in the project area, the work can not account for the localized abrupt changes in 

paleotopography and the paleotopographic lows in which the coal deposits appear to be 

hosted. A thorough reconstruction of the depositional history of the project area is needed 

to provide insight into the types of stratigraphy that would have been deposited and 

preserved in the region.  
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Chapter 2.0 Depositional History of the Study Area 

The depositional history of east-central Saskatchewan is best understood when explained 

in the context of the evolution of the WCSB. Development of the WCSB and its 

components is correlative with the tectonic evolution of the North American proto-

continent and the development of the Cordilleran orogenic belt (Porter et al., 1982).  

Deposition into the WCSB and preservation of Precambrian sediments was restricted to 

British Columbia and western Alberta, and there is no evidence that Precambrian 

sediments are present in the project area. A pronounced, regionally extensive 

unconformity separates Precambrian and Cambrian sequences. The interpreted 

Precambrian erosional surface ranges from approximately -120 masl in the southwestern 

portion of the project area up to +100 masl in the northeastern portion of the project area 

(TGI Williston Basin Working Group, 2008a). 

2.1 Paleozoic Sedimentary History in the Project Area 

The Deadwood, Winnipeg, Red River, Stony Mountain and Stonewall formations are all 

anticipated to have been deposited as far north as the project area, with the latter four 

formations expected to have been preserved (Mossop and Shetsen, 1994). The presence 

or absence of these formations however cannot be confirmed since no holes were drilled 

deeper than the Silurian Interlake Formation. 
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Figure 3: Lower Silurian paleogeography.  
Modified from Mossop and Shetsen (1994). 

Kent (1994) concludes that during the Lower Silurian there is a diminishing carbonate 

sea when ecological reefs were plentiful on the eastern portion of the platform (Figure 3). 

In east-central Saskatchewan, these reef-bearing units comprise a large portion of the 

Interlake Group. The Interlake Group is composed of finely crystalline dolostone with 

oolitic, fossiliferous, stromatolitic, and biohermal interbeds (Glass, 1990). In Manitoba, 

the Interlake is subdivided into the Moose Lake, Atikameg, East Arm and Cedar Lake 

formations. In Saskatchewan the Interlake Group is rarely divided beyond Upper and 

Lower Interlake formations (Kent, 1994), however Broughton (1981) subdivided the 

Interlake Group in Saskatchewan into three units. The Lower Interlake Formation is a 

pale grey, finely laminated to microgranular dolomite, which was locally oolitic and 

packed with intra-formational clasts and pellets. The Middle Interlake is described as a 
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uniform pale grey, microgranular, locally anhydritic dolomite and dolomitic mudstone 

with interbedded dolomitized limestone. He also identified a small Upper Interlake unit, 

characterized by pale grey dolomites with thinly bedded green to greenish-grey dolomitic 

shales and greenish to purplish argillaceous and anhydritic dolomites (Broughton, 1981).  

The Interlake Group is estimated to be as thick as 75 m in the southwest of the project 

area but tapers northeast and is not present in the northeast corner of the project area. The 

unit also becomes shallower toward the northeast, with its projected surface ranging from 

+40 to +240 masl in the southwest to northeast extremities of the project area, 

respectively (TGI Williston Basin Working Group, 2008 j and k). A relative sea level 

drop marked the end of the Silurian deposition and was followed by a 36 Ma period of 

exposure and erosion of many of the units laid down to this point in the WCSB (Haidl, 

1987). 

According to Kent (1994) the next stages of sedimentation in the WCSB can be divided 

into four sub-intervals spanning the Middle-Devonian (DM1 to DM4), which began with 

the inundation of an elongate intra-cratonic embayment and ended with a broad carbonate 

shelf that was marginal to a reef-bounded shale basin.  
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Figure 4: Lower Middle Devonian paleogeography.  

Modified from Mossop and Shetsen (1994). 

The dolomitic red shales of the Ashern Formation are the initial transgressive deposits 

(DM1) of what is called the Elk Point Basin (Figure 4). The Lower Middle Devonian 

Ashern Formation was deposited unconformably on an eroded landscape, as evidenced 

by its infilling of topographic lows and common brecciation at the formation’s base 

(Kent, 1994).  

The projected top of the Ashern Formation is deepest (+40 masl) in the southwestern, and 

most shallow (+240 masl) in the northeastern portions of the project area, respectively. 

The inferred thickness of the Ashern Formation in the project area is quite variable, 

ranging from 0.0 m in the north, to about 8.5 m in the south. The TGI Williston Basin 

Working Group, (2008m) isopach map of the Ashern also shows isolated highs, where 
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Figure 5: Original depositional boundary of the Winnipegosis 

Formation and the current projected edge. Modified from Mossop and 
Shetson (1994) and TGI Williston Basin Working Group (2008). 

the formation attains thicknesses of up to 20 m directly south and southwest of the project 

area. These localized areas of thicker deposition may be attributed to the Ashern draping 

on, and infilling, topographic lows on the erosional surface of the Interlake (TGI 

Williston Basin Working Group, 2008 l and m). The projected depositional boundary of 

the Ashern Formation proposed by Mossop and Shetsen (1994) coincides with the current 

distribution of the formation mapped during the Targeted Geoscience Initiative II 

research program (TGI Williston Basin Working Group, 2008 m). 

The second Devonian sub-interval of deposition (DM2) occurred when the sea continued 

to transgress toward the southeast, forming a deeper-marine, carbonate-depositing 

environment. Sediments deposited were typical of a shallow-shelf environment, with 

equal rates of deposition and subsidence, and fossil species dominated by brachiopod and 

crinoids faunas. This was 

followed by a period when 

deposition exceeded subsidence, 

forming broad carbonate wedges 

at the margins of the basin and 

banks of both ecological and 

stratigraphic reefs grew from the 

basin floor (Kent, 1994). 

In Saskatchewan, these DM2 

deposits are associated with the 

Winnipegosis Formation.  

The Winnipegosis Formation 
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conformably overlies the Ashern Formation and is commonly subdivided into a lower 

platform-facies dolostone member and an upper member reefoid or inter-reefoid-facies 

dolostone (Martiniuk, 1992).  

In the project area, the Winnipegosis Formation is projected to have thicknesses of 

greater than 30 m in the south and tapers out in the north. The depth of the Winnipegosis 

Formation also varies significantly, ranging from an estimated +80 m masl in the south to 

as shallow as +280 masl in the north (TGI Williston Basin Working Group, 2008n and o). 

The proposed current erosional boundary of the Winnipegosis trends northwest to 

southeast and coincides with the northern margin of the project area (Figure 5; TGI 

Williston Basin Working Group 2008m).  

Subsequent development of the Presqu’ile Barrier Reef restricted and contracted the Elk 

Point sea, exposing the Winnipegosis Formation and creating a marginal-marine 

environment in the project area (Figure 5). During this interval, Holter (1969) identified 

three depositional sub-basins within the Elk Point Basin, in northern Alberta, central 

Alberta and Saskatchewan. The restricted interior seaway and a warm arid climate 

created ideal conditions for the deposition of redbeds and evaporites. Fuzesy (1982) 

identified three evaporite cycles during the Middle Devonian, each starting with red 

shale, followed by carbonate deposition and ending in evaporite salts (Figure 6). These 

cycles correspond well with Kent’s (1994) sub-intervals of Devonian deposition. 

According to Fuzesy, the Ashern, Winnipegosis and Prairie Evaporite formations 

together constitute the first of these cycles. 
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Figure 6: Middle Devonian paleogeography. Modified from Mossop and Shetsen (1994). 

 
Figure 7: Distribution of the Prairie Evaporite relative to the project area. 

Modified from Mossop and Shetson (1994). 

The Prairie Evaporite Formation consists of a basal anhydrite overlain by thick 

accumulations of halite, often with potash minerals near the top, and has  

been subject to extensive 

dissolution since the late 

Middle Devonian and has 

some, well-defined (and some 

not so well defined) solution 

edges.  

The depositional edge of the 

Prairie Evaporite Formation 

proposed by Mossop and 

Shetsen (1994; Figure 7) 
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Figure 8: Upper Middle Devonian paleogeography. Modified from Mossop and Shetsen (1994). 

terminates approximately 40 km southwest of the project area. Fuzesy (1980) suggested 

that initial deposition of these evaporites likely extended as far as the present day 

Phanerozoic margin in western and central Saskatchewan. Kent (1994) supported 

Fuzesy’s theory and noted that the Elk Point Subgroup was likely deposited at least 

100 km beyond its present erosional edge.  

The next sub-interval of Devonian deposition (DM3) occurred when continued 

transgression further inundated the cratonic platform and exceeded the boundaries of the 

Elk Point Basin, spreading far south into Montana (Figure 8). 

Deposition on the shallow platform was cyclical, with shallowing-upward sequences of 

carbonates to evaporites, commonly punctuated by influxes of mudrock (Kent, 1984). 

Sedimentation during this period corresponds with the second cycle proposed by Fuzesy 
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(1982), and is contained entirely within the Dawson Bay Formation. The basal Second 

Red Bed Member is followed by the Burr and Neely carbonate members, which are 

overlain in areas by the Hubbard Evaporite Member. The Second Red Bed Member lies 

conformably on the Prairie Evaporite Formation, where the latter is present. In areas 

where the Prairie Evaporite Formation is absent, these basal red, dolomitic mudrocks 

disconformably overlie carbonates or anhydrites of the Winnipegosis Formation (Dunn, 

1982). The Burr Member conformably overlies the Second Red Bed Member and 

consists of a poorly fossiliferous, argillaceous carbonate that is commonly mottled by 

bioturbation. The Neely Member disconformably overlies the Burr, separated by an 

argillaceous marker bed. The Neely Member is a microcrystalline limestone with 

common brachiopods, gastropods and corals (Dunn, 1982). The Hubbard Evaporite was 

likely common at the top of 

the Dawson Bay 

Formation, but the present 

day distribution of this 

member is restricted 

mainly to southeastern 

Saskatchewan (Nicolas and 

Barchyn, 2008). There is 

no evidence of deposition 

or preservation of the 

Hubbard Evaporite in the 

project area, and it is  
Figure 9: Depositional edge of Dawson Bay carbonates and evaporites (modified 
from Mossop and Shetson, 1994) and thickness contours of current distribution of 

Dawson Bay Formation as interpreted by TGI Williston Basin Working Group 
(2008r). 
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unlikely that this member played any role in potential karsting processes. 

In the project area, depth to the top of the Dawson Bay Formation is projected to range 

from +120 masl in the southwest to as shallow as +280 masl in the northeast. The 

formation is expected to be absent in the far north of the project area (Figure 9) and to 

attain a thickness of greater than 100 m in the southern portion of the project area, where 

an apparent anomalous thickness occurs, likely due to draping on the undulating 

Winnipegosis Formation paleo-surface (TGI Williston Basin Working Group, 2008 q and 

r). In a similar fashion to the first two Middle Devonian depositional cycles, Fuzesy 

(1982) interprets the third cycle as starting with deposition of the First Red Beds Unit of 

the Davidson Member carbonate and ending with the Davidson Evaporite Member. These 

sequences represent the lower 

half of the Souris River 

Formation. The Davidson 

Evaporite is restricted to south-

central Saskatchewan, and is 

not likely to be, or have been, 

present in the project area 

(TGI Williston Basin Working 

Group, 2008s). These cyclical-

style deposits characterize the 

lithology seen in the Harris 

and Hatfield members of the 

Upper Souris River Formation 
 

Figure 10: Current projected extents of Devonian formations  
remaining in project area. Modified from TGI Williston  

Basin Working Group (2008 a to ad). 
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(Nicolas and Barchyn, 2008). Evaporites of the Lower and Upper Harrison Members are 

also believed to have been restricted to south-central Saskatchewan, and not likely to be 

present in the project area (TGI Williston Basin Working Group, 2008 t and u). The First 

Red Beds Unit of the Souris River Formation is the youngest Paleozoic strata identified 

in the drill cores examined in this study. Although the Duperow Formation was projected 

to have been deposited in the project area (TGI Williston Basin Working Group, 2008u), 

the formation that Kent (1994) identified as begin deposited during the Middle-Upper 

Devonian (sub-interval DM4), was not observed in any drill cores during logging (TGI 

Williston Basin Working Group, 2008v).  

The DM4 sub-interval was responsible for the deposition of the remaining sediments in 

the late Devonian, including the Saskatchewan and Three Forks groups, neither of which 

are preserved in the project area. No other strata are believed to have been deposited in 

the project area for the remainder of the Paleozoic Era (Mossop and Shetsen, 1994). 

Figure 10 shows the current distribution of formations in the project area as anticipated 

by TGI Williston Basin Working Group (2008). 
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Figure 11: Distribution of Success S2 Formation in Saskatchewan. 

 Modified from Christopher (2003). 

2.2 Mesozoic Sedimentary History in the Project Area 

The first Mesozoic sediments did not get deposited in the project area until late in the 

Jurassic Period. The Upper Jurassic Success S1 Formation is interpreted to be shoreface 

sandstones that accumulated in southern Alberta and Saskatchewan (Christopher, 1984). 

The Success S1 deposits were also confined to the southern half of Saskatchewan, and 

were not deposited in the project area.  

The Jura-Cretaceous 

Success S2 Formation, 

however, had a much 

broader distribution 

across Saskatchewan 

and may have been 

present around the 

project area (Figure 

11). Christopher (2003) 

described the Success 

S2 Formation as 

unconformity-bound, 

widespread kaolinitic 

and sideritic quartzose 

sandstones the current 

distribution of which 

represents surviving remnants of the succeeding Aptian pre-Mannville erosion. The 
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Punnichy Arch District, where Success S2 Formation sediments are known to overlie 

Upper Devonian carbonates, is the nearest region to the project area, that Christopher 

mapped the formation. Drastic variations in thicknesses of the Success S2 Formation 

(from 0 to 122 m), are attributed to infilling of pre-existing erosional valleys and salt-

dissolution sinks. In the absence of fully cored sections, stratigraphic correlations of the 

Success S2 Formation in his studied areas were conducted largely by geophysical well 

log and drill cutting interpretations (Christopher, 2003).  

During the early Lower Cretaceous, in the Hauterivian and Barremian ages, a significant 

sea level drop resulted in widespread erosion across the entire cratonic foreland. Near the 

end of the Barremian Age, allochthonous terranes began to accrete thrust sheets along the 

western continental margin, resulting in significant subsidence of the cratonic foredeep 

area and initiating deposition of Lower Cretaceous sediments of the Mannville Group 

(Hayes et al., 1994).  
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Figure 12: Middle Lower Cretaceous paleogeography.  

Modified from Mossop and Shetson (1994). 

Continental-style sedimentation, principally fluvial sandstones and conglomerates, 

dominated the earliest stages of the Lower Cretaceous deposition. The foreland was 

divided into a series of valley systems that were separated by paleo-highlands consisting 

of erosion-resistant remnant Jurassic sediments and Devonian carbonates (Figure 12). 

During this time the project area was likely subject to fluvial deposition associated with 

the Assiniboia Valley system, which was bound to the north and south by the Molanosa 

and Moosomin highlands, respectively.  

This stage of deposition is represented in southeast Saskatchewan by the basal Dina 

Member of the Cantuar Formation. Thickness of the Dina Member is quite variable, as it 

infilled topographic lows of up to 100 m deep. In stratigraphic ascending order, the 

Cantuar Formation in most of Saskatchewan consists of the: Dina, Cummings, 
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Figure 13: Lower Mannville paleogeography (Cummings Member). 

 Modified from Mossop and Shetson (1994). 

Lloydminster, Rex, General Petroleums, Sparky and Waseca members. The detritus for 

these sediments would have been derived from the exposed craton to the east 

(Christopher, 1984). Sediments of the Lower Mannville Dina (Figure 12) and Cummings 

(Figure 13) members were subsequently overlain by: the Lower Upper Mannville 

Lloydminster Member (Figure 14); the Middle Upper Mannville Rex, General 

Petroleums, Sparky and Waseca members (Figure 15); and the Upper Mannville Pense 

Formation (Figure 16; Christopher, 1984). 

In the early Albian Age, following the basal deposition of Cantuar sediments, a relative 

sea level rise caused tide-dominated embayments to advance southward along the 

Edmonton and Assiniboia valley systems (Figure 12). Episodic southward transgressions 

created a brackish bay style environment across much of southern Saskatchewan 
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Figure 14: Lower Upper Mannville paleogeography (Lloydminster). 

 Modified from Mossop and Shetson (1994). 

(Figure 13). Deposition associated with the Cantuar Formation at this time was 

represented by the Cummings Member, a thin, coarsening-upward sequence of 

mudstones, siltstones and lenticular sandstones variably cemented with calcium carbonate 

and often indurated with white kaolinite.  

Kent (1984) noted that depositional breaks between the underlying Dina Member and 

overlying Cummings Member are commonly marked by the presence of coal seams. 

These Lower Cantuar Formation deposits are typical of a shallow, low energy 

environment. The marine transgression also allowed for significant reworking of fluvial 

sands within the Assiniboia Valley system (e.g. McLean and Wall, 1981; Smith, 1994). 
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Figure 15: Middle Upper Mannville paleogeography (Rex, General Petroleums, Sparky and  

Waseca members). Modified from Mossop and Shetson (1994). 

Sediments equivalent to the Lower Upper Mannville Group (Figure 14) and Middle-

Upper Mannville Group (Figure 15) Cantuar Formation may have consisted of 

transgressive marine shoreline to shallow-shelf sandstones, and some prograding marine 

shoreline deposits and fluvially derived quartzose sandstones (Smith, 1994; Figure 14). 

During this time, the project area was likely along the marine margin and may have been 

influenced by both shallow-marine and fluvial depositional systems. Proximity to the 

paleo-shoreline likely resulted in a blending and reworking of the sediments, as 

evidenced by the well sorted and poorly consolidated characteristics of samples of the 

Cantuar units recovered in the project area.  

Correlation of individual members of the Cantuar Formation (identified by Christopher 

(2003) and others) from other parts of the province to the project area was not possible in 
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Figure 16: Upper Mannville paleogeography (Pense Formation).  

Modified from Mossop and Shetson (1994). 

this study. In western Manitoba the Mannville-equivalent Swan River Formation is not 

generally subdivided beyond an upper and lower unit. In the project area, it is likely that 

deposition of coal forming material occurred during Lower Upper to Middle Upper 

Mannville (Figures 14 and 15), when a fluvial, proximal-shoreline environment would 

have dominated, with terrigenous sediment being sourced from the northeast. Sand 

partings and seams seen within the coal deposits examined in this study can be attributed 

to fluvial detritus from streams flowing to the southwest and meandering across the peat 

forming deposits. Peat growth and accumulation was likely terminated by the subsequent 

Upper Mannville marine transgression across the project area (Figure 16).  

In Saskatchewan, the Upper Mannville Group is represented by the Pense Formation, 

which is comprised of the basal McClaren and overlying Colony members. A gentle but 



 

29 
 

widespread unconformity is associated with the base of the Pense Formation, which can 

be attributed to the associated marine transgression (Christopher, 1984). The 

transgression created a variety of environments, including floodplain, estuarine, brackish 

bay, shoreline and shallow marine (Figure 16).  

Brackish bay environments dominated across much of east-central Saskatchewan, 

including the project area, where deposition of coarsening-upward sandstone cycles and 

other restricted-marine facies were common (Christopher, 1984; McNeil, 1984). 

Structure contour maps from the TGI Willison Basin Working Group (2008) indicate that 

the Mannville subcrop surface ranges from +280 masl in the west of the project area up to 

+320 masl in the east. Thickness of the formation is also projected to change 

significantly, from about 75 m in the southwest of the project area to less than 15 m in the 

northeastern portion (TGI Williston Basin Working Group, 2008w and x). 

Following the post-Mannville unconformity, a major sea level rise inundated most of the 

WCSB. The setting in east-central Saskatchewan at the time was likely a shallow-shelf 

environment (Figure 17). In most parts of Saskatchewan, the first stage of sedimentation 

of the post-Mannville Colorado Group (Figure 2) is represented by the shallow-marine 

Joli Fou Formation shale, which infilled many of the low regions of the paleotopography 

created by the post-Mannville unconformity (Smith, 1994). The Joli Fou Formation shale 

subcrops at about +300 masl in the southwest corner of the project area, and shallows 

toward the northeast. The formation has a projected thickness of up to 24 m in the 

southwest and thins to the northeast of the project area (TGI Williston Basin Working 

Group, 2008y and z). 
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Figure 17: Upper Lower Cretaceous paleogeography (Colorado Group).  

Modified from Mossop and Shetson (1994). 

Following, and in some areas coincident with, deposition of the Joli Fou Formation, the 

Viking Formation and its correlative units (Newcastle, etc.) were deposited across the 

vast majority of the WCSB in shoreface, shallow-shelf and marginal-marine 

environments producing interbedded sandstones and shales. The Viking Formation is as 

thick as 175 m in southwest Alberta, but becomes increasingly more shallow and thin 

towards the north and the east (Reinson et al., 1994). The anticipated depositional margin 

of the Viking Formation lies across the project area indicating that the formation may be 

sporadically distributed (shown as Shallow shelf in Figure 17). The Viking Formation is 

projected to occur only in the southwest portion of the project area, at elevations between 

+300 and +320 masl, ranging from 0.0 to 7 m thick (TGI Williston Basin Working 

Group, 2008aa and ab). 
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In the late Albian Age, a major relative sea level rise inundated the entire WCSB 

foreland, basin terminating deposition of the Viking Formation and initiating deposition 

of marine shale across the majority of the basin. The marine shale environment 

dominated deposition in east-central Saskatchewan for the remainder of the Cretaceous. 

Shales of the Westgate, Fish Scales, Belle Fourche, Favel, Morden, and Niobrara 

formations, of the Colorado Group, and the overlying Pierre Formation are all believed to 

have been deposited in east-central Saskatchewan. The extent of preservation of these 

shales in the project area is not entirely clear. The Westgate Formation is projected to be 

present in the southwestern half of the project area at elevations between +330 masl and 

+360 masl, and ranging in thickness from 0.0 in the northeast to about 20 m in the 

southwest of the project area (TGI Williston Basin Working Group, 2008ac and ad). The 

remainder of the overlying Colorado Group shales are also projected to have been 

deposited in the southwestern half of the project area, but at elevations that exceed the 

current surface elevation. Many of these units, including the Fish Scales, Belle Fourche, 

Favel and Morden formations have been identified in the adjacent Pasquia Hills area 

(Schröder-Adams et al., 1998) but do not appear to have been preserved in the project 

area. Figure 18 shows the current projected distribution of Mesozoic sediments across the 

project area, as interpreted by the TGI Williston Basin Working Group (2008 a to ad). 
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2.3 Quaternary Sedimentary History in the Project Area 

Quaternary cover in the 

project area is highly 

variable, attaining a 

maximum thickness in excess 

of 300 m in the Pasquia Hills 

area, but thinning 

significantly off the eastern 

flank of the hills. For the 

majority of the project area, 

cumulative Quaternary 

sediments average 26 to 36 m 

in thickness (Millard, 1996, 

1997). 

2.4 Summary of the Depositional History of the Project Area  

The depositional history of east-central Saskatchewan can be reconstructed with a fair 

degree of certainty when put into the context of the evolution of the WCSB, but the 

preservation of these units in the project area is not as straightforward.  

Ongoing stages of evolution of the North American proto-continent created prolonged 

intervals of deposition separated by lengthy periods of uplift and erosion. The Cambrian; 

Upper Ordovician to Lower Silurian; Middle to Upper Devonian; Jura-Cretaceous; Lower 

Cretaceous and Upper Cretaceous periods all had distinct intervals of sedimentation that 

 
Figure 18: Current projected extents of Mesozoic formations  

remaining in project area. Modified from TGI Williston  
Basin Working Group (2008). 
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resulted in multi-phase packages of similar strata. From the available literature it appears 

that the Winnipeg, Red River, Stoney Mountain, Stonewall, Interlake, Ashern, 

Winnipegosis, Dawson Bay, Souris River, Cantuar, Pense, Joli Fou, Viking/Newcastle 

and Westgate formations are likely to have been preserved in east-central Saskatchewan. 

The Deadwood, Duperow and Prairie Evaporite formations may have also been present in 

the project area at one time, but were likely eroded. 

The project area is unique in that it appears to have been marginal to many of these 

depositional environments, and the degree of preservation of specific packages of 

sediments is not readily evident. The confluence of terrestrial and shore-face marine 

environments can create a unique blend of geologic processes, which likely had a strong 

influence on the erosional/preservational history of the local strata.   
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Chapter 3.0 Lithologic Logging and Stratigraphic Interpretations 

Lithologic logging of drill cores from the project area, compared against a review of 

existing pertinent literature, allowed for the comparison of observed local units with 

established stratigraphic formations anticipated in east-central Saskatchewan. Contacts 

between observed lithologic units also helped establish the degree of conformity between 

formations and members in the project area.  

3.1 Lithologic Logging of Drill Cores 

During this project, a total of 14 386 m of drill core were logged over the course of three 

summers from 2009 to 2011. Core was logged from 103 of the 146 holes drilled in the 

project area. The cores were logged with assistance from University of Regina summer 

students Ron Leray (2009), Luc Chabanole (2010), and Julie Fillmore (2011). Logging 

was conducted outdoors at a core storage yard in Hudson Bay, Saskatchewan. Entire 

drillhole lengths were laid out on the ground so that the geology could be examined as a 

complete down-hole succession. All cores logged were photographed and representative 

samples were selected from each non-carbonaceous lithological unit. Any remaining coal 

or carbonaceous intervals were not sampled upon request of the company who drilled the 

holes. Section 3.3 contains representative photos of the common lithologic units observed 

in the core and highlights some of their associated textures and contacts. Condition of the 

drill core was generally quite poor, as most holes were stored outdoors and had been 

subjected to moisture as well as at least one freeze-thaw cycle. Core degradation, poor 

recovery and inaccurate depth tag placement culminated in an inability to reliably 

measure core depths beyond decimetre-scale accuracy. Appendix B illustrates the type of 

macroscopic observations that were recorded during logging and Appendix D contains 
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the results of all lithological logging conducted for this study. Parameters such as colour, 

grain size, texture, sorting, rounding, porosity, cementation, and fossil content were all 

utilized in differentiating lithologic units. Down-hole geophysical well logs aided in 

identifying lithological boundaries in areas where contacts were macroscopically 

ambiguous or when contacts were not present due to poor core recovery. Gamma, 

neutron and density logs were supplied by Goldsource in confidentiality, and as such 

cannot be disclosed as part of this report. The observations and lithologic interpretations 

collected during logging formed the basis for all stratigraphic correlations for the project 

area. 

3.2 East-Central Saskatchewan Stratigraphy 

Previous research by Baillie (1951), Kupsch (1952), Lane (1985), Haidl (1988), Kent 

(1994), and Christopher (2003) provide ample information of which stratigraphic 

formations and members are expected to be present in the region. Figure 2 illustrates 

stratigraphic units that are commonly observed in east-central Saskatchewan. 

Paleogeography maps from the WCSB Atlas (Edwards et al., 1994) indicate that the 

project area was proximal to the depositional and erosional margins of many of the 

Middle Devonian and Lower Cretaceous units that are thought to be present in east-

central Saskatchewan. Detailed isopach and structure contour maps produced during the 

TGI project indicate that the Winnipeg, Red River, Stony Mountain, Stonewall, Interlake, 

Ashern, Winnipegosis, Dawson Bay, Souris River, Cantuar, Pense, Joli Fou, 

Viking/Newcastle, and Westgate formations were likely deposited and preserved in the 

project area. The Deadwood, Duperow, Prairie Evaporite and Success S2 formations may 
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also have been deposited in the project area, but their current state of preservation is less 

well known (Nicolas and Barchyn, 2008). 

3.3 Project Area Stratigraphy 

The lithological logging information, along with down-hole gamma, neutron and density 

geophysical well logs, provided the basis for identification and correlations of formations 

and members in the project area. Most of the stratigraphic units encountered during 

logging correlate remarkably well with previous geologic studies. In areas where a unit 

was not readily identifiable, correlation was aided by relationships to more distinctive 

strata, such as the First Red Beds Unit and the Second Red Bed Member. The formations 

described below, in ascending order, were identified in the project area. 

3.3.1 Interlake Group (Interlake Formation)  

Baillie (1951) was the first author to formally employ the term Interlake Group while 

describing outcrops in the area between Lake Winnipeg and Lake Manitoba. Baillie used 

the term to represent all strata that overlay the Upper Ordovician Stony Mountain 

Formation and underlay the Middle Devonian Ashern Formation. Kupsch (1952) mapped 

what he suspected to be Silurian outcrops in east-central Saskatchewan, and described the 

lowermost Interlake Formation strata as pale yellow-brown, dense dolomite and 

dolomitic conglomerates with localized concentrations of 1 to 5 mm pebbles. In southern 

Saskatchewan, Broughton (1981) subdivided the Interlake Group into lower, middle and 

upper mappable units (Figure 19).  
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The lowermost Interlake Formation is described as thin argillaceous dolomitic beds 

resting on the laminated micro-dolomite of the Stonewall Formation (Broughton, 1981). 

These lower units are dominantly pale grey, finely laminated to locally oolitic micro-

granular dolomite with intra-formational clasts and pellets. The Middle Interlake, which 

he termed the Cedar Lake Formation, is described as a uniformly pale grey, micro-

granular dolomite and dolomitic limestone, which can be locally anhydritic with 

interbedded dolomitized limestone. Broughton (1981) also described the Cedar Lake 

Formation as having widespread thick reef facies and common birds-eye structures. 

Broughton described the Upper Interlake as pale grey dolomites with thinly bedded green 

 
Figure 19: Left) Stratigraphic classification scheme proposed for Interlake Group by Broughton, (1981)  

Right) Stratigraphic classification scheme proposed for Interlake Formation by Haidl, (1987). 
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to greenish-grey dolomitic shales, and greenish to purplish argillaceous and anhydritic 

dolomites. Haidl (1987) followed a very similar classification structure as Broughton 

(1981) but proposed that a lack of lithologic diversity, in combination with relatively few 

cored wells, meant that the Interlake Group could not be formally sub-divided into 

formations suitable to satisfy criteria established by the North American Commission on 

Stratigraphic Nomenclature. Haidl (1987) sub-divided the Interlake Formation into the 

Lower and Upper Interlake Units, with sub-units that correlate to Broughton’s formations 

(Figure 19). Haidl (1987) describes the Lower Interlake Unit as yellowish-grey, fine-

grained dolomites and micro-dolomites commonly with argillaceous and arenaceous 

laminae. Lower units commonly contain corals, brachiopods, stromatoporoids, 

gastropods and ostracods. Haidl (1987) attributed the Upper Interlake Unit as a sequence 

of yellowish-grey to yellowish-brown laminated dolomitized mudstones with common 

interbeds of dolomitized skeletal-peloidal wackestones and packstones. Argillaceous 

beds, with a potential terrigenous shale component, are similar to those in the Lower 

Interlake, but occur with less frequency. The uppermost portion of the Upper Interlake 

Unit contains intra-clasts, lithoclast breccias, fenestral fabrics and abundant dolomite 

cement (Haidl, 1987). 

The Interlake Formation was the deepest formation intersected in the project area and 

was observed in only five of the 103 holes logged, at sub-surface depths ranging from 

89.0 to 185.8 m, at an average of 145.7 m depth. Intersections of Interlake Formation drill 

core were not common enough to estimate average thicknesses, or to provide accurate 

correlations across the project area. Where present, the uppermost Interlake units were 

commonly pale-yellow to grey dolomitic framestones (Figure 20) composed primarily of 
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favositid corals and stromatoporoids, with lesser rugose corals (Figure 21 e-h). Below 

these units are very fine-grained pale grey dolomitic strata that are usually laminated with 

argillaceous laminae and apparent algal mats (Figure 21 a-b). A sharp erosional 

unconformity separates the Interlake Formation from the overlying Ashern Formation 

(Berenyi, 2010).  

 

  

Ashern Interlake

 
Figure 20: Ashern Formation to Upper Interlake Formation contact in BD09-50 
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Figure 21: Interlake Formation a) Angled bedding in stromatolitic mats. b) Irregular algal mats in GT10-01. 

c) Large crinoid fossil. d) Carbonaceous interbeds. e) Framework coral. f) Favosited  
coral. g) Fenestral porosity. h) Framework coral with vuggy porosity. 
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3.3.2 Ashern Formation (Elk Point Group) 

The basal unit of the Elk Point Group, the Lower Middle Devonian Ashern Formation 

was described first in Manitoba by Baillie (1951) as a thinly bedded, brick red to greyish-

orange, non-fossiliferous, slightly silty, argillaceous dolomite to dolomitic shale with a 

commonly brecciated base. Kendall (1975) described the unit in southern Saskatchewan 

as a red and reddish-brown, slightly silty, massive, blocky dolomitic mudstone.  

In the project area, the Ashern Formation was observed to a micro-crystalline, non-

fossiliferous, dolomitic mudstone with minor irregularly dispersed silty intervals. The 

unit is characterized by a distinctive pale orange-brown to deep orange-red staining that 

is usually pervasive throughout the core. The unit appears massive, lacking any preserved 

original depositional structures, and is commonly brecciated with abundant millimetre to 

small centimetre scale angular mudstone lithoclasts (Figure 22). The Ashern Formation 

was observed in six of the 103 holes logged, at sub-surface depths ranging from 84.0 to 

175.9 m, and averaging 139.7 m depth. The formation ranges in thickness from 5.0 to 

12.8 m, averaging 9.3 m thick. The Ashern Formation has a sharp unconformable contact 

with the overlying Winnipegosis Formation (Berenyi, 2010). 
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Figure:22: Ashern Formation: a) Interlake Formation to Ashern Formation and Ashern Formation to Winnipegosis Formation; in 
BD09-54. b) Upper Interlake Formation to Ashern Formation and Ashern Formation to Winnipegosis Formation; in BD09-50. c) 

Brecciation common at base of Ashern Formation. 
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3.3.3 Winnipegosis Formation (Elk Point Group) 

Baillie (1953) divided the Winnipegosis in western Manitoba into a basal platform 

carbonate of fairly uniform thickness with overlying carbonate banks of highly variable 

thickness. Kendall (1975) describes the Lower Winnipegosis Member (which he termed 

the Elk Point Member) in Saskatchewan as a nodular to burrow-mottled, argillaceous, 

organic-rich dolomite, which rests unconformably on the Ashern Formation. Kendall 

(1975) also describes the banks of the Upper Winnipegosis Member as local carbonate 

build-ups with thinly laminated carbonate and anhydrite inter-bank deposits. The banks 

are largely composed of pelleted lime-muds (subsequently dolomitized), with abundant 

stromatoporoids, as well as framework corals and sponges (Kendall, 1975). 

The Lower and Upper Winnipegosis Formation members (Figure 23) were commonly 

discernable in the project area. The Lower Winnipegosis Member consists of an 

irregularly interbedded dark brown, organic-rich, argillaceous limestone and a light grey-

brown fossiliferous dolomitized limestone. The argillaceous intervals have higher 

concentrations of crinoid ossicles, brachiopods and rugose corals (Figure 24 a-c).  

The Upper Winnipegosis Member is typically mottled light brown to buff coloured, 

dolomitic limestones with common to abundant anhydrite increasing toward the top of 

the unit (Figure 24 d). Common centimetre- to decimetre-scale stromatoporoids and 

centimetre-scale gastropods and brachiopods are almost always replaced with anhydrite 

(Figures 24 e-i). Dolomitized framework-building corals with coarse vuggy to fenestral 

porosity and internal polyp textures are interbedded with finely laminated limestone and 

algal mats (Figure 24 j-m). The very top of the unit is typically marked by a finely 

laminated, extensively dolomitized yellow-brown limestone. Secondary chertification is 
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also common in the uppermost few metres of the formation (Figure 24 n). The 

Winnipegosis Formation was observed in 30 of the 103 holes logged, at sub-surface 

depths that range from 19.8 to 182.8 m, and average 85.6 m. The highly variable paleo-

surface of the formation is likely a result of the irregular distribution of reefs and 

platforms and post-depositional erosion. The formation commonly averages about 38 m 

in thickness. 
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Figure 23: Winnipegosis Formation - a) Anhydritic laminated upper Winnipegosis Formation with an unconformable contact with 
reduced dolomitic mudstone of Second Red Bed Member of Dawson Bay Formation; in BD10-128. b) Dark grey interbedded 

argillaceous limestone of lower Winnipegosis in contact with the buff coloured mottled limestone of the upper Winnipegosis in 
GT10-01. Note angle of bedding reflects original inclination of drillhole. 
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Figure 24: Lower Winnipegosis - a) Rugose corals. b) Brachipod concentration. c) Brachipod concentration with orientation 
indicating horizontal bedding. Upper Winnipegosis: d) Mottled texture in upper Winnipegosis. e) Stromatoporoid coral. f) 
Fenestral coral. g) Stromatoporoid. h) Gastropods. i) Small shell fragments and gastropod. j) Remnant frame building coral 

texture. k) Frame building coral with preserved internal pollops. l) Stromatoporoid. m) Algal mats. n) Secondary chert. 
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3.3.4 Prairie Evaporite Formation (Elk Point Group) 

Baillie (1953) was the first to apply the term Prairie Evaporite to the Middle Devonian 

shale and carbonate-bearing evaporite sequences of the Elk Point Group. In most of 

southern Saskatchewan the formation lies unconformably over the irregular topography 

of the Winnipegosis Formation and attains a maximum thickness in excess of 200 m; 

dipping from 400 m below surface in the northeast to over 2700 m deep in the southwest 

(Baillie, 1953). The Prairie Evaporite is the thickest and most widespread of all the 

Devonian salt deposits, and the only one known to contain economically significant 

quantities of potash mineralization. The formation is commonly divided into three 

evaporite cycles each comprising a sequence of red shales, carbonates and evaporites. 

The evaporitic sequences consist of anhydrite, followed by halite and potassium-bearing 

salts (Fuzesy, 1982). Fuzesy (1982) and Kent (1994) both suggest that the Prairie 

Evaporite Formation was likely deposited in the project area, but may have been 

subsequently eroded. No strata of the Prairie Evaporite Formation were encountered in 

the holes logged in the project area. There were also no signs of salt collapse structures in 

the drill core or of increased gamma associated with potassium salts in the geophysical 

well logs. In short, no evidence was found that the Prairie Evaporite Formation was ever 

preserved in the project area. 

3.3.5 Dawson Bay Formation (Manitoba Group) 

The Manitoba Group-Dawson Bay Formation has been studied extensively in 

Saskatchewan by Baillie (1953), Lane (1959), Norris et al. (1982), Dunn (1982) and Lane 

(1985). Dunn (1982) studied a series of core intersections across Alberta, Saskatchewan 

and Manitoba and proposed that the Dawson Bay Formation is composed of the Second 



 

48 
 

Red Bed, Burr, Neely and Hubbard Evaporite members, in stratigraphically ascending 

order. 

Where present, the Second Red Bed Member has an unconformable lower contact with 

the Prairie Evaporite Formation. Where the former is absent, the Second Red Bed 

Member lies disconformably on the Winnipegosis Formation (Figure 25).  

The Second Red Bed Member is also in unconformable contact with the overlying Burr 

Member. Dunn (1982) describes the Second Red Bed Member as a non-calcareous, 

locally shaley, dolomitic mudstone with a rusty-red to brownish-grey colour and mottled 

green patches (Dunn, 1982).  

The Burr Member is described as a micro-crystalline to micro-sucrosic, drab olive-

brown, bioturbated, yet poorly fossiliferous carbonate (Dunn, 1982). The base of the 

 
Figure 25: a) Second Red Bed Member of the Dawson Bay Formation unconformably overlying Winnipegosis Formation in 

BD09-015 at 81.1 m. b) Second Red Bed Member of the Dawson Bay Formation unconformably overlying  
Winnipegosis Formation in BD09-050 at 77.6 m 
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member is typically marked by a thin band of argillaceous and bituminous material 

overlain by a centimetre-scale carbonate breccia. Several irregularly spaced 

discontinuities or “hardgrounds” are notable, particularly in the upper portion of the 

member. The drab grey argillaceous carbonate transitions upward into a more buff-

coloured anhydrite-bearing limestone. Pyrite mineralization is common throughout the 

unit, but is restricted to the dolomitized part of the rock. Secondary halite was commonly 

observed plugging porosity in the southern portion of his study area (Dunn, 1982). 

According to Dunn (1982), the Neely Member is slightly disconformable with the 

underlying Burr Member as it rests on a well-defined hard ground. The lower portion of 

the Neely Member is an argillaceous carbonate. The majority of the member consists of 

micro-crystalline to micro-sucrosic limestone with varying degrees of dolomitization and 

common dark bituminous wavy laminae. Stromatoporoids and large thin-shelled 

brachiopods distinguish the Neely from the underlying Burr Member (Dunn, 1982). The 

upper part of the member is generally a pelleted bituminous limestone containing 

ostracods and gastropods, overlain by algal stromatolites or algal mats. These units are 

capped by a crypto-crystalline pale buff dolomite and nodular anhydrite. In areas where 

the Hubbard Evaporite Member is absent due to non-deposition (or possible dissolution), 

the inter-laminated dolomite and anhydrites are abruptly succeeded by reddish-green or 

grey mudstone, interbedded with anhydrite (Dunn, 1982). 
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Figure 26: Second Red Bed Member gamma-neutron response 
from hole BD10-128. 

When a significant interval of the Dawson Bay Formation was recovered in the project 

area, the Second Red Bed, Burr and Neely members were commonly readily 

distinguishable. Aside from having 

distinct macroscopic features, the 

Second Red Bed Member produces a 

relatively strong gamma-neutron 

response, making its contacts readily 

distinguishable on geophysical well 

logs (Figure 26). In the project area, the 

Second Red Bed Member presents as a 

non-fossiliferous, micro-crystalline, 

dolomitic mudstone with a dominantly 

pervasive pale-rust to brick-red colour. 

Patchy areas of non-oxidization (or 

secondary reduction) are typically blue-

grey-green in colour and commonly 

give the surface of the core a mottled 

appearance (Figure 27). This pseudo-

mottled texture does not appear to have 

been biogenically influenced. The 

distinctive red dolomitic mudstone of 

the Second Red Bed Member (Figure 28 a) was typically overlain by a grey-brown 

argillaceous, mottled limestone of the Burr Member (Figures 27 and 28 b-c).  



 

51 
 

The Burr Member was weakly fossiliferous overall, but commonly contained 

brachiopods and crinoid ossicles, particularly concentrated in the more argillaceous-rich 

 

Figure 27: Dawson Bay Formation-a) Transition from First Red Beds Unit to Neely Member; BD09-72. b) Transition from Neely 
to Burr member; BD09-51. c) Transition from Burr to Second Red Bed Member; in BD09-50. 

s 
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zones. This unit corresponds very well with Dunn’s description of the Burr Member and 

has noticeably different gamma and neutron well signatures than its bounding units.  

The overlying Neely Member is typically a micro-crystalline, buff- to tan-coloured, 

fossiliferous limestone with abundant nodular anhydrite. The unit varied in texture from a 

wackestone to a packstone with changing concentrations of large brachiopods shells. 

Gastropods, crinoid ossicles and stromatoporoids were also common (Figures 28 d-g). 

The top one to three metres of the unit are typically a very finely laminated, micro-

crystalline limestone, with pin-point vuggy porosity on alternating laminae, typical of 

successions of algal mats (Figure 28 h). This unit corresponds exceptionally well with 

Dunn’s description of the Neely Member. Aside from common secondary anhydrite, no 

significant accumulations of evaporite were present. It is possible that the Hubbard 

Evaporite was deposited in the project area but it is no longer present (Berenyi et al., 

2009). The Dawson Bay Formation was observed in 37 of the 103 holes logged, at sub-

surface depths ranging from 33.5 to 180.2 m, averaging 99.8 m depth. The formation 

ranges from 19.2 to 50.2 m thick but more commonly averages about 35 m thick.



 

53 
 

  

 

Figure 28: Dawson Bay Formation-Second Red Bed Member: a) Brittle massive dolomitic mudstone with pervasive iron staining. 
Burr Member: b) Poorly fossiliferous, argillaceous limestone. c) Mottled argillaceous limestone with a few brachiopod shells. 

Neely Member: d) Rugose coral and crinoid ossicles in slightly argillaceous limestone in lower Neely. e) Concentration of crinoid 
ossicles in anhydritic limestone. f) Brachipods shells in anhydritic limestone. g) Stromatoporoid. h) Algal mats interbedded with 

limestone. 
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3.3.6 Souris River Formation (Manitoba Group) 

Lane (1959) characterized the carbonate and evaporite rocks of the Manitoba Group - 

Souris River Formation as the boundary between Middle and Upper Devonian strata. In 

Saskatchewan, the Souris River Formation disconformably overlies the Dawson Bay 

Formation (Figure 29).  

The presence of organics at the top of the Burr Member (Figure 29 b) confirms a 

depositional hiatus between the Dawson Bay and Souris River formations. The Souris is 

typically conformably overlain by the Upper Devonian Duperow Formation, except in 

central Saskatchewan where it commonly subcrops against Cretaceous clastic rocks 

(Lane, 1985).  

In Saskatchewan, the Souris River Formation is commonly sub-divided into the 

Davidson, Harris and Hatfield members, in stratigraphically ascending order (Dunn, 

1982). The base of the Davidson Member is the argillaceous First Red Beds Unit, which 

 
Figure 29: Souris River and Dawson Bay formation contacts - a) First Red Beds Unit unconformably overlying Dawson Bay 
Formation; in BD09-15 at 81.1 m. b) First Red Beds Unit unconformably overlying Dawson Bay Formation; in BD09-25 at 

93.3 m. 

s 

s 
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is overlain by a fossiliferous limestone and a subsequent halite deposit. The Harris 

Member can be divided into a series of thin cyclical deposits of a) a basal shale or 

argillaceous limestone, b) a middle carbonate, and c) an upper anhydrite or halite. The 

Hatfield Member is composed of alternating carbonate and shale with high proportions of 

anhydrite and halite (Dunn, 1982). 

The First Red Beds Unit of the Davidson Member is the only section of the Souris River 

Formation preserved in the project area. Where present, the unit consists of a massive, 

non-fossiliferous, dolomitic mudstone with patchy to pervasive rust-brown to brick-red 

staining. Patches lacking iron staining are grey-green in colour (Figure 30). The Souris 

River Formation was observed in 42 of the 103 holes logged, at sub-surface depths 

ranging from 32.0 to 163.1 m, averaging 85.8 m depth. As the youngest exposed 

Devonian strata preserved in the area, the Souris River was subject to extensive and 

irregular erosion, resulting in a unit with highly variable thickness, ranging from 3.3 to 

31.7 m thick, averaging 19.4 m. In the project area, this unit is typically unconformably 

overlain by the Jura-Cretaceous Success Formation or the Lower Cretaceous Cantuar 

Formation. 
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Figure 30: Souris River Formation – a) Dolomitic mudstone of Souris River overlain by poorly consolidated sands of Cantuar 
Formation; in BD09-10. b) Typical sequence of Souris River Formation - First Red Beds Unit dolomitic mudstone; in BD09-10. 

c) Contact between Dawson Bay Formation carbonates and overlying Souris River Formation; in BD09-50. 
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3.3.7 Duperow Formation (Saskatchewan Group) 

During the Upper Devonian the project area was situated near the northeastern extent of 

an interior carbonate-depositing seaway. While the Duperow Formation is common in 

other parts of the province, and may have been deposited in the region of the study area, 

there is no indication from core logging that any of the formation survived the following 

one hundred million-plus years of erosion (TGI Williston Basin Working Group, 2008v).  

3.3.8 Lower and Upper Watrous Formations  

It is unclear if the red beds of the Triassic Lower Watrous Formation, or the evaporites of 

the Jurassic Upper Watrous Formation, were deposited as far north as the project area. If 

they were deposited, it is highly unlikely that they survived the following protracted 

period of erosion that affected east-central Saskatchewan throughout much of the Jurassic 

(Kent, 1994). The Watrous formations were not identified in any of the holes logged in 

the project area. 

3.3.9 Success S1 and S2 Formations 

Accumulation of the shoreface sandstone deposits of the Upper Jurassic Success S1 

Formation were restricted to southern Saskatchewan and did not impact the project area 

(Christopher, 1984). The dominantly fluvial Success S2 Formation was more broadly 

distributed across the province and non-contiguous remnants of the formation, that 

survived the pre-Mannville Aptian (Figure 2) erosion, are found in disconformable 

contact with all adjacent strata (Christopher, 2003).  

In the project area, an agglomeration of slumped, or collapsed, disconformable, 

centimetre- to metre-scale units of marine mudstones and assorted carbonate, intermixed 
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with siliciclastic siltstones and sandstones, are attributed to the Success S2 Formation 

(Figure 31).  

Irregular bedding angles, brecciated textures and irregular mixtures of lithologies are 

common in the units (Figures 32 b-f). The top of the formation is commonly identifiable 

Figure 31: Success Formation - a) Alternating carbonate, siliciclastic and dolomitic mudstone units with random bedding 
orientations and slumped textures; in BD09-90. b) Rapidly changing lithologies of sandstone, carbonates, siltstone, coal-bearing 

sandstone and dolomitic mudstone with random bedding angles; in BD09-47. 
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by a 10 to 30 cm interval of intensely silicified material (Figure 32 a).  

This silicified marker unit also generates a distinctive down-hole geophysical signature 

with a very strong gamma response and a corresponding decrease in the neutron trace. 

The Success S2 Formation appears to be infilling topographic lows in the project area, as 

evidenced by its highly variable thickness, ranging from 0.1 to 105.1 m, and averaging 

15.0 m. The formation was observed in 48 of the 103 holes logged, at sub-surface depths 

ranging from 24 to 198.5 m, averaging 98.3 m. The contact with the overlying Mannville 

Group was rarely recovered but when present it showed a strong unconformity between 

the units (Berenyi et al., 2009).   
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Figure 32: Success Formation - a) Silicified marker unit. b) Mixture of limestone, marine mud and quartz sand. c) Sandstone and 
siltstone lithoclasts in mudstone matrix. d) Intermixed coarse sand and mudstone units. e) Coarse sand and dolomitic mudstone 

lithoclasts mixed together. f) Finely laminated mudstone lithoclast in oxidized dolomitic mudstone (red bed) matrix. 
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3.3.10 Cantuar Formation (Mannville Group) 

Throughout much of the southern half of Saskatchewan the Lower Cretaceous Mannville 

Group Cantuar Formation consists of poorly consolidated, locally indurated, quartzose 

sandstones with interbedded siltstones, shales and common coal lenses (Christopher, 

2003). In southern Saskatchewan, the Cantuar (formerly identified as Blairmore) 

Formation is formally subdivided into the Dina, Cummings, Lloydminster, Rex, General 

Petroleums, Sparky and Waseca members, each separated by erosional discontinuities. 

Each of these members is coal-bearing in various areas across the province. The Cantuar 

Formation’s wide range of thickness is attributed to its infilling and covering of terraces 

and topographic valleys (Christopher, 2003).  

In the project area, the Cantuar Formation was observed in 84 of the 103 holes logged, at 

sub-surface depths ranging from 27.0 to 108.1 m, averaging 59.2 m depth. The formation 

has a highly variable thickness, ranging from 8.4 to 114.3 m, and averaging 40.6 m thick. 

Unlike other parts of the province, individual formation members are not distinguishable 

in the project area (Christopher, 2003). In western Manitoba, attempts are rarely made to 

sub-divide the Cantuar equivalent Swan River Formation (McNeil, 1984). Exceptionally 

poor recovery and subsequent core weathering made logging of the Cantuar Formation 

difficult. The low recovery was due in large part to the poor lithification of the unit, 

which is dominantly poorly consolidated to non-consolidated fluvial quartzose sandstone 

(Figure 33 a; Figure 34 b). Locally indurated kaolinitic sandstone sections had much 

better recovery. Cyclical fining upward sequences, such as those observed in holes 

BD09-76, BD09-77 and BD09-89 grading from coarse sandstone to siltstone to 

mudstone, were common and generally spanned 5 to 10 metres. These upward-fining 
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sequences are similar to those described by Kent (1984) in Cummings Member. The 

Cantuar Formation hosted all of the significant carbonaceous intervals encountered in the 

area. Coal, carbonaceous shale and coal-bearing sandstone typically had very good rates 

of recovery (Figure 33 b) and exceptional thicknesses. These thick accumulations appear 

to be a function of the formation infilling pre-existing accommodation spaces. Most of 

the coal intersections were sampled by Goldsource, and were unavailable for logging. 

Geophysical well logs and company reports indicate that seams of coal, commonly tens 

of metres thick, are interbedded with thin sand partings. Total cumulative coal 

thicknesses (excluding mineral partings) were found in excess of 125 m (Morris et al., 

2009). A widespread erosional disconformity separates the dominantly fluvial Cantuar 

Formation from the overlying, dominantly marine, Pense Formation (Figure 33 b; 

Christopher, 2003). 
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Figure 33: Mannville Group - a) Pense Formation glauconitic siltstone overlying coal and unconsolidated sandstone of the 
Cantuar Formation (upper contact). Cantuar Formation has unconformable contact with underlying dolomitic lime mud of Souris 

River Formation (lower contact); in BD09-89. b) Pense Formation glauconitic siltstone unconformably overlying Cantuar 
Formation carbonaceous shale; in BD09-57. 
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Figure 34: Mannville Group - a) Pense Formation glauconitic siltstone unconformably overlying Cantuar Formation 

carbonaceous shale; in BD09-42. b) Cantuar Formation sandstones and carbonaceous mudstones unconformably overlying 
dolomitic mudstone (First Red Beds Unit) of Souris River Formation; in BD09-10. 
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3.3.11 Pense Formation (Mannville Group) 

The marine transgression that followed the post-Cantuar unconformity resulted in a 

variety of depositional conditions across the southern half of the province, including 

floodplain, estuarine, brackish bay, shoreline and shallow marine environments (Price, 

1963). Across much of the province, the Pense Formation is represented by fine-grained 

sandstones with varying amounts of shaley silt and dark grey shale. The unit is 

commonly bioturbated with accessory muscovite, biotite and glauconite (Price, 1963).  

In the project area, the Pense Formation is a dark green, heavily glauconitic siltstone to 

fine-grained sandstone interbedded with dark grey mudstone (Figure 35 a). Although 

individual formation members were not consistently distinguishable, the upper part of the 

formation is often better sorted, and frequently contains cross bedding (Figures 35 b-c). 

The muddy interbeds increase in abundance toward the base of the formation, to the point 

where they comprise more than 50% of the unit locally (Figure 35 d). Bioturbation is 

common and typically distorts the originally horizontal bedding. Abundant disseminated 

fine-grained pyrite is also common (Berenyi et al., 2009). The Pense Formation was 

observed in 70 of the 103 holes logged, at sub-surface depths ranging from 24.1 to 

90.1 m, averaging 57.4 m depth. The formation has a very uniform thickness, consistently 

averaging about 4 m thick. The Pense Formation is conformably overlain by Lower 

Cretaceous Colorado Group shale. 
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Figure 35: Pense Formation - a) Joli Fou Formation shale conformably overlying Pense Formation glauconitic siltstone (upper 

contact). Pense Formation unconformably overlying Cantuar Formation carbonaceous shale (lower contact); in BD09-42. 
b) Cross bedding at top of formation. c) Cross bedding and possible soft sediment deformation near top of formation. 

d) Interbedded glauconitic siltstone and mudstone near base of formation. e) Typical surface profile of Pense Formation. 
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3.3.12 Joli Fou Formation (Colorado Group) 

Following the Mannville deposition, a major sea level rise inundated most of the WCSB, 

creating a shallow-shelf environment in east-central Saskatchewan. The first stage of 

Colorado Group sedimentation is represented by shale of the Joli Fou Formation (Smith, 

1994). In general, the Joli Fou Formation is a dark grey, fissile, non-calcareous shale with 

minor interbedded fine- to medium-grained sandstone (Bloch et al., 2002).  

In the project area, the Joli Fou Formation is composed of a dark grey to black, non-

calcareous, finely laminated, highly fissile shale with millimetre- to centimetre-scale fine 

sandy lenses and interbeds (Figures 36). The shale is moderately to extensively 

bioturbated with dominantly subhorizontal burrows that are infilled with siltstone to very 

fine sandstone (Figure 37 d-f). Bentonite seams, glauconite and disseminated fine grained 

pyrite also present. The fine sand and silt content increases toward the base of the unit. 

The Spinney Hill Member of the Joli Fou Formation was often discernable in the core 

logged, as it has a higher silt and fine sand content than the rest of the formation. The top 

of the member is commonly marked by truncated, bi-directional cross beds (Figure 37 b) 

that are preserved with carbonate cement (Figure 37 a). This cemented unit is generally 

less than one metre thick but shows a strong positive signature on the down-hole gamma 

well trace (Berenyi et al., 2009). The Joli Fou Formation was observed in 71 of the 103 

holes logged, at sub-surface depths ranging from 14.4 to 61.5 m, averaging 35.7 m. The 

formation ranges in thickness from 3.5 to 41.4 m, averaging 21.1 m. The Joli Fou 

Formation is usually conformably overlain by the Viking/Newcastle Formation (Figure 

36 a). 
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Figure 36: Joli Fou Formation - a) Viking Formation siltstone conformably overlying Joli Fou shale; in BD09-64. b) Carbonate 

cement marks top of Spinny Hill Member of Joli Fou Formation. Member has more frequent and larger silt interbeds. 
Conformable gradational contact with underlying Pense Formation; in BD09-24. 
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Figure 37: Joli Fou Formation - a) Pervasive carbonate cementation marks top of Spinny Hill Member. b) Cross bedding 

preserved by calcite cement. c) Silt infilling fine wave ripples in shale. d) Vertical profile of bioturbations. e) and f) Horizontal 
burrows along bedding planes.   
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3.3.13 Viking/Newcastle Formation (Colorado Group) 

The Viking (and its more easterly equivalent, Newcastle) Formation is interpreted as a 

variety of marine-influenced interbedded sandstone and shale that were deposited across 

most of the WCSB. The formation attains a maximum thickness in excess of 175 m in 

southwest Alberta, but thins significantly towards the north and east (Reinson et al., 

1994).  

In the project area, the Viking/Newcastle Formation consists of pale grey, heavily 

bioturbated siltstone with thin dark grey mudstone interbeds (Figure 38). In the project 

area, cross bedding and disseminated fine-grained pyrite are common in the formation 

(Berenyi et al., 2009). The Viking/Newcastle Formation was observed in only 19 of the 

103 holes logged, at sub-surface depths ranging from 22.2 to 46.5 m, shallowing towards 

the north and averaging 35.0 m depth. The thickness of the Viking is fairly consistent, 

typically averaging about 5 m. The formation appears to have a conformable contact with 

the overlying Westgate Formation, where the latter is present.  
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Figure 38: Viking Formation - a) Viking Formation siltstone has a sharp contact with underlying Joli Fou shale; in BD09-90. 

b) Viking Formation siltstone overlain by glacial till and underlain Joli Fou shale with a mild unconformity; in BD10-121. 
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3.3.14 Westgate Formation (Colorado Group) 

The Colorado Group Westgate Formation is classified as the Westgate Member of the 

Ashville Formation in western Manitoba, proximal to the project area. McNeil and 

Caldwell (1981) described the Westgate Member as dark grey, non-calcareous shale with 

subordinate interbeds of silty shale and fine-grained quartzose sand lenses.  

In the project area, the Westgate Formation is a medium to dark blue-grey, non-

calcareous shale with moderate fissility, common bioturbation and minor amounts of 

small fossil fragments (Figure 39). The Westgate is macroscopically similar to the Joli 

Fou Formation, but is distinguishable by its lesser silt content, less developed fissility and 

slightly bluish colour. The Westgate Formation was observed in 14 of the 103 holes 

logged, at sub-surface depths ranging from 18.5 to 37.8 m, averaging 27.5 m depth. 

Thickness of the formation ranged from 4.5 to 18.5 m, averaging 9.5 m. Similar to the 

Viking/Newcastle, the Westgate Formation appears to thin toward the north. 
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Figure 39: Westgate Formation - a) Westgate Formation shale conformably overlying Viking Formation siltstone; in BD09-64. 
b) Westgate Formation shale conformably overlying Viking Formation siltstone. Lower contact with underlying Joli Fou 

Formation is abrupt; in BD09-69. 
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3.4 Summary of Stratigraphic Units Identified in Project Area  

Lithologic logging was conducted with the aim of identifying the stratigraphic units 

present in the project area. Logging conducted on 103 drill cores provided the basis for 

the identification and correlation of 11 known stratigraphic formations, which span a time 

frame from the Lower Silurian to the Upper Lower Cretaceous (Figure 2). The Interlake, 

Ashern, Winnipegosis, Dawson Bay, Souris River, Success S2, Cantuar, Pense, Joli Fou, 

Viking/Newcastle and Westgate formations were all identified in the project area. In 

some formations, such as the Winnipegosis, Dawson Bay, Souris River and Joli Fou, 

individual formation members were frequently discernable. In particular, the Lower 

Winnipegosis Member, the Dawson Bay Formation’s Second Red Bed, Burr and Neely 

members and the Souris River Formation’s First Red Beds Unit were commonly 

distinguishable. In addition to having distinctive red colouring, the First Red Beds Unit, 

Second Red Bed Member and Ashern Formation consist primarily of dolomitic 

mudstones, which have distinctive strong gamma and low neutron signatures. Formations 

such as the Upper Winnipegosis and Interlake have much more irregular signatures, 

which reflect the variable nature of their reef-building components.  

The Upper Lower Cretaceous Westgate Formation is the youngest preserved strata 

identified in the project area, and is present in less than 20% of the drillholes logged. The 

Silurian Interlake Formation was the oldest strata encountered and was intersected at 

depths ranging from 145 to 185 m below surface. It is possible that the Stonewall, Stony 

Mountain, Red River, Winnipeg and Deadwood formations may also be present in the 

study area, but at greater depths. 
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Chapter 4.0 Karsting Processes and their Potential Applicability to the Project Area  

Karstology and speleogenesis are specialized branches of geomorphology that deal with 

landforms and underground systems which develop through the dissolution and 

mechanical erosion of dominantly carbonate lithologies. The development and evolution 

of karst terrains are a function of which karsting processes are acting upon the soluble 

substrate (Gams, 1978). The effectiveness of karsting processes are dependent on 

numerous factors, including ambient temperature, humidity, precipitation, CO2 saturation 

levels, lithology, porosity, permeability, fracture patterns, as well as hydraulic gradient 

and recharge rates (Ford and Williams, 2007). These processes are seldom readily evident 

in the study of paleokarst terrains, so interpretations often must be drawn from 

comparisons with modern karst landforms. Doline, solution pan, fengcong (cone), fenglin 

(tower), tiankeng, uvala and polje are all distinctive karst landforms with unique sizes, 

morphologies and distributions (Nicod, 2003).  

Since the project area in east-central Saskatchewan was marginal to many of the 

Devonian paleo-shorelines, the relationships between certain stratigraphic units here may 

differ from those in other parts of the province. Erosional unconformities, which are not 

typically present elsewhere in Saskatchewan, can be distinguished in the project area 

between the Winnipegosis and Dawson Bay formations, as well as between the upper 

portion of the Dawson Bay and the overlying Souris River formations. The project area is 

also proximal to the erosional and depositional margins of many of the Lower Cretaceous 

formations. It is possible that karsting may have been initiated on these erosional 

unconformities, or at formation boundaries where contrasting lithologies could provide 

conduits for fluid movement.   
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4.1 Definitions and Classifications of Karst 

Karst landscapes are very common and have been identified in many parts of the world. 

Their formation and evolution are controlled by a variety of processes, with several 

regional and local factors influencing development. Karst researchers in North America, 

Slovenia, Croatia, Italy, German and China have all adapted and modified karst 

terminology to best suit the needs of their regions (Prohic et al, 1998; Furlani et al., 2009; 

Nassery et al., 2009; Nicod, 2003; and Zhu and Chen, 2006). Classification schemes have 

been proposed in different regions based on principal criteria such as karsting processes, 

landform morphologies, inter-karst landscapes and anthropogenic utilization. This section 

will focus on large-scale karsting processes and their resultant landforms, which may be 

analogous to the paleotopographic lows in east-central Saskatchewan. 

4.2 Karst Processes 

Karst landforms develop in and on soluble substrates through a combination of 

corrosion/dissolution and fluvial mechanical processes. Climate-dependent hydrological 

processes, faulting and geomorphology are all active factors influencing the development 

of karst terrains (Ćalić, 2011). 

It is well established that karsting can and does occur in very contrasting climatic 

environments (Gunn, 2006; De Waele et al., 2009b). Although karsting processes are 

most prolific in warm tropical climates, they are also known to occur in cooler and drier 

environments. Temperature, atmospheric CO2 levels, rainfall amounts, humidity, wind 

strength and hours of sunlight are all climatic factors that influence the karsting process. 

In carbonate terrains the effectiveness of meteoric waters to develop karst landforms is 

directly related to the volume of fluids moving through the terrain and the amount of CO2 
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the fluids are able to absorb. Warmer temperatures increase water’s ability to absorb CO2 

from the atmosphere and the soils, producing weak solutions of carbonic acid (Ford and 

Williams, 2007). Regional topography is a passive factor that influences the rates of 

hydraulic recharge for the meteoric fluids, and on a local scale the slope influences how 

quickly the fluids move across or through the medium. Porosity, permeability, 

susceptibility to dissolution, and inhomogeneities (fractures and foliations) of the 

lithology are other important passive factors (Ćalić, 2011).  

From the late Devonian to the start of the Cretaceous, the project area was subjected to 

over 200 million years of non-depositional / erosional conditions (Figure 2). This interval 

would have provided more than adequate time for karsting or erosion to shape the 

Devonian paleotopography.  

During the Middle to Late Devonian the paleoclimate in Saskatchewan was modelled as 

being very warm and arid (Scotese, 2011). This theory is supported by Yang et al. (2003), 

whose work on fluid inclusions in the halite of the Prairie Evaporite Formation suggests 

that paleoseawater temperatures in Saskatchewan during the Middle Devonian were in 

the range of 34 to 39°C, which would coincide with near-equatorial paleolatitudes. The 

relative purity of the carbonate in the Elk Point Group in east-central Saskatchewan, may 

also be an indication of an arid climate with limited rainfall and runoff from terrestrial 

sources. While some mechanical erosion of exposed carbonates may have been initiated 

in the project area during the late Devonian, it is unlikely that karsting processes would 

have been a major factor, given the dominantly arid climate.  

Conditions were likely most conducive for karsting in the Late Jurassic and Early 

Cretaceous periods when the centre of the WCSB was situated at approximately 30° N 
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latitude and the paleoclimate ranged from mid-temperate to sub-tropical (Edwards et al., 

1994). Moore et al. (1991) modelled Late Jurassic paleoclimate using biofacies and 

lithofacies records, which indicated the world was experiencing an enhanced greenhouse 

effect, making it warm with largely ice-free continents, expanding tropical zones and 

zonally distributed seasons. Paleoclimate maps produced by Scotese (2011) also suggest 

that temperate to sub-tropical climates persisted in the region from the late Jurassic into 

the Early Cretaceous time. Weissert and Erba (2004) charted carbon and oxygen isotopes 

to reconstruct atmospheric CO2 levels through the Late Jurassic to Early Cretaceous and 

found spikes during the Late Jurassic Mid-Oxfordian and Kimmeridgian (Figure 2) ages, 

as well as the Early Cretaceous Valanginian and Aptian ages. The combination of high 

atmospheric CO2 and a warm humid climate is ideal for facilitating karsting. 

Demonstrating favourable environmental conditions is helpful for establishing timing of 

potential karst mechanisms, but a closer examination of modern karst environments is 

necessary to determine which processes, if any, played a role in the development of the 

paleotopographic lows in the project area.   
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4.3 Surface Karsting 

Surface karst features are created by the dissolution of soluble rock by surface waters. 

The degree of dissolution is most influenced by the mode of recharge, lithology and 

structure of the medium, and by climatic factors. Most surface karst processes involve 

components of both dissolution and mechanical erosion (Ćalić, 2011). 

The dissolving power of rainwater has the greatest influence on the first ten metres of 

karst development (the epikarst zone). Surface karst landforms are typically classified 

based on their size, hydraulic input volumes and throughput, as well as their residual 

surface expressions (De Waele et al., 2009 b). 

While some surficial karst features, such as elongate channels (karren), can form on non-

karstic rocks by numerous erosional processes, other features, such as circular surface 

depressions called dolines, are considered diagnostic of karst terrains. Fluvial processes 

can contribute to surface solution processes, resulting in larger landforms such as karst 

canyons and blind valleys. These fluvio-karst landforms are common in regions with 

intense rainfall, where the karst conduit system is not capable of draining the surface 

waters, or after a base-level change. Since climate and fluvial-mechanical erosion 

processes can play such an important role in surface karsting, the resultant landforms 

generally develop at much faster rates than subsurface features (De Waele et al., 2009b). 

4.4 Subsurface Karsting 

Subsurface karst features are often initiated by the gradual enlarging of fissures and 

openings along bedding planes and fractures. The evolution of a subsurface karst system 

from origin to full development is known as speleogenesis, or cave development. Cave 

development is dependent on numerous factors, with type of recharge and type of pre-
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dissolution porosity being two of the most important. Cave morphology depends mainly 

on the density, penetrability and linkage of fractures and bedding planes, and the 

hydraulic gradients involved (Ford and Williams, 2007). Extended periods of hydraulic 

stability allow phreatic cave development to extend laterally along the water-table line. 

Lateral growth of karst systems is propagated when a soluble surface material overlies an 

impermeable substrate, encouraging horizontal rather than vertical fluid migration 

through the vadose zone (Parise, 2011). 

4.5 Coastal Karst Environments 

De Waele et al. (2009a) illustrate coastal karst processes by way of comparison with 

modern environments and landforms in the Punta Funtanas area along the western coast 

of Sardinia, Italy. Karst development in this area is primarily a combination of 

mechanical marine erosion and dissolution processes, with biogenic factors also playing a 

role. Marine cliffs, coastal caves, and cylindrical shafts are other common features 

associated with coastal karst environments. The extent of mechanical erosion is 

principally controlled by wave action, tidal levels and relative sea-level fluctuations. 

Low-energy carbonate coastlines, with a stable mean sea level, are the most conducive 

environments for the development of wave-cut shore platforms. Intertidal undercuts also 

develop around mean sea level by mixing-corrosion and by grazing and boring 

organisms. The shore platforms are separated from the sea by a marine cliff, typically 

equivalent in height to the high-tide level plus wave height (De Waele et al., 2009a).  
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Solution pans are the most common 

landform in coastal areas, often found 

coalescing in zones parallel to the coastline 

(Figure 40). These circular to oval pans are 

typically associated with dissolution 

processes and range from a few centimetres 

up to a few metres in depth (De Waele et 

al., 2009a).  

Coastal caves usually form with at least 

one entrance opening to the sea and are 

often connected to shore-cut platforms via 

cylindrical shafts. Dreybrodt and Franke 

(1994) suggest that most costal caves are more likely to have formed in subaerial 

conditions as opposed to phreatic ones, with the most probable mechanism related to 

condensation-corrosion. In this process the warm moist air entering the cave during the 

day rises to the cave roof where it condenses and causes corrosion of the surface.  

 
Figure 40: Coastal dissolution pans and karren 

(From De Waele et al., 2009a). 
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The condensation-corrosion process is believed to propagate irregularities in the roof 

surface, creating cupola (Figure 41). The eventual extension of these cupola toward the 

surface is believed to create the vertical shafts that link the caves to the shore platforms 

(Dreybrodt and Franke, 1994).  

When dealing with paleokarst features it is difficult to discern which processes - surface, 

subsurface or coastal - played a role in the formation of the karst system. Regions in 

which paleokarst landscapes have been exposed for significant periods of time can be 

particularly difficult, since they may have been the subject of multiple processes. For this 

reason, most paleokarst classification systems are based on the resultant landforms rather 

than the processes that may have created them.  

 

Figure 41: Illustration of cave and cupola formation and their evolution to sinkholes. (From De Waele et al., 2009a). 
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4.6 Karst and Paleokarst Landform Classification 

4.6.1 Doline Karst 

Dolines are the most diagnostic landforms in karst terrains (De Waele et al., 2009b). The 

term doline is derived from the Slav word ‘dolina’, used to describe any depression in a 

topographic surface (Figure 42).  

The term has become 

entrenched in the karst 

nomenclature, 

particularly in Europe 

and Asia where it is 

used to indicate any 

closed depressions in 

a karstic landscape 

that has internal drainage and does not normally hold water. In North America the term is 

often used interchangeably with sinkhole, but since sinkholes imply a collapse event, and 

doline is just the description of a surface feature regardless of the genesis, the term 

sinkhole is better used as a subset of doline. The correct way to define a doline is with a 

modifier that provides information on the size, lithology, tectonics, morphology, 

hydrology, or genesis of the depression (Sauro, 2003).  

Based on these criteria, Sauro (2003) identifies the main categories of dolines as normal 

(or accelerated) solution, collapse or sinkhole, subsidence, cover, and intersection. Their 

idealized models are illustrated in Figure 43. Subtypes of dolines are recognized in each 

of these main categories.  

Figure 42: Karst doline in Slovenia. (From Hajna, 2008). 
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For instance, normal or corrosion dolines can be subdivided based on their hydraulic 

characteristics into drawdown dolines and point-of-recharge dolines. Similarly, 

subsidence dolines, in which it can be demonstrated that the material below is down-

washing into underlying fissures, are classed as suffusion dolines. A normal doline where 

formation is influenced by the structure, topography and hydrogeological characteristics 

of an underlying insoluble layer, is termed an underprinting doline (Sauro, 2003). 

 
Figure 43: Main categories of dolines. (From Sauro, 2003). 
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Dolines range in size from a few metres up to a kilometre in diameter and in depth from a 

few to several hundred metres. They commonly occur in clusters and are speculated by 

some authors to be precursors to larger closed drainage landforms such as uvala (section 

4.6.4), and polje (section 4.6.5) USEPA, (2002). 

4.6.2 Blind Valley Karst 

A blind valley is a karst-formed river valley that ends abruptly and usually develops at 

contacts between carbonate and non-carbonate rocks. Blind valleys typically have an 

intermittent water flow that terminates at the end of the valley where the water passes 

underground through karst opening called a ponor. These valleys have no evident surface 

flow down gradient, and are sometimes referred to as a marginal polje (Frelih, 2003). 

4.6.3 Fengcong (Cone) and Fenglin (Tower) Karst 

Fengcong, a Chinese term meaning ‘peak cluster’ refers to a karst terrain in which 

conical hills are separated by deep closed depressions. Fengcong correlates roughly with 

the term ‘cone karst’, 

used widely in 

Western literature. 

Classic fengcong 

terrains are typified 

by nearly equally 

spaced, conical hills 

with uniform slopes and deep doline depressions in between. Local relief is anywhere 

between 30 and 300 m, and the resultant landscape is often referred to as egg-carton 

topography (Figure 44). This type of terrain is thought to form through the natural 

 
Figure 44: Fengcong (cone) karst-rounded conical hills in Gunung Sewu, Java. (From 

Waltham, 2008). 



 

86 
 

evolution of doline karsts as they enlarge towards coalescence, isolating the residual hills 

that morph into a conical shape. In other areas, such as Jamaica’s Cockpit karst region, 

dolines and their saddles align along corridors where orientation is controlled by major 

structural fractures, or by the dip of individual beds (Waltham, 2008). 

Fenglin is a Chinese term which translates to peak forest, and is used to describe karst 

terrains with steep-sided hills that rise from a limestone bedrock plain that is covered 

with a veneer of alluvium (Figure 45). Although much less common than fengcong, 

fenglin create perhaps the most dramatic karst landscapes in the world. Fenglin-plain, 

fenglin-basin, fenglin-polje and fenglin-valley are all variants of the term which depend 

on the size and shape of the alluvial plain between the hills. Fenglin correlates loosely to 

the Western term ‘tower karst’ (Waltham, 2008).  

Fenglin are thought to have evolved from fengcong in areas where the karst environment 

continues to mature. These karst towers form in areas where a chemically aggressive 

water table remains at the same level for an extended period, allowing for dissolution and 

undercutting of the fengcong margin. Subsequent collapses and retreats help reshape the 

 
Figure 45: Fenglin on the alluvial plain between Yangshuo-Guilin, Guangxi Province, China  

(From Waltham, 2008). 



 

87 
 

cone into a tower. The process also requires a gradual lowering of the water table through 

denudation of the underlying alluvial plain (Waltham, 2008).  

4.6.4 Uvala Karst 

Uvala are a type of 

surface karst closed 

depression that is 

intermediate in size 

between dolines and 

polje (Figure 46). 

Ćalić (2011) argues 

against the notion 

that uvala form 

from a coalescence 

of dolines, stating 

that they are distinct karstic landforms all their own, with a unique morphology and 

genesis. Unlike dolines, which tend to occur in patterned clusters and are well rounded 

with subsidence converging to a single point uvalas are more complex, with subsidence 

distributed in irregular to sometimes linear patterns (Siart et al., 2010). 

Uvalas have irregular morphologies, are typically singular in occurrence, and are several 

orders of magnitude larger than dolines. Uvala are smaller in size than poljes and lack the 

uniformly flat bottom and steep transitional walls of a polje. Unlike polje, uvalas usually 

lack surface water flows, so they do not accumulate basal sediments, leaving their floors 

undulating and irregular. Their bases are often covered by small isolated residual 

 

Figure 46: Uvala karst in Zavratnica Bay Croatia. Image from Velebit Park Prirode 2012 
<http://www.dinarskogorje.com/english.html>, (Mar.22, 2013). 
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limestone hills, referred to as ‘hums’ (USEPA, 2002). Karst denudation in uvala tends to 

smooth the sharp-bottom slope at the valley walls that is characteristic of polje 

Ćalić (2011).  

4.6.5 Polje Karst 

Polje is the Slavic word for field, 

but in karst nomenclature has 

been adopted to refer to any large 

karst-derived closed basin with a 

flat bottom, karstic drainage and 

steep peripheral slopes 

(Figure 47; Gams, 1978). Modern polje landforms have been extensively studied, as their 

flat bottoms often provide the only arable land in otherwise rugged karst terrains (Prohic 

et al., 1998). Several attempts have been made to classify poljes, and are usually 

associated with the feature’s structural, hydrological, morphological or climatic 

characteristics, or a combination thereof (Frelih, 2003). Gams (1978) lists five basic types 

of polje based on their morphological and hydrological controls: border, overflow, 

peripheral, piedmont and polje in the piezometric level. Ford and Williams (2007) 

simplified these into three broader categories of: border, structural and baselevel polje 

(Figure 48). 

4.6.5.1 Border Poljes develop at the contact between insoluble non-karst rocks and 

soluble rock, where the allogenic waters spill onto the surface of the limestone and begin 

the lateral planation and incision of the valley (Figure 48 (1)). This type of polje is very 

 
Figure 47: Globodol Polje, Slovenia. (From Gams, 1978). 
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common along the foothills of mountainous terrains, where the allogenic recharge fluids 

can supply abundant clastic materials to the valley’s rivers (Ford and Williams, 2007). 

4.6.5.2 Structural Poljes are created by bedrock geological controls. They commonly 

form within grabens or along faults, which provide a conduit for fluid flow, where 

tectonic offset juxtaposes impervious lithologies with more corrosion-susceptible ones 

(Figure 48 (2)). The 

elongate axis of 

these poljes is 

typically aligned 

parallel to the strike 

of the structural 

feature. Transverse 

faults in particular 

contribute to the 

development of karst 

groundwater 

networks. The 

development of the 

hydraulic karst 

system is also influenced by the reactivation of structural pathways through ongoing 

tectonism (Nicod, 2003). Structural poljes form some of the largest poljes in the world, 

and are the dominant class of polje in the Dinaric karst region of Slovenia and the Taurus 

Mountains of Turkey (Ford and Williams, 2007).  

 
Figure 48: Three basic types of poljes; Ford and Williams, (2007). 



 

90 
 

4.6.5.3 Baselevel Poljes occur when dissolution is taking place in the epiphreatic zone 

where the development is contingent on the stability of the water table. These poljes are 

distinguished from the other two types in that they do not require allogenic inputs for 

hydraulic recharge and are not dependant on geologic controls for initiation. Baselevel 

poljes can develop within, or at the outflow edge of, karst systems in areas where the sea 

or an impermeable formation acts as a threshold and water-table controls extend inland 

(Figure 48 (3)). Near the coast, base-level fluctuations are usually dependent on sea level 

(Nicod, 2003). They also develop in areas where ongoing denudation finally erodes the 

surface down to the point where underground streams can spill out onto the surface. The 

resultant fluvial plain is commonly covered by a veneer of alluvium as denudation of the 

carbonate surface continues at the water table below the overlying sediment. The lateral 

development of these poljes is dependent on the duration of stability of the water table 

(Ford and Williams, 2007). 

Seasonal or storm-induced flooding is a characteristic of most poljes in tropical terrains. 

Poljes that developed in more temperate zones are known to have had lakes occupying 

their floors for extended periods in cold and wet climates. These flat-bottom valleys have 

characteristics similar to a fluvial floodplain, where the water table is near the surface, 

but drainage usually occurs where the hydraulic gradient steepens and numerous ponors 

develop conduits for the fluid to drain (Ford and Williams, 2007). In addition to the 

corrosive effects of the fluids, the allogenic siliceous deposits that commonly fill the 

bottom of the polje aid denudation through crypto-corrosion (Nicod, 2003).  

Paleo-poljes generally arise from prolonged and often episodic erosion/corrosion of the 

polje floor, where significant lowering of the piezometric level is correlated with regional 
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uplift. These paleo-poljes are often filled by allogenic deposits coming off adjacent 

weathering slopes. The ongoing denudation of long-lived poljes can be aided by the 

development of soils in the alluvium that can increase the corrosive capabilities of the 

system’s fluids (Nicod, 2003). 

Like most karst landforms, poljes have a wide variety of sizes and shapes. Polje are the 

largest karst landforms and are considered karstic equivalents of valleys in fluvial 

landscapes (De Waele et al., 2009a). Gams (1978) proposed that a minimum bottom plain 

width of 400 m was required for classification as a polje; arguing that anything smaller 

should be classed as an uvala. Other authors such as Nicod (2003) suggest that the 

distinction between these two landforms should be based more on the planation of their 

bottoms rather than purely on size. Polje have characteristic flat bottoms, whereas uvala 

bottoms are irregular and often covered in low-relief hums and dolines. The alluvium that 

covers the base of 

polje floor may 

help mask 

irregularities on the 

carbonate surface. 

These alluvium 

sediments are 

typically a 

combination of 

allogenic and autogenic materials. Lacustrine sediments and stocks of brown coal and 

lignites are identified in the Gacko polje in eastern Croatia (Habič, 1987). The poljes of 

 
Figure 49: Dabarsko polje in Bosnia Herzegovinia. 

(Photo from De Waele et al., 2011). 
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the Dinaric karst region in southeast Croatia and Bosnia Herzegovina are elongate and 

range from 1 to 5 km in width and are up to 60 km long (Figure 49; Prohic et al., 1998). 

The structurally controlled Izeh polje in southwest Iran measures 1 to 8 km wide and is 

up to 20 km long (Nassery et al., 2009). The Lučki karst feature in southern Slovenia 

averages 0.5 km wide and is about 1.6 km long and is considered marginal between a 

polje and an uvala (Nicod, 2003).  

4.6.6 Tiankeng Karst 

The term tiankeng was first proposed in 2001 by Zhu Xuewen to describe giant doline-

like features (Zhu and Chen, 2006). He described steep-walled, pit-like, negative-relief, 

karst landforms that opened from beneath towards the surface, with both its depth and 

diameter exceeding 100 m (Figure 50).  

These features developed in a great thickness of continuous soluble rocks within a deep 

vadose zone of the aquifer, and connect with an active cave river at the foot (Zhu and 

Chen, 2006). Examples of karst features with similar characteristics can be found in 

Croatia (Crveno Jezero), Papua New Guinea (Minyé) and Mexico (El Sotano). Zhu and 

Chen (2006) separate tiankengs into two types (collapse and erosional) distinguished by 

their mechanisms of formation, rather than end morphologies. Both types are reliant on a 

 
Figure 50: Inside the Zhongshiyuan tiankeng, Wulong County, Chongqing China.  

(Photo from Zhu and Chen, 2006). 
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well-developed hydrological system for creation and are only found in tropic zones with 

high humidity and rainfall (Zhu and Chen, 2006).  

4.8.7.1 Collapse Tiankengs  

Collapse tiankengs create 

some of the most 

spectacular and dramatic 

karst landscapes (Figure 

51). These tiankengs form 

in massive amounts of 

soluble rock where 

material has been 

dissolved and eroded 

away at depth by a dynamic underground drainage system. The most typical scenario 

involves an underground river in an established cave passage where the roof of the 

chamber is gradually eroded and the fallen material is carried away by the passing water 

until the roof eventually collapses entirely. Collapse tiankengs are ringed by steep-sided 

walls and the floor is typically covered in boulders and breakdown bocks, with the finer 

materials being carried away. Juvenile tiankeng are shaped like an inverted cone with a 

smaller opening at the surface widening downward. As the tiankeng matures, the surface 

opening widens until the point where the landform can resemble a very large doline (Zhu 

and Chen, 2006).  

 

 
Figure 51: Xiaozhai tiankeng in Fengjie County, Chongqing Municipality, 

China. (From Zhu and Chen, 2006). 
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4.8.7.2 Erosional Tiankeng 

Erosional tiankengs develop by water that dissolves and erodes rock as it descends 

vertically from surface. These may be formed by a stream falling over a steep vertical 

cliff and or overhang. These tiankeng are formed by dissolution and mechanical erosion 

and begin with the stream sinking into a conduit that slowly excavates downward 

(Figure 52). Erosional tiankeng form gradually and are often found at the head of an 

underground river where there is an inlet 

into a cave entrance. These types of 

formations are rarer than the collapse 

model, and commonly form at the 

boundary between soluble and non-

soluble rocks. They are influenced by 

orientation of bedding and dip of the unit.  

Without knowing the mode of genesis, the 

primary distinctions between tiankeng and 

dolines are based on their morphological 

contrasts, with diameter being the 

principal criteria. Normal (100 to 300 m), 

large (300 to 500 m), and very large (>500 m) are three proposed tiankeng size groups 

(Zhu and Waltham, 2005). The majority of known global occurrences are classed as 

normal, with only a few large outside of China and only three very large isolated in China 

(Xiaozhai, Dashiwei and Haolong; Zhu and Waltham, 2005). Zhu and Chen (2006) 

compared 49 known tiankeng from seven provinces in China, from which the following 

 
Figure 52: Waterfall into Qingkou erosional tiankeng, 

Wulong County, Chongqing Municipality, China (Photo 
from Zhu and Chen, 2006). 
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data was drawn: average minimum depth was 168 m, average maximum depth was 

240 m, and average area 78 730 m2 (Zhu and Chen, 2006).  

4.7 Speculations on Timing and Mechanisms of Karsting Events in the Project Area 

Variations in paleotopography in the project area appear most evident in the Devonian 

carbonate, in particular the Dawson Bay and Winnipegosis formations. These formations 

were exposed at various stages of the Devonian and were proximal to marine shoreline 

environments, which may have provided opportunities for karsting to be initiated. It is 

unlikely, however, that karst processes would have been very effective given the cool, 

arid climate of the time. As noted in section 4.2, paleoclimate conditions would have 

been most conducive to karsting in the Late Jurassic Mid-Oxfordian and Kimmeridgian 

ages, as well as in the Early Cretaceous Valanginian and Aptian ages (Figure 2).  

Most of the Devonian formations subcrop near to, or within, the project area (Figure 10) 

and their lithologic contacts may have acted as conduits for allogenic fluid to penetrate 

the formations. According to Bates et al. (2008) the principal post-Paleozoic drainage 

direction across the area flowed off the exposed shield from northeast toward the 

southwest. This proposed drainage pattern would run nearly perpendicular to the 

subcropping edges of the formations in the project area, creating an ideal scenario for 

karsting to be initiated between lithologies of contrasting permeability and resistivity to 

corrosion.  

4.8 Summary of Potential Karst Development in the Study Area 

Karst terrain development is a function of the solubility of strata combined with the 

dissolution and mechanical erosional processes that act upon them. The coal deposits in 

the project area occur in thick carbonate sequences and the abrupt changes in stratigraphy 
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over short horizontal distances indicate that it is highly likely karsting and/or fluvio-

karsting that played a role in their evolution. Understanding the paleogeographic history 

of an area can help infer which processes may have played a role in the evolution of a 

terrain and the intervals during which these processes would have been most effective. 

However, given the vast timeframes over which these processes may have occurred, an 

understanding of the morphology of these deposits should provide better insight into their 

genesis. 

Core logging has shown no evidence of the Prairie Evaporite Formation or the Hubbard 

Member Evaporite of the Dawson Bay Formation present in the project area. The absence 

of these two formations rules out any assertions that the paleotopography was created 

through salt-dissolution karsting. Given their lithologies and porositites, carbonates of the 

Souris River, Winnipegosis and Dawson Bay formations would have been the strata most 

susceptible to karst development in the project area. 

Paleogeographic reconstruction has shown that the project area was subject to marginal-

marine, shoreface and fluvial environments at various stages from the late Devonian to 

the early Cretaceous periods. Periodic exposure of the Winnipegosis and Dawson Bay 

formations to near-coastal environments may have provided opportunities for karst 

initiation, but the proliferation of karst-related features would have been restricted by the 

cooler, arid climate of the time. It is also possible that karsting processes in the area could 

have been initiated through fluids entering the contacts of these formations and 

developing along stratigraphic contacts. Given the extended period of time which the 

Paleozoic units in the project area were exposed, a number of karst-related processes 

played a role in their erosional history, but climatic conditions suited to karst 



 

97 
 

development were probably most ideal during the late Jurassic and early Cretaceous 

periods. There is no indication that marine related karst processes affected the project 

area. 

Based strictly on the size and morphology of these project area sub-basins, several karst 

processes and landforms can be ruled out. Solution pans, turloughs, and regular solution 

dolines have comparable morphologies but are of insufficient size and depth to account 

for the paleotopographic lows in the project area. The size of fengcong- and fenglin-style 

cone and tower karsts is more analogous, but the distribution pattern of fengcong and the 

unique morphologies of fenglin are not recognized in the project area. Tiankeng have the 

circular morphology associated with these coal deposits, and there are a few precedents 

for these types of landforms occurring at sizes that would be analogous to the project 

area. Tiankeng landforms, however, require a mature subterranean hydraulic system with 

steep mountainous gradients to develop. Uvala have appropriate morphologies and their 

upper known size ranges fit well with the preliminary models of these deposits, but they 

typically don’t occur in clusters and uvala lack basal sediments. Polje landforms are 

significantly larger, and may be the most suitable analogue for these deposits. The 

occurrence of clastic detrital sediments at the bottom of sub-basins in the project area 

may represent remnants of the alluvium that typically lines a base level polje bottom. A 

better understanding of the orientation and morphology of these coal-bearing sub-basins, 

including their shape, surface area, depth and orientation, may be derived from 3D 

modeling.  
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Chapter 5.0 On the Formation of Very Thick Coal Beds, Peat-to-Coal Compaction 

and Implications for the Paleo-Depositional Environments of the Coal Deposits in 

the Project Area 

Coal beds can form in any number of lacustrine and coastal environments that allow for 

the accumulation and preservation of large amounts of organic material. Thick 

accumulations of plant material can result from fluvial transport of suspended organics, 

or more commonly, in-situ vegetation growth (Falini, 1965). Optimal environments are 

those in which organic materials can be preserved in anoxic stagnant waters, free from 

sediment accumulation or marine influences (Widera et al., 2007). Very thick coal beds, 

those exceeding 50 to 100 m, are exceptionally rare, and their frequency of occurrence 

decreases proportionally with increasing thickness (Volkov, 2002). The amount of 

original organic material required to produce coal beds of these thicknesses is important 

as it has implications for the accommodation space necessary for the development of the 

deposits in the project area. 

5.1 Coal-Forming Environments  

Coal is the product of the accumulation of plant debris in unique environments that 

facilitate the preservation and eventual compaction/metamorphism of the organic 

materials (Gaudig et al., 2006). Coal deposit thickness, lateral continuity, morphology, 

rank, as well as physical and chemical properties, can help to identify many of the 

processes involved in coal genesis (Thomas, 2002). Coal-forming environments require 

three basic conditions: 1) substantial accumulation of vegetation that has fibrous or 

woody components; 2) standing water sufficient to prevent the accumulating vegetable 

matter from oxidizing or being destroyed by bacteria; and 3) absence of significant 
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accumulations of inorganic sediments (Ward, 1984). Optimal environments are those 

where vegetation can fall or be swept into stagnant anoxic water where anaerobic bacteria 

can begin to assist in the breakdown of the vegetation. These conditions can be met to 

varying degrees in a wide range of sedimentary environments, including river flood-

plains, lakes, deltas and coastal areas, as well as more isolated localities such as volcanic 

craters, limestone sinkholes and other localized depressions on impermeable surfaces 

(Ward, 1984).  

Falini (1965) published one of the most comprehensive papers on the nature of coal 

deposits, in which he differentiates lacustrine, or limnic, coal deposits from paralic style 

deposits, or those that form in coastal environments. Paralic peat deposits typically form 

in coastal-belt depressions, so near the sea margin that their hydraulic level is practically 

the same height as the sea water. Paralic deposits are typically much more laterally 

extensive and continuous than lacustrine ones, and often include sediments carrying 

marine fossils. The water table in the paralic basin is usually connected to the sea through 

a permeable diaphragm such as a sand dune or ridge. Due to this hydraulic connection, 

paralic basins can only have accumulations of peat equivalent to the height of the 

maximum eustatic sea-level change. Under these conditions, accumulation and 

preservation of substantial amounts of peat can only occur in coordination with 

subsidence of the paralic basin. As a result, thick paralic coal deposits are more likely to 

be composed of multiple seams of modest thickness (Falini, 1965).  

In Saskatchewan the Cretaceous Sparky Member of the Cantuar Formation (Mannville 

Group) contains examples of paralic coal within depositional flats over 20 000 km2 that 

range from 0.1 m up to 2.0 m thick (Christopher, 2003).  
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True lacustrine coal deposits must be high enough above sea level or far enough inland 

that their hydraulic systems cannot be influenced by seawater. Lacustrine basins are 

considered hydraulically closed systems, affected principally by surface water inflow and 

evaporation. These types of deposits occur in tectonic structures (grabens, synclines, 

etc.), erosional hollows and karst holes (Falini, 1965). Shallow stagnant water conditions 

are optimal for maximum rates of peat growth in lacustrine mires. Stable conditions, 

where a slow-rising water table matches the rate of organic accumulation, can result in 

considerable thicknesses of coal (Falini, 1965).  

In Saskatchewan, Christopher (2003) identifies members of the Cantuar Formation such 

as the Lloydminster Member (which is up to 5.4 m thick in the Kindersley area), the Rex 

Member, (up to 3 m thick in the Kerrobert area) and the Cummings Member (which is up 

to 2 m thick south of Lac La Ronge) as limnic style deposits, based on their thickness and 

areal distribution.  

The accumulation of organic matter in lacustrine basins must be accompanied by a 

commensurate rise in water table level. If the water-table rises too slowly, un-submerged 

organics are subject to oxidization by aerobic conditions or to combustion, most 

commonly initiated by lightning strikes. Conversely, too fast of a water-table rise will 

result in drowning of the rooted vegetation in the mire. Falini (1965) concluded that the 

optimal organic accumulation rate for a peat bog is on the order of only a few centimetres 

per year. He postulated that very thick accumulations of coal are therefore the 

culmination of thousands of years of stable growth conditions.  
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5.2 Modes of Organic Accumulation 

The origin of coal-bed-forming materials can be from organics either accumulating where 

they grew (autochthonous), or being transported to the current location of the coal deposit 

(allochthonous). The majority of coal deposits documented in current literature resulted 

from accumulation of in-situ plant growth. Falini (1965) points out that for very thick 

coal beds, an unrealistic volume of water would be necessary to transport enough organic 

material, given that the proportion of suspended solids in flowing water rarely exceeds a 

few thousandths of the liquid volume. Bennett (1964) also noted that the occurrence of 

significant thicknesses of continuous coal, free from frequent intercalations, would be 

difficult to explain by any means other than in-situ peat growth combined with slow and 

steady subsidence.  

Morris et al. (2009) conducted proximate and ultimate analysis, coal petrography studies 

and vitrinite random reflectance research on several drill cores containing coal from the 

project area. The authors propose that a gradational increase in the amount of reactive 

macerals (vitrinite, liptinite, fusinite, etc.) versus inert macerals (those exposed to aerobic 

alteration during periods of oxidization) moving up from the base of the section suggests 

that more stable swamp conditions occurred later in deposition, and that it is possible 

some of the original organic material at the base of the section was transported and 

redeposited (allochthonous).  

With permission from Goldsource, thin sections were made for small samples of coal that 

were taken from drillhole BD10-140 (Pasquia 02 sub-basin) at random intervals in the 

seam that occurs between 78 and 152 m. Table 1 lists the depth of each sample as well as 

an analysis of their clastic content. If the theory of allochthonous transport proposed by 
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Sample   Grain size (µm)       

Depth 
(m) 

Detrital 
% Min Max Avg Sorting Angularity Comments 

81.5 1-5 <1 60   poor   Larger grains are subangular and have medium 
to low sphericity. Smaller grains have increasing 
angularity.  

92.4 <1           Almost no detrital grains. Nearly 100% 
organics. 

97.5 20 <1 80 10 very 
poor 

angular Angular quartz, low sphericity. Rounding and 
sphericity increase slightly with larger grains. 

108.2 <1           Almost no detrital grains. Nearly 100% 
organics. 

113.4 5 <1 40 8 poor angular to 
subangular 

Poorly sorted, low sphericity, moderate to high 
angularity 

117.2 1-5 <1 50 2 poor angular to 
subangular 

Poorly sorted, low sphericity, moderate to high 
angularity 

128.3 <1           Almost no detrital grains. Nearly 100% 
organics. 

133.0 <1           Almost no detrital grains. Nearly 100% 
organics. 

144.2 5-10 <1 60 10 very 
poor 

angular Poorly rounded. Minor decrease in angularity 
with increased grain size. 

148.0 15 <1 80 30     Rounded amorphous carbonate clasts make up 
>10%. Small quartz grains account for <5%. 
Rare larger quartz grains subrounded to 
subangular. Medium to low sphericity. Smaller 
quartz grains are angular.  

Table 1: Grain size analysis of clastic content in thin sections from coal samples from BD10-140.  

Morris et al. (2009) is correct, it stands to reason that evidence of increased fluvial 

activity toward the base of the section should be evident. Grain size analysis was 

conducted on thin sections from each sample (Table 1 and Figure 53).  

On average, the samples contained less than 5% clastic material (Figure 53 a and e), with 

the exception of the sample collected at 97.5 m (Figure 53 c), which contained 

approximately 20%. This sample corresponds to a one-metre-long spike on the downhole 

gamma-neutron log, indicative of a sand parting in the coal sequence. The sand in this 

parting is poorly sorted and angular, implying minimal transport and reworking. Samples 

as deep as 133.0 m contain almost no clastic material and are comprised nearly entirely of 

organics (Figure 53 b and d).  

The sample at 144.2 m shows a minor increase in clastic content, but the angularity 

(Figure 53 e) and very poor sorting still imply minimal fluvial transport. The sample at 
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148.0 m (Figure 53 f) has increased clastic content, but the majority of the grains appear 

to be rounded amorphous blebs of carbonate (micrite). Quartz grains are still present, but 

comprise less than 5% of the overall clastic content. The presence of detrital carbonate 

near the base of the coal succession is not unexpected, given the unconformity that 

preceded coal deposition. There are also no indications of stratification of the clastics or 

organics, which would indicate extensive fluvial transport. Based on this admittedly 

limited case study, there is no evidence of allochthonous processes for the Pasquia 02 

sub-basin (Section 5.7). Even if allochthonous processes did contribute some plant 

material, it seems clear that the overall majority of the organics in the deposits of the 

project area must be derived from in-situ autochthonous peat growth to produce coal 

seams of such thickness.  
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Figure 53: Note: All thin section images shown at 5x optical magnification under cross polarizers except for b) and d) 
which are in plain polarized light. 
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5.3 Peat-Forming Environments 

Apart from coal rank, which is mainly a function of degree of compaction and 

metamorphism, the main properties of coal are primarily a result of the original peat-

forming environment. Vegetation growth rates, plant species, nutrient supply, acidity, 

bacterial activity, temperature, water-table fluctuations and clastic sediment input are all 

controlling factors in the formation of peat (Thomas, 2002).  

Modern peat-forming mires may provide the best understanding of how their paleo-

analogues resulted in coal accumulation. Diessel (1992) recognizes two principal types of 

peat-producing mires, distinguished by their form of hydraulic input: 1) ombrogenous 

mires receive their water via rainfall; and 2) topogenous mires are groundwater fed. 

Ombrogenous mires encompass environments such as raised bogs, blanket bogs or bog 

forests and generally represent confined ecosystems with little clastic sediment input. 

Topogenous mires form where vegetation is saturated by groundwater include 

environments such as swamps, fens and marshs, and typically have higher inorganic 

content than ombrogenous mires owing to their increased fluvial activity. Sediment can 

be introduced into both types of low-lying mires by floods, storm surges, or in coastal 

areas, exceptionally high tides. Areas of mire that have been exposed to marine influence 

may result in coals with higher sulphur, hydrogen and nitrogen contents (Thomas, 2002).  

Hydraulic conditions in a mire control growth rates, but also dictate preservation 

potential. Morris et al. (2009) suggest that the relatively higher sulphur, chlorine and 

boron values in the Hudson Bay area coals imply a brackish or marine influence during 

deposition. The authors do not address the potential role post-depositional fluids, such as 

those in the Mannville aquifer, may have played in the coal’s elemental chemistry. 
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5.4 Preservation 

As previously noted in section 5.1 the preservation of organic material in a mire requires 

submergence and rapid burial in an anoxic environment. The degree of humification (or 

decay of plant material) in the peat profile can contribute to the process, as oxygen gets 

consumed during decay (Thomas, 2002). Humification may also increase the acidity of 

the groundwater, further suppressing microbial activities. Decay rates are typically higher 

in warmer climates. Higher decay rates facilitate faster new growth. Given that peat is a 

relatively impermeable medium, its progressive growth may impede drainage, allowing 

some mires to build upward as they maintain their own water table (Thomas, 2002).  

Gaudig et al. (2006) noted that the accumulating peat in kettle holes in eastern Germany 

led to a damming off of the kettle holes by sealing the permeable mineral floor, resulting 

in closed hydraulic systems. The limited hydraulic input allowed for slow rises in the 

water tables concurrent with peat growth levels. This is the same model proposed by 

Falini (1965) as being responsible for very thick accumulations of coal. The amount of 

compacted peat required to produce thick accumulations of coal is still the subject of 

much debate and is discussed further in sections 5.6 and 5.7. 
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Figure 54: Frequency of coal bed occurrence by thickness, based on a 
sample of 2406 beds from 210 coalfields. From Volkov (2002). 
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5.5 Very Thick Coal Beds 

Volkov (2002) synthesized the work 

of several coal investigators, 

principally from Russia and 

Eastern Europe, in an attempt to 

interpret the formation conditions 

for very thick coal beds. He 

examined 210 coal fields across 

the globe and noted that, as the bed 

thickness increased, there was a 

drastic decrease in the frequency of 

occurrence (Figure 54). The vast 

majority of coal seams examined 

were under 10 m thick and frequency became increasingly rare with increased thickness 

(Volkov, 2002).  

The term ‘Giant Beds’ was proposed by Volkov to describe the exceptionally rare 

occurrences of coal accumulations in excess of 50 to 100 m. The giant beds are typically 

less laterally extensive than the more common thinner beds, usually comprising only a 

few square kilometres. Volkov (2002) characterized the structure of these deposits based 

on varying degrees of geologic complexity, ranging from simple coalescing compact 

beds, to more complex layered and split sequences. Coals of all ranks, from soft brown 

coal to anthracite, have been noted in giant beds, but the extent of coalification is 

typically variable and non-uniform, resulting in deposits with multiple heterogeneous 
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Figure 55: Distribution of thick coal beds in coal basins and fields of different types from 
Volkov (2002). Types of coal basins and fields: (I) folded areas and orogens, (II) central 

platformal areas, (III) platformal margins, (IV) epiplatformal reactivation zones, (V) 
depressions. Occurrence mode of coal-bearing deposits: (1) undislocated, (2) moderately 

dislocated, (3) dislocated. Total number of productive beds: (a) 1 to 5 (low number), (b) 5 to 15 
(moderate number), (c) more than 15 (numerous). Thickness of the major beds: (A) thin (no 

more than 1.5 m) to occasionally moderate (1.5 to 3.5 m) (B) moderate to rarely thick (5 to 15 
m) (C) thick and very thick (30 to 100 m or more). Domains of fields with thick coal beds are 

dotted. Figure from Volkov (2002). 

sections. He noted that brown coals are the most dominant type in giant beds, followed 

by harder coals of Paleozoic and Mesozoic age. Anthracite and other higher ranked coals 

comprise a relatively small proportion of giant beds. Volkov also noted that these giant 

beds are most commonly underlain by clay-and-silt rich rocks and overlain by similar 

sediments but with a greater sand component. Upper and lower contacts with the coal 

units were typically sharp. Volkov (2002) examined the locations of these giant coal beds 

and their specific position within coal fields. He concluded that these thick beds 

predominantly occur in three types of settings: platform margins, epiplatformal 

reactivation areas, and 

areas of subsidence 

depressions (Figure 

55; Volkov, 2002).  

Coal fields formed on 

a platform margin 

setting are commonly 

composed of three to 

five seams with a total 

thickness averaging 

about 50 m. The 

seams differ in 

thickness as well as 

lateral distribution. 

These coal deposits appear to be infilling irregular elongate depressions spanning 10 to 
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30 km in width and 30 and 60 km in length (Volkov, 2002). Examples of these types of 

deposits are the Jurassic coal fields in the Kansk-Achinsk Basin of Russia (70 to 95 m 

maximum thickness); the Paleozoic Ekibastuz coal field in Kazakhstan (95 to 110 m 

maximum thickness); and the Cenozoic coalfields in the Latrobe Valley Basin in 

Australia (70 - 300 m), the world’s largest soft brown coal field (Volkov, 2002).  

Coalfields formed in epiplatformal reactivation zones such as grabens, graben-synclines 

or similar structures have more asymmetric profiles, usually following elongate linear 

structures created by tectonic movement. The most noted pattern of asymmetry showed 

the thicker portions of a deposit confined to zones where the walls have the shallowest 

incline. These zones usually laterally span only a few hundred metres to a kilometre, and 

rarely more than 3 to 5 km. These types of deposits typically show sharp changes in 

morphology across the strike of the structural feature, and range in thickness from 100 to 

200 m, rarely up to 400 m. These types of beds are predominantly composed of brown 

and immature hard coals and commonly show a moderate grade of deformation. The 

majority of these types of known coal fields are Mesozoic and Cenozoic in age, such as 

the coal fields of the Chelyabinsk Basin in Russia (30 to 100 m thick coal), the Cologne 

area in Germany (80 to 100 m thick coal), the Fushun region in China (120 to 200 m 

thick coal), and the Hat Creek Valley deposits in British Columbia (up to 300 m of coal; 

Volkov, 2002). 

Giant coal beds of subsidence depressions are smaller deposits related to non-tectonic 

topographic lows attributed to salt migration, karsting and/or erosional karst activities. 

These deposits are less common than the structurally related ones and show a variety of 

morphologies and sizes. They are typically oval to elongate and usually do not exceed a 
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few kilometres in length. Individual coal seams range from 20 to 100 m thick, creating 

sequences of coal 100 to 400 m thick. The thickest parts of the deposits correspond to the 

approximate centre of the depression. The coal beds are dominantly composed of brown 

earthy coals and are commonly deformed near the walls of the depression, where an 

increase in bedding inclination and fracturing are common. Known coal fields of this type 

are Cenozoic in age, such as the brown coal deposits in the South Ural region of Russia, 

the Novyi Dmitrov coal mine in Ukraine as well as those in Belarus, Germany and 

Poland (Volkov, 2002).  

5.6 Peat-to-Coal Compaction 

Moore et al. (1991) succinctly identifies the problem with the existence of very thick coal 

seams by recognizing that modern peat-forming environments rarely exceed 20 m in 

thickness. Based on the laws of uniformitarianism, there must have been significant 

amounts of compaction of these peat deposits to produce thick coal seams. Numerous 

authors have tried to establish a consistent ratio of the amount of peat that is required to 

produce a unit of coal. Given the variation in coal types and rank, it is not practical to 

derive one ratio that is applicable to all peat-to-coal transformations. In addition to the 

factors mentioned above that influence peat growth and preservation, compaction can 

also be influenced by overburden pressure, temperature, basin subsidence, sediment 

intercalations (partings), as well as the peat’s original moisture content and pore space 

ratio. 

Ryer and Langer (1980) suggest four principal methods useful for estimating compaction 

ratios:   
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1) Petrographic examination of coal to measure the deformation of objects such as 

plant cells and spores whose original shape is a known constant;  

2) Comparison of the density of modern peat with that of coal can provide an 

indication of degrees of compaction and coalification (this method is less reliable 

due to the variability in peat’s principal organic components);  

3) The degree of compaction inferred from the amount of deformation around 

incompressible objects in the peat column such as concretions;  

4) Stratigraphic reconstructions of sections where coal units are laterally adjacent 

to lithologies with better known compaction ratios.  

The latter method may be the most useful in estimating the original peat thickness (Ryer 

and Langer, 1980). Given the lack of actual coal remaining for this study, the 

stratigraphic reconstruction method is the most applicable approach for the project area. 

Based on an assumption of linear compressibility, Falini (1965) used the thickness and 

estimated weight of the sediment column overlying coal seams to extrapolate the degree 

of compaction. He proposed that the transformation from peat to lignite results in a 

reduction of thickness to about one tenth the original value (i.e. 10:1 compaction ratio; 

Falini, 1965). Ryer and Langer (1980) synthesized peat-to-coal compaction ratios 

proposed by numerous researchers dating back as far as 1899 and found compaction 

ratios ranging from as high as 30:1, to as low as 2.2:1. Of the 33 examples studied by the 

authors, the average peat to coal compaction ratio was 7:1 (Ryer and Langer, 1980). 

Shearer and Moore (1996) conducted a series of experimental coalification tests, and 

concluded that peat type had the greatest influence on compaction. Organic matter loss, 

compaction of particulate plant material and loss of pore space are presumed to account 
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for the greatest volume changes. The authors calculated a compaction ratio range of 2.2:1 

to 5.7:1(Shearer and Moore, 1996). Nadon (1998) recognized that the compaction ratio of 

10:1 was unrealistically high and led to impossible stratigraphic reconstructions. He also 

noted that few other studies addressed the timing of the organic compaction that occurs at 

surface or slightly after burial. Nadon (1998) suggested that given the importance of auto 

or self-compaction of the peat, a compaction ratio of 1.2:1 to 2.2:1 would be more 

realistic. Volkov (2002) suggested that the self-compaction of surficial peat causes each 

metre to compress down to 0.2 to 0.3 metres of original thickness during transition to 

mature peat. He proposes compaction ratios ranging from 1.5 to 2.0:1 for peat to soft 

brown coals, up to 6 to 8:1 for peat to anthracite (Volkov, 2002).  

5.7 Peat-to-Coal Compaction in Pasquia 02 Sub-basin 

It may be possible to derive an estimate of the degree of post-burial compaction that has 

occurred in one of the study area sub-basins by comparing the elevation of the formations 

that drape the coal deposit, inside and outside the basin extent.  
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Figure 56: Location of drillholes defining extents of Pasquia 02 sub-basin. 

Figure 56 shows the location of drillholes, thickness of carbon interval, and approximate 

outline of the Pasquia 02 sub-basin in the Hudson Bay area. The Pense Formation of the 

Mannville Group directly overlies the coal deposits in the Pasquia 02 sub-basin. Table 3 

lists the down-hole depths to the top and bottom of the Pense Formation in each of the 

holes illustrated below. This table compares the holes inside the periphery of the coal 
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deposit from those outside of it. All of the down-hole depths are corrected by the known 

collar elevation for each hole, to produce the actual elevation of the formation in metres 

above sea level (masl). Average elevation of the top of the Pense Formation is 266.1 masl 

inside the sub-basin, compared to 296.5 masl outside the extents of the sub-basin. 

Similarly, average elevations of the bottom of the Pense Formation are 262.3 masl inside 

and 292.4 masl outside the sub-basin. Difference in the average thickness of the Pense 

Formation inside and outside of the basin (3.7 m and 4.1 m, respectively) can be 

considered as statistically negligible given the relatively small sample set. The amount of 

vertical offset for the top and bottom of the formations, inside and outside of the sub-

Hole # In or 
out of 
sub-
basin 

Collar 
Elevation 

(masl) 

Depth1 to 
top Pense 

(m) 

Top of 
Pense 
(masl) 

Depth1 to 
base 

Pense (m) 

Base of 
Pense 
(masl) 

Pense 
Thickness 

(m) 

BD09-79 Out 338.9 39.0 299.9 43.0 295.9 4.0 

BD09-77 Out 338.5 41.3 297.2 47.0 291.5 5.7 

BD09-78 Out 336.7 36.5 300.2 40.5 296.2 4.0 

BD09-27 Out 333.8 38.4 295.4 41.3 292.5 2.9 

GT10-02 Out 314.0 29.9 284.1 35.0 279.0 5.1 

BD09-28 Out 334.7 32.5 302.2 35.5 299.2 3.0 

BD09-64 In 338.2 77.5 260.7 82.5 255.7 5.0 

BD09-89 In 337.0 48.1 288.9 48.7 288.3 0.6 

BD09-85 In 337.0 73.8 263.2 82.9 254.1 9.1 

BD09-30 In 335.5 75.7 259.8 78.4 257.1 2.7 

BD09-106 In 337.3 78.5 258.8 81.1 256.2 2.6 

BD08-02 In 335.8 78.2 257.6 81.4 254.4 3.2 

BD09-82 In 339.0 81.2 257.8 84.2 254.8 3.0 

BD09-76 In 337.4 58.5 278.9 64.5 272.9 6.0 

BD09-69 In 335.9 83.0 252.9 86.9 249.0 3.9 

BD09-83 In 335.1 70.0 265.1 73.2 261.9 3.2 

BD09-90 In 337.4 54.5 282.9 56.2 281.2 1.7 

Average elevation of Pense Formation inside sub-basin in metres above sea level (masl) 266.1  

Average elevation of Pense Formation outside sub-basin (masl) 296.5  

Vertical offset in tops of formations inside vs. outside of basin (m) 30.4  

Average thickness of Pense inside sub-basin (m)  3.7  

Average thickness of Pense outside sub-basin (m)  4.1  

Table 2 Thickness of Pense Formation in and out of Pasquia 02 sub-basin periphery. 1Down-hole depth. 
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basin, are nearly identical at 30.4 m and 30.1 m, respectively. This implies that the sub-

basin subsided by an average of approximately 30 m after the deposition of the Pense 

Formation. Hole BD09-30 has the thickest coal interval (55.7 m) in the Pasquia 02 sub-

basin. Assuming BD09-30 was subject to at least 30 m of post-Cantuar depositional 

subsidence, a compaction ratio of 1.54:1 can be estimated.  

5.8 Summary of Inferences for Study Area Coal Deposits 

The immense thicknesses of the project area coal deposits, combined with their relatively 

limited lateral extents and the absence of obvious marine influence, indicate that these 

coals formed in a lacustrine or limnic depositional environment, rather than a paralic, or 

coastal one. These deposits are most likely autochthonous in nature, having derived the 

vast majority of their organic material from in-situ growth of peat, rather than transported 

materials. The relatively small amount of clastic material mixed in with the coal implies 

peat growth occurred in an isolated mire with very little fluvial input. It can be inferred 

that the sub-basins identified in the study area were most likely closed hydraulic systems, 

disconnected from marine influence, with water tables influenced only by surface runoff 

and/or groundwater. In a closed system, sealed off by peat growth, a stagnant, anoxic, 

slow-rising water table would have facilitated the continual growth and preservation of 

peat. Coal seams, as thick as the ones in the project area, are exceedingly rare and are 

usually the result of protracted periods of uninterrupted peat growth. These conditions 

occur when the water table rises concordant with peat growth; slow enough to allow the 

continual upward growth of peat, but not so slow as to expose the peat to oxidizing 

conditions. 
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A compaction ratio of 1.54:1, calculated for the Pasquia 02 sub-basin above, measures 

the amount of compaction of organics after deposition of the Pense, but does not account 

for auto-compaction of peat under its own weight. Pre-burial autocompaction of the peat 

by dewatering and pore space reduction, also likely played a large role in organic 

compression, limiting the amount of accommodation space required to produce these 

very thick deposits. Assuming comparable compaction ratios, each of the sub-basins in 

the study area would have had ample accommodation space for the amount of peat 

growth necessary to produce their corresponding coal intervals.  

The morphology and setting of these deposits align best with Volkov’s (2002) 

classification of giant coal beds formed in areas of subsidence depressions, which makes 

these deposits as exceptionally rare, globally (Figure 55).  
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Chapter 6.0 3D Modelling of Sub-basins 

6.1 3D Modelling Methodology 

The absence of obvious indicators of geologic processes, such as salt dissolution karst 

features, or karst-cave collapse-breccias, meant that other observations were needed to 

understand the evolution of these deposits. The depth, morphology, orientation and 

distribution of these sub-basins can all be reconstructed with 3D modelling and these 

parameters provide the best means for interpreting which geologic processes are 

responsible for the project area deposits.  

Drillhole collar locations, elevations, lengths, dips and azimuths were provided by 

Goldsource and are presented in Appendix A in Universal Transverse Mercator Zone 13 

projection in the North American Datum, 1983.  

Drillhole coordinates, orientation and downhole geologic formation contacts were 

imported into Paradigm GOCAD 2009.4 – 64 bit software. A preliminary report prepared 

for Goldsource by external consultants noted discrepancies between reported collar 

elevations and local topography (McQuaid et al., 2011). These discrepancies are likely 

due to the unreliability of elevation values produced by non-differential global 

positioning systems (GPS). For this study, collar elevations were corrected by projecting 

drillhole coordinates vertically to the digital elevation data collected from the Shuttle 

Radar Topography Mission (SRTM) from February 11 to 22, 2000 and made available 

for download by the United States Geological Survey (Shuttle Radar Topography 

Mission, 2000). Discrepancies between the GPS-derived and projected collar elevations 

were commonly a few metres, but in some instances errors of greater than 25 m were 
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noted. These discrepancies would have had a significant impact on modelled contacts if 

left uncorrected. 

Once collar elevations were corrected, well markers were inserted to denote the top of 

each stratigraphic formation identified during logging. Digital data for the downhole 

gamma-neutron and density logs was imported into GOCAD and their traces were used 

to help correlate and vet formation marker locations (Figure 57). These well markers 

served as control nodes, or established points of reference to constrain the modelling 

software. 

After markers were vetted for spatial inconsistencies, regional surfaces were created 

across the entire project area in a plane of best fit for the Westgate, Viking, Joli Fou, 

Pense, Cantuar, Souris River, Dawson Bay, Winnipegosis, Ashern and Interlake 

 
Figure 57: Examples of down hole gamma and density logs and well markers on drillholes in Chemong 20 sub-basin. Blue lines 

indicates gamma response and yellow lines represents density measurements. 
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formations. When creating these surfaces, it was necessary to exclude data inside sub-

basins so that the abrupt changes in topography within them did not bias the regional 

data. Formation surfaces were modelled in sequence from oldest to youngest. Some 

surfaces had to be manually manipulated to avoid overlap and to be consistent with 

anticipated regional dips, which were based off TGI structure contour maps (TGI 

Williston Basin Working Group, 2008 a-ad). In some instances, surfaces that intersected 

each other reflected a termination of the surface as formations reached their northernmost 

limit of preservation (Figure 10). Other surfaces that intersected within the periphery of a 

sub-basin usually reflected preservation of the younger unit, isolated within the older 

unit, likely due to pre-erosional subsidence (Figure 58). 

After regional surfaces were established, a data bounding box called a voxet was created 

around each sub-basin. The voxet isolates the data within, allowing for manipulation of 

the surfaces without influence from external data. The creation of voxets accommodated 

0 1 km

Figure 58: Example of bisecting surfaces: younger Westgate (yellow) surface surrounded by Joli Fou (grey) surface within 
extents of Niska 08 sub-basin (3x vertical exaggeration). 
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the abrupt changes in formation elevations within the sub-basins while not biasing the 

regional dataset with these extremely localized changes. 

Surfaces within each voxet were split in half repeatedly to create a wireframe-like mesh 

with multiple points of flexure (Figure 59). The increased mesh density gave surfaces 

within the voxets greater flexibility to adjust to abrupt changes in topography. 

Determining the appropriate density of mesh flexure was critical to modelling and had to 

be conducted on a case-by-case basis for each sub-basin since data density across the 

project area was quite variable. A less dense mesh (fewer splits) resulted in the sub-basin 

surfaces being too rigid to adjust to control points (well markers). Conversely, too fine of 

a mesh allowed for very localized topographic changes, resulting in unrealistic landforms 

developing during interpolation (Figure 60). It was found that increasing the mesh 

0 4 km

Figure 59: Customizing density of wireframe mesh to allow for increased surface flexibility 
within voxets (white boxes). Yellow dots indicate drillhole locations. 

Pasquia 05 

Pasquia 02 

Chemong 20 Chemong 10 Chemong 06 
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0 1 km

 
Figure 60: Example of interpolation errors resulting from excessively fine mesh density. Pasquia 02 sub-basin, Pense 

Formation (3x vertical exaggeration). 

density to between 3 to 4 times the regional average was optimal for manipulating most 

sub-basin surfaces within a voxet. 

Once an appropriate mesh density was established an interpolation algorithm was run on 

all ten formation surfaces in each of the eight sub-basins. The algorithm manipulates 

surfaces into a best-fit morphology based on established control points (well markers) 

and extrapolates the surface elevation in regions more distal to known contacts. Each 

surface was interpolated a different number of times to achieve a best-fit morphology 

(Figure 61).  

0 400 m 0 400 m

 
Figure 61: Example of interpolation algorithm adjusting surface to control points. Pasquia 02 sub-basin, Cantuar Formation  

(3x vertical exaggeration). 
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Since the Cretaceous Cantuar and the Jura-Cretaceous Success S2 formations are both 

interpreted to be infilling paleotopographic lows (Berenyi et al., 2009 and Morris et al., 

2009), a sub—Jura-Cretaceous unconformity was modelled within each sub-basin voxet 

in an attempt to reconstruct the paleotopographic accommodation space that existed prior 

to formation of the coal deposits (Figure 62).  

The unconformity surface was created primarily from markers denoting the uppermost 

Devonian intersection, which was most commonly the Souris River Formation. In a 

couple of areas where the Souris River was absent, the Dawson Bay Formation was the 

uppermost Devonian contact. Holes drilled in deeper parts of the sub-basins typically 

terminated in the Cantuar or Success formations and did not intersect Devonian strata. In 

these instances the unconformity was modelled to coincide with the end of the drillhole 

and the depth to the unconformity should be considered a minimum. The unconformity 

 
Figure 62: Sub-Jura-Cretaceous unconformity models (purple surface) for the Pasquia and Chemong sub-basin areas. Green lines 

show where unconformity intersects Paleozoic surfaces (3x vertical exaggeration). 
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surfaces were manipulated using the same interpolation algorithm as for the formation 

surfaces. 

Where Paleozoic surfaces intersected the modelled unconformity surface, the older strata 

are interpreted to have been eroded by the unconformity (Figure 63). The morphology 

and spatial relationships of these sub-basins is suggested here to be a best-fit analogue for 

the sub-Jura-Cretaceous paleotopography. 

Surfaces were also created to approximate the top and bottom of the carbonaceous 

intervals in each sub-basin, to better understand the overall Lower Cretaceous 

depositional environment. The carbonaceous contacts were provided by Goldsource and 

represent intervals in each hole that are predominantly organic (>50%) and included coal, 

coaly sandstone or carbonaceous shales. The lateral extents of the carbonaceous surfaces 

were constrained by where they intersected the modelled unconformity. These surfaces 

 
Figure 63: The Souris River (red), Dawson Bay (blue), Winnipegosis (teal), Ashern (orange) and Interlake (yellow) formations, 

in stratigraphically descending order, as interpreted to be cut by the sub-Jura-Cretaceous unconformity. 

Pasquia 05 

Pasquia 02 
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were constrained by where they intersected the modelled unconformity. These surfaces 

were not intended to approximate, or in any way represent, the volume of coal in the 

deposit. Depths and thicknesses of partings and interbeds of clastic materials within the 

carbonaceous intervals were also modelled, in an attempt to identify any potential 

correlation of this material between, and within, individual sub-basins (section 6.4). 

6.2 Modelled Morphology of Sub-basins  

The sub-Jura-Cretaceous unconformity models make it possible to draw inferences on the 

size, orientation, depth and general morphology of the sub-basins in the study area. These 

unconformity surfaces provide a better understanding of the spaces that would have been 

available to accommodate peat growth and coal accumulation. The size, morphology and 

distribution of the paleotopographic lows are also the best indicators available to help 

determine what types of karst or erosional processes are likely to have facilitated their 

creation. Horizontal measurements were made on the modelled unconformity surfaces 

along each sub-basin’s longest axis (A-B), and the axis perpendicular to it (C-D), to 

estimate dimensions of the deposit. Table 3 lists the orientation, plan-view dimensions, 

minimum modelled depth and approximate slope angles along each measured axis of the 

sub-basins.  

Sub-basin 
Orientation 
of A-B axis 

Long 
axis 
A-B 
(m) 

Short 
axis 
C-D 
(m) 

Modelled 
depth to 

unconformity 
base (m) 

Basin 
slope A 

(°) 

Basin 
slope B 

(°) 

Basin 
slope C 

(°) 

Basin 
slope D 

(°) 

Niska 08 NNW-SSE 2240 1170 201.1 12 12 32 30 

Niska 07 NW-SE 2110 1200 211.5 46 23 23 12 

Pasquia 05 NNW-SSE 3225 2880 204 32 10 22 7 

Pasquia 02 NE-SW 1470 1420 205.3 34 38 30 21 

Chemong 20 E-W 965 660 153.5 28 7 14 16 

Chemong 10 NE-SW 855 550 213.4 34 38 35 40 

Chemong 06 NE-SW 1710 1120 191.1 33 10 20 23 

Split Leaf NE-SW 1285 820 196.4 14 22 15 15 
Table 3: Measurements of modelled sub-basin unconformities. 
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6.2.1 Niska Region Sub-basins  

The Niska region sub-basins are the most northerly deposits identified in the project area, 

situated approximately 14 km north-northeast of the Pasquia area deposits (Appendix A). 

The Niska 07 and 08 sub-basins are among the better-constrained deposits in the project 

area, having been delineated by 15 and 12 drillholes, respectively (Figure 64).  

The sub-Jura-Cretaceous unconformity surface in the Niska region is interpreted to have 

intersected, (in stratigraphically descending order), the Souris River, Dawson Bay, 

Winnipegosis, Ashern and Interlake formations (Figure 64). The Interlake Formation was 

only identified in one hole in the area, GT10-01, but the formation is projected to be 

present and appears to be the deepest unit impacted by the sub-Jura-Cretaceous 

unconformity.  

The northwest-southeast-trending Niska 07 unconformity surface has a periphery with an 

approximate 2.68 km2 surface area. The unconformity surface has one of the steepest 

modelled slopes, measuring 46 degrees, along its A-axis. The steep slope is created by a 

 
Figure 64: Plan view of modelled morphology of the Niska 08 (West) and Niska 07 (East) Proterozoic paleotopographic surfaces. 

Line A-B is the long axis and line C-D is the short axis of the sub-basins. 
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significant difference in relief between the first Paleozoic carbonate in BD10-137 (at 

40 m depth) and hole BD10-136, which terminated in Cantuar Formation at 206 m. Since 

hole BD10-136 terminated in the Cantuar Formation, the unconformity depth is a 

minimum, and therefore the slope may be even greater. The average slope along the four 

end points, of the two axes, is 26 degrees (Table 3). An approximate 100 m rise in 

elevation in the centre of the sub-basin divides the unconformity surface into lows in the 

northwest and the southeast parts of the sub-basin. The rise in the centre of the 

unconformity surface was initially presumed to be an algorithm-derived error from a 

misplaced contact, but multiple formation contacts in holes BD10-127 and BD10-130 

confirm the elevation is accurate (Figure 64). Niska 07 is among the deepest modelled 

sub-basins, attaining a depth of at least 211 m below present day surface. The northwest 

and southeast lobes are both interpreted to extend approximately 60 m into the Interlake 

Formation.  

The north-northwest to south-southeast-trending Niska 08 sub-basin is approximately 

4.3 km west-southwest of Niska 07 and has more shallow sloping slides, particularly 

along its elongate A-B axis (Figure 64 and Table 3). The periphery of the unconformity 

has a surface area of 3.52 km2 and the slopes along the four measured axis averaged 22 

degrees. The unconformity has a kidney bean shape wrapping around a rise in topography 

protruding from the northeast into the sub-basin. Niska 08 is modelled to be at least 

201 m deep and also extends about 60 m into the Interlake Formation.  



 

127 
 

6.2.2 Pasquia Region Sub-basins 

The Pasquia region sub-basins were among the first deposits discovered in the project 

area, and are the most extensively delineated. The relatively higher density of well 

control increased the confidence of the modelling for the Pasquia sub-basins.  

The northwest-southeast-trending Pasquia 05 sub-basin is well delineated by 18 drillholes 

and appears to be a coalescence of a shallower paleotopographic low in the southeast 

merging with a deeper one to the northwest (Figure 65).  

Pasquia 05 is the largest modelled unconformity, with a 4.71 km2 surface area. The 

slopes of the sub-basin are generally gently dipping, averaging 18 degrees (Table 3). The 

steepest area is at the A-point along the A-B axis in the northwest, where the slope is 

estimated to be 32 degrees. The slopes along the northeast and southeast (at points D and 

B respectively) are much more gently dipping, both being about one third as steep as at 

the opposing end on their axes. Pasquia 05 has a minimum modelled depth of 204 m in 

the northwest. In comparison, the southeast area is only modelled to 152 m depth. At its 

 
Figure 65: Plan view of modelled morphology of the Pasquia 05 sub-basin. Devonian paleotopographic 

surfaces. Line A-B is the long axis and line C-D is the short axis of the sub-basin. 
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deepest point in the northwest, the unconformity surface is estimated to cut 40 m into the 

Interlake Formation, but only cuts about 5 m into the Interlake in the southeast.  

The northeast-southwest trending Pasquia 02 sub-basin is delineated by 17 drillholes and 

lies immediately adjacent to the southwest of Pasquia 05. The Pasquia 02 unconformity 

has a 1.93 km2 surface area and appears to also have two distinct, but closer spaced, lows, 

which are separated by a narrow rise in elevation on the Paleozoic paleo surface 

(Figure 66).The approximate 100 m rise in elevation within the sub-basin is confirmed by 

holes BD08-02 and BD09-106. The Pasquia 02 sub-basin unconformity surface is 

modelled to be at least 200 m deep and intersects at least 48 m of Interlake Formation at 

the sub-basin’s deepest point. Pasquia 02 is one of the steepest modelled sub-basins with 

an average slope of 31 degrees (Table 3).  

6.2.3 Chemong Region Sub-basins 

The Chemong 20, 10 and 06 sub-basins lie along a west-to-east trend directly southeast 

of the Pasquia region. The modelled unconformities for the Chemong area are smaller 

 
Figure 66: Plan view of modelled morphology of the Pasquia 02 sub-basin. Line A-B is the long axis and line C-

D is the short axis of sub-basin. 
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than those in the Niska and Pasquia regions but attain significant depths (Table 3 and 

Figure 67). 

The Chemong 20 sub-basin has a weakly defined east to west orientation and is the 

smallest and most shallow sub-basin in the project area, with an unconformity surface 

area of 0.65 km2 and a minimum modelled depth of only 153 m. Chemong 20 is the only 

unconformity in the project area interpreted to not reach the Interlake Formation, 

terminating about 4 m into the Ashern Formation. Only six drillholes were available to 

model Chemong 20, which may be part of the reason for its restricted modelled size and 

its relatively shallow interpreted morphology. Chemong 20 also has the gentlest slopes 

along its measured axes, with an average of 16 degrees (Figure 67). 

The southwest-northeast-trending Chemong 10 unconformity also has a relatively small 

surface area of 0.88 km2 but has the deepest modelled depth of all sub-basins at 213.4 m, 

extending about 62 m into the Interlake Formation. Chemong 10 has uniformly steep 

slopes, which average about 37 degrees along the measured axis (Table 3).  

 
Figure 67: Plan view of modelled morphology of the Chemong 20 (left), Chemong 10 (middle) and Chemong 06 (right) sub-basins. 

Line A-B is the long axis and line C-D is the short axis of the sub-basins. 
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The Chemong 06 unconformity has a similar orientation to the Chemong 10, but has a 

considerably larger surface area of 1.73 km2. The Chemong 06 unconformity was 

modelled to a depth of 191 m but only breached the Interlake Formation in the deepest 

part of the sub-basin, by 26 m. The slopes of the unconformity along the measured axes 

average 22 degrees. 

6.2.4 Split Leaf Region 

The southwest-to-northeast-trending Split Leaf 

sub-basin is the furthest removed from the 

other known deposits, situated 8.3 km south-

southeast of the Chemong cluster. The Split 

Leaf sub-basin is poorly delineated, with only 

six drillholes constraining the model 

(Figure 68). The unconformity is relatively 

small with a 0.92 km2 surface area but has 

modelled depth of at least 196 m. The sub-

basin has fairly uniform, shallow slopes that 

average 17 degrees along the measured axes (Table 3). 

6.2.5 Summary of Sub-basin Modelled Morphologies 

The eight sub-basins modelled across the project area have an average modeled 

unconformity depth of 197 m below surface. The sub-basins were typically oblong to 

irregularly shaped with no apparent preferred orientation. The unconfomities averaged 

1.7 km by 1.2 km in width and length along their longest axis and the one perpendicular 

to it. The average sub-basin periphery surface area is approximately 2.2 km2. Slopes on 

 
Figure 68: Plan view of modelled morphology of the 
Split Leaf sub-basin. Line A-B is the long axis and 

line C-D is the short axis of the sub-basin. 
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the edges of the modelled unconformities ranged from 7 to 46 degrees and averaged 23 

degrees.  

6.3 Formations Infilling Sub-basins 

While all of the sub-basins are interpreted to have been developed on Paleozoic 

carbonate, the sediments infilling these paleotopographic lows are believed to be entirely 

Mesozoic. The Jura-Cretaceous Success S2 Formation and the Lower Cretaceous 

Cantuar, Pense, Joli Fou, Viking and Westgate formations are all interpreted to be 

infilling these sub-basins to varying degrees. The thickness and lateral continuity of the 

Mesozoic formations are variable within, and between, individual sub-basins.  

6.3.1 Success S2 Formation Infill 

The Success S2 Formation is the oldest, lowermost strata infilling the sub-basins and is 

the only carbonate-bearing Mesozoic unit, as it is interpreted to be an agglomeration of 

slumped and transported older materials. The formation also contains younger, fluvially 

derived, terrestrial components above, below and mixed in with the older carbonate (as 

described in section 2.2). The Success S2 Formation was present in each of the sub-basin 

areas to varying degrees, present in about 80% of holes logged in the Pasquia region but 

less than 30% of holes logged in the Chemong region. The thickness varies widely, 

ranging from less than one metre to over 80 m. The erratic distribution of the Success S2 

made it impossible to model a surface for this formation, but a number of observations 

can be drawn from the formation’s well markers and their relationship to the modelled 

unconformities. 

The Success S2 Formation has highly variable thicknesses between sub-basins as well as 

within individual deposits. The only recognizable pattern to the formation’s distribution 
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was that it was commonly thinner on the upper flanks of the sub-basins, and considerably 

thicker within the sub-basin’s depocentre. This relationship is illustrated in Pasquia 05 

sub-basin, where the formation averages 1.7 m thick in holes peripheral to the deposit 

(BD09-45, BD09-72 and BD09-93), versus 36 m thick in holes within the sub-basin 

(BD09-32, BD09-49 and BD09-95). Although the formation was consistently thinner 

outside of the sub-basins, its thickness within the periphery was variable, ranging from 

tens of metres thick to totally absent over a few hundred metres of horizontal distance. 

Since many of the holes drilled into the deeper parts of the sub-basins terminated in the 

Cantuar Formation it is possible that the distribution of the Success S2 Formation is more 

widespread than what is currently anticipated. The formation’s inconsistent presence and 

thickness are not surprising, given that the Success S2 is interpreted to be an erosional 

remnant. 

6.3.2 Cantuar Formation Infill 

The Mannville Group Cantuar Formation is much more widespread and more 

consistently distributed across the project area, occurring in the majority of holes logged 

across the Pasquia, Chemong and Split Leaf areas. In the more northerly Niska region, 

the Cantuar was only observed within the periphery of the sub-basins, as most of the 

drillholes on the flanks of the deposit collared directly into Paleozoic strata (Figure 69).  
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The lack of preserved Cantuar strata outside of the periphery of the Niska sub-basins 

implies that the preservational margin of the formation does not extend as far northeast as 

previously anticipated (Figure 18; TGI Williston Basin Working Group, 2008). 

As noted in Chapter 2, the Cantuar Formation has the highest variability in thickness of 

all the Mesozoic formations, typically attaining a maximum thickness over the lowest 

portion of the sub-basins (depocentre). The formation also appears to be infilling the 

majority of the unconformities’ accommodation spaces. Figure 70 shows a horizontal 

profile of a slice along the northwest-southeast-striking axis of the Niska 08 

unconformity. The surfaces in the figure above the unconformity (purple layer) are the 

modelled tops of the Mesozoic formations. When viewed from the horizontal, the vertical 

distance between the surfaces can be measured and represents the maximum modelled 

thickness along various points of the sub-basin’s long axis.  

 
Figure 69: Niska region absence of Cantuar Formation (yellow circles) outside of sub-basin peripheries. 

Niska 08 
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The maximum modelled Cantuar thickness ranged from 56 m in Chemong 20 to over 

150 m in Chemong 10. Not surprisingly, the thickest accumulations of Cantuar Formation 

coincided with the thickest coal intervals aligned with each sub-basin’s depocentre.  

Figure 70 also shows a change in elevation of the top of the Cantuar Formation (yellow) 

which, drops considerably within the Niska 08 sub-basin periphery. A change in 

elevation from periphery to depocentre is noted in all of the sub-basins for each of the 

Cretaceous formations, to varying degrees, and can be measured directly from the models 

(Figure 71). 

Since the maximum drop in elevation is coincident with the thickest accumulations of 

organic materials at each sub-basin’s depocentre, there is a strong probability that the 

elevation drop is a product of subsidence from ongoing compaction of organic materials.  

 
Figure 70: Increasing thickness of Cantuar Formation viewed through a horizontal slice through  

Niska 08 sub-basin (3x vertical exaggeration). 
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Table 4 lists the changes in elevation of the tops of the Cantuar, Pense and Joli Fou 

formations across each sub-basin from periphery to depocentre, and the overall average 

offset for each formation among the sub-basins. 

6.3.3 Pense Formation Infill 

The Pense Formation is also widely spread across the project area and is present in all of 

the sub-basins. Similar to the Cantuar, Pense was not found outside the periphery of sub-

basins north of latitude 53° 17ʹ N. Although there were a few incidents where Cantuar 

 
Figure 71: Offset in elevation of Cantuar Formation viewed from a horizontal slice  

through Chemong 06 sub-basin (3x vertical exaggeration). 

54m 

 Formation Cantuar Pense Joli Fou 

Sub-basin 

Outside 
sub-
basin 
(masl) 

Depocentre 
of sub-
basin 
(masl) 

offset 
(m) 

Outside 
sub-
basin 
(masl) 

Depocentre 
of sub-
basin 
(masl) 

offset 
(m) 

Outside 
sub-
basin 
(masl) 

Depocentre 
of sub-
basin 
(masl) 

offset 
(m) 

Niska 08 265.7 228.2 37.5 280.5 228.7 51.8 298.5 264.8 33.7 

Niska 07 266.2 247.3 18.9 275.7 252.7 23 297.9 284 13.9 

Pasquia 05 273 244.7 28.3 290.8 248.5 42.3 297.8 285 12.8 

Pasquia 02 274.3 254.9 19.4 294.7 257.8 36.9 299.5 290 9.5 

Chemong 20 278.1 232.2 45.9 297.4 244.2 53.2 297.9 267.8 30.1 

Chemong 10 277.2 199.1 78.1 296.1 225 71.1 297.8 268.4 29.4 

Chemong 06 277.8 239 38.8 295.7 241.7 54 298 272.5 25.5 

Split Leaf 282.8 259 23.8 304.2 266.9 37.3 297.6 285.5 12.1 

Average     36.3     46.2     20.9 
Table 4: Changes in formation elevations between sub-basin peripheries and depocentres. Metres above sea level (masl).  
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Figure 72: Micro-faulting structures in Pense Formation  

in BD09-37 Pasquia 05 sub-basin. 

was identified without Pense, the opposite was never observed. If Pense Formation was 

observed, it was always directly overlying Cantuar Formation. The instances in which 

Cantuar was logged without overlying Pense, the Colorado Group shales were also 

absent. The absence of these formations appears to coincide with the topographic highs 

between the Chemong sub-basins and may be attributed to erosion. 

Where present, the Pense Formation has the most consistent thickness across the project 

area averaging 3.8 m with infrequent and minor variability. Unlike the Cantuar, the Pense 

Formation showed little significant thickening within the sub-basin periphery. Table 4 

shows that the Pense formation subsided by an average of 46 m across the sub-basins. 

The absence of a significant corresponding thickness increase in the depocentres of the 

sub-basins, implies that the bulk of the subsidence occurred post-Pense deposition. This 

also makes the modelled 

surface of the Pense a good 

proxy for the maximum amount 

of sub-basin subsidence. The 

friable consistency of the Pense 

Formation in the project area, 

made it difficult to identify 

preserved structures in the core, 

but Figure 72 shows micro-faulting in a silicified interval of Pense. These structures 

imply that some degree of post-depositional subsidence affected the formation, post-

diagenesis. 
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6.3.4 Joli Fou Formation Infill 

The Joli Fou Formation is the most widespread of the Colorado Group shales occurring 

all across the project area, in about the same percentage of holes logged as the Pense 

Formation. Unlike the Mannville Group units, the Joli Fou Formation does not appear to 

be absent in the north part of the project area, and is present in holes peripheral to Niska 

sub-basins, such as in drillholes BD09-105 and BD10-117.  

The thickness of the Joli Fou is quite variable across the project area, ranging from a few 

metres to over 50 m. One reason for the high variability in observed Joli Fou thickness is 

that the formation is often the uppermost preserved Mesozoic unit, as the Viking and 

Westgate formations were commonly absent. In areas where the Joli Fou is the oldest 

preserved strata, it would have been subject to erosion and glaciation. Unlike the Pense, 

the Joli Fou appears to have significantly increased thickness within the sub-basin 

periphery attaining a maximum over the sub-basin depocentres (Figure 73).  

 
Figure 73: Changes in thickness of Joli Fou Formation across Niska 08 sub-basin. 
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Figure 74: Minor offset in bedding in Joli Fou Formation; evidence of 

post-depositional subsidence affecting lithified strata; in BD09-41. 

The thickness increase toward the depocentre was noted in each of the sub-basins, and 

implies that subsidence was ongoing during deposition of the Joli Fou Formation.  

Table 4 shows that the offset in the Joli Fou Formation surface elevation from sub-basin 

peripheries to depocentres ranges from 9.5 m in Pasquia 02, to 33.7 m in Niska 08, 

averaging 20.9 m across the region. The change in Joli Fou Formation elevation is not 

consistent with the change in Pense Formation. The larger change in Pense Formation 

elevation may indicate the formation was subject to more subsidence, but is also a 

reflection of the Joli Fou Formation’s increased inter-basinal thickness as opposed to the 

Pense, which has a more uniform thickness. Effects of post-depositional subsidence were 

evident in the Joli Fou Formation 

cores. Small-scale fault structures 

were commonly visible in the drill 

cores (Figure 74). These types of 

structures were most commonly 

observed in drillholes within the 

periphery of sub-basins. 

6.3.5 Viking Formation Infill 

Isopach maps of the Viking Formation, produced as part of the TGI study, project the 

formation to be present only in the southwest portion of the project area (Figure 18; TGI 

Williston Basin Working Group, 2008aa). This projection is supported by the fact that the 

Viking Formation is not present in any holes outside of sub-basin peripheries. The 

formation was observed within the periphery of all sub-basins except the Chemong 20, 

but is principally confined to the deepest portions of the sub-basins. The Viking did not 
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occur in a high enough percentage of the cores studied to measure any spatially related 

changes in thickness. The Viking was also not observed outside of any sub-basins, so any 

potential effects of subsidence on the formation could not be quantified. The restriction of 

the Viking Formation to directly over the deepest parts of the sub-basin may imply that 

subsidence was still ongoing during, or prior to, deposition of that unit.  

6.3.6 Westgate Formation Infill 

The Westgate Formation is modelled by the TGI study to be present across most of the 

project area (Figure 18; TGI Williston Basin Working Group, 2008ac); however, similar 

to the Viking, the Westgate Formation was only observed within the periphery of sub-

basins. As there was no Westgate Formation present outside of the sub-basins, it is 

anticipated that the formation’s actual present preserved extents are southwest of the area 

covered by the current models. The Westgate was present in the Niska 08, Pasquia 02, 

Chemong 10, and Chemong 06 sub-basins but was not present in enough of the drillholes 

studied to estimate changes in thickness or elevation. The Westgate was only observed in 

holes where preceded by Viking Formation, and is even more restricted to sub-basin 

depocentres than the Viking Formation. This implies that there may have been 

subsidence ongoing to the end of the Lower Cretaceous, to facilitate the preservation of 

these Colorado Group shales.  

The Viking and Westgate formations are best preserved in the Pasquia 02 sub-basin 

where they average 5.9 and 11.3 m thick, respectively. Given that these formations have 

been eroded outside the periphery of the sub-basin, these thicknesses may reflect the 

amount of subsidence Pasquia 02 underwent during their depositional periods.  
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6.3.7 Summary of Sediments Infilling Sub-basins 

The Mesozoic sediments infilling these paleotopographic lows, in stratigraphically 

ascending order, are the: Success S2, Cantuar, Pense, Joli Fou, Viking and Westgate 

formations. The Success S2 Formation is an erosional remnant lining the bottom of the 

sub-basin and has a high degree of variability of thickness. Thickness of the Cantuar 

Formation is most highly variable as it typically infilled the majority of the sub-basins 

accommodation space. The Cantuar Formation deposited fine, well sorted silts and sands 

directly over the Success S2 before giving way to peat growth and coal accumulation. 

Growth of peat was periodically interrupted by fluvially transported sands which created 

partings and interbeds within the coal. Organic deposition ended when the marine Pense 

formation blanketed the area. The Colorado Group Joli Fou, Viking and Westgate 

formations were each deposited across the project area, with only the Joli Fou Formation 

surviving subsequent erosions. In the project area the Viking and Westgate are only 

preserved where they were thickened by subsidence, directly over the depicentre of sub-

basins. 

6.4 Modelling of Sand Partings and Interbeds 

6.4.1 Introduction 

As no significant coal intersections were available to be logged during this study, field 

logs provided by Goldsource were used to model sand seams within the carbonaceous 

intervals. These cursory logs included approximate depths of coal intersections and 

depths of their significant (>10 cm) partings. Using these company logs, an analysis of 

the sand intervals, both partings and interbeds, within the carbonaceous zones was 

conducted to see if any correlations could be drawn between the sand seams within 
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The maximum modelled Cantuar thickness ranged from 56 m in Chemong 20 to over 

150 m in Chemong 10. Not surprisingly, the thickest accumulations of Cantuar Formation 

coincided with the thickest coal intervals aligned with each sub-basin’s depocentre.  

Figure 70 also shows a change in elevation of the top of the Cantuar Formation (yellow) 

which, drops considerably within the Niska 08 sub-basin periphery. A change in 

elevation from periphery to depocentre is noted in all of the sub-basins for each of the 

Cretaceous formations, to varying degrees, and can be measured directly from the models 

(Figure 71). 

Since the maximum drop in elevation is coincident with the thickest accumulations of 

organic materials at each sub-basin’s depocentre, there is a strong probability that the 

elevation drop is a product of subsidence from ongoing compaction of organic materials.  

 
Figure 70: Increasing thickness of Cantuar Formation viewed through a horizontal slice through  

Niska 08 sub-basin (3x vertical exaggeration). 
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Table 4 lists the changes in elevation of the tops of the Cantuar, Pense and Joli Fou 

formations across each sub-basin from periphery to depocentre, and the overall average 

offset for each formation among the sub-basins. 

6.3.3 Pense Formation Infill 

The Pense Formation is also widely spread across the project area and is present in all of 

the sub-basins. Similar to the Cantuar, Pense was not found outside the periphery of sub-

basins north of latitude 53° 17ʹ N. Although there were a few incidents where Cantuar 

 
Figure 71: Offset in elevation of Cantuar Formation viewed from a horizontal slice  

through Chemong 06 sub-basin (3x vertical exaggeration). 
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 Formation Cantuar Pense Joli Fou 

Sub-basin 

Outside 
sub-
basin 
(masl) 

Depocentre 
of sub-
basin 
(masl) 

offset 
(m) 

Outside 
sub-
basin 
(masl) 

Depocentre 
of sub-
basin 
(masl) 

offset 
(m) 

Outside 
sub-
basin 
(masl) 

Depocentre 
of sub-
basin 
(masl) 

offset 
(m) 

Niska 08 265.7 228.2 37.5 280.5 228.7 51.8 298.5 264.8 33.7 

Niska 07 266.2 247.3 18.9 275.7 252.7 23 297.9 284 13.9 

Pasquia 05 273 244.7 28.3 290.8 248.5 42.3 297.8 285 12.8 

Pasquia 02 274.3 254.9 19.4 294.7 257.8 36.9 299.5 290 9.5 

Chemong 20 278.1 232.2 45.9 297.4 244.2 53.2 297.9 267.8 30.1 

Chemong 10 277.2 199.1 78.1 296.1 225 71.1 297.8 268.4 29.4 

Chemong 06 277.8 239 38.8 295.7 241.7 54 298 272.5 25.5 

Split Leaf 282.8 259 23.8 304.2 266.9 37.3 297.6 285.5 12.1 

Average     36.3     46.2     20.9 
Table 4: Changes in formation elevations between sub-basin peripheries and depocentres. Metres above sea level (masl).  



 

136 
 

 
Figure 72: Micro-faulting structures in Pense Formation  

in BD09-37 Pasquia 05 sub-basin. 

was identified without Pense, the opposite was never observed. If Pense Formation was 

observed, it was always directly overlying Cantuar Formation. The instances in which 

Cantuar was logged without overlying Pense, the Colorado Group shales were also 

absent. The absence of these formations appears to coincide with the topographic highs 

between the Chemong sub-basins and may be attributed to erosion. 

Where present, the Pense Formation has the most consistent thickness across the project 

area averaging 3.8 m with infrequent and minor variability. Unlike the Cantuar, the Pense 

Formation showed little significant thickening within the sub-basin periphery. Table 4 

shows that the Pense formation subsided by an average of 46 m across the sub-basins. 

The absence of a significant corresponding thickness increase in the depocentres of the 

sub-basins, implies that the bulk of the subsidence occurred post-Pense deposition. This 

also makes the modelled 

surface of the Pense a good 

proxy for the maximum amount 

of sub-basin subsidence. The 

friable consistency of the Pense 

Formation in the project area, 

made it difficult to identify 

preserved structures in the core, 

but Figure 72 shows micro-faulting in a silicified interval of Pense. These structures 

imply that some degree of post-depositional subsidence affected the formation, post-

diagenesis. 
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6.3.4 Joli Fou Formation Infill 

The Joli Fou Formation is the most widespread of the Colorado Group shales occurring 

all across the project area, in about the same percentage of holes logged as the Pense 

Formation. Unlike the Mannville Group units, the Joli Fou Formation does not appear to 

be absent in the north part of the project area, and is present in holes peripheral to Niska 

sub-basins, such as in drillholes BD09-105 and BD10-117.  

The thickness of the Joli Fou is quite variable across the project area, ranging from a few 

metres to over 50 m. One reason for the high variability in observed Joli Fou thickness is 

that the formation is often the uppermost preserved Mesozoic unit, as the Viking and 

Westgate formations were commonly absent. In areas where the Joli Fou is the oldest 

preserved strata, it would have been subject to erosion and glaciation. Unlike the Pense, 

the Joli Fou appears to have significantly increased thickness within the sub-basin 

periphery attaining a maximum over the sub-basin depocentres (Figure 73).  

 
Figure 73: Changes in thickness of Joli Fou Formation across Niska 08 sub-basin. 
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Figure 74: Minor offset in bedding in Joli Fou Formation; evidence of post-

depositional subsidence affecting lithified strata; in BD09-41. 

The thickness increase toward the depocentre was noted in each of the sub-basins, and 

implies that subsidence was ongoing during deposition of the Joli Fou Formation.  

Table 4 shows that the offset in the Joli Fou Formation surface elevation from sub-basin 

peripheries to depocentres ranges from 9.5 m in Pasquia 02, to 33.7 m in Niska 08, 

averaging 20.9 m across the region. The change in Joli Fou Formation elevation is not 

consistent with the change in Pense Formation. The larger change in Pense Formation 

elevation may indicate the formation was subject to more subsidence, but is also a 

reflection of the Joli Fou Formation’s increased inter-basinal thickness as opposed to the 

Pense, which has a more uniform thickness. Effects of post-depositional subsidence were 

evident in the Joli Fou Formation 

cores. Small-scale fault structures 

were commonly visible in the drill 

cores (Figure 74). These types of 

structures were most commonly 

observed in drillholes within the 

periphery of sub-basins. 

6.3.5 Viking Formation Infill 

Isopach maps of the Viking Formation, produced as part of the TGI study, project the 

formation to be present only in the southwest portion of the project area (Figure 18; TGI 

Williston Basin Working Group, 2008aa). This projection is supported by the fact that the 

Viking Formation is not present in any holes outside of sub-basin peripheries. The 

formation was observed within the periphery of all sub-basins except the Chemong 20, 

but is principally confined to the deepest portions of the sub-basins. The Viking did not 
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occur in a high enough percentage of the cores studied to measure any spatially related 

changes in thickness. The Viking was also not observed outside of any sub-basins, so any 

potential effects of subsidence on the formation could not be quantified. The restriction of 

the Viking Formation to directly over the deepest parts of the sub-basin may imply that 

subsidence was still ongoing during, or prior to, deposition of that unit.  

6.3.6 Westgate Formation Infill 

The Westgate Formation is modelled by the TGI study to be present across most of the 

project area (Figure 18; TGI Williston Basin Working Group, 2008ac); however, similar 

to the Viking, the Westgate Formation was only observed within the periphery of sub-

basins. As there was no Westgate Formation present outside of the sub-basins, it is 

anticipated that the formation’s actual present preserved extents are southwest of the area 

covered by the current models. The Westgate was present in the Niska 08, Pasquia 02, 

Chemong 10, and Chemong 06 sub-basins but was not present in enough of the drillholes 

studied to estimate changes in thickness or elevation. The Westgate was only observed in 

holes where preceded by Viking Formation, and is even more restricted to sub-basin 

depocentres than the Viking Formation. This implies that there may have been 

subsidence ongoing to the end of the Lower Cretaceous, to facilitate the preservation of 

these Colorado Group shales.  

The Viking and Westgate formations are best preserved in the Pasquia 02 sub-basin 

where they average 5.9 and 11.3 m thick, respectively. Given that these formations have 

been eroded outside the periphery of the sub-basin, these thicknesses may reflect the 

amount of subsidence Pasquia 02 underwent during their depositional periods.  
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6.3.7 Summary of Sediments Infilling Sub-basins 

The Mesozoic sediments infilling these paleotopographic lows, in stratigraphically 

ascending order, are the: Success S2, Cantuar, Pense, Joli Fou, Viking and Westgate 

formations. The Success S2 Formation is an erosional remnant lining the bottom of the 

sub-basin and has a high degree of variability of thickness. Thickness of the Cantuar 

Formation is most highly variable as it typically infilled the majority of the sub-basins 

accommodation space. The Cantuar Formation deposited fine, well sorted silts and sands 

directly over the Success S2 before giving way to peat growth and coal accumulation. 

Growth of peat was periodically interrupted by fluvially transported sands which created 

partings and interbeds within the coal. Organic deposition ended when the marine Pense 

formation blanketed the area. The Colorado Group Joli Fou, Viking and Westgate 

formations were each deposited across the project area, with only the Joli Fou Formation 

surviving subsequent erosions. In the project area the Viking and Westgate are only 

preserved where they were thickened by subsidence, directly over the depicentre of sub-

basins. 

6.4 Modelling of Sand Partings and Interbeds 

6.4.1 Introduction 

As no significant coal intersections were available to be logged during this study, field 

logs provided by Goldsource were used to model sand seams within the carbonaceous 

intervals. These cursory logs included approximate depths of coal intersections and 

depths of their significant (>10 cm) partings. Using these company logs, an analysis of 

the sand intervals, both partings and interbeds, within the carbonaceous zones was 

conducted to see if any correlations could be drawn between the sand seams within 
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individual sub-basins or between sub-basins. The purpose of the analysis was to test the 

hypothesis that regional marine inundations have periodically or episodically impacted 

coal accumulations in the study area.  

Of the 91 holes that were reported to have carbonaceous intervals, 46 had partings or 

interbeds within or between coal seams. The United States Geological Survey’s Glossary 

of Coal Classification System and Supplementary Terms defines coal partings as “a layer 

or stratum of non-coal material in a coal bed which does not exceed the thickness of coal” 

(Wood et al. 1983). Using this definition, 54 individual partings were identified in the 46 

holes, with an additional 19 interbeds, which exceeded the thickness of the coal seams 

which they were separating. The reported partings ranged from 0.1 m to 15.2 m and 

averaged 3.1 m in thickness. The reported interbeds were generally thicker, ranging from 

2.4 m to 83.0 m, averaging 14.4 m thick. A list of all reported partings and interbeds, 

sorted by holes and sub-basins, is presented in Appendix C.  

6.4.2 Intra-basinal Partings and Interbeds 

The Pasquia region sub-basins had the greatest number of reported partings and interbeds 

(Appendix C). For partings and interbeds along the margin of the Pasquia 05 sub-basin, 

where coal is thin and the deposit is shallow, it may be possible to infer a loose intra-

basinal correlation (Figure 75).  
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For example, the uppermost parting in holes BD09-32 and BD09-36, starting at 63.6 m 

and 64.5 m respectively and having thicknesses of 8.1 m and 10.5 m respectively. To the 

west, in the thicker part of the sub-basin, the upper most partings are much deeper: 

BD09-87 (112.3 m), BD09-91 (119.1 m) and BD09-37 (140.2 m). They also show more 

variability in thickness, ranging from 11 m to 19.9 m. Hole BD09-37 is drilled through 

the deepest part of Pasquia 05 and has the most (five) and the deepest partings and 

interbeds, between 112.6 m and 159 m. Given the changes in depth and the large 

variability in parting and interbed thicknesses, a correlation of any individual partings or 

interbeds across the entire Pasquia 05 sub-basin is not readily evident.  

0 1km

 
Figure 75: Pasquia 05 sub-basin model, view from the southeast. Grey layer represents  

base of carbonaceous interval. Well markers show number and relative depths of sand seams in each hole  
(3x vertical exaggeration). 
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The Pasquia 02 sub-basin shows a high degree of variability in depths of reported 

partings and interbeds, ranging from 69 m to 145 m. The partings and interbeds vary in 

thickness from 0.5 m to 9.6 m, with the thickest ones, once again, correlating with the 

deepest parts of the sub-basin: BD09-30 (9.6 m) and BD09-82 (8.8 m). BD09-82, which 

has one of the thickest carbonaceous intervals in the sub-basin, also has the most partings 

preserved (five). A loose correlation may potentially be inferred between partings in 

holes BD09-106, BD09-76, BD10-124 and BD09-83, which all have a parting starting in 

the 84 to 85 m depth range with a pseudo-homogenous thickness (0.5 m to 1.7 m). Aside 

from this, there does not appear to be any consistent seams that can be correlated within 

the basin (Figure 76).  

Niska region sub-basins also show high degrees of variability between partings and 

interbeds (Appendix C), which range in depth from 63.8 m to 186.0 m and in thickness 

from 0.4 m to 83.0 m. Similar to the Pasquia sub-basins, the thickest partings and 

0 1km

Figure 76: Pasquia 02 sub-basin model, view from the south. Grey layer represents base of carbonaceous interval. Well 
markers show number and relative depth of sand seams in each hole (3x vertical exaggeration). 
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interbeds are coincident with the deepest parts of the sub-basins, there are no readily 

correlatable partings or interbeds within the Niska sub-basins.  

Similar patterns are observed the Chemong area sub-basins. While it may be possible to 

correlate some partings and interbeds within individual basins, there does not appear to 

be any consistency in the frequency or distribution of these sand seams. Subsidence, 

particularly nearer the sub-basin deposcentre, may also complicate potential correlations. 

This general lack of relationships between sand horizons implies that they were not 

deposited by a widespread marine environment. 

6.4.3 Regional Sand Seams Correlations 

Given the potential effects of subsidence within the deeper parts of the sub-basins on the 

sand horizons, correlation of the partings and interbeds between basins, based solely on 

their depths, may not be possible. A better approach in attempting to make inter-basinal 

comparisons may be to compare thicknesses along with relative depths. For instance, a 

12 m thick interbed is recorded at 68 m (BD10-127) in Niska 07 and another of equal 

thickness at 95 m (BD10-123) in Niska 08. Although the drillholes are 4 km apart and 

there is a 27 m difference in elevation of the interbed, BD10-123 occurs in a much deeper 

part of the Niska 08 sub-basin. These interbeds may have been synchronously deposited 

with the latter having experienced significantly more post-depositional subsidence. 

In general, it can be concluded from the modelling of the partings and interbeds that 

although some lower-confidence correlations (like the one presented above) may be 

possible between basins in the same region, it is not possible to correlate any partings or 

interbeds across the entire project area with any degree of confidence. Their seemingly 

random occurrence, and variability in parting and interbed thickness, supports the 
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hypothesis that these sands were fluvially deposited by storms or streams meandering 

across limnic coal-forming environments, temporarily impeding or terminating 

vegetation growth. There is no evidence to support the theory that marine incursions are 

responsible for sand partings or interbeds within the carbonaceous zones.  

6.5 Model Confidence and Limitations 

Models are only as strong as the lowest confidence variable used for their interpretation. 

Lithologic logging, stratigraphic unit identification and formation correlations are the 

primary parameters around which the model was built. Confidence in lithologic logging 

is high, since it involved the collection of mostly empirical data. Thanks to the works of 

Baillie (1951), Broughton (1981), Dunn (1982), Beck (1974), Kent (1994), and 

Christopher (2003), the stratigraphic formations encountered in the project area were also 

identifiable with a fairly high degree of confidence. The 3D modelling software allowed 

for multiple contemporaneous spatial stratigraphic comparisons, facilitating correlation of 

units and the identification of any potentially erroneous data. The confidence in these first 

few parameters can be considered quite high. 

Although the same systematic approach was employed to model each sub-basin, the 

degree of reliability in their resultant models should not be considered equal. The density 

and distribution of wells in and around each sub-basin was the largest controlling factor 

in the level of detail, and degree of confidence for each model. The Pasquia and Niska 

region models are constrained by numerous, well-spaced drillholes and thus have a 

higher degree of confidence than the Chemong and Split Leaf region models. 

Chemong 10 has a higher number of wells, but they are concentrated in the centre of the 

deposit and do not help to constrain the extents of the model. 
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The interpolation algorithm used to approximate the elevation of each surface between 

control points manipulates surfaces into smoother, more gradual slopes, rather than 

jagged abrupt transitions, in an attempt to approximate a more realistic geometry for 

surfaces. This method may introduce a bias toward a more erosional-based interpretation 

and away from abrupt changes that may signify a more structural control. 

The lack of drillholes between closely spaced sub-basins, such as those in the Pasquia 

and Chemong regions, makes it impossible to determine if these paleotopographic lows 

were connected. This puts limitations on any inferences that can be drawn concerning 

hydraulic connectivity, or linked karst process controls. Sub-basin spacing, orientations 

and morphologies remain the best indicators of these potential relationships. 

6.6 Discussion of 3D Modelling Observations and Interpretations 

A consistent methodology for 3D modelling was applied to the eight areas with well 

control adequate to construct models. Surfaces created to approximate the tops of 

Paleozoic formations, are interpreted to be cut by a sub-Jura-Cretaceous unconformity, 

which defined the depth, size, shape and orientation of the paleotopographic lows that 

would have existed prior to the deposition of Mesozoic formations. Sub-basins in the 

Niska and Pasquia regions have the best well control creating a higher degree of 

confidence in their models than those generated for the Chemong and Split Leaf sub-

basins. The sub-basins have variable morphologies and show no apparent preferred 

orientation. They have an average modelled depth of approximately 200 m below surface 

and an average surface area of 2.13 km2. The modelled slopes of the sub-basins are also 

quite variable, ranging from 7 to 46 degrees, averaging 23 degrees overall. 
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The Success S2 was the first formation deposited on the unconformity and the Cantuar 

Formation appears to have infilled the majority of the available accommodation space 

within each sub-basin. Deposition of the Pense Formation terminated organic 

accumulation and the overlying Colorado Group shales appear to have been deposited 

synchronous with sub-basin subsidence. 

Interbeds and partings within the carbonaceous intervals occur at varying depths and have 

inconsistent thicknesses and frequencies within, and across, sub-basins. 

While a high degree of confidence can be placed on the geologic observations and 

correlations used to create these models, the assumptions and biases inherent to the 

modelling software will always limit their overall reliability.  

  



 

148 
 

Chapter 7.0 Discussion 

The project area in east-central Saskatchewan overlies the depositional margins of a 

number of Paleozoic and Mesozoic formations (Figures 10 and 18). The region was 

subject to a mixture of marginal-marine and terrestrial shoreline geologic and biologic 

processes, at various periods of time, which had distinct impacts on the deposition and 

erosion of local strata. These unique paleogeographic environments, and the relationships 

between the packages of strata, facilitated the creation and development of these deposits. 

The geologic processes that created the paleotopographic lows are best inferred from 

their size and morphology. A lack of uniformity among the sub-basin’s orientations 

(Table 3), coupled with an absence of any obvious patterns of spatial distribution 

(Appendix A), implies these deposits are not primarily structurally controlled. The 

surface area, shape, slopes and distribution of the deposits suggest that the 

paleotopographic lows are most akin to base level polje landforms (Figure 48 (3)), which 

 
Figure 77: Model of polje karst development. Image from Schwarz (2013). 
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are a result of surficial karst and erosion process. Figure 77 illustrates a base level polje 

karst model that is interpreted to have had a role in the creation of these sub-basins. The 

surficial karsting in this model accounts for the removal of carbonate, the slumping of 

sediments from slopes (Success S2 Formation) and the fluvial sands that would have 

infilled the base of the sub-basin (Cantuar Formation base). This model also contemplates 

extended periods of peat growth and preservation when combined with a restricted 

hydraulic system and a topogenous recharge. Storm surges or meandering streams would 

explain the introduction of discontinuous interbeds and partings into the coal-forming 

environment without terminating organic deposition. Figures 78 and 79 show a 

chronological series of illustrations for the proposed development of the project area sub-

basins.  

Timing of the initiation of the unconformity is not clear. While it is possible that karsting 

and/or surficial erosion may have initiated during the Devonian Period, the processes 

were likely not very prolific, given the cooler, arid paleoclimate of the time. It is also 

difficult to envision that these paleotopographic lows would have been fully formed 

during the Devonian and remain free of terrestrial sediment until the Jura-Cretaceous 

Period. It is proposed here that the development of these paleotopographic lows was 

likely most prolific throughout the late Jurassic (Oxfordian or Kimmeridgian ages), when 

conditions would have been most conducive to karsting (Figure 78 a-b). Development of 

the unconformity would have concluded with deposition of either Success S2 or the 

initial deposits of the Cantuar Formation, which would have lined the base of the polje, 

inhibiting further surficial karsting or erosion (Figures 78 c-d).  
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Figure 78: a) Project area post-Paleozoic stratigraphy at onset of base level polje-style karst development shown in a cross-section 
view of a developing sub-basin. b) Development of polje karst paleotopography. c) Success S2 Formation infilling base of sub-basin. 
d) Fluvial sandstones blanketing Success Formation represent the base of the Cantuar Formation. e-f) Peat growth initiates on 
substrate, restricting hydraulic throughput in the polje, allowing water table to rise commensurate with peat growth. 
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The Jura-Cretaceous Success S2 Formation is unevenly distributed across the project 

area, and is preserved mainly in the lows at the base of sub-basins. The formation 

consists of breccias from slumped or collapsed Paleozoic carbonate, intermixed with 

fluvial silts and sands of varying grain size and sorting.  

The Cantuar Formation infilled the majority of the available accommodation space 

starting with the deposition of well-sorted fluvial sands over the Success S2 Formation. 

The deposition of these sediments provided a base for peat growth, both of which likely 

restricted the hydraulic throughput of the polje system. The development of a 

hydraulically isolated mire with topogenous recharge would have allowed peat growth to 

flourish and be commensurate with changes in the water table level within the polje 

(Figures 78 e-f). Under the weight of continuous growth, underlying peat was subject to 

auto-compaction, leading to dewatering and pore space reduction and the start of the 

peat-to coal transformation (Figures 79 a-b). Peat growth appears to have been 

periodically interrupted by influxes of terrestrial, sands and silts, created partings in the 

coal seams. Modelling showed that it is not possible to correlate any sand seams with 

confidence within individual sub-basins and that no correlation whatsoever can be made 

to support the concept of regional sand seams across the project area. The thickest 

accumulations of Cantuar Formation sediments, including coal, were observed to be 

coincident with the deepest parts of the sub-basins. This coincides with Volko’s (2002) 

descriptions of giant coal beds forming in areas of subsidence depressions. Post-

deposition, the Cantuar Formation was subject to erosion and was stripped from the 

northern third of the project area, which explains why no Cantuar Formation was 

observed outside the periphery of sub-basins north of the Pasquia region.  
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Figure 79 a) Continuous peat growth and auto-compaction begins coalification process. c) Compaction of organic material, 
reduction of pore space and de-watering in peat-to-coal transformation. c) Marine transgression deposits Pense Formation and ends 
peat growth. d) Ongoing peat and coal compaction cause Pense Formation to subside and Joli Fou Formation to thicken over sub-
basin. e) Viking and Westgate (f) Formations preserved only in subsidence created lows directly over sub-basin. 
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The marine incursion associated with the Pense Formation preserved the remainder of the 

Cantuar formation by blanketing most of the project area with a thin, evenly distributed 

layer of strata (Figure 79 c). The uniform thickness of the Pense Formation across the 

project area implies that there was little paleotopographic variation prior to deposition; 

another indication that the Cantuar likely infilled the bulk of the accommodation spaces. 

Significant changes in the elevation of the Pense Formation surface, within the sub-basin 

peripheries, indicate that post-depositional subsidence was very active. The amount of 

post-depositional subsidence impacting the Pense formation is an indicator of the degree 

of compaction, to which the peat was subject. The average peat to coal compaction ratio 

in the study area was about 1.5:1. 

Subsidence appears to have been ongoing throughout deposition of the Colorado Group 

shales, as the thickest accumulations of the Joli Fou, Viking and Westgate formations are 

coincident with the depocentres of sub-basins (Figure 79 d-f). The Joli Fou Formation is 

widespread across the project area but has a higher degree of variability in thickness than 

the Pense Formation, particularly within sub-basins, where it thickens considerably. 

The Viking and Westgate formations were only observed within the peripheries of sub-

basins, mainly over their depocentres. This implies that subsidence was still ongoing 

during their deposition, which would allow strata to be preserved in the deepest parts of 

the sub-basin, while the remainder of the formations outside of the peripheries were 

eroded. The smaller amount of preserved Viking and Westgate strata, and its more 

restricted distribution, implies that subsidence had likely slowed since the onset of the 

Colorado Group deposition.  
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3D modelling allowed for a quick determination of the depositional and preservational 

extents of the Mesozoic units across the region. While there was no data to suggest 

changes are warranted to the current projected edges of the Joli Fou or Viking 

formations, there is ample evidence to propose that the Mannville Group and the 

Westgate Formation are not present as far north and northeast as the TGI maps (Figure 

18; TGI Williston Basin Working Group, 2008). There is also evidence to suggest the 

presence of significant intersections of Success S2 Formation are present in the region, 

much further north and east than the formation was previously believed to exist 

(Christopher, 2003). 

The 3D models of these sub-basins were constructed around user-defined parameters, but 

were interpolated with a software algorithm, which always introduces potential for error. 

A higher degree of confidence can be placed in the models for the Niska and Pasquia 

regions due to their increased well control. In the Chemong and Split Leaf areas the 

models may still be viable, but their morphologies in particular need to be better 

delineated. Increased drillhole density within and between these sub-basins would help 

better define their potential relationship to one another. 
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Chapter 8.0 Conclusion 

The project area in east-central Saskatchewan was subject to a number of marginal-

marine and near coastal environments throughout the Devonian and Jurassic periods 

which facilitated the creation of paleotopographic depressions on the Paleozoic 

carbonate. These depressions likely developed via surficial karst and erosion processes 

and the morphology of their resultant landforms are akin to modern day base level polje 

karst features. The Jura-Cretaceous Success S2 Formation is an erosional remnant lining 

the base of these deposits and is overlain by fine, well-sorted sands of the Cretaceous 

Cantuar Formation. These deposits developed a substrate across the base of the 

depression, upon which thick accumulations of peat began to grow. A restricted hydraulic 

system with topogenous recharge would have allowed peat to grow commensurate with a 

rising water table. Periodic influxes of terrestrial sands are responsible for the partings 

and interbeds within the coal seam. 

Organic accumulation was ended by a marine transgression that deposited the Pense 

Formation across the project area. Compaction of the peat during coalification resulted in 

localized subsidence that was ongoing throughout the deposition of the Colorado Group 

shales, and is evidenced by the increased thicknesses of the Joli Fou, Viking and 

Westgate formations directly over the depocentre of the deposits.   
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Locations of Drill Cores Logged in Project Area  
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Hole ID Easting1 Northing1 Elevation2
Length (m) Dip (°) Azimuth (°)

BD08-01 5898625 699128 319.0 110.0 -90
BD08-02 5901207 695930 338.7 108.5 -90
BD08-03A 5899685 698607 322.2 141.5 -90
BD08-04 5896466 699215 319.2 85.8 -90
BD08-05 5903605 697023 335.7 133.5 -90
BD08-06A 5899230 700147 320.0 117.0 -90
BD08-07 5897892 694637 331.9 101.2 -90
BD08-08 5904300 694272 360.6 132.3 -90
BD08-09 5896710 698498 320.9 84.0 -90
BD09-10 5899755 698102 323.1 106.5 -90
BD09-11 5899200 701110 318.5 84.0 -90
BD09-12 5899756 697099 327.2 94.5 -90
BD09-13 5899206 700603 319.0 143.0 -90
BD09-14 5899760 699096 321.8 87.0 -90
BD09-15 5898795 700193 319.5 93.0 -90
BD09-16 5899752 700186 319.1 81.0 -90
BD09-17 5900193 698665 323.8 87.0 -90
BD09-18 5899939 698623 322.1 107.5 -90
BD09-19 5899189 699834 319.8 93.0 -90
BD09-20 5899200 696608 329.0 150.0 -90
BD09-21 5899191 699992 319.8 156.0 -90
BD09-22 5899027 696460 328.1 151.6 -90
BD09-23 5898423 698474 322.9 88.5 -90
BD09-24 5899513 700325 321.1 150.0 -90
BD09-25 5898735 695110 334.0 150.0 -90
BD09-26 5899502 698752 321.6 147.0 -90
BD09-27 5901348 696476 334.0 150.0 -90
BD09-28 5900752 696160 333.7 150.0 -90
BD09-29 5899698 698605 322.0 153.0 -50 133
BD09-30 5901357 696257 334.9 200.0 -90
BD09-31 5899201 701110 318.5 172.0 -90
BD09-32 5902851 698250 326.3 150.0 -90
BD09-33 5895305 699080 318.0 139.0 -90
BD09-34 5899690 698607 322.2 241.0 -50 253
BD09-35 5895041 699225 318.4 150.0 -90
BD09-36 5903536 697293 334.8 147.2 -90
BD09-37 5903671 696792 339.7 193.0 -90
BD09-38 5892108 700561 313.2 150.0 -90
BD09-39 5892303 700379 314.0 183.0 -90



Hole ID Easting1 Northing1 Elevation2
Length (m) Dip (°) Azimuth (°)

BD09-40 5899684 698608 322.2 260.0 -50 13
BD09-41 5892178 700134 314.0 173.0 -90
BD09-42 5903070 697053 339.0 169.5 -90
BD09-43 5899323 700185 319.6 246.0 -50 155
BD09-44 5886047 704535 319.4 51.0 -90
BD09-44A 5886047 704535 319.4 147.0 -90
BD09-45 5902519 698143 327.0 154.6 -90
BD09-46 5902848 697223 342.0 149.5 -90
BD09-47 5899316 700193 319.6 192.0 -50 260
BD09-48 5886444 702674 312.5 192.0 -90
BD09-49 5903802 697073 335.2 149.5 -90
BD09-50 5899749 700186 319.1 184.5 -90
BD09-51 5900171 698647 324.0 154.0 -90
BD09-52 5903729 696482 343.1 131.5 -90
BD09-53 5886679 702411 312.4 132.2 -90
BD09-54 5902967 697996 328.3 141.5 -90
BD09-55 5887491 702471 312.0 138.0 -90
BD09-56 5879752 708649 314.6 165.0 -90
BD09-57 5902882 697738 330.3 145.5 -90
BD09-58 5888168 702008 310.5 138.2 -90
BD09-59 5880395 708674 316.6 158.0 -90
BD09-60 5880336 706267 320.6 105.0 -90
BD09-61 5903574 697535 335.0 150.0 -90
BD09-62 5880762 708067 320.2 175.0 -90
BD09-63 5880171 708159 319.4 120.7 -90
BD09-64 5901534 695819 338.4 166.5 -90
BD09-65 5883214 707786 320.2 139.0 -90
BD09-66 5883637 707484 320.0 108.0 -90
BD09-67 5885973 703326 311.9 150.9 -90
BD09-68 5886165 702716 310.5 163.0 -90
BD09-69 5900877 695919 337.9 151.5 -90
BD09-70 5886237 702430 309.3 135.0 -90
BD09-71 5886334 702983 311.0 121.0 -90
BD09-72 5902893 696506 345.2 130.5 -90
BD09-73 5892020 700350 315.0 184.0 -90
BD09-74 5899298 696250 330.6 150.0 -90
BD09-75 5902898 696834 340.7 119.5 -90
BD09-76 5900768 695647 337.0 174.0 -90
BD09-77 5901816 695815 339.8 125.5 -90



Hole ID Easting1 Northing1 Elevation2
Length (m) Dip (°) Azimuth (°)

BD09-78 5901845 696240 337.8 124.5 -90
BD09-79 5900759 695340 338.1 108.0 -90
BD09-80 5899150 699340 322.0 100.5 -90
BD09-81 5892390 700090 314.0 190.0 -90
BD09-82 5901077 695544 339.8 183.0 -90
BD09-83 5901029 696181 336.7 181.5 -90
BD09-84 5891888 699947 319.0 161.0 -90
BD09-85 5901338 695964 338.8 199.5 -90
BD09-86 5899431 696603 329.2 127.0 -90
BD09-87 5903510 696900 338.2 195.0 -90
BD09-88 5899057 696194 330.5 97.0 -90
BD09-89 5901349 695676 339.7 118.5 -90
BD09-90 5900681 695830 337.9 148.0 -90
BD09-91 5903576 696616 339.4 200.0 -90
BD09-92 5905900 697101 333.0 96.0 -90
BD09-93 5903298 696419 344.2 100.0 -90
BD09-94 5906900 696556 337.0 150.0 -90
BD09-95 5903185 696948 337.9 150.5 -90
BD09-96 5906767 693645 366.9 200.0 -90
BD09-97 5906054 692849 382.3 197.0 -90
BD09-98 5904613 694204 358.6 200.0 -90
BD09-99 5900126 693097 357.7 200.0 -90
BD09-100 5899512 693115 355.7 200.0 -90
BD09-101 5897603 694673 331.6 199.0 -90
BD09-102 5906999 692767 383.3 143.0 -90
BD09-103 5907986 693083 382.7 149.0 -90
BD09-104 5907395 709629 306.4 80.0 -90
BD09-105 5913229 706885 309.0 200.0 -90
BD09-106 5901195 695922 337.4 173.0 -90
BD09-107 5915548 704736 312.6 200.0 -90
BD09-108 5914203 700736 317.6 200.0 -90
BD09-109 5915569 705030 311.6 143.0 -90
BD09-110 5914242 701240 315.2 200.0 -90
BD09-111 5914584 700787 315.5 200.0 -90
BD09-112 5915273 705058 313.0 41.0 -90
BD09-113 5891932 718244 309.4 41.2 -90
BD09-114 5886897 699792 311.6 161.0 -90
BD09-115 5891315 689604 345.4 143.0 -90
BD10-116 5915280 695222 357.2 125.7 -90



Hole ID Easting1 Northing1 Elevation2
Length (m) Dip (°) Azimuth (°)

BD10-117 5913669 695317 355.5 92.7 -90
BD10-118 5914170 700237 319.4 76.0 -90
BD10-119 5914065 701049 315.2 166.1 -90
BD10-120 5915518 704439 312.1 149.0 -90
BD10-121 5915679 704726 310.9 206.0 -90
BD10-122 5881450 692800 312.0 154.4 -90
BD10-123 5914475 700726 318.4 137.0 -90
BD10-124h 5901344 696095 336.4 208.8 -90
BD10-125 5915824 704359 311.4 188.0 -90
BD10-126 5915671 704217 312.0 44.0 -90
BD10-127 5915272 704761 311.2 95.0 -90
BD10-128 5915216 704446 312.4 92.0 -90
BD10-129 5914212 701675 314.4 46.0 -90
BD10-130 5915936 703920 311.3 68.0 -90
BD10-131 5914500 700999 317.0 74.0 -90
BD10-132 5914950 700649 315.0 178.0 -90
BD10-133 5915023 704782 312.3 144.1 -90
BD10-134 5915945 704700 310.5 60.6 -90
BD10-135 5914200 700500 318.0 161.0 -90
BD10-136 5915075 705100 309.9 206.0 -90
BD10-137 5914800 705100 311.5 59.0 -90
BD10-138 5915200 704931 312.9 110.0 -90
BD10-139 5914001 700750 317.0 137.0 -90
BD10-140 5899855 698619 322.0 206.0 -90
GT10-01 5914763 701400 318.9 250.1 -55 226
GT10-02 5901347 696558 334.3 202.0 -55 270
1Projection: Universal Transverse Mercator Zone 13. North American Datum 1983.
2Elevation projected to Digital Elevation Model



 

 

 

 

 

 

 

 

 

 

Appendix B  

Example of a Lithologic Field Logs 
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29.8 Till A Till is mostly broken up fragments of carbonates and granitoid rocks; Poor recovery;
43.1 Silty Shale x x x x x Minor bioturbation; Moderate fissility; Fine, silt 

lenses are variable throughout 
unit; Bedding angle ~ 15°; 
SSDM; 

A Dark grey Overall silt content is variable throughout unit; Some sulfur staining; @ ~ 48.0m - 30cm Muddy siltstone horizon; 

46.3 Muddy Siltstone x x x x x Irregular bioturbation; Minor fissility; A Light Brown Top 60cm are laminated, glauconitic siltstone - carbonate cement present; Mud content increases near base; 

49.1 Muddy Siltstone

52.4 Silty Mudstone x x x x x Minor irregular 
bioturbation; 

SSDM; Where silt content begins 
to decrease, fine silt lenses are 
visible;

G Dark grey Silt content is variable - top of unit has high silt content that grades downward with increasing depth; 

54.0 Glauconitic Silty 
Shale

x x x x x Appears to be some vertical 
and irregular bioturbation; 

Moderate fissility; Silt lenses are 
glauconitic; soft sediment 
deformation; Bedding angle ~ 
15°;

G Dark grey with 
green

Silt content is variable - appearance of glauconitic silt is reason for break; @ ~ 55.5m - 50cm of Muddy Glauconitic Siltstone; 

56.8 Silty Shale x x x x x Bedding angle ~ 12°; Fine silty 
lenses and laminae; SSDM; 
Moderate fissility; 

A Dark grey Onset of glauconitic silt appears near bottom of unit; Sulphide nodules present near bottom of unit; 

60.0 Glauconitic 
Siltstone

x x x x x x x x Overall massive looking; G Green Minor mud content in some areas; Sulphide nodules; Sulfur staining; Some disseminated sulphides; Patchy sulphides; 62.0

62.1 Coal A No coal remain - has been completely sampled; There are some bags containing representative samples that weren't open in order to 
maintain integrity and quality of samples; 

79.5 Sandstone x x x x x x Overall massive - from far looks 
like it may have a bedding angle; 

A Light grey Depth markers are wrong - depth taken off of GOLDSOURCE GEOPHYSICAL LOG; Sulfur staining; Variable silt content 
throughout unit; Small brown patches that are higher in organic content; 

83.0

105.2 Mudstone x M Light grey Unit is badly fractured; Waxy feel;
105.6 Sandstone x x x x Overall massive; M White Minor mud content in some areas creates the appearance of bedding; 107
112.5 Dolomitic Lime 

Mud
x Brick red to 

Rust red to Grey
Depth marker are incorrect - depth taken off of GOLDSOURCE GEOPHYSICAL LOG; Staining is patchy to pervasive; Abundant, 
irregular fractures; Irregular bedding; Waxy feel on some fracture surfaces;

120.0 Lime Mud x A Grey to Rust Same as overlying unit - with exception that current unit reacts readily with acid whereas overlying unit does not; Sulphide nodules; 
Sulfur staining;

124.2 Dolomitic Lime 
Mud

A Same as unit @ 112.5 m; 134.5

138.0 Lime Mud A Light grey Depth tags are off - depth taken off GOLDSOURCE GEOPHYSICAL LOG; Base of unit becomes brecciated; Mud seams near base; 
Small sulphide nodules near base;

138.4
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Appendix C  

Sand Partings Sorted by Sub-basin and Holes 

 

 

 

 

 

 

 

 

 

 



Niska 8 Niska 7
Hole # from (m)  to (m) Seam (m) Hole # from (m)  to (m) Seam (m)

BD10-135 63.8 70.3 6.5 BD10-133 53.5 64.2 10.7

BD10-135 76.8 78.2 1.4 BD10-127 59.4 65.5 6.2

BD10-123 95.0 107.0 12.0 BD10-133 65.2 66.4 1.2

BD10-139 103.7 110.5 6.8 BD10-127 68.0 80.0 12.0

BD09-108 112.9 115.0 2.1 BD10-136 76.0 94.3 18.3

BD10-119 114.0 119.1 5.1 BD09-107 78.0 161.0 83.0

BD09-108 117.3 117.8 0.5 BD10-136 103.4 108.4 5.1

BD09-111 121.2 148.0 26.8 BD10-121 109.4 109.9 0.5

BD09-108 126.7 127.2 0.5 BD10-136 121.1 137.3 16.3

BD09-108 129.2 129.6 0.4 BD10-125 126.0 131.0 5.0

BD09-108 140.5 141.1 0.6 BD10-136 140.8 142.5 1.6

BD09-111 150.0 156.7 6.7 BD10-136 145.8 169.5 23.7

BD09-107 178.0 185.9 7.9

Pasquia 5 Pasquia 2
Hole # from (m)  to (m) Seam (m) Hole # from (m)  to (m) Seam (m)

BD09-32 63.6 71.7 8.1 BD09-76 69.0 74.0 5.0

BD09-36 64.5 75.0 10.5 BD09-106 82.9 83.4 0.5

BD09-36 75.4 76.8 1.4 BD09-76 83.7 84.7 1.0

BD09-32 85.4 86.7 1.3 BD10-124 84.7 85.2 0.5

BD09-42 91.6 94.6 3.0 BD09-83 85.5 87.2 1.7

BD09-42 100.5 124.5 24.0 BD09-69 92.5 93.1 0.6

BD09-87 112.3 113.4 1.1 BD09-64 96.1 97.0 0.9

BD09-37 112.6 123.8 11.2 BD09-64 106.3 107.5 1.2

BD09-87 116.9 117.5 0.6 BD09-82 108.5 111.0 2.5

BD09-91 119.1 139.0 19.9 BD09-30 114.5 124.1 9.6

BD09-37 124.5 126.2 1.7 BD09-85 115.3 120.1 4.8

BD09-87 126.0 142.0 16.0 BD09-82 119.0 127.8 8.8

BD09-37 140.2 151.3 11.1 BD10-124 123.2 127.7 4.5

BD09-91 143.5 148.3 4.8 BD09-82 129.0 131.0 2.0

BD09-37 153.2 155.5 2.3 BD09-82 136.0 141.5 5.5

BD09-37 159.0 161.5 2.5 BD09-82 145.0 146.9 1.9

Chemong 20 Chemong 6
Hole # from (m)  to (m) Seam (m) Hole # from (m)  to (m) Seam (m)

BD09-74 66.5 69.5 3.0 BD09-13 92.0 99.2 7.2

BD09-22 79.5 83.0 3.5 BD09-47 105.4 106.3 0.9

BD09-22 84.0 86.0 2.0 BD09-24 106.0 121.2 15.2

BD09-22 89.3 89.4 0.1 BD09-43 122.0 130.4 8.4

BD09-22 92.0 92.3 0.3

BD09-22 98.5 110.0 11.5 Chemong 10
BD09-20 100.5 102.0 1.5 Hole # from (m)  to (m) Seam (m)

BD09-20 109.5 113.4 3.9 BD09-18 47.3 48.5 1.2

BD09-40 219.0 225.0 6.0

Split Leaf
Hole # from (m)  to (m) Seam (m)

BD09-73 121.9 122.2 0.3

BD09-73 155.8 156.3 0.5
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