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ABSTRACT 

The Carlile and Niobrara formations were deposited during the regressive phase of the 

Greenhorn cycle and the transgressive phase of the Niobrara cycle (early Turonian-late 

Santonian). The lateral distribution of these units was controlled by eustatic sea level 

changes and differential accommodation space generated by dynamic and flexural 

subsidence of the Western Interior Basin (WIB). Analyses of these two units and 

stratigraphic equivalents within the Canadian portion of the WIB have been made mainly 

in the neighboring provinces of Alberta and Manitoba, but little is known about them in 

Saskatchewan. To fulfill the litho- and biostratigraphic gap of information in this area, 

lithological descriptions, and micropaleontological analyses were made in six cores along 

the southernmost portion of the basin (between Townships 13 and 24). Foraminifera have 

been used in this study not only as biostratigraphic markers but also as tools for the 

reconstruction of oceanographic conditions during the Turonian-Santonian.  

The lithostratigraphic framework adopted in this study indicates that in southwestern 

Saskatchewan, the Carlile Formation is subdivided into three informal subunits whereas 

the Niobrara Formation is subdivided into the Govenlock, Medicine Hat, and First White 

Specks members, as previous studies have suggested. In south-central Saskatchewan, 

only a three meters unconformity-bounded interval of the Carlile Formation (Morden 

Member) was identified. This model also indicates that the Morden Member in 

southeastern Saskatchewan is a condensed stratigraphic equivalent of the lower and 

middle Carlile subunits of the west, whereas the slightly calcareous Boyne Member in the 

same area is a stratigraphic equivalent of the upper Carlile subunit. The Niobrara 
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Formation in south-central and southeastern Saskatchewan is subdivided into the lower 

Calcareous Shale Member and the upper First White Specks Member.  

Seven foraminiferal zones and three subzones were recognized in the Carlile and 

Niobrara formations, the uppermost part of the Second White Specks Formation and the 

lowermost part of the Milk River Formation. The Whiteinella aprica Subzone 

(Muricohedbergella loetterlei Zone) represents the transgressive phase of the Greenhorn 

Cycle occurred during the early Turonian. This maximum transgression was followed by 

a major environmental shift as a result of increased tectonic activity and a drop in eustatic 

sea level. During this time, agglutinated foraminiferal species of the Pseudoclavulina sp. 

Zone dwelled at the sea floor mainly in southwestern Saskatchewan and were 

subsequently replaced by calcareous benthic and planktic species of the Gavelinella 

kansasensis Subzone (Trochammina sp. Zone). The initial stage of the transgressive 

Niobrara Cycle (early Coniacian) is characterized by increased volcanic activity, the 

disappearance of foraminifera and the first occurrence of radiolarians at the base of the 

Govenlock Member of the Niobrara Formation. After the volcanic event, foraminifera of 

the Marsonella oxycona Subzone recolonized the sea floor followed by the highly diverse 

Bullopora laevis microfauna. The late stage of the transgressive Niobrara Cycle is 

represented by the benthic-dominated Gavelinella henbesti Zone and the planktic-

dominated “Heterohelix cf. reussi” Zone.  
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CHAPTER 1. INTRODUCTION 

The Province of Saskatchewan has been the target of mineral and oil exploration for more 

than a century. Exploration of natural resources such as oil, potash, uranium and base 

metals has been carried out since the 1940´s allowing a relatively good understanding of 

the geology of central Canada. Owing to the scarcity of outcrops of the Phanerozoic in the 

province, most of the geological analyses have been carried out using cores and, 

petrophysical and seismic data. These tools are good to characterize and correlate 

lithostratigraphic units, define the lateral variation of facies and evaluate mineral 

resources, but not very useful in paleoenvironmental reconstructions. For these, 

lithological, geochemical and paleontological analyses on core samples are the most 

reliable tool to examine subsurface units and their genesis.  

Deposition of the Carlile and Niobrara formations in the WIB was controlled by eustatic 

sea level changes and combined crustal deformation (McNeil and Caldwell, 1981; 

Nielsen et al., 2003). Deposition was also probably controlled by localized flexural uplift 

and subsidence influencing patterns of sedimentation and lateral distribution of the units. 

Global eustatic changes, together with high temperatures and CO2 concentrations in the 

Upper Cretaceous (Hay and Floegel, 2012) produced a stratified water column with well-

oxygenated surface waters and oxygen-depleted bottom waters during peak transgressions 

(Caldwell et al., 1993). The regressive stages, on the other hand, are marked by low 

marine productivity, increased freshwater influx in the west and deposition of siltstones 

and sandstones. In the absence of well-preserved macrofossils, microfossils become a 

reliable tool to elucidate the Canadian Western Interior Basin (CWIB) paleoecological 

and paleoceanographic setting during this period.   
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The primary objective of this thesis is to establish a comprehensive litho- and 

biostratigraphic model for the Turonian-Santonian interval in southern Saskatchewan. 

This model will provide new insights into the tectono-stratigraphic evolution and 

paleoenvironmental conditions during the Upper Cretaceous in the CWIB and will 

facilitate the correlation of stratigraphic units across Saskatchewan. The secondary 

objectives of this thesis are:  1) to analyze foraminiferal faunas from the Turonian-

Santonian interval in southern Saskatchewan, which have not been studied before; and 2) 

to implement isotopic data (δ13C and δ15N) in the paleoenvironmental reconstruction of 

the Carlile and Niobrara formations.  

1.1 Study area 

Six cores located between ranges 28W3 and 01W2, and townships 13 and 24 were logged 

and sampled to analyze the microfossil content, geochemical trends and lithostratigraphic 

variations of the Upper Cretaceous Carlile and Niobrara formations in southern 

Saskatchewan (Figure 1.1). The core from well 12-19-013-28W3 covers almost the entire 

Upper Colorado Group in southwestern Saskatchewan and has been chosen as the type 

well for this stratigraphic interval. Geochemical data from this core was reported by 

Taylor (2011) and is used here for the paleoenvironmental analysis. Cores from wells 14-

26-015-27W3 and 05-08-018-28W3 were used to analyze the contact between the Carlile 

and Niobrara formations in southwestern Saskatchewan.  

Cores from wells 16-04-021-25W2 and 11-36-022-01W2 cut the entire Carlile and 

Niobrara formations in south-central and southeastern Saskatchewan, respectively. These 

two cores have been previously logged and interpreted by Bloch et al. (1999) and 

Christopher et al. (2006a, 2006b). Bloch et al. (1999) presented a geochemical and 
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micropaleontological analysis at well 11-36-022-01W2, but of Lower Colorado beds. 

Dionne et al. (2016) also used the same core to describe the foraminiferal assemblages in 

the Cenomanian-Turonian interval. The core from well 06-30-024-25W2 was used to 

examine the lateral variation of facies in south-central Saskatchewan.  

 

 

Figure 1.1. Location map of the six cores analyzed in this study. 1) Apache Hatton 141/05-08-018-

28W3- 07G287; 2) Apache 141 Hatton 141/14-26-015-27W3- 07G286; 3) Nexen Hatton 101/12-19-013-

28W3- 07J351; 4) Imperial Findlater 41/16-04-021-25W2- 64B075; 5) LMLE Penzance 21/06-30-024-

25W2- 04C202; and 6) SWP Bredenbury 31/11-36-022-01W2- 66A044. 
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1.2 Previous work 

The Western Interior Basin is one of the most studied basins around the world due to its 

prominent hydrocarbon resources. This substantial research has allowed the production 

and development of geodynamic models used to understand the evolution of foreland 

basins and principles of high-resolution chronostratigraphy and stratigraphic cyclicity 

(Miall et al., 2008). In western Canada, the analysis of the basin has been based primarily 

on data collected from numerous wells drilled in the provinces of British Columbia, 

Alberta, Saskatchewan, and Manitoba. The Cretaceous system in these provinces has 

been methodically examined by various authors (e.g. Kirk, 1930; Wickenden, 1945; 

Caldwell et al., 1978; McNeil and Caldwell, 1981; Caldwell et al., 1993; Bloch et al., 

1993, 1999; Schroder-Adams et al., 2001; Nielsen et al., 2003, 2008; Christopher et al., 

2006a, 2006b) and well founded stratigraphic, paleogeographic and biostratigraphic 

models have been proposed. 

The first description of rocks from the Cretaceous System in the CWIB were made at the 

end of the ninetieth century (Dawson 1875a, 1875b; Tyrrel, 1892) and the beginning of 

the twentieth century (McInnes, 1908, 1913) mainly in the Manitoba Escarpment area. 

Dawson (1875a) implemented foraminiferal analysis in order to correlate some shales and 

limestones in the Manitoba Escarpment with the Niobrara division of the Nebraska 

section (McNeil and Caldwell, 1981). McInnes (1908) recognized the Niobrara Formation 

in the Carrot and Saskatchewan rivers (Pasquia Hills region) using paleontological 

evidence such as remains of fish Enchodus shumardi, bivalves Inoceramus problematicus 

and some foraminifera. 
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Kirk (1930) described the stratigraphy of the Cretaceous system along the Manitoba 

Escarpment and proposed a new nomenclature for these rocks. Fraser et al. (1935) 

proposed the name “Alberta Formation” in Southern Saskatchewan to refer to “beds that 

overlie the Lower Cretaceous and extend up to and include a prominent speckled shale.” 

Although foraminifera specimens were found in different intervals within this unit 

(Wickenden, 1932), no correlation was made between this formation and age-equivalent 

strata in Manitoba (Fraser et al., 1935). McLearn and Wickenden (1936) identified the 

fossils Inoceramus pontoni and Scaphites ventricosus in the upper part of the Boyne 

Member at the Hudson Bay Junction area in Saskatchewan. The presence of Scaphites 

ventricosus was used to correlate this member with the Niobrara beds in the United States 

(Wickenden, 1945). Wickenden (1945) adopted the nomenclature of Kirk (1930) and 

described most of the Cretaceous System in western Manitoba and eastern Saskatchewan. 

Nauss (1945, 1947) described and analyzed the lithostratigraphy and biostratigraphy of 

the Cretaceous System in the Vermilion area in the plains of Alberta. During the 1950´s 

and 1960’s the lithostratigraphic and biostratigraphic research of the Cretaceous System 

in the province of Saskatchewan was very limited (e.g. North and Caldwell, 1964). In the 

Province of Alberta, however, well-founded foraminiferal biostratigraphic frameworks 

were developed by Stelck and Wall (1955) and Wall (1960, 1967). Following the 

extensive work of Cobban, W.A in the United States (e.g., Cobban, 1958, 1961, and 

1962), Jeletzky (1968; 1971) proposed a new macrofossil zonation for the Cretaceous 

system of the CWIB based almost exclusively on ammonites and inoceramids. This 

zonation served as a biostratigraphic framework for future foraminiferal research in the 

CWIB (e.g., North and Caldwell, 1975; Caldwell et al., 1978). 
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In 1975, North and Caldwell published the first attempt to develop a foraminiferal 

zonation for the Cretaceous System of Saskatchewan. Sixteen informal zones were 

proposed by these authors based on data obtained from boreholes across the province 

(See Figure 1, therein). However, no correlations with Cretaceous rocks in Manitoba and 

Alberta were made by them due to the lack of a sound foraminiferal zonation in 

neighboring provinces (North and Caldwell, 1975). The authors also highlighted the lack 

of an appropriate nomenclature for Cretaceous rocks in Saskatchewan and the need of 

intra-province characterization of the Cretaceous since most of the terminology was 

borrowed from units names characterized out of the province. 

Caldwell et al. (1978) reevaluated the zonation proposed by North and Caldwell (1975) 

and established a new formal zonation for the CWIB. This zonation has been broadly 

used in the Prairie Provinces for the last few decades (e.g. McNeil and Caldwell, 1981; 

Nielsen et al., 2003; Elberdak, 2004) and is also the foraminiferal framework adopted in 

this study. A comprehensive foraminiferal analysis of the Cretaceous System was made 

by McNeil and Caldwell (1981) in the Manitoba Escarpment. Simpson (1979a, 1981a, 

1981b, 1981c) evaluated the reservoir geology of marine Upper Cretaceous sandstones in 

southern Saskatchewan (including the Medicine Hat sandstone). The results of these 

investigations showed notable lithological differences between coeval strata in western 

and eastern Saskatchewan and highlighted the great lateral variability of these units and 

its implication for hydrocarbon exploration. 

Caldwell and North (1984) defined Cretaceous stage boundaries in the southern interior 

plains of Canada. However, as mentioned by the authors, these boundaries can be only 

considered in the western flank of the basin where complete or near complete biozones 
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are preserved.  Gilboy (1989, 1993) evaluated the hydrocarbon potential of the Carlile 

Shale and the Medicine Hat sandstone in southwestern Saskatchewan based on core 

logging and well-log correlations. Gilboy and Nambudiri (1991), also analyzed the 

palynological assemblages of twelve cores penetrating Upper Cretaceous strata in the 

same area. Their results corroborated the Santonian age for the Medicine Hat sandstones 

and indicated deposition in an outer shelf environment. Case et al. (1990) described new 

Selachian fauna in a section along the Carrot River in east-central Saskatchewan. Shark 

teeth, together with remnants of some invertebrates were associated therein to the 

calcareous shale member of the Niobrara Formation described by McNeil and Caldwell 

(1981). 

In 1993, a series of investigations in the Western Interior Basin were compiled by 

Caldwell and Kauffman to propose new tectonic, biostratigraphic and paleogeographic 

models for the basin. A new Cretaceous time scale was proposed by Obradovich (1993), 

and foraminiferal and molluscan biozones were redefined by Caldwell et al. (1993) and 

Kauffman et al., (1993), respectively. Gilboy (1996) analyzed the Colorado Group in 

southwestern Saskatchewan based on wire-line logs where he noted the eastward-thinning 

of the Carlile Formation. He also recognized three different units within the Niobrara 

Formation, informally named Govenlock, Medicine Hat, and First White Specks. Detailed 

litho- and biostratigraphic analysis of the Lower Colorado Group was addressed by Bloch 

et al., (1993) and Schröder-Adams et al., (1996).  

Schröder-Adams et al., (1997, 1998) studied the Medicine Hat Formation and the First 

White Speckled Shale in Southern Alberta. The authors described the lithological and 

wire-line log correlation of these units and presented a paleontological approach based on 
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macro and microfossil assemblages. Nielsen and Schröder-Adams (1999), used wire-line 

log correlations and description of some cores to evaluate rocks of the Upper Colorado 

Group in southwestern Saskatchewan. The Cenomanian-Santonian interval was 

investigated in the southern Rocky Mountains foothills by Medioli (1999) and the Pasquia 

Hills in eastern Saskatchewan by Schröder-Adams et al., (1999). Molluscan faunas from 

the Cenomanian-Coniacian interval were recovered and analyzed by Collom (2000) in the 

Pasquia Hills area. However, the poor preservation of specimens in the Morden Shale and 

the absence of outcrops exposing the Niobrara Formation did not allow a sound fossil-

based interpretation of these units. 

Nielsen (2002) and Nielsen et al. (2003) took the first step to formally describe the rocks 

belonging to the Upper Colorado Group in southeastern Alberta and southwestern 

Saskatchewan. The authors implemented geophysical, geochemical and 

micropaleontological analyses to define stratigraphic units and their lateral facies 

variability within the basin. The Carlile Formation in this area was subdivided into three 

informal members (lower, middle and upper members) and the Niobrara Formation was 

formally subdivided into three members (Verger, Medicine Hat, and First White Specks). 

Elberdak (2004) and Tu (2004) examined the biostratigraphy of the Colorado Group in 

east-central Alberta to reconstruct paleoenvironments based on foraminiferal 

assemblages. Pedersen (2004) revised the stratigraphic nomenclature of the Colorado 

Group in southwestern Saskatchewan and adopted the lithostratigraphic model proposed 

by Nielsen et al. (2003) in southern Alberta. 

Christopher et al. (2006a, 2006b) described the Cenomanian-Santonian Colorado 

formations in eastern Saskatchewan and proposed a new stratigraphic framework for the 
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uppermost part of the Upper Colorado group in southern Saskatchewan and southwestern 

Manitoba. Yurkowski et al. (2006) analyzed the Niobrara and Carlile formations based on 

wire-line log interpretation along three different cross-sections in western Saskatchewan. 

Nielsen et al. (2008) complemented the research done by Nielsen et al. (2003) and 

Yurkowski et al. (2006) in the Carlile and Niobrara formations of southern Alberta and 

southwestern Saskatchewan, implementing sequence stratigraphy and facies associations. 

Taylor (2011) evaluated the shale gas potential of the Upper Colorado Group in 

southwestern Saskatchewan using geochemical and lithological data from well 12-19-

013-28W3 and the same core is used in this study as a type well to describe the entire 

Carlile and Niobrara formations in southwestern Saskatchewan. 

Nicolas (2009) and Bamburak and Nicolas (2009) analyzed and revised the stratigraphic 

nomenclature of Mesozoic units in southwestern Manitoba. Microfossil analysis of the 

Santonian-Campanian interval along the Manitoba Escarpment was also carried out by 

Muehlbauer et al., (2014).  Recent publications by Schröder-Adams et al., (2012), 

Schröder-Adams (2014), Slattery et al. (2015) and Sames et al. (2016) have developed 

new models to understand the evolution of the Western Interior Basin during the 

Cretaceous. 
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CHAPTER 2: REGIONAL GEOLOGY 

The Interior Plains of Canada are underlain by a sedimentary cover formed in two 

different geological settings: 1) Paleozoic to early Mesozoic rocks formed in an 

extensional continental margin, and 2) Jurassic to Paleocene rocks deposited in a retroarc 

foreland basin (Miall et al., 2008; Mossop and Shetsen, 1994). The Paleozoic to Jurassic 

succession overlies the Precambrian crystalline basement and is dominated by carbonate 

rocks deposited as a result of marine transgressions from the west (Wright et al., 1994). 

The Jurassic-Paleocene retroarc foreland basin is represented by the Manville, Colorado, 

Alberta and Edmonton Groups overlain by the Paleocene Ravenscrag Formation and 

equivalents (Mossop and Shetsen, 1994).    

The evolution of the Western Interior Basin is closely linked to lithosphere deformation 

caused by static and dynamic loads, and eustatic sea level changes occurred during the 

Upper Cretaceous (Monger, 1993; Kauffman and Caldwell, 1993; Miall et al., 2008). 

These deformational processes did not just shape the morphology of the basin, but also 

influenced patterns of sedimentation and thus lithofacies distribution across North 

America (Slattery et al., 2015). Physiographic and oceanographic changes occurred 

during the Upper Cretaceous affecting the composition and distribution of the different 

floral and faunal groups (McNeil and Caldwell, 1981). A mix of warm waters from the 

Tethyan Sea and cold waters from the Polar Sea flooded the Western Interior Basin 

(Schröder-Adams, 2014) with a major influence of the latter in the Canadian portion. 

2.1 Tectonic framework 

The configuration of the Western Interior Basin during Jurassic to Eocene times was a 

result of the dynamic subduction of the Farallon Plate beneath the North American Plate 
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(Monger, 1993; Liu et al., 2014). Two main generalized deformational zones were 

established across North America due to these tectonic plates interaction: 1) a tectonically 

active Cordilleran Orogen; and 2) a retroarc foreland basin situated west of the North 

American craton (Slattery et al., 2015). In the Canadian portion of the Western Interior 

Basin, the arrival and collision of a series of terranes during the mid-Jurassic started the 

deformation that created the Cordillera (Miall et al., 2008). This terrane collision 

continued into the Eocene, increasing the tectonic load on the Canadian Shield (Slattery et 

al., 2015) and leading to the configuration of the retroarc foreland basin (Price, 1994). 

Dynamic and static loads influenced the Western Interior Foreland Basin during its 

development (Catuneanu et al., 1997). Dynamic subsidence in the basin was a result of 

the convergence between the Farallon and North American plates, while the increasing 

loading of the Sevier thrust belt also caused flexural subsidence mainly in the west (Liu et 

al., 2014). The foreland basin system is subdivided into four main depozones: the wedge-

top, foredeep, forebulge and backbulge (DeCelles and Giles, 1996) (Figure 2.1). Each 

depozone has its own subsidence and accommodation patterns. As a result, stratigraphic 

units change considerably in thickness and composition from one place to another. 

 

Figure 2.1. Schematic cross-section of a retroarc foreland basin and its four depozones: wedge-top, 

foredeep, forebulge, and back-bulge. TF: Topographic front of the thrust belt; D: Schematic duplex; 

TZ: Triangle Zone (taken from DeCelles and Giles, 1996). 
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The flexural subsidence affected mainly the westernmost portion of the WIB (Liu et al., 

2014; Plint et al., 2012). In Canada, the depositional effects of flexural deformation are 

probably restricted to the province of Alberta due to its proximity to the thrust belt. In 

Saskatchewan and Manitoba, on the other hand, subsidence was more likely linked to 

dynamic subsidence. In this regard, the condensed and unconformable-bounded 

stratigraphic section of the Carlile-Niobrara interval in south-central Saskatchewan, 

which is around 650 km away from the thrust belt, is unlikely to be the result of a 

forebulge uplift. 

 

Figure 2.2. Main structural elements within the CWIB during the Upper Cretaceous. Modified after 

Schröder-Adams et al. (2012).  

 

The distribution of the Carlile and Niobrara formations in the CWIB during the Upper 

Cretaceous vary not only from west to east but also from south to north (Nielsen et al., 

2003; Christopher et al., 2006a; McNeil and Caldwell, 1981). These variations are 
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probably associated with the presence of structural elements such as the Punnichy and 

Sweetgrass arches within the basin (Figure 2.2). The latter, for example, played an 

important role during the First White Specks Member deposition in southwestern 

Saskatchewan and southern Alberta (Schröder-Adams et al., 1997; this study). Non-

deposition and erosion of most of the Carlile and Niobrara formations in central 

Saskatchewan could have been caused by a structural element or “arch.” However, a 

more comprehensive lithological and geophysical analysis is needed to support this 

hypothesis.  

2.2 Climate and depositional conditions 

The Cretaceous is known as a period of global warming condition with high 

concentrations of atmospheric CO2 and a high eustatic sea level (Hay et al., 1993; Hay, 

2008; Haq, 2014; Sames et al., 2016). During the late Turonian-late Santonian, Earth was 

probably under a “warm greenhouse” climatic state (Hay and Floegel, 2012). This state is 

characterized by global average temperature from 24° to 30°C, atmospheric CO2 levels 4 

to 16 times higher than present and seasonal reversals of the atmospheric pressure 

systems at the poles (Hay and Floegel, 2012). This period was also marked by the lack of 

polar ice and substantially high eustatic sea levels (65 to 250 m higher than present). This 

increase in sea level, together with tectonically driven subsidence in the North American 

continent created the optimal conditions for the development of the Western Interior 

Seaway.   

The Western Interior Seaway connected the Artic Polar Sea with the Gulf of Mexico 

(Slattery et al., 2015) enabling the mixing of cold waters from the north and warm waters 

from the south (Figure 2.3). In general, the siliciclastic content of the Carlile and Niobrara 
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formations is higher in the foothills and plains of Alberta due to their proximity to the 

major detrital source of the rising orogen and decreases further east within the provinces 

of Saskatchewan and Manitoba (McNeil and Caldwell, 1981).  

 

Figure 2.3. Western Interior Seaway paleogeography map during the Mid-Turonian. Taken from 

Blakey, Colorado Plateau Geosystems (2014). Paleolatitudes are from Varban and Plint (2008), after 

Irving et al. (1993).  

 

Deposition of the Upper Cretaceous units within the Western Interior Basin is linked to 

cyclic variations in eustatic and relative sea levels. Eustatic or global sea level changes 

during this period are attributed to either glacio-eustatic or tectono-eustatic processes 

(Haq, 2014), although, the presence of large continental ice sheets during the mid-
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Cretaceous is highly unlikely (Sames et al., 2016). Shoreline migrations across the basin 

caused by these global and/or regional changes in relative sea level created different 

sedimentation patterns, which are laterally diachronous (McNeil and Caldwell, 1981).  

Kauffman (1984) recognized five major transgressive-regressive marine cycles in the 

Albian-Campanian interval in the Western Interior Basin; these are the Kiowa-Skull 

Creek, Greenhorn, Niobrara, Claggett and Bearpaw cycles, in ascending order, (Figure 

2.4). The Second White Specks Formation was deposited during the transgressive phase 

of the Greenhorn cycle (also the highest transgression peak during the Upper Cretaceous). 

This transgression allowed the deposition of a laterally continuous calcareous sequence 

across the Western Interior Basin1. During the late Turonian (regressive phase of the 

Greenhorn cycle), the sea level dropped considerably enabling the deposition of marine 

beds with a higher content of siliciclastic sediments (Carlile Formation). 

Carbonate deposition was renewed during the transgressive phase of the Niobrara cycle 

(early Coniacian) and finished with the last pulse of the transgression during the late 

Santonian (Niobrara Formation). Minor regressive pulses took place during the Niobrara 

deposition as evidenced by changes in foraminiferal assemblages, the proportion of 

siliciclastic materials and isotopic values. These regressive pulses were also reported by 

Kauffman (1984) in different places within the Western Interior Basin and by Nielsen 

(2002) in the plains of Alberta. The Milk River Formation represents the final regressive 

phase of the Niobrara cycle in the WCIB. Carbonate productivity within the basin was 

also controlled by the influence of warm Tethyan seawaters from the south.  

                                                           
1 Equivalent to the Greenhorn Formation in the United States 
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Figure 2.4. Transgressive-regressive marine cycles during the Cretaceous period in the Western 

Interior Basin. The Carlile and Niobrara formations were deposited during the regressive phase of 

the Greenhorn cycle and the transgressive phase of the Niobrara cycle, respectively. Image from 

Caldwell et al. (1993), after Kauffman (1984). 

 

2.3 Biostratigraphic framework 

Foraminiferal assemblages have been broadly used in basin analysis for more than a 

century, not just in Canada, but around the world. Their abundance, good preservation, 
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and relatively easy identification make these organisms a reliable tool to evaluate patterns 

of sedimentation, reconstruct paleoenvironments and establish biostratigraphic zones 

within the basin (Haynes, 1981). Foraminifera are susceptible to changes in salinity, 

oxygen levels, temperature and water depth and their distribution within a basin is closely 

linked to their life position, feeding and life strategies (Jones, 2014). In the Interior Plains 

of Canada, only some foraminiferal zones can continously be traced from west to east, but 

most of them are confined to specific areas or present lateral variations (Caldwell et al., 

1978). These lateral variations are the outcome of changes in water temperature, water 

depth, and siliciclastic input.   

The first formal foraminiferal zone scheme for the Cretaceous System in the plains of 

Canada was proposed by Caldwell et al. (1978). Before that publication, foraminiferal 

assemblages were used to define vertical (chronological) changes within Cretaceous 

rocks, but no attempt was made to correlate biozones at the basin-wide scale (e.g. 

Wickenden, 1932; Nauss, 1947; Wall, 1960, 1967; North and Caldwell, 1964, 1970, 

1975). This scheme was extended into the Manitoba Escarpment by McNeil and Caldwell 

(1981) and has been slightly modified by some authors (e.g. Elberdak, 2004; Nielsen et 

al. 2008) in Alberta and Saskatchewan (Figure 2.5). Most of the upper Cretaceous 

foraminiferal zones in the CWIB are based on agglutinated and calcareous benthic 

foraminifera, and only a few of them were defined by planktic assemblages. In fact, those 

assemblages dominated by planktic species (e.g. the Hedbergella loetterlei and 

Globigerinelloides sp. zones) are better biostratigraphic tools because they represent 

specific regional events (e.g. maximum incursions of the WIS during the early Turonian 

and late Santonian) within the CWIB (Caldwell and North, 1984). On the other hand, 
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benthic assemblages seem to be less reliable due to their slight diachronism and long 

lifespan (Caldwell and North, 1984).   

 

 

Figure 2.5. Turonian-early Campanian foraminiferal zonations within the CWIB. After Wall (1967), 

Caldwell et al. (1978), McNeil and Caldwell (1981), and Nielsen et al. (2008). The boundary Turonian-

Coniacian was placed at the base of the Marsonella oxycona Subzone by Nielsen et al. (2008). 

However, it could be placed at the base of the Gavelinella kansasensis Subzone as suggested by Shank 

and Plint (2013). 

The uppermost part of the Second White Specks Formation within the CWIB has been 

placed by many authors within the Hedbergella loetterlei Zone (Whiteinella aprica 

subzone) of Caldwell et al. (1978). This biozone, composed solely of planktic 

foraminifera (muricohedbergellids and heterohelicids) is easily traceable across the 

CWIB, and it is perhaps one of the best biozonal markers for the Upper Cretaceous. The 

contact between the Second White Specks and the Carlile Formation in the WCIB is 
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marked by the presence of a relatively thin black shale interval barren of foraminifera 

known as the Morden Member in southeastern Saskatchewan. This interval is also 

traceable from the foothills of Alberta (Wall, 1967) to the Manitoba Escarpment (McNeil 

and Caldwell, 1981). 

The Pseudoclavulina sp. Zone is easily identifiable in the westernmost part of the CWIB 

(Alberta and southwestern Saskatchewan) which contains exclusively agglutinated 

foraminifera (Wall, 1967; Nielsen et al., 2008; this study). Nielsen et al. (2008) extended 

this zone into the early-middle Coniacian Verger Member in southeastern Alberta based 

on the presence of some individuals of the species Pseudoclavulina sp. found by Elberdak 

(2004) at well 10-27-47-03W4. This zone is missing in south-central Saskatchewan and 

can tentatively be placed within the Morden Member in southeastern Saskatchewan and 

Manitoba (McNeil and Caldwell, 1981). 

The Trochammina sp. Zone straddles the Turonian-Coniacian boundary in southwestern 

Saskatchewan and is subdivided in this study into the lower Gavelinella kansasensis 

Subzone and the upper Marsonella oxycona Subzone. This zone could be entirely early-

Coniacian in age based on molluscan biostratigraphy and regional allostratigraphic 

correlations made by Shank and Plint (2013) in the Alberta plains and northern Montana.  

The Trochammina sp. Zone is missing in south-central Saskatchewan, but the lower part 

(Gavelinella kansasensis Subzone) was recognized at well 11-36-022-01W2 in 

southeastern Saskatchewan (this study).  

The Bullopora laevis Zone is composed of a highly diverse microfauna, although each 

species normally contains less than five elements. This zone has been recognized in the 

foothills and plains of Alberta (Wall, 1967; Nielsen et al., 2008) and was identified at 
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well 12-19-013-28W3 in this study. Further east into south-central Saskatchewan and 

Manitoba this zone is missing due to erosion or non-deposition (North and Caldwell, 

1975; McNeil and Caldwell, 1981; this study).  

The Gavelinella henbesti and “Heterohelix cf. reussi” zones are entirely present in 

southwestern Saskatchewan and partially present in south-central and southeastern 

Saskatchewan. These zones were originally defined as subzones of the Globigerinelloides 

sp. Zone by Caldwell et al. (1978) and have been elevated to zone status in this study. 

Foraminiferal assemblages from these zones are found in the Medicine Hat (Calcareous 

Shale Member in the east) and First White Specks members of the Niobrara Formation. 

The few reports of radiolarians and/or marine diatoms whitin Cretaceous units of the 

WCIB are restricted to either the Campanian Bearpaw or Lea Park formations (Given and 

Wall, 1971; Wall, 1975; Muehlbauer et al., 2014; M. Velez, pers. comm., 2016) or the 

mid-Cretaceous Cantuar (Mannville Group) and Viking (lower Colorado Group) 

formations (McNeil and Zonneveld, 2004; M. Velez, pers. comm., 2016). Radiolarians 

from the base of the Niobrara Formation (early Coniacian) are reported for the first time 

in this study in southwestern Saskatchewan. Diatoms have not been recovered so far. 

2.4 Lithostratigraphic nomenclature  

2.4.1 Historical Review 

The lithostratigraphic nomenclature in the CWIB has changed considerably for more than 

a century and is still changing as new techniques are implemented in the analysis of the 

basin (Figure 2.6). Most of the names assigned to the stratigraphic units in Alberta (Stott, 

1963; Wall and Rosene, 1977; Bloch et al., 1993; Nielsen et al., 2003) and Manitoba 

(McNeil and Caldwell, 1981; Bamburak and Nicolas, 2009 and references therein) have 
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been extended into Saskatchewan producing misinterpretations in regional correlations 

and paleogeographic reconstructions (North and Caldwell, 1975). Unconformities caused 

by craton uplift and/or presence of basement structures (e.g. stratigraphic gap during the 

Upper Turonian-middle Santonian in central Saskatchewan) make litho and 

biostratigraphic correlations even more challenging.  

 

Figure 2.6. Historical review of the Turonian-early Campanian lithostratigraphic nomenclature in 

Saskatchewan. After Fraser (1935); Simpson (1979, 1982); Gilboy (1996); Nielsen and Schroder-

Adams (1999); North and Caldwell (1975); Wickenden (1945). 

 

The first attempt to establish a stratigraphic nomenclature for the plains of Saskatchewan 

was that of Fraser (1935) who included the strata underlying the Lea Park Formation and 

overlying the Lower Cretaceous beds into the Alberta Formation. The adoption of the 

name “Alberta Formation” was based on lithological similarities with equivalent strata in 

the foothills of Alberta. However, as noted by Fraser (1935) correlation was not made 

between the two localities due to the absence of analogue biostratigraphic intervals. The 

author informally separated the Alberta Formation into two parts (Upper and Lower) 
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based on foraminiferal assemblages. These two intervals resemble the Assiniboine and 

Boyne beds defined by Kirk (1930) in the Manitoba Escarpment, respectively. 

Wickenden (1945) proposed a new nomenclature for western Manitoba and southeastern 

Saskatchewan based on the names used by Kirk (1930). This nomenclature was used 

broadly in the eastern plains of the CWIB until a new designation was made by McNeil 

and Caldwell (1981). 

Beck (1974) studied the Cretaceous System in the Pasquia Hills in eastern Saskatchewan 

in order to investigate the surface economic geology of the area. He used the 

nomenclature system proposed by Wickenden (1945) and noted the complication in 

separating the units belonging to the Favel and Vermilion River Formations. Some of the 

criteria used to map these two formations as a single unit were the lithological similarity 

(white speckled shales), the absence of stratigraphic markers and the doubtful 

stratigraphic position. In the same study, this author also recognized a non-calcareous 

shale in the Cracking River area that he interpreted as a probable equivalent of the 

Morden Shale into the Pasquia Hills. 

The name “Colorado Group” has been used in the plains of Alberta and southwestern 

Saskatchewan since Dowling (1917) to describe the strata overlying the Manville Group 

and underlying the Milk River Formation (Rudkin, 1964; North and Caldwell, 1975; 

Caldwell et al., 1978; Simpson, 1982; Gilboy, 1996; Nielsen et al., 2003). Rudkin, (1964) 

informally separated the Colorado Group into upper and lower subgroups setting the 

boundary at the base of the Fish Scale Formation.   

As noted by Nielsen (2002), in most of the models proposed for the Upper Colorado 

Group (e.g. Simpson, 1981b; Glass, 1990; Gilboy, 1993) the Medicine Hat sandstones 
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were placed within the first white speckled shale. North and Caldwell (1975) identified 

two white-speckled shales (lower and upper) separated by an unnamed shale in the upper 

Colorado Group in western Saskatchewan. The same author adopted the nomenclature of 

Wickenden (1945) for the equivalent strata in Manitoba and eastern Saskatchewan. The 

term “Niobrara Formation” was adopted by McNeil and Caldwell (1981) to describe the 

calcareous interval overlying the Morden Shale and underlying the Pierre Shale 

Formation.  

Simpson (1979a, 1979b) utilized the terms “Second White-Speckled Shale,” “Unnamed 

noncalcareous Shale” and “First White Speckled Shale” to refer the rocks belonging to 

the upper Colorado Group. The same author extended into western Saskatchewan the 

nomenclature of the sand bodies described in Northern Montana (Phillips sandstone, 

Bowdoin sandstone, and the Martin sandy zone, in chronological order). The term 

“Medicine Hat Sandstone” was also proposed to define a prominent reservoir in the 

Martin sandy zone with commercial quantities of non-associated natural gas (Simpson, 

1979a). 

Gilboy (1996) informally used the names Carlile and Niobrara formations to refer the 

interval between the Second White Specks and the Milk River formations. The same 

author, based on well-log analysis, recognized three units in the Carlile Formation (lower, 

middle and upper) and three units in the Niobrara Formation (Govenlock, Medicine Hat, 

and First White Specks, in upward succession). Nielsen and Schröder-Adams (1999) 

subdivided the Upper Colorado Group into an “Unnamed shale,” the Medicine Hat 

Formation and the First White Speckled shale based on well-log analyses.  
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2.4.2 Lithostratigraphic nomenclature adopted in this study 

Considering the complex tectonic framework and lateral variation of facies within the 

CWIB, using a single nomenclature system in the Province of Saskatchewan may be not 

only difficult but also counterproductive. In this project, the nomenclature proposed by 

Nielsen et al. (2003), and Gilboy (1996), is adopted for southwestern Saskatchewan. For 

central and eastern Saskatchewan, a new stratigraphic model is proposed for the upper 

Turonian - upper Santonian interval based on the previous schemes defined by McNeil 

and Caldwell (1981) and Christopher et al. (2006a) (Figure 2.7). 

2.4.2.1 Lithostratigraphic nomenclature in southwestern Saskatchewan 

Nielsen et al. (2003) formally defined the Carlile and Niobrara formations in southern 

Alberta and southwestern Saskatchewan based on correlations with their lateral 

equivalent units in United States (McGookey et al., 1972; Cobban et al., 1959), southern 

Saskatchewan (Gilboy, 1989; 1996) and Manitoba (McNeil and Caldwell, 1981). In 

southwestern Saskatchewan, the Carlile Formation sharply overlies the Second White 

Specks Formation and is informally subdivided into three subunits based on wire-line 

logs (Gilboy, 1996) and outcrop analysis (Nielsen et al. 2003): lower, middle and upper 

(Figure 2.7). These three units are lithologically similar but differ in the index of 

bioturbation, presence of siderite concretions and proportions of macro and microfossils 

(Nielsen, 2002; Nielsen et al., 2003; Diaz and Velez, 2015). 



 

 

 

2
5 

 
 

 

Figure 2.7. Stratigraphic chart showing the nomenclature scheme proposed in this study for the Province of Saskatchewan (grey box) and 

correlation with equivalent stratigraphic intervals in the provinces of Alberta and Manitoba. Note that the nomenclature proposed by 

Christopher et al. (2006a), Nicolas (2009) and McNeil and Caldwell (1981) does not match the stratigraphic ranges presented in this study.  

Also, note that the upper Carlile subunit could be of early Coniacian age as suggested by Shank and Plint (2013). Vertical lines represent 

stratigraphic lacunas.  
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Nielsen et al. (2003) placed the contact between the Carlile and Niobrara formations one 

meter below a bentonite marker zone, where the lithology changes from thin, intensely 

bioturbated, lithic, greywackes to thin, less densely bioturbated dark mudstones. In 

southwestern Saskatchewan, the contact is placed at the change from calcareous 

mudstones in the upper part of the Carlile Formation to non-calcareous mudstones at the 

basal part of the Niobrara Formation (See Chapter 4.1). Unlike the upper Carlile unit in 

southern Alberta, this unit in southwestern Saskatchewan is composed of calcareous and 

non-calcareous mudstone interlaminations (Yurkowski et al., 2006; Diaz and Velez, 

2015; this study). This lateral variation is likely associated with sporadic transgressive 

pulses within the regressive phase of the Greenhorn cycle in this area during the Upper 

Turonian. 

Gilboy (1996) adopted the name “Niobrara Formation” in southwestern Saskatchewan 

and subdivided it into three informal units: the Govenlock, Medicine Hat and First White 

Specks members, in ascending order. Nielsen et al. (2003) used the same terminology 

proposed by Gilboy (1996), however, they proposed the term “Verger Member” instead 

“Govenlock Member” for the same stratigraphic interval. Yurkowski et al. (2006), based 

on wire-log correlations across southwestern Saskatchewan concluded that “the 

Govenlock and the Verger become essentially the same stratigraphic interval” near the 

Alberta/Saskatchewan boundary. Therefore, the Govenlock Member is used in this study 

in Saskatchewan as a stratigraphic equivalent of the Verger Member proposed by Nielsen 

et al. (2003).  

Nielsen et al. (2003) recognized three main sandy bodies into the Medicine Hat Member 

of the Niobrara Formation (D, C, and A, from oldest to youngest) separated by two shaly 
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intervals. In this study, the Medicine Hat Member is subdivided into three informal 

subunits (C, B, and A, in ascending order) based on lithology and gamma ray signatures 

(Diaz and Velez, 2015). The D and C sand-rich zones defined by Nielsen et al. (2003) are 

not identifiable in well 12-19-013-28W3 due to lithological lateral variations from west to 

east. Subunit A (this study) is probably the equivalent of the A-sandstone zone of Nielsen 

et al. (2003, Figures 14 to 16) in southern Alberta. 

Nielsen et al. (2003) proposed the name “First White Specks Member” for the calcareous 

shale underlying the Milk River Formation and overlying the sandy Medicine Hat 

Member. Although lithological compound names are not recommended to define a 

lithostratigraphic unit (North American Commission on Stratigraphic Nomenclature, 

2005), the term “First White Specks” has been broadly and historically used in the CWIB 

and is, therefore, adopted in this study to represent the uppermost interval of the Niobrara 

Formation.  

2.4.2.2 Lithostratigraphic nomenclature in south-central and southeastern 

Saskatchewan 

The stratigraphic nomenclature of the Upper Cretaceous rocks in south-central and 

southeastern Saskatchewan has been the object of debate in the last decades (e.g. McNeil 

and Caldwell, 1981 and Christopher et al., 2006a). The complex tectonic configuration of 

the CWIB, lateral facies variation and paucity of litho and biostratigraphic data across the 

province hinder an accurate definition of the lithostratigraphic units in this area. A new 

stratigraphic model for south-central and southwestern Saskatchewan is proposed in this 

study based on lithological similarities, stratigraphic markers and foraminiferal 

assemblages (Figure 2.7).   
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In southeastern Saskatchewan (well 11-36-022-01W2), the Carlile Formation is 

subdivided into two different subunits:  the lower Morden Member and the upper Boyne 

Member (following Christopher´s et al., 2006 nomenclature, but with a different 

stratigraphic designation). The shaly Morden Member (14 m thick) rests in sharp contact 

on the Second White Specks Formation and conformably underlies the Boyne Member. 

The Boyne Member is a calcareous shale interval bounded at the top by a 9-cm thick 

erosive lag comprised of bioclasts (fish bones, teeth, and scales), lithic fragments, 

glauconite and biotite (depth 232.79 m). It is worth noting that the name “Boyne 

Member” is provisional and further work is required to define it as a formal stratigraphic 

unit different to the one proposed by MacLean (1915) and Kirk (1930) in the Manitoba 

Escarpment.  

In south-central Saskatchewan (well 16-04-021-25W2), the Morden Member is reduced 

to a 3 m shaly interval bounded by disconformities. The lower contact with the Second 

White Specks Formation is marked by an erosive lag rich in bioclasts at depth 486.92 m. 

The Boyne Member is missing in this area, so the Calcareous Shale Member of the 

Niobrara Formation unconformably overlies the Morden Member of the Carlile 

Formation. The Carlile/Niobrara contact in this core is demarcated by a 2-cm erosive 

bioclastic lag at depth 483.72 m.     

The lithological and foraminiferal characteristics of the Morden Member in southeastern 

Saskatchewan reveal that this member is a condensed stratigraphic equivalent of the 

lower and middle Carlile of southwestern Saskatchewan. Likewise, the Boyne Member is 

a stratigraphic equivalent of the upper Carlile in the same area. 
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The slightly-to-moderately calcareous shale between the Carlile and Milk River 

formations in this area is referred in this study as the Calcareous Shale Member of the 

Niobrara Formation following the nomenclature proposed by McNeil and Caldwell in the 

Manitoba Escarpment. Foraminiferal assemblages found in this interval support 

correlation with the Medicine Hat Member in southwestern Saskatchewan.       

A very thin interval composed of calcareous to chalky shale with a high coccoliths 

content and an almost exclusive planktic foraminiferal fauna is present in the upper part 

of the Niobrara Formation in both central and southeastern Saskatchewan. This interval is 

placed within the First White Specks Member in this study. This name is extended to 

southeastern Saskatchewan due to its pronounced lateral extension and relatively 

continuity across the province. The contact with the underlying Calcareous Shale Member 

is transitional, and the contact with the overlying Milk River Formation is sharp. Most of 

the First White Specks Member is missing in south-central and southeastern 

Saskatchewan due to a regional disconformity (North and Caldwell, 1975).   

Christopher et al. (2006a, 2006b) extended the term “Carlile Formation” of Nielsen 

(2002) into southeastern Saskatchewan and subdivided it into the lower Morden Member 

and the upper Boyne Member. The term “Boyne Member” resuscitated by Christopher et 

al. (2006a, 2006b) after Kirk (1930) and Wickenden (1945) was used in this study to refer 

to the beds belonging to the Niobrara Formation of McNeil and Caldwell (1981). 

Although the name Carlile Formation (subdivided into the Morden and Boyne members) 

is adopted in this study, it represents a lower stratigraphic interval compared to the one 

defined by Christopher et al. (2006a). Most of the stratigraphic intervals referred as the 

Lower and Upper Boyne units by the same author belong to the Calcareous Shale and 
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First White Specks members of the Niobrara Formation (this study). The Chalky Member 

of the Niobrara Formation defined by McNeil and Caldwell (1981) in the Manitoba 

Escarpment is not present in the study area due to a regional disconformity at the top of 

the Upper Colorado Group (North and Caldwell, 1975).    

CHAPTER 3. METHODS 

Six cores were sampled for this study to analyze the lithology, micropaleontology, and 

geochemistry of the Carlile and Niobrara formations in southern Saskatchewan (see 

Figure 1.1). The uppermost part of the Second White Specks Formation and the 

lowermost part of the Milk River Formation were also included in this study to analyze 

micropaleontological and lithological changes with the underlying and overlying units, 

respectively. Wells were selected based on their location, good quality, cored intervals 

and length of the sections recovered. This selection was proposed by Jim Cristopher 

(personal communication, October 1, 2014) and complemented with the GeoScout 

database.    

Well 12-19-013-28W3 has been chosen as the reference well for the characterization of 

the lithological, micropaleontological and geophysical features of the Carlile and 

Niobrara formations as it intersects nearly the entire Upper Colorado Group in 

southwestern Saskatchewan. Well 12-19-013-28W3 is one of the few wells in the plains 

of Alberta and southwestern Saskatchewan that preserves the contact between the Second 

White Specks and Carlile Formation. However, the contact Niobrara-Carlile is missing. 

Analysis of this interval was carried out at wells 14-26-015-27W3 and 05-08-18-28W3. 
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Additional information in bulk mineralogy and petrographic analyses of these units at 

well 12-19-013-28W3 can be found in Taylor (2011). 

Wells 16-04-21-25W2 and 06-30-24-25W2 from south-central Saskatchewan and well 

11-36-022-01W2 from southeastern Saskatchewan were logged and sampled to analyze 

the lateral variations of the Carlile and Niobrara formations throughout the southern 

portion of the province. The information gathered from the six cores was used to propose 

a new biostratigraphic framework for these units. 

A total of 182 samples for micropaleontological analysis were collected from the six 

cores. At well 12-19-013-28W3, samples were collected every 2-4 m with denser 

sampling (1.5 m) below and above the Carlile-Niobrara contact. Samples were collected 

every 3 m at well 14-26-015-27W3 and every 1-2 m at well 05-08-18-28W3 to refine the 

biostratigraphic analysis in the contact interval. Samples were collected every 0.5-1.5 m 

at well 16-04-21-25W2 and every 1.5-2 m at well 11-36-022-01W2. Although, well 06-

30-24-25W2 was used to describe the lithological features of the Carlile and Niobrara 

formations in south-central Saskatchewan, no samples were collected from that core 

(Table 1). 

3.1 Lithological core logging 

Lithological core logging was carried out at the Subsurface Geological Laboratory in 

Regina, Saskatchewan. Lithologies were classified according to Folk (1980) and Dunham 

(1962). Relevant observations were done in composition, sedimentary structures, trace 

fossils and macrofossil content. Since lithologies are very similar within the Carlile and 

Niobrara formations, detailed descriptions were made to some lithostratigraphic markers 
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such as bentonites, siderite concretions, and content of coccoliths. Wire-line logs (GR and 

Induction) were used to corroborate lithologies and refine stratigraphic contacts.  

Table 1. Core information and number of samples collected for biostratigraphic and isotopic analysis. 

Wells 

Depth of 

Intervals 

analyzed 

 

 

 

Length 

Samples for 

biostratigraphic 

analysis 

Samples for 

isotopic 

analysis 

Sampling 

resolution 

12-19-013-28W3   449 to 640 m 

 

191 m 66 62  2-4 m. 

05-08-018-28W3 

575 to 594 m; 

655 to 663 m  

 

27 m 19  - 1-2 m. 

14-26-015-27W3 

499 to 517 m; 

566 to 656 m 

 

 

108 m 38 - 3 m. 

16-04-021-25W2 1518 to 1634 ft. 

 

35 m 27 10 0.5-1.5 m. 

06-30-024-25W2 361 to 394 m. 

 

33 m None - N/A 

11-36-022-01W2 698 to 898 ft. 

 

61 m 32  11 1,5-2 m. 

  

Total 182 83 

  

3.2 Methodology for foraminifera and radiolarians extractions  

Samples were prepared for foraminiferal and radiolarians analysis using a modified 

version of the method proposed by Kennedy and Coe (2014), with some variations on 

timing, sieve mesh size and detergents. 

The procedure used is as follows: 

1) An aliquot of 5 to 6 g was immersed in distilled water for 24 hours. 
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2) The rock sample was filtered through 250 µm and 63 µm sieves stacked together. The 

remaining sediment from the 250 µm sieve was packed in a sealed plastic bag and placed 

in the freezer for four hours. 

3) The frozen sample in the plastic bag was then immersed in boiling water for ten 

minutes. 

4) The sample was filtered again using the 250 µm and 63 µm sieves. 

5) This process was repeated several times until nearly all of the sample was 

disaggregated (between 3 and 12 cycles depending on rock composition and 

cementation). 

6) The sediment from the 63 µm sieve was added to a beaker with 30 ml of distilled water 

and 30 ml of household bleach and heated on an oscillating hot plate for 40 minutes. 

7) The solution was filtered through a 63 µm sieve and the remaining material was dried 

overnight.  

8)  The dried sediments were analyzed under a binocular microscope (Nikon SMZ-2T). 

Foraminiferal and radiolarian tests were picked with a dissecting needle and placed in a 

cardboard for subsequent classification. 

3.3 Methodology for diatoms extraction 

1) 1 g of sediment of each sample was finely grinded using a pestle and mortar. This 

process was carried out carefully to avoid breaking the diatom frustules. 

2) The grinded sample was placed in a glass beaker and 30 ml of 30% Hydrogen peroxide 

(H2O2) were added to remove the organic matter and disaggregate the rock in finer 
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particles. Distilled water was added to the solution to minimize the strong reaction of the 

H2O2 in organic-rich samples. 30 ml of 5% Hydrochloric acid were also added to some 

samples to remove calcareous materials.  

3) Once the reaction ceased, the beaker was filled with distilled water, and the solution 

was left to settle for 12 to 24 hours at room temperature (19-21°C). The supernatant 

solution was then decanted and the beaker was filled again with distilled water. This 

process was repeated four to six times to get rid of the mud and chemical solvents.  

Note: Samples taken from bentonite beds were cleaned using a centrifuge machine at 

2000 rpm for 3 minutes.  

4) Three drops of the final solution were added to a cover slide and left to dry overnight. 

Permanent microscope slides were mounted using the diatom mountant ZRAX (R.I. ~ 

1.7+). 

5) Slides were analyzed using the optically transmitted light microscope Olympus CX41 

with magnifications of 40X and 100X. 

3.4 Chemical vs. Non-chemical techniques 

A plethora of micropaleontological methods to retrieve foraminifera have been proposed 

since the beginning of foraminiferal research in the middle nineteenth century. These 

methods are highly variable because they are controlled by different lithological factors 

such as rock composition, cementation, grain size, and compaction. These methods are 

subdivided into two main groups: chemical and non-chemical. In chemical methods, 

solvents such as hydrogen peroxide, white spirit, sodium hexametaphosphate, etc., are 

used to break the rock apart and/or clean the foraminiferal tests. On the other hand, non-
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chemical methods are based on the concept of rock disintegration by repetition of 

physical processes.  

In order to find the most reliable method to retrieve foraminiferal tests from the upper 

Cretaceous rocks of Saskatchewan, two different methodologies were assessed: the 

method of Then and Dougherty (1983) (hereinafter H2O2 method) and the method of 

Kennedy and Coe (2014) (hereinafter freeze-thaw method). The former is a chemical 

method that employs hydrogen peroxide, household bleach and the surfactant Quaternary 

O. In the method of Kennedy and Coe (2014), rock samples are subjected to repetitive 

freeze-thaw cycles and subsequently washed out using white spirit and sodium 

hexametaphosphate. Those two solvents were replaced in this analysis by household 

bleach due to its significant effectiveness for getting rid of the mud and cleaning the 

foraminiferal tests.   

Four samples from different cores and stratigraphic intervals were used in this analysis.  

Each sample was subdivided into two subsamples of 10 g each and processed using the 

chemical (H2O2) and non-chemical (freeze-thaw) methods. All microfossils were picked, 

classified (genus level) and counted to observe changes in foraminiferal and radiolarian 

abundance, richness and test quality (Figure 3.1). Three different specimens of 

Neobulimina, Heterohelix and Reophax were comprehensively analyzed using a scanning 

electron microscope (SEM) (Figure 3.2). Results from this analysis show a considerable 

reduction in microfossil abundance in samples 1 and 2 (Figures 3.1A and 3.1B) when the 

H2O2 method is used. Foraminiferal abundances stay fairly constant in samples 3 and 4 

after using both methods (Figures 3.1C and 3.1D). Agglutinated foraminiferal abundances 

slightly decreased in sample 1, but remain constant in sample 4, indicating little or non-
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relevant effects in this kind of microfossils after using the H2O2 method. In general, the 

number of calcareous benthic foraminifera decreased considerably after using the H2O2 

method (except sample 3, where it remains relatively constant). The number of planktic 

foraminifera (Heterohelicids) and radiolarians also decreased significantly with the use of 

H2O2 (Figures 3.1A and 3.1C). 

 

 

 

Figure continues in next page.. 
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Figure 3.1. Foraminiferal and radiolarian counts for four different samples from the Carlile and 

Niobrara formations in Saskatchewan. Classification and counting were made at generic level. A and 

B) Samples taken from the upper Carlile subunit at well 14-26-015-27W3, depth 613.5 m and 621.45, 

respectively; C) Sample taken from the upper Carlile subunit at well 12-19-013-28W3, depth 575.5 m; 

D) Sample taken from the upper Carlile subunit at well 05-08-018-28W3, depth 591.25m. 

This analysis demonstrates that the reduction of foraminiferal and radiolarian abundances 

after using the H2O2 method relies on: 1) microfossil size; 2) microfossil and/or pyrite 

content; and 3) microfossil type. When microfossils are tiny (e.g. Neobulimina albertensis 

in sample 1, Figure 3.1A), the strong reaction with the H2O2 can cause a diminishing size 

of the foram test and then it will be washed out when a 63μm sieve is used. When 

specimens of Neobulimina albertensis are considerably bigger than 63 μm, as in the case 

of sample C, the proportion of this species remains constant after using both methods.  
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Figure 3.2. SEM photomicrographs showing the test quality of six different species after using the 

Freeze-Thaw method (A, C, and E) and the H2O2 method (B, D, and F). A) Heterohelix pulcra; B) 

Heterohelix globulosa; C and D) Neobulimina sp; E and F) Reophax sp. Note the test corrosion and 

fragility of the species retrieved with the H2O2 method. 

 

When microfossils are replaced (e.g. radiolarians in sample 1) or refilled (e.g. 

Saccamminas in sample 1) by pyrite, the vigorous oxidation reaction with this mineral 

destroys and/or corrodes the foraminiferal and radiolarian tests. Likewise, in either, 
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pyritous or non-pyritous samples, the use of H2O2 during microfossil extraction enhances 

test corrosion (Figures 3.2D and 3.2F) and hinders subsequent classification at species 

level. 

In addition to the aforementioned negative effects of using hydrogen peroxide to retrieve 

microfossils, it is also worth noting that most of the foraminiferal and radiolarian 

specimens became more fragile after using this solvent and, therefore harder to pick from 

the sampling trays (Figure 3.2B). The freeze-thaw method adopted in this study (see 

section 3.2) is not only effective breaking the rock apart and cleaning the foram and 

radiolarian tests, but is also easy to perform, safer compared to the chemical methods and 

of low-cost. The only disadvantage of this method is that it is very time consuming when 

highly calcareous rocks are processed. In this case, the freeze-thaw technique can be 

accelerated using Liquid Nitrogen (LN2) (see the method of Remin et al., 2012 for 

details).  

3.5 Micropaleontological analysis and SEM imaging  

Foraminiferal and radiolarians tests from each sample were placed on a gridded tray and 

counted to a maximum of 300 individuals (Appendix C). In foraminiferal analysis 

normally 300 individuals are picked based on the premise that after this number the 

foraminiferal diversity remains fairly constant (Phelger, 1960; Buzas, 1979). When foram 

test sizes were very irregular within a sample, it was necessary to count big and small 

specimens separately to enable unbiased foraminiferal countings. For most of the 

samples, total counts of foraminifera did not reach the 300 individuals. In foram-rich 

samples, all the sediment was inspected even after the 300 individuals were counted in 

order to look for any rare species.  
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Foraminifera were classified following the suprageneric classification scheme of Loeblich 

and Tappan (1987). Classification at species level was made using mainly bibliographic 

references from studies performed in the upper Cretaceous Western Interior Basin (e.g. 

Cushman, 1946; Frizzell, 1954; Wall, 1967; McNeil and Caldwell, 1981) and online 

sources (e.g. Chronos Portal and Foraminifera.eu Project websites). Classification of 

foraminifera was sometimes hindered by the poor preservation of some specimens, 

especially planktic foraminifera (e.g. test recrystallization, replacement by pyrite or 

deformation). Radiolarians were classified using the Interrad-Mesozoic Radiolaria 

Database (2016)2. Systematic notes, remarks, and SEM images are listed in Appendix A 

and B. 

For the SEM imaging, carbon coated samples were examined with a Jeol JSM-6360 

scanning electron microscope (SEM) housed in the Department of Geology, University of 

Regina.  Samples were subjected to high vacuum during both sample preparation (carbon-

coating) and observation utilizing the SEM.  To determine the best conditions for 

operation, several areas were imaged at a range of beam currents (varied by increasing or 

decreasing the spot size), utilizing a smaller beam aperture and variable kV. Optimum 

conditions that provided the clearest and sharpest images at high magnification that did 

not lead to sample charging or sample degradation were found to be 5kV and a spot size 

of ~70.  Examination of samples was undertaken with both the secondary electron (SEI), 

and back-scattered electron (BSE) detectors fitted to the Jeol instrument. 

                                                           
2 http://www2.unil.ch/interrad-mrd/index.php  

http://www2.unil.ch/interrad-mrd/index.php
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3.6 Isotopic analysis 

83 bulk sediment samples from wells 12-19-013-28W3, 16-04-021-25W2 and 11-36-022-

01W2 (Table 3.1) were prepared for isotopic analysis of stable 13C and 15N to allow for 

identification of the source of organic material (see section 4.3). This analysis was carried 

out at the Research and Innovation Centre, within the Institute of Environmental Change 

and Society at the University of Regina. The sediment samples were first pulverized in a 

mechanized ball-bearing grinder. Once pulverized, half of each sample was transferred to 

an oven for drying and the other half subjected to two rinses of 2N HCl solution and three 

rinses of distilled H2O washing until suitable for drying and analysis. 6-7 mg of each 

sample were placed into a tray with Bovine and Wheat extracts acting as reference 

materials for the analysis which was carried out in a Thermo Finnigan Delta V Isotope 

Ratio Mass Spectrometer. 
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CHAPTER 4. RESULTS 

4.1 Lithological descriptions 

Lithological descriptions of the Second White Specks, Carlile, Niobrara and Milk River 

formations are based on three cores located in southwestern, south-central and 

southeastern Saskatchewan (figure 1.1, page 3); these cores are the Nexen Hatton 101/12-

19-013-28W3, Imperial Findlater 41/16-04-021-25W2, and SWP Bredenbury 31/11-36-

022-01W2, respectively. Cores 05-08-018-28W3 and 14-26-015-27W3 were used to 

describing the contact between the Carlile and Niobrara formations in southwestern 

Saskatchewan. Core 06-30-024-25W2 was also used to analyze the lateral variation of 

facies in south-central Saskatchewan. However, a complete description of the core is not 

presented in this study. The uppermost part of the Second White Specks Formation and 

the lowermost part of the Milk River Formation were also included in this study for 

comparative purposes.    

4.1.1 Second White Specks Formation 

The Second White Specks Formation in southern Saskatchewan is composed mainly of 

calcareous, grey, coccolithic, silty mudstones to marlstones with a variable proportion of 

calcite-cemented sand ripples and discontinuous, wavy, parallel fine-grained sand 

laminasets (Figures 4.1, 4.2A, 4.2B). The entire interval is poorly bioturbated (mainly 

Planolites) (Figure 4.2C) with abundant fish scales and poorly preserved inoceramid 

shells and gastropods. 

The presence of sedimentary structures (parallel lamination, sand ripples) decreases 

eastward as the calcareous content becomes more prominent at well 11-36-022-01W2. 

Thin bentonite beds ranging between 0.08 and 0.17m are common in this interval. A few 
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juvenile ammonites were observed in core 05-08-018-28W3 in southwestern 

Saskatchewan (Diaz and Velez, 2015). The Second White Specks Formation in the study 

area is correlated with the upper part of the Greenhorn Formation in the United States 

Western Interior Basin, the Vimy Member of the Blackstone Formation in the southern 

foothills of Alberta and the Assiniboine Member of the Favel Formation in the Manitoba 

Escarpment (Figure 2.7). 

 

Figure 4.1. Stratigraphic log of the Second White Specks Formation in southwestern, south-central 

and southeastern Saskatchewan (left to right). The contact with the overlying Morden Member/lower 

Carlile subunit is sharp and marked by an erosional lag rich in fish debris. The lower part of the 

Second White Specks Formation was not analyzed in this study. Note that the thickness of some 

bentonite beds was vertically exaggerated for graphic representation. 
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Figure 4.2. Core photos from well 12-19-013-28W3: A) discontinuous lamination (blue arrow) and 

Planolites (Pl) (depth 640 m), B) fine-grained sand ripple (red arrow) (depth 637 m); and well 16-04-

021-25W2: C) Moderately bioturbated marlstones at depth 491.39 m. 

 

4.1.2 Carlile Formation  

The contact between the Second White Specks and Carlile formations in southern 

Saskatchewan is marked by a 2 to 3 cm erosional lag rich in fish remains and clay clasts 

(Figure 4.3). The erosional lag is less prominent at well 11-36-022-01W2 in southeastern 

Saskatchewan where is composed mainly of pyritic nodules (Christopher et al., 2006a; 

this study).  This contact was also analyzed in the 06-30-024-25W2 core, where the 

proportion of fish remains, and coarse-grained lithic and quartz fragments are much 
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higher. In that core the Morden Member of the Carlile Formation is reduced to a 15 cm 

thick interval.  

 

Figure 4.3. Contact between the Second White Specks and Carlile formations at well 16-04-021-

25W2, south-central Saskatchewan. A) Core showing the lithological contrast between the limestones 

and marlstones of the Second White Specks Formation and the black mudstones of the Morden 

Member. Bentonite beds (green box) are present right below the contact in all the cores analyzed. B) 

Erosional lag rich in fish remains and clay clasts (depth 486.92 m). C) Bioturbated limestones in the 

upper part of the Second White Specks Formation (depth 487.40 m). 

 

The Carlile Formation in southwestern Saskatchewan is 56 m thick and is informally 

subdivided into three subunits: lower, middle and upper (Figure 4.4). The lower Carlile 

subunit is a coarsening-upward, non-calcareous interval grading from massive grey 

mudstones to lenticular siltstones, both are non-bioturbated but contain abundant fish 

remains, bivalves, and rare ammonites (Figures 4.4A). The contact with the overlying 
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middle Carlile subunit is placed at the first appearance of siderite concretions (Nielsen et 

al., 2003; Diaz and Velez, 2015). 

 

Figure 4.4. Stratigraphic log of the Carlile Formation at well 12-19-013-28W3, southwestern 

Saskatchewan: A) inoceramid shells at depth 628.30 m; B) reworked siderite rich sediments at depth 

611.30 m; C) parallel-laminated sandstones (red arrow) at depth 601.80 m. 
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The middle Carlile subunit is composed of grey laminated siltstones and very fine-grained 

sandstones, with the abundance of shell fragments and fish remains decreasing up-section 

(Figure 4.4). The basal part of this subunit is characterized by an abundance of brownish 

siderite concretions (up to 6 cm thick) and reworked siderite rich sediments (Figure 

4.4B), the presence of sandy lenses, and lack of fossil remains and bioturbation. The 

upper part of the subunit is composed of slightly bioturbated siltstones and parallel-

laminated, fine-grained sandstones (Figure 4.4C). This interval contains no siderite 

concretions, and the burrows are commonly in-filled with pyrite. The contact with the 

upper Carlile subunit is placed where the lithology changes to a calcareous facies with 

abundant fish remains, bivalves, and scattered coccolithic beds. 

The upper Carlile subunit is a slightly to non-calcareous grey mudstone with abundant 

fossil remains and sporadic coccolithic beds. Silty lenses are common throughout the unit, 

becoming more predominant in the uppermost interval (Figure 4.4). The same lithology is 

also recognized in wells 14-26-015-27W3 and 05-08-018-28W3. The upper Carlile 

subunit in the study area has a more calcareous content than the equivalent rocks 

described in southern Alberta (e.g. Nielsen et al., 2003; Elberdak, 2004). 

The Carlile Formation in south-central and southeastern Saskatchewan (cores 16-04-021-

25W2 and 11-36-022-01W2, respectively), is subdivided into the Morden and Boyne 

members (Figure 4.5). The Morden Member is composed of uniform, structureless 

carbonaceous mudstones barren of macro and microfossils. This unit is 3.2 m thick at 

well 16-04-021-25W2 and thickens to about 14.54 m at well 11-36-022-01W2 (Figure 

4.5). The reduction in thickness of the Morden Member in central Saskatchewan is 

probably associated to an unconformity, as evidenced by an erosional lag rich in clay 
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clasts and fish remains at core 16-04-021-25W2, depth 483.72 m. This unit also thins 

northward to a 0.15 m thick interval at well 06-30-024-25W2 and is completely truncated 

by unconformity at the Saskatoon latitudinal position (North and Caldwell, 1975).  

The Boyne Member is 12.94 m thick at 11-36-022-01W2 and comprises interlaminations 

of slightly calcareous and non-calcareous mudstones with sporadic sandy lenses and high 

content of coccoliths, inoceramid shells and fish remains. This unit grades from non-

calcareous mudstones at the base to coccolithic mudstones at the top. A 10 cm thick 

bentonite bed is present at depth 235.60 m, and some other thin (< 1cm) bentonite beds 

are scattered throughout this unit. As mentioned above, the Boyne Member is missing in 

central Saskatchewan, where the Calcareous Shale Member of the Niobrara Formation 

directly overlies the Morden Member of the Carlile Formation (Figure 4.5). 

The composition and thickness of the Carlile Formation in the three areas across the 

southern portion of the province suggest that during the upper Turonian, sedimentation 

was disrupted in central Saskatchewan. Hence, most of the Carlile Formation in this area 

is absent. Although the Carlile was continuously deposited in southeastern Saskatchewan 

during the same time interval, the supply of coarse-grained sediments was limited in this 

area as evidenced by the thick deposition of carbonaceous mudstones of the Morden 

Member.  

The Morden Member is interpreted in this study as a stratigraphic equivalent of the lower 

and middle Carlile units in southwestern Saskatchewan based basically on its stratigaphic 

position (between the Second White Specks Formation and Boyne Member/upper Carlile 

subunit). Similarly, the Boyne Member in southeastern Saskatchewan is interpreted as a 

stratigraphic equivalent of the upper Carlile subunit. 
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Figure 4.5. Stratigraphic logs of the Carlile Formation in south-central and southeastern 

Saskatchewan (16-04-021-25W2 and 11-36-022-01W2 cores, respectively). The vertical scale was 

modified in the 11-36-022-01W2 stratigraphic log for a better graphic representation of the Boyne 

Member. 
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The Carlile Formation correlates with the Haven and Opabin members of the Blackstone 

Formation and the Cardium Formation in the southern Alberta foothills (Wall and 

Rosene, 1977). As stated by Nielsen et al. (2003), the Carlile Formation in southeastern 

Alberta and southwestern Saskatchewan “differs from the Carlile Shale in the mid-central 

United States by lacking the lower calcareous unit present in the mid-central U.S.”.   

Contact Carlile/Niobrara  

The contact between the Carlile and Niobrara formations in southwestern Saskatchewan 

is not present at well 12-19-013-28W3 because of a missing core section. However, it was 

analyzed in a core from well 14-26-015-27W3 (Figure 4.6). There, the contact is placed at 

the sharp change from calcareous, fossiliferous and moderately bioturbated mudstones in 

the upper part of the Carlile Formation to non-calcareous mudstones in the basal part of 

the Niobrara Formation. Besides the lithological change between both the Carlile and 

Niobrara formations in this area, a 4-metre-thick bentonitic interval at the base of the 

Govenlock Member of the Niobrara Formation is used as a marker interval to recognize 

this stratigraphic contact (Figure 4.6). At wells 14-26-015-27W3 and 05-08-018-28W3, 

the base of the bentonitic interval occurs around 1.5 m above the contact. This interval is 

an excellent stratigraphic marker and can be easily recognized in the plains of southern 

Alberta and southwestern Saskatchewan (Nielsen et al., 2003).  

The Carlile/Niobrara contact in south-central and southeastern Saskatchewan is 

unconformable and marked by the presence of bioclastic erosive lags (Figure 4.7). These 

bioclastic lags are 2-cm thick at well 16-04-021-25W2 and 9-cm thick at well 11-36-022-

01W2 and comprise fish remains, coccoliths, and clay clasts mainly (Figure 4.7). The  
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Figure 4.6. Contact between the Carlile and Niobrara formations at well 14-26-015-27W3. The 

bentonitic interval is composed of bioturbated bentonite beds (light grey) interbedded with non-

calcareous mudstones (medium to dark grey). 

 

unconformity separating the Carlile and Niobrara formations in this area is more 

pronounced in central Saskatchewan, where the Boyne Member and the lowermost part of 

the Calcareous Shale Member are missing. The lithology of both the Carlile and Niobrara 

formations in southeastern Saskatchewan is very similar, and that explains why they have 
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been previously defined as one unit by Christopher et al. (2006a, 2006b). From a 

lithological point of view, these two units could be mapped as just one “Formation.” 

However, the presence of bioclastic lags, together with a change in the foraminiferal 

fauna and increase of coccoliths represent valid criteria to draw a distinction between 

both units.    

 

 

Figure 4.7. Erosional surface at the base of the Niobrara Formation in both south-central and 

southeastern Saskatchewan. A) 2-cm bioclastic lag at well 16-04-021-25W2, depth 483.72 m; B) 9-cm 

bioclastic lag at well 11-36-022-01W2, depth 232.79 m. 

 

4.1.3 Niobrara Formation  

In southwestern Saskatchewan, the Niobrara Formation is subdivided into three formal 

units: the Govenlock (Verger), Medicine Hat, and First White Specks members, in 

ascending order (Gilboy, 1996; Nielsen et al., 2003; Diaz and Velez, 2015) (Figure 2.7; 

page 25). In south-central and southeastern Saskatchewan only two units are recognized: 

the Calcareous Shale Member (time equivalent of the Medicine Hat Member) overlain by 

vestiges of the First White Specks Member. As mentioned above most of this unit is 



 

53 

 

 
missing due to a regional unconformity at the top of the Colorado Group (Figure 2.7; 

page 25).    

 

Figure 4.8. Stratigraphic log of the Govenlock Member at well 12-19-013-28W3, southwestern 

Saskatchewan. The contact with the underlying Carlile Formation is absent in this core. The 

approximate location of the contact between the Carlile and Niobrara formations is shown by the 

question mark ‘?’. MH = Medicine Hat Member. 
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4.1.3.1 Govenlock Member (Southwestern Saskatchewan) 

The Govenlock Member is about 33 m thick and comprises non-calcareous mudstones at 

the base grading into calcareous mudstones and siltstones at the top (Figure 4.8). The 

basal part (about 7 m at well 14-26-015-27W3) is a non-calcareous, grey, silty mudstone 

interbedded with more than 20 bentonite beds (Figure 4.6). Bentonite beds range in 

thickness from 0.5 to 15 cm and are commonly bioturbated. Trace fossils in the bentonites 

are dominated by Chondrites and Planolites. The rest of this unit (from depth 568 to 

542.20 m, at well 12-19-013-28W3) is composed of moderately bioturbated, grey 

siltstones with fine-grained sand lenses and intermittent, slightly calcareous silty 

mudstones rich in coccoliths, fish remains, inoceramid shells and sporadic juvenile 

ammonites. The Govenlock Member comprises the Verger Member and lower part of the 

Medicine Hat Member as defined by Taylor (2011, figure 1.2) at well 12-19-013-28W3. 

The contact with the overlying Medicine Hat Member is placed where the lithology 

change to a non-calcareous mudstone grading upward into quartzose, glauconitic fine-

grained sandstones.   

4.1.3.2 Medicine Hat Member (Southwestern Saskatchewan)  

The Medicine Hat Member is 56 m thick at well 12-19-013-28W3 and is subdivided into 

three informal subunits (C, B, and A, in ascending order) (Figure 4.9). This subdivision is 

based on relevant lithological and GR changes (Diaz and Velez, 2015), but does not 

follow the subdivision proposed by Nielsen et al. (2003) in southern Alberta. Subunit C is 

the most extensive unit within the Medicine Hat Member (around 25 m thick) and is 

composed of coarsening-upward intervals, grading from non-bioturbated silty mudstones 

to intensely bioturbated sandy siltstones. The lower section of this subunit is a massive, 
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Figure 4.9. Stratigraphic log of the Medicine Hat Member at well 12-19-013-28W3, southwestern 

Saskatchewan. FWS = First White Specks Member. 
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black mudstone with scattered shell fragments, grading upwards into intensely 

bioturbated glauconitic siltstones to very fine sandstones. Parallel and low-angle cross-

laminae occur mainly in the upper part of the subunit (Figure 4.10A). Subunit C has a 

significant amount of shell fragments and a relatively low abundance of fish remains. An 

18 cm bentonitic siltstone bed rich in biotite was recognized at well 12-19-013-28W3 

(depth 535.5 m). 

 

 

Figure 4.10. Sedimentary structures within the Medicine Hat Member at well 12-19-013-28W3, 

southwestern Saskatchewan: A) low-angle cross-lamination (red arrow) in subunit C at depth 529 m; 

B) inoceramid shells and coccoliths in subunit A at depth 489.70 m; C) parallel lamination (yellow 

arrow) and sand ripple (white arrow) in subunit A at depth 494 m; D) sedimentary structures in 

subunit A, destroyed by moderate bioturbation, mainly Planolites (Pl), at depth 490 m. 
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Subunit B (around 23 m thick) is a slightly bioturbated and laminated, silty, calcareous 

mudstone grading upward into siltstones and very fine-grained sandstones. Sand lenses in 

the upper part of subunit B are commonly calcite-cemented and contain quartz, rock 

fragments, biotite, and coccoliths. 

Subunit A is an 8-metre-thick interval composed of very fine- to fine-grained sandstones 

with intermittent silty interlaminations, abundant fish remains, poorly preserved 

inoceramid shells and coccoliths (Figure 4.10B). Parallel lamination and current ripple 

cross-lamination (within sandy lenses) are common in this interval (Figure 4.10C). Some 

of these structures are hardly visible due to the moderate bioturbation (Figure 4.10D). The 

ichnogenus Planolites is very common in this interval and is the only ichnofossil 

identified. Subunit A is probably the equivalent of the A-sandstone zone of Nielsen et al. 

(2003, Figures 14 to 16) in southern Alberta. The contact with the overlying First White 

Specks Member is placed where there is a sharp change in facies, from bioturbated 

laminated sandstones to non-bioturbated lenticular siltstones (Figure 4.9). 

4.1.3.3 Calcareous Shale Member (Central and southeastern Saskatchewan) 

The Calcareous Shale Member of the Niobrara Formation is around 9 m thick at well 16-

04-021-25W2 and around 13 m at well 11-36-022-01W2 (Figure 4.11). It comprises 

interlaminations of non-calcareous and slightly calcareous mudstones grading upward 

into coccolithic marlstones. Parallel continuous and discontinuous laminations were the 

only sedimentary structures observed. Most of the beds within this unit are rich in 

inoceramid shells, fish remains, and coccoliths, being more abundant at well 16-04-021-

25W2. Thin bentonite beds are also present at the base of this unit. The contact with the 
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overlying First White Specks is transitional and marked by an increase of calcareous 

sediments, coccoliths, and planktic foraminifera.  

 

Figure 4.11. Stratigraphic logs of the Niobrara Formation in south-central and southeastern 

Saskatchewan (16-04-021-25W2 and 11-36-022-01W2 cores, respectively). FWS= First White Specks. 
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4.1.3.4 First White Specks Member 

As mentioned above, the First White Specks Member of the Niobrara Formation can be 

recognized in the three cores analyzed across southern Saskatchewan. However, the upper 

part of this unit was eroded or not deposited in south-central and southeastern 

Saskatchewan as evidenced by the absence of most of the “Heterohelix cf. reussi”. At 

well 12-19-013-28W3, this unit is around 27 m thick and contains a high quantity of 

coarse-grained siliciclastic sediments. At wells 16-04-021-25W2 and 11-36-022-01W2, 

the First White Specks Member is around 4 and 2 m thick, respectively, and comprises 

mainly calcareous sediments rich in bioclasts.  

In southwestern Saskatchewan, the First White Specks Member is composed of 

calcareous and non-calcareous mudstones interbedded with siltstones and minor 

occurrences of fine-grained sandstones in the middle section of the interval cored at well 

12-19-013-28W3 (Figure 4.12). The siltstone and mudstone beds are slightly calcareous 

with sand lenses, abundant fish remains, and inoceramid shell fragments. The sand beds 

contain parallel to subparallel laminations, medium-grained sand lenses, current ripple 

cross-lamination, wave ripple cross-lamination and scoured surfaces (Figures 4.12A to 

4.12C). A few bentonite beds ranging from 1 to 8 cm thick are found throughout the unit. 

The contact with the overlying Milk River Formation is sharp and marked by the increase 

in grain size and the disappearance of coccoliths (Figure 4.12).  
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Figure 4.12. Stratigraphic log of the First White Specks Member at well 12-19-013-28W3, 

southwestern Saskatchewan. A) scoured surface (black arrow) and continuous and discontinuous 

parallel laminations (red arrow) at depth 465.5 m; B) sand ripple (blue arrow) and current ripple 

cross-lamination (yellow arrows) at depth 473.4 m; C) Parallel to subparallel lamination (red arrow) 

and wave ripple cross-lamination (yellow arrows in opposite directions) at depth 476 m  
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In south-central and southeastern Saskatchewan, the First White Specks Member is made 

up of light grey, coccolithic marlstones, and limestones with a high amount of fish 

remains and inoceramid shells. Some interlaminations of moderately calcareous 

mudstones are also present at the base of this unit at well 16-04-021-25W2. The contact 

with the overlying Milk River Formation is sharp and marked by a considerable reduction 

in coccoliths, fish remains, and bivalves content. At well 11-36-022-01W2, a 1.5-cm 

thick calcarenite bed rich in bioclasts and glauconite (depth 218.2 m), could be indicative 

of an erosional surface between the Niobrara and Milk River formations in this area 

(Figure 4.13).  

 

Figure 4.13. Bioclastic calcarenite bed marking the contact between the Niobrara and Milk River 

formations at well 11-36-022-01W2 (depth 218.2 m). Scale in centimeters. 

4.1.4 Milk River Formation  

Only the basal part of the Milk River Formation was logged in this study to examine the 

lithological and biostratigraphic changes that took place at the end of the transgressive 

phase of the Niobrara cycle. In southwestern Saskatchewan, at well 12-19-013-28W3, the 

lower Milk River (5 m) is composed of non-calcareous mudstones and siltstones grading 
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rapidly upward into very fine-grained sandstones with parallel lamination, current ripple 

cross-lamination and medium-grained sand lenses (Figure 4.14).  

At well 16-04-021-25W2 in central Saskatchewan, the lowermost 5 m of this unit are 

made up of non-calcareous mudstones grading upward into non-calcareous siltstones with 

arenaceous lenses and thin interlaminations of slightly calcareous coccolithic mudstones 

(Figure 4.16). In southeastern Saskatchewan, at well 11-36-022-01W2, the Milk River 

Formation is only 1 m thick, and is composed of calcareous and non-calcareous mudstone 

interlaminations (Christopher et al., 2006; this study). In this area, the Milk River is 

conformably overlain by the Lea Park Formation (Figure 4.14). 

 

Figure 4.14. Stratigraphic logs of the basal part of the Milk River Formation in the study area. Only 

the basal 5 m of this unit were logged in both southwestern and south-central Saskatchewan, wells 12-

19-013-28W3 and 16-04-021-25W2, respectively. In southeastern Saskatchewan, the Milk River 

Formation is only 1 m thick. FWS= First White Specks. 
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4.2 Biostratigraphy 

4.2.1 Foraminiferal Zonal Scheme 

The foraminiferal zonal scheme adopted in this study is based on the one from Caldwell 

et al. (1978), with some variations in nomenclature and stratigraphic position. Most of the 

names used by Caldwell et al. (1978) were maintained in this study to keep consistency 

across the Canadian Western Interior Basin (CWIB), except for the generic names 

Hedbergella and Globigerinelloides that were substituted by Muricohedbergella and 

Macroglobigerinelloides, respectively based on updated taxonomic criteria (See 

Appendix A for discussion). The name of the Heterohelix cf. reussi Zone is enclosed in 

quotation marks to indicate probable future changes in its taxonomic designation. 

The criteria used to select foraminifera as biostratigraphic markers included: a widespread 

presence in the basin, excellent preservation, and relatively easy identification. The 

adopted and new zones implemented in this study are not based on a single species, but 

on an association of three or more taxa. These assemblage zones (North American 

Commission on Stratigraphic Nomenclature, 2004), although regionally traceable 

throughout the CWIB, differ greatly from one place to another hampering biostratigraphic 

correlations. Foraminifera used in this study were recovered from five cores located 

between Ranges 13 and 24 and represent the first evidence documented of these 

microfossils in the southernmost portion of the Province. A previous foraminiferal 

analysis was carried out by North and Caldwell (1975) in Saskatchewan but from potash 

mine shafts and exploratory boreholes located mainly along Saskatoon´s latitudinal 

position. 



 

 

 

6
4 

 
  

 

Figure 4.15. Foraminiferal zonal scheme for the middle Turonian-early Campanian interval in southern Saskatchewan. The three type-wells 

used for the biostratigraphic analysis are the 12-19-013-28W3 (southwestern Saskatchewan), 16-04-021-25W2 (south-central Saskatchewan) 

and 11-36-022-01W2 (southeastern Saskatchewan). Note that the Gavelinella kansasensis Subzone could be of early Coniacian age as suggested 

by Shank and Plint (2013). Vertical lines represent stratigraphic lacunas.  
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Five zones and two subzones were identified within the Carlile and Niobrara formations 

(Figure 4.15). The Carlile Formation contains a foraminiferal fauna from the 

Pseudoclavulina sp. Zone and the lower part of the Trochammina sp. Zone (Gavelinella 

kansasensis Subzone). The Marsonella oxycona Subzone (upper Trochammina sp. Zone) 

and the Bullopora laevis Zone occupies the Govenlock Member of the Niobrara 

Formation whereas the Gavelinella henbesti and “Heterohelix cf. reussi” zones occupy 

the Medicine Hat and First White Specks members, respectively. Additionally, the 

Whiteinella aprica Subzone (Muricohedbergella loetterlei Zone) from the Second White 

Specks Formation and the Trochammina ribstonensis Zone from the basal Milk River 

Formation were analyzed to evaluate faunal variations with the underlying and overlying 

units, respectively. 

The total amount of tests recovered was low to moderate as expected from the small 

amount of sediment analyzed per sample. Ten percent of the 182 samples reached 300 

individuals, and more than seventy percent of the total samples held no more than 50 

specimens (Appendix C). Figures 4.16 to 4.18 show the total counts, Planktic: Benthic 

ratios and Agglutinated: Calcareous benthic ratios for all the biozones in the three cores 

analyzed. In general, most of the foraminiferal zones are dominated by benthic 

foraminifera except for the Muricohedbergella loetterlei Zone and the “Heterohelix cf. 

reussi” Zone. The Pseudoclavulina sp. Zone is composed entirely of agglutinated 

foraminifera whereas the Trochammina sp., Bullopora laevis, and Gavelinella henbesti 

zones represent a mix of mainly calcareous benthic and agglutinated foraminifera, with 

minor proportions of planktic species (Figures 4.16, 4.17 and 4.18).   
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Figure 4.16. Foraminiferal zones, total counts, planktic: benthic ratio and agglutinated: calcareous 

benthic ratio at well 12-19-013-28W3. 

Some of the species previously identified in the CWIB were renamed using up-to-date 

taxonomic nomenclature (e.g. Fursenkoina tegulata instead of Cassidella tegulata or 

Spiroplectinella sp. Instead of Spiroplectammina semicomplanata) (see Appendix A for 

systematic notes). In the following section, each zone will be described. 
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Figure 4.17.   Foraminiferal zones, total counts, planktic: benthic ratio and agglutinated: calcareous 

benthic ratio at well 16-04-021-25W2. Note that the contact Carlile-Niobrara is unconformable, hence 

the Coniacian is not represented in the Age column. 

 

4.2.2 Muricohedbergella loetterlei Zone: 

As mentioned before, only the upper part of the Muricohedbergella loetterlei Zone was 

analyzed in this study. This interval belongs to the Whiteinella aprica Subzone defined by 

Caldwell et al. (1978) (Figure 4.15). 

Name: Caldwell et al. (1978) first defined the Whiteinella aprica Subzone of the 

Hedbergella loetterlei Zone to include the planktic fauna found in the upper part of the 

Second White Specks Formation and stratigraphic equivalents across the CWIB.  Most of 
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the principal components of this fauna (including the zonal designate) had been 

previously placed within the genus Hedbergella, however, emended descriptions of these 

species by Huber and Leckie (2011) suggest they should be placed within the genus 

Muricohedbergella (see Appendix A). Consequently, the original name of this zone is 

changed in this study from Hedbergella loetterlei to Muricohedbergella 

loetterlei.

 

Figure 4.18. Foraminiferal zones, total counts, planktic: benthic ratio and agglutinated: calcareous 

benthic ratio at well 11-36-022-01W2. Note that the contact Carlile-Niobrara is unconformable, 

therefore the Coniacian is not represented in the Age column. 
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Figure 4.19. Stratigraphic ranges of species in the Whiteinella aprica subzone (Muricohedbergella 

loetterlei Zone) at wells 12-19-013-28W3, 16-04-021-25W2, and 11-36-022-01W2. 
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Principal components: Muricohedbergella loetterlei (Nauss), M. delrioensis (Carsey), M. 

planispira (Tappan), M. portsdownensis (Williams-Mitchell), Clavihedbergella amabilis 

(Loeblich and Tappan), Whiteinella aprica (Loeblich and Tappan) and Planoheterohelix 

globulosa (Ehrenberg), together with unidentified species of Muricohedbergella (Figure 

4.19). 

Geographic distribution: The Whiteinella aprica Subzone was recognized in the three 

cores analyzed in this study from the southern plains of Saskatchewan. In fact, the 11-36-

022-01W2 core used in this study to analyze the foraminiferal faunas in southeastern 

Saskatchewan was chosen as the stratotype of the Muricohedbergella loetterlei Zone by 

Caldwell et al. (1978). Analysis of this fauna was also carried out in the same core by 

Schröder-Adams et al. (1996), Bloch et al. (1999) and Dionne et al. (2016). The same 

fauna was identified by Wall and Germundson (1963) and Wall (1967) in the Vimy 

Member of the Blackstone Formation in the foothills of Alberta (their Lower Pelagic 

Microfauna) and by McNeil and Caldwell (1981) in the Favel Formation of the Manitoba 

Escarpment. 

Age: Early to middle Turonian based on molluscan assemblages described by Jeletzky 

(1971), Kauffman et al. (1993) and Cobban et al. (2006). For an in-depth description of 

the molluscan faunas and their correlation with the foraminiferal zonation, refer to 

Caldwell et al. (1978), McNeil and Caldwell (1981) and Caldwell and North (1984). 

Remarks: Some interesting patterns can be drawn using the distribution chart shown in 

Figure 4.19. The species Planoheterohelix globulosa, for example, decreases considerable 

in abundance from west to east as the amount of Whiteinella aprica increases. The 

content of species belonging to the genus Muricohedbergella is relatively constant, 
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although the amount of M. loetterlei individuals is higher at the 11-36-022-01W2 well. 

Another important pattern observed during this analysis is the decrease in size from west 

to east of the species Planoheterohelix globulosa and the increase in the size of the 

Muricohedbergellids in the same direction. These patterns are significant in 

paleoenvironmental reconstruction and will be discussed in chapter 5. 

From the seven species reported in the upper part of the Muricohedbergella loetterlei 

Zone, only the species Whiteinella aprica is restricted to this interval. The zonal 

designate, Muricohedbergella loetterlei, was observed in the younger “Heterohelix cf. 

reussi” Zone at wells 16-04-021-25W2 and 11-36-022-01W2. Although most of the 

principal elements of this zone can be found in younger stratigraphic intervals, the high 

abundance of Muricohedbergella spp., and Planoheterohelix globulosa, as well as the 

complete absence of benthic foraminifera made this zone unique. Consequently, the 

Muricohedbergella loetterlei Zone can be considered the best biostratigraphic marker 

within the CWIB due to its continuity and relatively constant faunal content. 

4.2.3 Pseudoclavulina sp. Zone:  

Name: The Pseudoclavulina sp. Zone was first proposed by Wall (1967) in the foothills 

of Alberta and subsequently adopted by Caldwell et al. (1978) to embrace the 

agglutinated foraminiferal fauna found above the Muricohedbergella loetterlei Zone in 

the western portion of the CWIB.  

Principal components: Trochammina rainwateri (Cushman and Applin), 

Haplophragmoides howardense (Stelck and Wall), H. linki (Nauss), H. kirki 

(Wickenden), H. collyra (Nauss), Reophax pepperensis (Loeblich), R. cf. R. globosus, R. 

deckeri (Tappan), Reophax sp. 1, Saccammina lathrami (Tappan), S. alexanderi 
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(Loeblich and Tappan), Ammobaculites tyrelli (Nauss), A. sp. 1, A. sp. 2, together with 

unidentified species of Haplophragmoides (figure 4.20).  

Geographic distribution: The Pseudoclavulina sp. Zone is only recognized in 

southwestern Saskatchewan and represent the lower and middle subunits of the Carlile 

Formation. This zone is missing in Central Saskatchewan due to an unconformity that 

spans most of the Turonian, Coniacian and Lower Santonian (North and Caldwell, 1975; 

Caldwell et al., 1978). The stratigraphic equivalent of the lower and middle Carlile in 

southeastern Saskatchewan, the Morden Member, is barren of foraminifera at well 11-36-

022-01W2. Therefore no biostratigraphic correlation was possible.  

 

Figure 4.20. Stratigraphic ranges of species in the Pseudoclavulina sp. Zone at well 12-19-013-28W3, 

southwestern Saskatchewan. 
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As outlined by Caldwell et al. (1978), “east of the Rocky Mountains foothills, the 

Pseudoclavulina sp. Zone is an unsatisfactory biostratigraphic division”. In the Manitoba 

Escarpment, McNeil and Caldwell (1981) established the composite Pseudoclavulina sp.-

Trochammina sp. Zone to include all the agglutinated fauna (mainly Haplophragmoides 

howardense and Dorothia smokyensis) present in the Carlile Formation (their Morden 

Shale unit). In southeastern Saskatchewan, at well 11-36-022-01W2, the Morden Member 

is overlain by the Boyne Member, which yields foraminiferal assemblages of the 

Trochammina sp. Zone. In this regard, the Morden Member in southeastern Saskatchewan 

can be placed within the Pseudoclavulina sp. Zone.    

Age: Middle Turonian based on molluscan assemblages described by Jeletzky (1971), 

Kauffman et al. (1993) and Cobban et al. (2006). For an in-depth description of the 

molluscan faunas and their correlation with the foraminiferal zonation, refer to Caldwell 

et al. (1978), McNeil and Caldwell (1981) and Caldwell and North (1984). 

Remarks: The Pseudoclavulina sp. Zone in southwestern Saskatchewan is more diverse 

than the original zone described by Wall (1967) for the foothills of Alberta. However, the 

zonal designate Pseudoclavulina sp. was not found in the samples analyzed in this study. 

Other autors, Wall and Germundson (1963) and Wall (1967), have recovered the species 

Pseudoclavulina sp. exclusively from the early to middle Turonian beds of the Haven and 

Opabin members of the Blackstone Formation. Elberdak (2004) also reported the same 

species at the base of the Coniacian Verger Member of the Niobrara Formation in the 

plains of Alberta.  
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4.2.4 Trochammina sp. Zone: 

The Trochammina sp. Zone is subdivided into the lower Gavelinella kansasensis Subzone 

and the upper Marsonella oxycona Subzone. Both subzones were identified in 

southwestern Saskatchewan but are missing in central Saskatchewan. In southeastern 

Saskatchewan, faunal elements of the Gavelinella kansasensis Subzone were found in the 

Boyne Member of the Carlile Formation. In the Manitoba Escarpment, McNeil and 

Caldwell (1978) established the composed Pseudoclavulina sp.-Trochammina sp. Zone, 

which yields very sparse foraminiferal fauna. The Trochammina sp. Zone contains 

exclusively agglutinated foraminifera in the foothills of Alberta (Wall and Germundson, 

1963; Wall, 1967), however, in the plains of Alberta and Saskatchewan, this zone also 

includes calcareous benthic and planktic foraminifera (Figure 4.21).   

4.2.4.1 Gavelinella kansasensis Subzone:  

Name: The Gavelinella kansasensis Subzone is proposed in this study to encompass the 

agglutinated, calcareous benthic and planktic foraminiferal fauna recovered from the 

upper Carlile subunit and the Boyne Member of the Carlile Formation in southern 

Saskatchewan. The species Gavelinella kansasensis is the first species of the genus 

Gavelinella to appear in the units analyzed. Wall and Germundson (1967) reported the 

species Anomalina sp. at the base of the Wapiabi Formation in the southern Alberta 

foothills, which was subsequently classified by Wall (1967) as Anomalinoides talaria. In 

southeastern Saskatchewan, North and Caldwell (1978) also reported the species 

Gavelinella cf. talaria in the Morden Member of the Carlile Formation.  
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Figure 4.21. Stratigraphic ranges of species in the Trochammina sp. Zone at well 12-19-013-28W3, 

southwestern Saskatchewan and well 11-36-022-01W2, southeastern Saskatchewan. 
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It is worth noting that the species Gavelinella kansasensis is not exclusive to the upper 

Carlile Formation since it has been previously identified in the Niobrara Formation in the 

plains of Alberta and Saskatchewan (North and Caldwell, 19753; Elberdak, 2004) and the 

United States (Kent, 1967) 

Principal components: Gavelinella kansasensis (Morrow), Neobulimina albertensis 

(Stelck and Wall), Neobulimina sp., Pseudobolivina rollaensis (Stelck and Wall), 

Haplophragmoides howardense (Stelck and Wall), H. collyra (Nauss), H. gilberti 

(Eicher), Saccammina alexanderi (Loeblich and Tappan), Reophax sp. 1, 

Planoheterohelix globulosa (Ehrenberg), together with unidentified species of 

Haplophragmoides, Trochammina and Muricohedbergella (Figure 4.21).  

Geographic distribution: This subzone is found in southwestern and southeastern 

Saskatchewan. In southwestern Saskatchewan, the zonal designate, Gavelinella 

kansasensis, was not recovered from the 12-19-013-28W3 core. However, it was 

observed in the core from well 05-08-018-28W3. The content of planktic foraminifera 

(primarily Planoheterohelix globulosa) increases at well 12-19-013-28W3 indicating a 

deeper marine depositional environment in this area relative to well 05-08-018-28W3. As 

mentioned before, this fauna can be correlated to the Anomalina microfauna described by 

Wall and Germundson (1963) in the southern foothills of Alberta and to the assemblage 

VI reported by North and Caldwell (1968) in southeastern Saskatchewan.  

Age: Middle-late Turonian (?) based on molluscan assemblages described by Jeletzky 

(1971), Kauffman et al. (1993) and Cobban et al. (2006). For an in-depth description of 

                                                           
3 Classified as Gavelinella cf. talaria by North and Caldwell (1975) 
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the molluscan faunas and their correlation with the foraminiferal zonation, refer to 

Caldwell et al. (1978), McNeil and Caldwell (1981) and Caldwell and North (1984). 

Shank and Plint (2013) assigned an early Coniacian age to the upper Carlile Formation 

based on allostratigraphic correlations and molluscan biostratigraphy in southern Alberta 

and northern Montana. 

Remarks: The Gavelinella kansasensis fauna is more diverse and well developed in 

southwestern Saskatchewan where the environmental conditions were favorable for 

benthic and planktic foraminifera to thrive. In southeastern Saskatchewan, microfossil 

recovery from the Boyne Member of the Carlile Formation is limited and the few 

foraminifera recovered are poorly preserved suggesting a less hospitable environment. In 

this regard, the presence of the Gavelinella kansasensis Subzone in this area is still 

debatable. Both, the Boyne Member of the Carlile Formation and the Calcareous Shale 

Member of the Niobrara Formation are very similar in lithology and foraminiferal 

content, so special care must be taken when separating these units. The criteria used in 

this study is the presence of an erosive lag, and the absence of the species Gavelinella 

henbesti in the Boyne Member. The zonal marker Trochammina sp. was not identified in 

the study area.   

4.2.6 Marsonella oxycona Subzone:  

Name: The Marsonella oxycona Subzone was first defined by Elberdak (2004) to include 

the exclusive agglutinated fauna in the lower part of the Verger Member of the Niobrara 

Formation in the southern plains of Alberta. The species Marsonella oxycona has a short 

stratigraphic range and is, therefore, an appropriate zonal marker (Elberdak, 2004; 

Nielsen et al., 2008). However, most of the faunal components of this subzone range into 
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the older Gavelinella kansasensis Subzone and the younger Bullopora laevis Zone in 

Alberta and Saskatchewan (Elberdak, 2004, this study). The principal components of the 

Marsonella oxycona Subzone change considerably from north to south, although, the 

zone marker, remains constant. At well 05-08-018-28W3 (northern portion of the study 

area, figure 1.1) this subzone is exclusively composed of agglutinated foraminifera, as 

previously referred by Elberdak (2004) in southern Alberta. At wells 14-26-015-27W3 

and 12-19-013-28W3, however, this zone is dominated by calcareous benthic species 

with minor occurrences of agglutinated and planktic foraminifera (Figures 4.21 and 4.22). 

Principal components: Marsonella oxycona (Cushman), Neobulimina albertensis (Stelck 

and Wall), Neobulimina sp., Pseudobolivina rollaensis (Stelck and Wall), Dorothia 

bulletta (Carsey), Bolivina sp., Haplophragmoides collyra (Nauss), Reophax sp., 

Spiroplectinella sp., Muricohedbergella delrioensis (Carsey), Planoheterohelix globulosa 

(Ehrenberg), together with unidentified species of Haplophragmoides and 

Muricohedbergella (Figure 4.21) . 

Geographic distribution: The Marsonella oxycona Subzone was recognized only in 

southwestern Saskatchewan. In south-central and southeastern Saskatchewan this 

microfauna is absent due to an unconformity at the base of the Calcareous Shale Member 

of the Niobrara Formation (North and Caldwell, 1975). Elberdak (2004) and Nielsen et al. 

(2008) identified the same foraminiferal assemblage at the base of the Niobrara 

Formation in the plains of Alberta. Wall and Germundson (1963) and Wall (1967) 

included most of the components of this assemblage within their Brachycythere-

Bullopora Microfauna in the foothills of Alberta.  
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Age: Early-Middle (?) Coniacian based on molluscan assemblages described by Jeletzky 

(1971), Kauffman et al. (1993) and Cobban et al. (2006). For an in-depth description of 

the molluscan faunas and their correlation with the foraminiferal zonation, refer to 

Caldwell et al. (1978), McNeil and Caldwell (1981) and Caldwell and North (1984). 

Additionally, this age is supported by radiometric dating of two bentonites from the 

bentonitic interval at the base of the Verger Member in southern Alberta that provides an 

age of 89.19 Ma ±0.51 and 89.40 Ma ±0.31 (close to the Turonian-Coniacian boundary 

defined by Gradstein et al., 2012) (Nielsen et al., 2003). If the upper Carlile Member is 

early Coniacian in age as proposed by Shank and Plint (2013), then, the Govenlock-

Verger Member could be middle Coniacian in age. 

Remarks: The base of the Marsonella oxycona subzone, which is coincident with the 

bentonitic interval at the base of the Govenlock Member of the Niobrara Formation is 

almost barren of foraminifera. However, the zonal marker was recovered from the base of 

this bentonitic interval at well 14-26-015-27W3 (depth 606.4 m), together with 

unidentified species of Haplophragmoides (Figure 4.22). This interval, although with 

scarce foraminifera, holds a significant number of radiolarians, including Dictyomitra 

multicostata (Zittel), Diacanthocapsa sp. aff. D. cayeuxi (Squinabol), Dactyliosphaera 

maxima (Pessagno), “Cenosphaera” sp. 1 (Packer and Hart), Zhamoidellum ovum 

(Dumitrica), Orbiculiforma (?) sp. (Pessagno), Stichomitra (?) sp.  (Cayeux), Paronaella 

sp. (Pessagno) and Acanthocircus tympanum aff. A. tympanum (O´Dogherty) (Figure 2.8). 

A similar fauna was identified at well 05-08-018-28W3. Core from this interval is 

missing at well 12-19-013-28W3. 
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Figure 4.22. Stratigraphic ranges of species in the Trochammina sp. Zone at well 14-26-015-27W3. 

The basal bentonitic interval of the Govenlock Member is barren of foraminifera but contains nine 

different species of radiolarians (pink rectangle). 
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The zonal marker, Trochammina sp. 1 was not identified in southern Saskatchewan or the 

Manitoba Escarpment (McNeil and Caldwell, 1981). Most of the foraminiferal elements 

from this biozone appear to be susceptible to environmental or bathymetric changes. 

Biostratigraphic correlations are based on a few common specimens. The Trochammina 

sp. Zone is adopted in this study to keep consistency with the foraminiferal fauna found in 

the province of Alberta, however, as evidenced at well 12-19-013-28W3, the 

foraminiferal components can change considerably in nature in relatively short distances.  

4.2.5 Bullopora laevis Zone  

Name:  The Bullopora laevis Zone was formally defined by Caldwell et al. (1978) and 

had been referred previously as the Brachycythere-Bullopora Microfauna by Wall and 

Germundson (1963) and Wall (1967). The presence and importance of the species 

Bullopora laevis in the upper part of the Colorado Group was first noted by Wickenden 

(1932), and since then it has been used as a reliable index fossil, at least, in the province 

of Alberta (e.g. Wall and Germundson, 1963; Wall, 1967; Elberdak, 2004; Nielsen et al., 

2008).  

In this study, the species Bullopora laevis, originally referred as Webbina laevis by Solas 

(1877) and subsequently emended by Adams (1962) has not been found. Instead, the 

species Ramulina cf. R. wrightii (Barnard) which resembles Bullopora laevis described by 

Wall (1967) and Elberdak (2004) was recovered. Although it is probable that the 

specimens classified as Bullopora laevis by the authors above, actually belong to the 

genus Ramulina, it would be precipitous to reach a conclusion without analyzing the 

specimens recovered in the province of Alberta (see Appendix A for discussion). 
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Therefore, the name Bullopora laevis Zone is maintained until a detailed examination of 

these specimens is performed.     

Principal components: Neobulimina albertensis (Stelck and Wall), Neobulimina sp., 

Praebulimina reussi (Morrow), Dorothia smokyensis (Wall), Gyroidinoides nitidus 

(Reuss), Ramulina cf. R. wrightii (Barnard), Pleurostomella watersi (Cushman), 

Fursenkoina tegulata (Reuss), Anomalinoides pinguis (Jennings), Anomalinoides sp., 

Gavelinella henbesti (Plummer), Haplophragmoides collyra (Nauss), Spiroplectinella sp., 

Trochammina rainwateri (Cushman and Applin), Saccammina alexanderi (Loeblich and 

Tappan), together with unidentified species of Haplophragmoides, Trochammina and 

Muricohedbergella (Figure 4.23).     

Geographic distribution: The Bullopora laevis Subzone was recognized only in 

southwestern Saskatchewan. In south-central and southeastern Saskatchewan this 

microfauna is absent due to an unconformity at the base of the Calcareous Shale Member 

of the Niobrara Formation. This Zone can be recognized from the upper Muskiki to the 

Thistle Member of the Wapiabi Formation in the foothills of Alberta (Wall, 1967) and the 

upper part of the Verger Member of the Niobrara Formation in the southern plains of 

Alberta (Elberdak, 2004; Nielsen et al., 2008). As noted by Caldwell et al. (1978), this 

zone can be extended into the Western Interior of the United States based on similar 

faunal components found in northern Montana, Wyoming, and Nebraska. Many of the 

main elements of the Bullopora laevis Zone were recognized in the Globigerinelloides sp. 

Zone. of McNeil and Caldwell (1981) in the Manitoba Escarpment. 
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Figure 4.23. Stratigraphic ranges of species in the Bullopora laevis Zone at well 12-19-013-28W3, 

southwestern Saskatchewan. 
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Age: Middle to Late Coniacian based on molluscan assemblages described by Jeletzky 

(1971), Kauffman et al. (1993) and Cobban et al. (2006). For an in-depth description of 

the molluscan faunas and their correlation with the foraminiferal zonation, refer to 

Caldwell et al. (1978), McNeil and Caldwell (1981) and Caldwell and North (1984). 

Remarks: The Bullopora laevis Zone is highly diverse compared to the other zones 

analyzed in this study. However, most of the elements from this fauna do not reach ten 

individuals per sample (Figure 4.23). This microfauna is dominated by calcareous benthic 

foraminifera, being Neobulimina sp. and Neobulimina albertensis the most abundant 

species (Figure 4.23). The majority of faunal elements from this assemblage are also 

present in the lower Marsonella oxycona Subzone and the upper Gavelinella henbesti 

Zone. However, the key species Ramulina cf. R. wrightii is exclusive of this assemblage. 

In southwestern Saskatchewan, the Bullopora laevis Zone ranges from the middle part of 

the Govenlock Member to the lower part of the Medicine Hat Member.    

4.2.6 Gavelinella henbesti Zone:  

Name: Caldwell et al. (1978) proposed the Globigerinelloides sp. Zone and subdivided it 

into the lower Gavelinella henbesti Subzone and the upper Heterohelix cf. reussi 

Subzone. In this study, the name “Globigerinelloides sp. Zone” is avoided because 1) the 

species Globigerinelloides sp. is not reported in any section from the CWIB (e.g. Wall, 

1967; North and Caldwell, 1975; Caldwell et al., 1978; McNeil and Caldwell, 1981; 

Schröder-Adams et al., 1997; Elberdak, 2004), therefore is not practical in 

biostratigraphic correlations and 2) faunal assemblages, planktic: benthic ratios and 

number of taxa are different in both the Gavelinella henbesti and Heterohelix cf. reussi 

subzones, allowing each subzone to be analyzed independently (Figures 4.16, 4.17 and 
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4.18; pages 67-69) . Consequently, in this study, the Gavelinella henbesti and Heterohelix 

cf. reussi subzones of Caldwell et al. (1978) are promoted to zone status.  

The Gavelinella henbesti Zone is equivalent to the Planulina Microfauna of Wall and 

Germundson (1963) and the Anomalinoides henbesti Microfauna defined by Wall (1967) 

in the foothills of Alberta. The zonal marker is assigned here to the genus Gavelinella 

because its interiomarginal aperture extends into the umbilicus (Revets, 1996). 

Principal components: Dorothia smokyensis (Wall), Dorothia cf. D. smokyensis (Wall), 

Dorothia cf. D. glabrata (Cushman), Saccammina alexanderi (Loeblich and Tappan), 

Gavelinella henbesti (Plummer), Gavelinella kansasensis (Morrow), Gavelinella sp., 

Pseudobolivina rollaensis (Stelck and Wall), Neobulimina albertensis (Stelck and Wall), 

Neobulimina sp., Pleurostomella watersi (Cushman), Fursenkoina tegulata (Reuss), 

Muricohedbergella delrioensis (Carsey), Planoheterohelix globulosa (Ehrenberg), 

together with unidentified species of Haplophragmoides, Trochammina and 

Muricohedbergella (Figures 4.24, 4.25 and 4.26).     

Geographic distribution: Faunal elements from the Gavelinella henbesti Zone were 

recovered from the three cores analyzed in southern Saskatchewan. In southwestern 

Saskatchewan, this zone is found in the Medicine Hat Member of the Niobrara 

Formation, although, many of the principal components range within the underlying 

Govenlock Member and the overlying First White Specks Member. In south-central 

Saskatchewan, the lower boundary of the Gavelinella henbesti Zone is marked by an 

unconformity spanning the Upper Turonian to middle Santonian (North and Caldwell, 

1975). This gap in the geologic record is probably more pronounced northward where 

North and Caldwell (1975) reported faunal elements of his zone VII (“Heterohelix cf. 
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reussi” Zone in this study) directly above his assemblage Zone V (Muricohedbergella 

loetterlei Zone in this study).  

 

 

Figure 4.24. Stratigraphic ranges of species in the Gavelinella henbesti Zone at well 12-19-013-28W3, 

southwestern Saskatchewan. 
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Figure 4.25. Stratigraphic ranges of species in the Gavelinella henbesti Zone at well 16-04-021-25W2, 

south-central Saskatchewan. 



 

88 

 

 

 

Figure 4.26. Stratigraphic ranges of species in the Gavelinella henbesti Zone at well 11-36-022-01W2, 

southeastern Saskatchewan.  

 

In southeastern Saskatchewan, the lower limit of the Gavelinella henbesti Zone is also 

marked by an unconformity, although the hiatus is shorter than in south-central 

Saskatchewan as evidence by the presence of the Gavelinella kansasensis Subzone fauna 

between the Morden Member of the Carlile Formation and the Calcareous Shale Member 

of the Niobrara Formation.  As mentioned in chapter 2, regional or local unconformities 

are likely the result of crustal deformation within the CWIB during the Upper Cretaceous.   
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The Gavelinella henbesti fauna has been reported in the foothills of Alberta (Wall and 

Germundson, 1963; Wall, 1967), the southern plains of Alberta (Elberdak, 2004; Nielsen 

et al., 2008) and the Manitoba Escarpment (McNeil and Caldwell, 1981). 

Age: Early to middle Santonian based on molluscan assemblages described by Jeletzky 

(1971), Kauffman et al. (1993) and Cobban et al. (2006). For an in-depth description of 

the molluscan faunas and their correlation with the foraminiferal zonation, refer to 

Caldwell et al. (1978), McNeil and Caldwell (1981) and Caldwell and North (1984). 

Remarks: As previously mentioned, the Gavelinella henbesti Zone is clearly separable 

from the “Heterohelix cf. reussi” Zone in the southern plains of Saskatchewan. Only the 

uppermost part of the Gavelinella henbesti Zone is present in the Saskatoon area, where 

North and Caldwell (1975) identified faunal equivalents of the “Heterohelix cf. reussi” 

Zone. As shown in Figures 4.24, 4.25 and 4.26, the Gavelinella henbesti Zone is 

dominated by calcareous benthic and agglutinated foraminifera with minor occurrences of 

planktic foraminifera. The content of agglutinated foraminifera is higher in southwestern 

Saskatchewan where lithofacies from the Medicine Hat Member of the Niobrara 

Formation are dominated by siltstones and medium-grained sandstones. The total counts 

of foraminiferal individuals are high at the base of the zone and decrease up-section in 

both southwestern and south-central Saskatchewan (Figures 4.16 and 4.17). In 

southeastern Saskatchewan, total counts are very low and remain constant throughout the 

zone (figure 4.18). 

4.2.7 “Heterohelix cf. reussi” Zone: 

Name: Caldwell et al. (1978) first used the term Heterohelix cf. reussi Subzone 

(Globigerinelloides sp. Zone) to refer to the predominantly planktic fauna found in the 
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First White Specks Member of the Niobrara Formation in the CWIB. This interval, 

originally named as the “Upper Pelagic Microfauna” by Wall and Germundson (1963) 

and Wall (1967) in the foothills of Alberta, has been extensively recognized throughout 

the CWIB, being more clearly identifiable in the Pembina River Valley of the Manitoba 

Escarpment (McNeil and Caldwell, 1981). As mentioned before, the Heterohelix cf. 

reussi Subzone (Globigerinelloides sp. Zone) proposed by Caldwell et al. (1978) has been 

elevated to zone status in this study due to its distinctive planktic foraminiferal abundance 

and geographic distribution, which make it of great utility in regional biostratigraphic 

correlations.  

The species Heterohelix cf. reussi described by Wall (1967) in the Alberta foothills was 

not identified in this study and therefore, a taxonomic revision of this species was not 

performed. The specimens of Heterohelix cf. reussi illustrated by Wall (1967) and 

Elberdak (2004) do not fit the emended description of this species proposed by Haynes et 

al. (2015). Consequently, a detailed taxonomic revision is necessary to maintain or 

abandon the zone´s name. The species Planoheterohelix reussi differs from other species 

of the same genus in its large size and big proloculus (Haynes et al., 2015), which 

contrast with the small dimensions of the Heterohelix cf. reussi specimens reported by 

Wall (1967). The name of the Zone is here enclosed in quotation marks to indicate 

probable future changes in its taxonomic designation.  

Principal components: Muricohedbergella delrioensis (Carsey), Muricohedbergella 

planispira (Tappan), Muricohedbergella loetterlei (Nauss), Planoheterohelix globulosa 

(Ehrenberg), Planoheterohelix postmoremani (Georgescu and Huber),  

Macroglobigerinelloides prairiehillensis (Pessagno), Bolivina cf. B. elkensis (Nauss), 
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Laeviheterohelix pulchra (Brotzen), Neobulimina albertensis (Stelck and Wall), 

Neobulimina sp., Trochammina wetteri (Stelck and Wall), Trochammina rainwateri 

(Cushman and Applin), together with unidentified species of Muricohedbergella, 

Trochammina and Haplophragmoides (Figures 4.27 and 4.28).     

 

Figure 4.27. Stratigraphic ranges of species in the “Heterohelix cf. reussi” Zone at well 12-19-013-

28W3, southwestern Saskatchewan. 

 

Geographic distribution: The “Heterohelix cf. reussi” Zone was identified at wells 12-19-

013-28W3, 16-04-021-25W2 and 11-36-022-01W2. However, most of it is missing in 

south-central and southeastern Saskatchewan due to an unconformity at the top of the 

upper Colorado Group present in this area. The “Heterohelix cf. reussi” Zone has been 

identified in the Wapiabi Formation in the foothills and eastern plains of Alberta (Wall, 
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1967; Schröder-Adams et al., 1997; Elberdak, 2004; Nielsen et al., 2008), although there, 

the presence of planktic foraminiferal species is scant. Conversely, in the Pembina River 

Valley of the Manitoba Escarpment, this fauna is dominated by planktic foraminifera 

(Macroglobigerinelloides and Planoheterohelix) with minor occurrences of calcareous 

benthic and agglutinated species (McNeil and Caldwell, 1981). 

Age: Late Santonian based on molluscan assemblages described by Jeletzky (1971), 

Kauffman et al. (1993) and Cobban et al. (2006). For an in-depth description of the 

molluscan faunas and their correlation with the foraminiferal zonation, refer to Caldwell 

et al. (1978), McNeil and Caldwell (1981) and Caldwell and North (1984). 

Remarks: The “Heterohelix cf. reussi” Zone, although, widely distributed across the 

CWIB, can vary considerably in abundance and diversity from one place to another. 

These changes in foraminiferal assemblages are closely linked to the proximity to the 

source of sediments, the input of siliciclastic materials within the basin and ocean 

circulation patterns of the Western Interior Seaway (Schröder-Adams et al., 1998). For 

example, in the southern plains of Alberta, Schröder-Adams et al. (1997, 1998) reported a 

foraminiferal fauna composed almost entirely of agglutinated foraminifera with minor 

occurrences of the planktic species Planoheterohelix globulosa in the First White Specks 

Member of the Niobrara Formation. The high proportion of agglutinated foraminifera and 

low amount of planktic species in this area was interpreted by the authors as a result of 

increasing siliciclastic material in the water column associated with the presence of the 

Sweetgrass Arch.   
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Figure 4.28. Stratigraphic ranges of species in the “Heterohelix cf. reussi” Zone at wells 16-04-021-

25W2 (south-central Saskatchewan) and SWB Bredenbury (southeastern Saskatchewan). FWS: First 

White Specks. 
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In southwestern Saskatchewan, the abundance and diversity of foraminifera within the 

“Heterohelix cf. reussi” Zone is low and marked by a similar proportion of calcareous 

benthic, agglutinated and planktic species (Figures 4.16 and 4.27). Eastward, in south-

central Saskatchewan, the planktic: benthic ratio is higher, and many of the key species 

from the Muricohedbergella loetterlei Zone are reintroduced, together with the key 

Macroglobigerinelloides prairiehillensis and the exclusive species Planoheterohelix 

postmoremani and Praegublerina cf. P. robusta (Figures 4.17 and 4.28). In southeastern 

Saskatchewan, where only two meters from the basal part of the First White Specks 

Member are present, the recovery of foraminifera was limited, but dominated by planktic 

species (Figures 4.18 and 4.28).  

4.2.8 Trochammina ribstonensis Zone (basal part): 

Only a few foraminiferal species were recovered from the basal five meters of the Milk 

River Formation at wells 12-19-013-28W3, 16-04-021-25W2 and 11-36-022-01W2. This 

unit yields a sparse agglutinated fauna belonging to the Trochammina ribstonensis Zone 

proposed by Caldwell et al. (1978). This limited data precluded a thorough analysis and 

biostratigraphic correlation. The main components of this zone are: Pseudobolivina 

rollaensis (Stelck and Wall), Saccammina lathrami (Tappan), Trochammina ribstonensis 

(Wickenden), Trochammina wetteri (Stelck and Wall), Trochammina rainwateri 

(Cushman and Applin), Haplophragmoides collyra (Nauss), Haplophragmoides 

howardense (Stelck and Wall) and Bathysiphon vitta (Nauss), together with unidentified 

species of Haplophragmoides (Figure 4.29).   
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Figure 4.29. Stratigraphic ranges of species in the Trochammina ribstonensis Zone (basal part) at the 

12-19-013-28W3, 16-04-021-25W2, and 11-36-022-01W2 wells. 
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The Trochammina ribstonensis Zone is composed almost exclusively of agglutinated 

foraminifera, not just in Saskatchewan, but in the neighbouring provinces of Alberta and 

Manitoba. This foraminiferal assemblage clearly differs from the “Heterohelix cf. reussi” 

Zone in the uppermost part of the Colorado Group as it yields no planktic foraminifera, 

except some reworked species of Laeviheterohelix pulchra at well 16-04-021-25W2, 

south-central Saskatchewan. The zonal marker, Trochammina ribstonensis was only 

recognized in southwestern Saskatchewan and the species Pseudobolivina rollaensis was 

the only one identified in the three cores analyzed. 

4.3 Geochemical results 

Bulk sediment samples from cores 12-19-013-28W3, 16-04-021-25W2, and 11-36-022-

01W2 were analyzed for stable isotope content of carbon (δ13C) and nitrogen (δ15N) in 

organic matter (Figures 4.30, 4.31 and 4.32). In addition to this data, other geochemical 

information such as Total Organic Carbon (TOC) and Kerogen content reported by 

Taylor (2011) and Bloch et al. (1999), for cores 12-19-013-28W3 and 11-36-022-01W2, 

are also presented. Analysis and discussion of the geochemical data will be presented in 

Chapter 5.  

The δ13C values during the Cretaceous range from -29 to -27‰ for marine-derived 

organic matter and from -25 to -24‰ for terrestrial-derived organic matter (Arthur et al., 

1985; Dean et al., 1986; Meyers, 2014). These values are, in average, 5 to 7% lighter than 

those values reported during the Neogene to Recent; this is, the marine organic matter 

during the Cretaceous is more depleted δ13C than terrestrial organic matter (White and 

Arthur, 2006). 
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Well Nexen Hatton 12-19-013-28W3   

δ15N values within the entire section range from -1.68‰ in the subunit A of the Medicine 

Hat Member to 2.31‰ in the middle unit of the Carlile Formation. The δ15N curve shows 

some trends with negative excursions in the Second White Specks Formation, upper 

Carlile subunit, lower Govenlock Member and the top of the Medicine Hat Member. On 

the other hand, the lower and middle units of the Carlile Formation and subunits C and B 

of the Medicine Hat Member show a positive excursion.  δ15N values from the First 

White Specks Member show no discernible trend (Figure 4.30). 

 δ15N values within the Second White Specks Formation increase upward from – 1.68‰ 

at the base of the core to 0.97‰ right below the contact with the overlying Carlile 

Formation. Values continue to increase gradually throughout the lower Carlile Formation 

and reach a maximum value of 2.31‰ (604.9 m depth) within the middle Carlile unit. 

Above that, the δ15N values decrease again and remain low (from -1.29 to -0.04) through 

the upper Carlile unit and the base of the Govenlock Member.  

δ15N values in the lower part of the Govenlock Member, above the bentonitic interval, 

have a steady increase from 0‰ to 1.39‰ and remain relatively constant through the rest 

of the Govenlock Member and most of the Medicine Hat Member (subunits C and B). A 

positive peak of 2.30‰ is reached at the top of the subunit B of the Medicine Hat 

Member, followed by a sharp drop of -1.68‰ within the subunit A of the Medicine Hat 

Member. The δ15N values increase gradually (-0.79 to 0.57) within the First White Specks 

Member and the base of the Milk River Formation.  
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Figure 4.30 Isotope results from core 12-19-013-28W3, southwestern Saskatchewan. TOC and 

Kerogen Type information from Taylor (2011). 

 

The δ13C curve present similar trends than those of the δ15N curve within the Second 

White Specks and Carlile formations and the bentonitic interval of the Govenlock 

Member. However, δ13C values fluctuate much more within the upper part of the 
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Govenlock Member and the entire Medicine Hat and First White Specks members. Most 

of the δ13C values in this core fall between -26‰ and -28‰ with the highest values in the 

Second White Specks Formation and the lowest value at the base of the Carlile Formation 

(Figure 4.30).  

The Second White Specks Formation shows a positive excursion with δ13C values 

ranging between -25.70‰ and -26.83‰. These values rapidly decrease at the contact with 

the overlying Carlile Formation and remain low (around -27.70‰) throughout the lower 

Carlile unit. In the middle Carlile unit the δ13C values decrease gradually to -26‰ 

average (except for a -28.10‰ value at depth 600.5 m). The δ13C values drop again in the 

upper Carlile unit and the bentonitic interval of the Govenlock Member with an average 

value of -27.6‰. In the upper part of the Govenlock Member and the entire Medicine Hat 

Member, the δ13C values remain relatively constant with a mean value of -26.8‰ 

decreasing up-section to -27.5‰ in the First White Specks Member. The contact with the 

overlying Milk River Formation is marked by a gradual increase in the δ13C values to -

26.5‰ average.  

TOC values and Kerogen Type coincide with some trends from the δ15N and δ13C curves 

illustrated in figure 4.30. The Second White Specks, for example, contains high TOC 

values (around 6%) that correspond with low δ15N and high δ13C values. Above the 

Second White Specks/Carlile contact, the TOC values drop considerable to an average of 

1.2% within the lower Carlile unit and the majority of the middle Carlile unit. These 

values correlate with positive excursions of both the δ15N and δ13C curves.  
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TOC values increase in the upper part of the middle Carlile subunit, where the lithology 

has a more coarse-grained nature. The lack of isotope data from this ten meters intervals 

does not allow a geochemical correlation with the TOC values. The upper unit of the 

Carlile Formation has TOC values that range between 2.22% and 3.78% and correlates 

with negative δ15N and δ13C values. TOC values within the Niobrara Formation are fairly 

constant ranging from 1.09% to 3.13% with a positive peak at the top of the Medicine Hat 

Member (up to 4.27%). The Second White Specks Formation, lower Carlile unit and 

basal middle Carlile unit contain Type III Kerogen whereas the upper Carlile unit, and the 

First White Specks Member are dominated by Type II Kerogen (Taylor, 2011). The 

Govenlock and Medicine Hat members contain a mixture of Type II and type III Kerogen 

with the proportion of Type II increasing upwards (Taylor, 2011).   

Well Imperial Findlater 16-04-021-25W2 

The majority of stratigraphic units examined in this core are bounded by unconformities. 

Therefore, isotope curves for each unit are interpreted independently. A lack of isotopic 

data from the Second White Specks Formation and the First White Specks Member of the 

Niobrara Formation in this core (just one sample each) prevents a more robust analysis of 

these units.   

δ15N values in this section range from -1.54‰ at the top of the Calcareous Shale Member 

of the Niobrara Formation to 1.16‰ at the base of the Milk River Formation (Figure 

4.31). The only sample analyzed from the Second White Specks Formation has a δ15N 

isotope value of -1.51‰ which represent one of the lowest values registered in the entire 

section. δ15N values within the Morden Member of the Carlile Formation range between -

0.62‰ and -0.01‰, apparently decreasing up-section. 
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Figure 4.31. Isotope results from core 16-04-021-25W2, south-central Saskatchewan. Note there is a 

stratigraphic hiatus spanning the late Turonian, Coniacian, and early Santonian. 

 

In the Calcareous Shale Member, the δ15N values are low right above the contact with the 

underlying Morden Member (between -1.03‰ and -0.58‰) and gradually start to 

increase, reaching the maximum value (-0.20‰) in the middle part of the unit. After this 

positive excursion, the δ15N values drop considerably at the top of the Calcareous Shale 

Member and reach a negative value of -1.54‰. The only sample analyzed from the First 
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White Specks Member registers a δ15N value of -0.67‰. In the Milk River Formation, the 

δ15N values are relatively high oscillating between -0.10‰ and 1.16‰.  

The majority of δ13C values in this core falls between -28.5‰ and 27.5‰. In general, 

these values tend to decrease upward reaching the minimum value in the First White 

Specks Member of the Niobrara Formation (Figure 4.31).  There is an antithetical 

relationship between the δ13C and δ15N values in this core, excepting for the Milk River 

Formation where values show a positive excursion in both curves.  

The only sample from the Second White Specks Formation registers a δ13C value of -

28.12‰. Values form the Morden Member of the Carlile Formation show no discernible 

trend and range between -28.47‰ and -27.78‰. In the Calcareous Shale Member of the 

Niobrara Formation, the δ13C values are around -27‰ in average at the bottom and 

decrease gradually to -28.74 at the top. A sharp rise at the very top of the Calcareous 

Shale Member (-27.85‰) is followed by a drop in the single sample analyzed from the 

First White Specks Member (-29.05‰). The δ13C values reach their maximum of -

26.48‰ at the base of the Milk River Formation before dropping rapidly at the top of the 

section.  

Well SWP Bredenbury 11-36-022-01W2 

δ15N values at well 11-36-022-01W2 show fluctuations throughout ranging from -2.82‰ 

to 0.33‰ (Figure 4.32). Below the Carlile/Niobrara unconformity, the δ15N values appear 

to be controlled by lithology. The calcareous lithofacies (Second White Specks Formation 

and the upper part of the Boyne Member), for example, contain negative values, whereas, 

the fine-grained, non-calcareous lithofacies (Morden Member) show positive excursions. 
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The δ15N curve within the Niobrara Formation shows no evident trend due to the scarcity 

of data and unconformable boundaries.  

 

Figure 4.32. Isotope results from core 11-36-022-01W2, southeastern Saskatchewan. TOC and 

Kerogen Type information from Bloch et al. (1999). 

 

The Second White Specks Formation is characterized by negative δ15N values with an 

average of -2.40‰. These values gradually increase upwards through the overlying 

Morden Member (-1.02‰ to 0.02‰) and reach a maximum value of 0.33‰ at the base of 



 

104 

 

 
the Boyne Member. After this maximum, the δ15N values decrease to -2‰ followed by a 

slight increase of -0.55‰ at the top of the Carlile Formation. Values within the Niobrara 

Formation range between -1.78‰ and -0.08‰ with no discernible trend throughout the 

unit. δ15N values are low at the base of the Lea Park Formation (0‰ average) and start to 

decrease up-section. Isotope analysis was not performed on the one meter-thick Milk 

River Formation. 

The majority of δ13C values at well 11-36-022-01W2 fall between -28‰ and -27‰ with 

the maximum values in the Second White Specks Formation and the minimum values in 

the Morden Member of the Carlile Formation (Figure 4.32). The δ13C curve fluctuates 

more compared the δ15N curve; a trend is not discernible except for the First White 

Specks Member of the Niobrara Formation. 

δ13C values in the Second White Specks Formation show a positive excursion and 

decrease up-section from -26.94‰ to -27.46‰. The contact with the overlying Morden 

Member is marked by a sharp drop to -28.78‰ followed by a gradual rise through most 

of the unit. At the top of the Morden Member, the δ13C values show a positive excursion 

before they drop again right below the contact with the overlying Boyne Member. In the 

Boyne Member, the δ13C values increase upwards from -27.94‰ at the bottom to 27.35‰ 

at the top. δ13C values within the Niobrara Formation decrease slightly up-section from -

27.52‰ above the unconformity to -28.28‰ in the First White Specks Member. Values 

are relatively high at the base of the Lea Park Formation and start to increase gradually 

up-section.  

As mentioned above, TOC values within well 11-36-022-01W2 are much higher in 

average compared to those from well 12-19-013-28W3 in southwestern Saskatchewan. 
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TOC values are high within the Second White Specks Formation (9.30‰ average) and 

correlate with very low δ15N values and high δ13C values. These values decrease 

considerably at the base of the overlying Morden Member (average 6.45‰) as the 

Kerogen type change from Type II to Type III (Bloch et al., 1999). TOC values remain 

constant throughout the Boyne Member of the Carlile Formation and the entire Niobrara 

Formation with a maximum value of 10.39‰ in the First White Specks Member. The 

organic matter in this section is predominantly marine-derived (Type II kerogen) (Bloch 

et al., 1999).   
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CHAPTER 5. DISCUSSION 

5.1 Paleoenvironmental interpretation 

The paleoenvironmental reconstructions produced in this study are based on foraminifera 

and sporadic occurrences of radiolarians, lithological and sedimentological characteristics 

of the units and their isotopic values. As mentioned in section 4.2, the total counts of 

foraminifera in the three cores varied from a few specimens to a maximum of 300 

specimens. This variation precludes a thorough analysis of faunal populations (Buzas, 

1979). Shannon-Wiener diversity index was used to represent biodiversity, and it was 

plotted to represent graphically the number of taxa in relation to the number of 

individuals (Krebs, 1989) (Figures 5.1, 5.2 and 5.3). Therefore, diversity values must be 

read together with the total counts to avoid over- or underestimation of richness and 

heterogeneity.   

Figures 5.1, 5.2 and 5.3 summarize the lithological composition, abundance, and diversity 

of foraminifera, foraminiferal ratios, and isotope values from the three type sections. 

These diagrams will be used throughout this section as a reference for the environmental 

changes that took place during the Turonian-Santonian interval. 

5.1.1 Early Turonian-late Santonian paleoenvironments in southern Saskatchewan  

 

This section will be analyzed in the context of the cycles of regression and transgression 

that took place during the deposition of the Upper Colorado Group.  
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Figure 5.1. Lithology, foraminiferal abundance and diversity (total counts, number of taxa, Shannon-Wiener index), foraminiferal ratios 

(planktic: benthic ratio, agglutinated: calcareous benthic ratio) and isotope values (δ13C, δ15N) at well 12-19-013-28W3, southwestern 

Saskatchewan. 
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Figure 5.2. Lithology, foraminiferal abundance and diversity (total counts, number of taxa, Shannon-Wiener index), foraminiferal ratios 

(planktic: benthic ratio, agglutinated: calcareous benthic ratio) and isotope values (δ13C, δ15N) at well 16-04-021-25W2, south-central 

Saskatchewan. Note that the contact Carlile-Niobrara is unconformable. Thus the latest Turonian, Coniacian, and earliest Santonian are not 

represented in this diagram. Similarly, the latest Santonian is also missing by unconformity (Niobrara-Milk River contact).    
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Figure 5.3. Lithology, foraminiferal abundance and diversity (total counts, number of taxa, Shannon-Wiener index), foraminiferal ratios 

(planktic: benthic ratio, agglutinated: calcareous benthic ratio) and isotope values (δ13C, δ15N) at well 11-36-022-01W2, southeastern 

Saskatchewan. Note that the contact Carlile-Niobrara is unconformable. Thus the Coniacian and earliest Santonian are not represented in this 

diagram. Similarly, the latest Santonian is also missing by unconformity (Niobrara-Milk River contact). 
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5.1.1.1 The transgressive phase of the Greenhorn Cycle 

The transgression of the Greenhorn Sea during the early-middle Turonian represents the 

maximum excursion of the Western Interior Seaway in the Cretaceous (Caldwell et al., 

1993; Kauffman and Caldwell, 1993). During this time, Tethyan waters from the south 

flooded the whole basin and reached what is known today as the Interior Plains of Canada 

(North and Caldwell, 1975; Caldwell et al., 1978; Lang and McGugan, 1988). These 

extensive warm waters favored the deposition of thick calcareous beds referred as the 

Greenhorn Formation in the United States, Favel Formation in the Manitoba Escarpment 

and the Second White Specks (SWS) Formation in the plains of Saskatchewan and 

Alberta.  

The calcareous character of the SWS Formation increases eastward from mudstone-

dominated in well 12-19-013-28W3 to marlstone-dominated at well 11-36-022-01W2. 

Parallel lamination and ripples are common in the west. The degree of bioturbation is 

relatively low throughout the study area except at well 16-04-021-25W2, from 492.80 to 

491.80 m depth, where is moderate to high (Figure 4.2C). These changes in sedimentary 

structures and biologic activity are associated with relatively high energy levels and 

higher siliciclastic supply reigning in the west compared to lower energy levels and 

calcareous deposition in the east. 

The SWS Formation contains only planktic foraminifera and falls under the 

Muricohedbergella loetterlei Zone of Caldwell et al. (1978) (Figure 5.1, 5.2 and 5.3). The 

upper part of this zone is represented by the Whiteinella aprica Subzone which is 

dominated by the species Planoheterohelix globulosa and some species of the genus 

Muricohedbergella. The content of the former is high in the west and decreases 
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considerably eastward (Figure 5.4). Similarly, the proportion of the genus 

Muricohedbergella increases from west to east. The sub-zonal marker species Whiteinella 

aprica is absent at well 12-19-013-28W3, rarely present at 16-04-021-25W2 and common 

at 11-36-022-01W2 (Figure 5.4).    

 

Figure 5.4. Proportion (total counts) of planktic foraminifera within the Second White Specks 

Formation at 12-19-013-28W3, 11-36-022-01W2, and 16-04-021-25W2 wells. The amount of 

Planoheterohelix globulosa decreases considerably eastward as the amount of Muricohedbergellids 

and Whiteinella aprica increases 

Inoceramid bivalves, fish remains, and coccoliths are common and abundant throughout 

the upper SWS Formation. Inoceramid bivalves dominated the bottom waters in the 

CWIB during the upper SWS deposition as benthic foraminifera have not been recovered 

from this interval in Alberta (Wall, 1967; Elberdak, 2004), southern Saskatchewan (Bloch 

et al., 1999; this study) and Manitoba (McNeil and Caldwell, 1981). Other benthic 

organisms must have lived beneath the sediment-water interface as evidence by the 

presence of burrows in some intervals. However, it is unknown which organisms could 

have been caused such traces.  

The dominance of the species P. globulosa in the SWS Formation indicates an 

environment in near-surface waters under stressed paleoecological conditions (Leckie, 
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1987). As temperature and salinity increase in central and eastern Saskatchewan, marine 

conditions became ideal for Muricohedbergellids and Whiteinella aprica to thrive (Figure 

5.5).

 

Figure 5.5. Paleogeography of the WIS during the early-middle Turonian (Blakey, 2014) and 

schematic distribution of foraminifera from the Muricohedbergella loetterlei Zone in southern 

Saskatchewan. A) Well Nexen Hatton (12-19-013-28W3); B) well Imperial Findlater (16-04-021-

25W2); C) well SWP Bredenbury (11-36-022-01W2). Dysoxic conditions on the seafloor were caused 

by water stratification. Paleolatitudes are from Varban and Plint (2008), after Irving et al. (1993). 
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Stressed surface water paleoecological conditions during the SWS deposition in 

southwestern Saskatchewan are also supported by a significant decrease in the 

foraminiferal tests size. At well 12-19-013-28W3 foraminiferal tests range in diameter 

from 0.20 to 0.25 mm whereas at wells 16-04-021-25W2 and 11-36-022-01W2 these 

values increase to 0.35 mm in average. Large size planktic foraminiferal species such as 

Whiteinella aprica and Muricohedbergella portsdownensis are more common in 

southeastern Saskatchewan and can reach diameter values of 0.70 mm. One of the most 

important factors controlling planktic foraminiferal size is the sea surface temperature 

(Schmidt et al., 2004). Therefore these variations in size from west to east can be the 

result of the influence of warm Tethyan waters in the eastern portion of the basin mainly. 

Some inoceramid bivalves are well known for their tolerance to low-oxygen waters 

(Sageman, 1989) due probably to a symbiotic relationship with anaerobic bacteria 

(Henderson, 2004). Their abundance, along with the absence of benthic taxa indicates 

predominantly dysoxic bottoms in a stratified water column. 

The low δ13C values (between -26.5 and -25.5‰), low δ15N (less than 0‰) and the Type 

III kerogen reported by (Taylor, 2011) in samples from the SWS Formation at well 12-

19-013-28W3 indicate a marine depositional environment with a mix of marine and 

terrestrial organic matter input. At 16-04-021-25W2 and 11-36-022-01W2, the δ15N 

values are also less than 0%, but, the δ13C values range from -27 to -28% and the kerogen 

reported by Bloch et al. (1999) is type II. These values indicate that the organic matter 

from the SWS Formation in this area is sourced from marine environments.  

The sedimentological and paleontological evidence indicate that dysoxic water conditions 

prevailed in the bottom of the ocean at the time of deposition of the SWS. This has also 
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been interpreted by Eicher and Worstell (1970), Hay et al. (1993) and Schröder-Adams et 

al. (1996) during the early-middle Turonian in the WIB. These anoxic conditions are the 

result of a dense body of water generated by the convergence of southern and northern 

water masses within the central part of the WIS during the Cenomanian-Turonian (Hay et 

al., 1993). These oxygen-depleted bottom waters were gradually pushed northward into 

Canada during the Greenhorn transgression (Hay et al., 1993; Schröder-Adams et al., 

1996). In the study area, these anoxic sea floor conditions are supported by the absence of 

benthic foraminifera, relatively low bioturbation activity, a high number of low-oxygen 

tolerant inoceramids, and high content of organic matter within the SWS Formation. 

Similar patterns have been reported for the same stratigraphic interval in different 

localities across the CWIB (e.g. McNeil and Caldwell, 1981; Wall, 1967; Bloch et al., 

1999; Elberdak, 2004).  

5.1.1.2 The regressive phase of the Greenhorn Cycle 

The regressive phase of the Greenhorn Cycle took place during the middle Turonian-early 

Coniacian. Under these conditions the Carlile Formation was deposited in the plains of 

Saskatchewan and southeastern Alberta (Nielsen et al., 2003; this study). This unit 

sharply contrasts in lithology, geochemistry and foraminiferal assemblages with the 

underlying SWS Formation (Figures 5.1, 5.2 and 5.3). These changes are the result of a 

drop in eustatic sea level, higher input of siliciclastic sediments in the west and the 

influence of basement structures in south-central Saskatchewan.  

Lithologically the Carlile Formation is subdivided into a non-calcareous interval at the 

base and a slightly calcareous interval at the top. The non-calcareous interval represents 

the increase of siliciclastic deposition during the period of maximum regression. During 
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this time, mudstones to very fine-grained sandstones were deposited in southwestern 

Saskatchewan (lower and middle Carlile subunits) whereas platy, carbonaceous 

mudstones were deposited in the east (Morden Member). The upper part of the Carlile 

Formation is represented by slightly- to non-calcareous mudstones interlaminations with 

abundant coccoliths (upper Carlile subunit and Boyne members).  

The patterns of sedimentation and thickness of the Carlile Formation were likely 

controlled by the uplift of an arch in south-central Saskatchewan. In this area most of the 

Carlile Formation is missing due to non-deposition or erosion. In southeastern 

Saskatchewan, on the other hand, the Morden Member was deposited in a semi-restricted 

area as evidenced by the high carbonaceous content, low sedimentation rates and low 

content of coarse-grained siliciclastic sediments. Deposition of the calcareous upper 

Carlile subunit in the west and the equivalent Boyne Member in the east was more likely 

the result of the onset of the Niobrara Cycle in this area (Figure 5.6).   

Foraminiferal assemblages from the Carlile Formation are represented by the 

Pseudoclavulina sp. Zone and the lower part of the Trochammina sp. Zone (Gavelinella 

kansasensis Subzone). At well 12-19-013-28W3 the Pseudoclavulina sp. Zone is 

composed entirely of agglutinated foraminifera (predominantly Haplophragmoides, 

Reophax, Ammobaculites and Trochammina) (Figures 4.20 and 5.1). On the other hand, 

the Morden Member, the stratigraphic equivalent at wells 16-04-021-25W2 and 11-36-

022-01W2 is completely barren of foraminifera. This paleontological change is likely the 

result of increased siliciclastic input from the west and basin restriction in the east. 

Increased siliciclastic input provided nutrients to foster primary production favoring 

oligotrophic conditions; this is evidenced by the dominance of epifaunal and shallow 
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infaunal foraminifera. The basement uplift in central Saskatchewan acted as a barrier for 

ocean circulation, and created different oceanographic conditions east and west; being the 

east basin an inhospitable environment for benthic and planktic foraminifera to subsist. 

 

Figure 5.6. Paleogeography of the WIS during the late Turonian-early Coniacian (Blakey, 2014) and 

schematic distribution of foraminifera from the Gavelinella kansasensis Subzone in southern 

Saskatchewan. A) Well Nexen Hatton (12-19-013-28W3); B) well Imperial Findlater (16-04-021-

25W2); C) well SWP Bredenbury (11-36-022-01W2). Paleolatitudes are from Varban and Plint 

(2008), after Irving et al. (1993). 
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The Gavelinella kansasensis Subzone (Trochammina sp. Zone) in the upper part of the 

Carlile Formation differs east and west. In the west, the zone contains a mix of 

agglutinated, calcareous benthic and planktic foraminifera (Figure 5.1). In the east, on the 

contrary, the zone contains low abundance and low diversity of foraminifera and is 

dominated by calcareous benthic species (Figures 4.21 and 5.3). The increase in 

foraminiferal diversity and abundances in the upper part of the Carlile Formation clearly 

reflects improved marine conditions, most likely associated with the onset of the Niobrara 

Cycle in the central part of the CWIB. 

The low diversity of foraminifera in the Gavelinella kansasensis Subzone, together with 

the presence of the opportunistic species Planoheterohelix globulosa and the low-oxygen 

tolerant Neobulimina albertensis suggest stressed environmental conditions, most likely 

dysoxic bottom waters. Stressful conditions of dysoxia seemed to have prevailed along 

the basin. West of the study area, Elberdak (2004) have reported a similar fauna 

dominated by Neobulimina albertensis, although with a higher number of agglutinated 

taxa. Further west, in the Alberta foothills, the foraminiferal assemblage is entirely 

agglutinated (Wall, 1967) and contains the same fauna that was recovered from the 

Pseudoclavulina sp. Zone in the study area.  

The contact between the Second White Specks and Carlile formations in the study area is 

marked by a decrease in the organic matter content and a change in kerogen from Type II 

to Type III (Bloch et al., 1999). The lowermost part of the Carlile Formation in both 

southwestern and southeastern Saskatchewan contains a mix of terrestrial and marine-

derived organic matter as indicated by the light δ13C values (between -28 and -28.75%). 
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In southwestern Saskatchewan, these values increase upwards within the upper Carlile 

subunit, which also indicates a major increase in input of terrigenous sediments.  

The upper Carlile-Boyne Member has relatively low TOC and δ13C values and type II 

kerogen. These characteristics indicate a change from terrestrially derived to marine 

derived organic matter (Taylor, 2011; Bloch et al., 1999). The decrease of δ15N values in 

this interval is hard to explain, although it could be associated with a removal of nitrogen 

relative to carbon during diagenesis (Ohkouchi et al., 2015).  

The presence of slightly calcareous mudstones with coccoliths, and benthic and planktic 

foraminifera within the upper Carlile unit (southwestern Saskatchewan) and Boyne 

Member (southeastern Saskatchewan) indicates a rise of the sea level during the late 

Turonian-early Coniacian (Figure 5.6). As mentioned before, this sea level rise may 

represent the initial transgression of the Niobrara Cycle in the CWIB. Similar lithologies, 

thickness and foraminiferal assemblages (Gavelinella kansasensis Subzone) of the 

uppermost Carlile in both southwestern and southeastern Saskatchewan suggest that sea 

level fluctuations were controlled mainly by dynamic subsidence rather than eustatic 

changes. The sediments that were uniformly deposited throughout the basin may have 

been subsequently eroded throughout the Coniacian-early Santonian. 

In summary, the latest Turonian-early Coniacian in the CWIB was characterized by near 

shore deposition (Cardium Formation, Stott, 1963; Shank and Plint, 2013) in the 

westernmost part of the basin and distal marine deposition (Carlile Formation) in the 

eastern part, what is now southeastern Alberta and southern Saskatchewan. A basement 

uplift controlled ocean circulation at times of regression and was more likely underwater 

during the transgression at the end of the Greenhorn Cycle. It is still unclear if this arch 
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influenced sediment deposition during the early Coniacian. Nielsen et al. (2008) 

suggested that the Bowdoin Sandstone reported by Gilboy (1993) in southwestern 

Saskatchewan could have been deposited as a result of significant erosion of the lower 

Carlile Formation in south-central Saskatchewan. However, taking into account the 

muddy composition of the Carlile Formation in this area, it is unlikely that the Bowdoin 

Sandstones were supplied from the east.   

5.1.1.3 The transgressive phase of the Niobrara Cycle 

Govenlock Member 

The Govenlock Member (equivalent to the Verger Member of Nielsen et al., 2003) 

represents the early stages of the Niobrara transgressive cycle in the plains of 

Southwestern Saskatchewan (this study) and southeastern Alberta (Nielsen et al., 2003). 

The base of this unit in both localities is marked by the presence of a three to four-meter 

interval composed of more than twenty bentonite beds interbedded with non-calcareous 

mudstones (Figure 4.22). Bentonite beds range in thickness from 0.5 to 18 cm and are 

commonly bioturbated. Nielsen et al. (2003) also reported the presence of bentonite beds 

at the base of the Verger Member in northern Montana, although they are distributed 

within a 50 m shale interval.  

As mentioned in Section 4.2, the lowermost part of the Govenlock Member is devoid of 

foraminifera except for a few specimens of Marsonella oxycona, unidentified species of 

the genus Haplophragmoides and one individual of Reophax deckeri found at the base of 

the bentonitic interval (Figure 4.22). The lack of foraminifera within this interval was also 

reported by Elberdak (2004) and Nielsen et al. (2008) in the plains of southeastern 
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Alberta. The disappearance of foraminifera at the base of the Govenlock Member 

coincides with the first appearance of radiolarians, at least in southwestern Saskatchewan. 

At wells 14-26-015-27W3 and 05-08-018-28W3, nine species of radiolarians were 

recovered from different samples within the bentonitic interval. This finding constitutes 

the first record of the occurrence of radiolarians during the Coniacian in the CWIB. 

The radiolarian assemblage at the base of the Niobrara Formation is dominated by the 

species Diacanthocapsa sp. aff. cayeuxi, Dictyomitra multicostata, and 

Archaeocenosphaera sp (Figure 4.22). It is worth noting that the radiolarian shells are 

well preserved with little or no evidence of substantial reworking (Appendix B). The non-

calcareous mudstones from where these siliceous microfossils were recovered are 

massive with inconspicuous fish scales.  

The presence of radiolarians and absence of foraminifera in this interval is probably a 

consequence of paleoenvironmental changes at the beginning of the Niobrara cycle and/or 

enhanced preservation of radiolarians during and after deposition. The sea level rise 

during the early-middle Coniacian was accompanied by volcanic activity from the Idaho, 

Montana and southern Arizona magmatic systems located in the Cordilleran region 

(Christiansen et al., 1994). Evidence of volcanism in that area had been previously 

documented by McGookey et al. (1972) and Gill and Cobban (1973). The marine 

conditions in the western portion of the CWIB must have been deep and quiet enough to 

preserve the volcanic ash fall suspended in the water column (Christiansen et al., 1994).  

The fact that radiolarians were recovered only from a stratigraphic interval dominated by 

bentonites could indicate that enhanced preservation of these siliceous microfossils was 

caused by the increased volcanic supplies (e.g. silica) into the basin (De Wever et al., 
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2002; Pugh et al. 2014). It is still unclear if this preservation was an effect of the 

physicochemical conditions of the seawater or diagenetic processes. Further 

micropaleontological analysis is underway to evaluate changes in radiolarians and 

diatoms diversity and abundance throughout this interval.  Foraminifera, on the other 

hand, were probably more susceptible than radiolarians to the disturbed marine conditions 

resulting after the ash-fall. Also, the high influx of volcanic ash into the basin could have 

caused sea water acidification and thus increased rates of carbonate dissolution. The 

negative effects of volcanic ash on the distribution and diversity of foraminifera have 

been previously reported in modern (Hess and Kuhnt, 1996) and ancient (Galeotti et al., 

2002) analogues.  

After the volcanic event both benthic and planktic foraminiferal species of the Marsonella 

oxycona Subzone gradually recolonized the seaway as observed in this study and 

southeastern Alberta (Elberdak, 2004). This subzone contains similar species to those 

recovered from the Gavelinella kansasensis Subzone, but with a gradual increase of 

calcareous-cemented agglutinated species (e.g. Marsonella oxycona, Dorothia bulleta and 

Spiroplectinella sp.). The δ15N and δ13C values within the Govenlock Member are also 

very similar to those from the upper Carlile subunit (Figure 5.1). Similarities in 

foraminifera assemblages and isotopic data in these two intervals indicate that the dysoxic 

and stressed conditions that took place at the end of the Greenhorn Cycle prevailed within 

the earliest stage of the Niobrara transgressive Cycle. 

The upper part of the Govenlock Member is characterized by the presence of the 

Bullopora laevis microfauna. This zone contains a highly diverse assemblage composed 

mainly of calcareous benthic foraminifera and minor occurrences of agglutinated and 
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planktic species (Figure 5.1). This foraminiferal assemblage is dominated by the low-

oxygen tolerant benthic species Neobulimina sp. and Neobulimina albertensis.  

The upper part of the Govenlock Member is also characterized by the presence of 

conspicuous glauconitic lenses, increased bioturbation and low TOC values. This interval 

probably correlates with the lowstand deposits reported by Nielsen et al. (2003; 2008) at 

the top of the Verger Member in southeastern Alberta and northern Montana, although, 

the pebble lags reported by them were not observed at wells 12-19-013-28W3 and 14-26-

015-27W3. The foraminiferal, geochemical and sedimentological evidence from the 

upper Govenlock Member suggest that oxygenation of the sea bottom, together with high 

nutrients supply resulted in an increase in shallow infaunal and epifaunal foraminifera in 

the west. Both the Marsonella oxycona and Bullopora laevis zones are absent in the east 

as a result of a basement uplift in that area.   

Medicine Hat and equivalent Calcareous Shale Member 

The Medicine Hat Member in southern Saskatchewan changes laterally from siltstones 

and sandstones in the west to calcareous mudstones in the east (Calcareous Shale 

Member). Bed forms and grain size observed at well 12-19-013-28W3 indicate the 

presence of relatively strong bottom currents and bed load transport. The coarsening 

upward trend of the Medicine Hat Member indicates an increase in sedimentation rates 

and progradation of medium-grained sandstones from west to east. Beds of the 

Calcareous Shale Member in south-central and southeastern Saskatchewan, on the other 

hand, were deposited in a distal setting far away from the sediment source.  
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The foraminiferal assemblage recovered from the Medicine Hat and equivalent 

Calcareous Shale Member of the Niobrara Formation is represented by the Gavelinella 

henbesti Zone. This biozone is dominated by calcareous benthic foraminifera in the basal 

part and agglutinated foraminifera in the upper part with sporadic planktic species 

throughout especially in south-central Saskatchewan. The high number of agglutinated 

species in the west is possibly the result of high sedimentation rates that provided enough 

siliciclastic materials and limited carbonate production. The gradual increase of planktic 

species in south-central Saskatchewan is indicative of Tethyan derived waters flooding 

the central part of the CWIB during the Santonian. The presence of the Gavelinella 

henbesti Zone in south-central Saskatchewan also suggests that basement structures had 

little or no influence in sedimentation during the early-middle Santonian.  

The sea level rise that took place during the Medicine Hat deposition was probably 

caused by dynamic subsidence of the entire foreland basin which created the 

accommodation space for these sediments to be deposited. This sea level rise was 

somehow similar to the one that took place during the early Coniacian (Boyne 

deposition), although the presence of the planktic species Muricohedbergella delrioensis, 

M. planispira, and Laeviheterohelix pulchra indicate more open marine conditions and 

warmer Tethyan derived waters. The absence of planktic foraminifera in almost the entire 

Gavelinella henbesti Zone at well 11-36-022-01W2 is interpreted as indicative of shallow 

marine conditions in southeastern Saskatchewan.   

The organic matter of the Medicine Hat Member changes from terrestrially derived in 

southeastern Alberta (Nielsen et al., 2008) to marine derived in southeastern 

Saskatchewan (Bloch et al., 1999). At well 12-19-013-28W3, the TOC values are low 
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(between 1.26% and 4.27%) probably as a result of low productivity and/or degradation 

of the organic matter by reoxygenation of the sea bottom. The δ13C values (-27‰ in 

average) in the three cores also indicates these units contains mainly marine-derived 

organic matter.  

The foraminiferal and lithological composition observed throughout the Medicine Hat 

Member in the west support the paleoenvironmental reconstruction proposed by Nielsen 

(2002) and Nielsen et al. (2008) in which deposition of this unit took place in a sandy 

offshore and shelf environment influenced by the Bow Island Arch located in the west. 

The foraminiferal assemblages recognized in this unit indicate that the sea level drop (at 

the top of the Govenlock Member) was followed by a marine transgression that brought 

Tethyan-derived planktic foraminifera into the basin. This planktic fauna disappeared in 

the middle and upper part of the Medicine Hat in southwestern Saskatchewan probably as 

a result of water turbidity caused by the increased sediment input from the west 

(Schröder-Adams et al., 1998). 

First White Specks Member 

The First White Specks Member (FWS) was deposited during the latest stage of the 

transgressive Niobrara Cycle, and is regarded as one of the highest sea level periods 

during the Upper Cretaceous in the Western Interior Basin (McNeil and Caldwell, 1981; 

Kauffman and Caldwell, 1993). In the CWIB this unit changes laterally from siliciclastic-

dominated facies in Alberta and southwestern Saskatchewan (Nielsen et al., 2003; this 

study) to predominantly calcareous facies in southeastern Saskatchewan and Manitoba 

(McNeil and Caldwell, 1981; this study). This lateral change is linked to the 
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paleogeography of the basin and ocean circulation changes that took place during 

Coniacian-Santonian times (Caldwell et al., 1993; McNeil and Caldwell, 1981). 

In southwestern Saskatchewan, the FWS Member consists of a fine-grained, slightly 

calcareous unit with minor occurrences of fine-grained sandstones (Figure 4.12; page 59). 

The middle part of this unit contains coarse-grained sand lenses, asymmetrical ripple 

cross-lamination, symmetrical ripple cross-lamination, and scoured surfaces with a high 

degree of bioturbation. This interval resembles the Sweetgrass Member reported by 

Schröder-Adams et al. (1997) on the western flank of the Sweetgrass Arch. If the sandy 

interval observed in the study area is a stratigraphic equivalent of the Sweetgrass 

Member, then it can be concluded that the Sweetgrass Arch influenced the deposition of 

the FWS not only in its western flank, but also in the east. In south-central and 

southeastern Saskatchewan the FWS Member is composed of coccolithic marlstones and 

limestones with low to absent coarse-grained siliciclastic content (Figure 4.11; page 58). 

Most of this unit was removed by erosion in this area, and only 4 and 2 meters intervals 

are preserved in core at wells 16-04-021-25W2 and 11-36-022-01W2, respectively.  

The foreland basin configuration during the Santonian was probably similar than that of 

the previous stages, but with little or none influence of basement structures, at least in 

central Saskatchewan. The unconformity in the upper part of the FWS Member in south-

central and southeastern Saskatchewan indicates that the arch must have been reactivated 

during the latest Santonian-earliest Campanian. 

In the west, the “Heterohelix cf. reussi” Zone changes upward from a mixture of 

agglutinated, calcareous benthic and planktic foraminifera at the base to a foraminiferal 

assemblage dominated by planktic and calcareous benthic species at the top. The lower 
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part of this interval is dominated by the planktic species Muricohedbergella delrioensis 

and Planoheterohelix globulosa with minor occurrences of unidentified species of 

Haplophragmoides and Trochammina. Although the number of individuals recovered 

from this section is low, the increase of planktic species relative to the benthic-dominated 

Gavelinella henbesti Zone suggests a relatively rapid rise of the sea level after the 

Medicine Hat deposition (Figure 5.7).  

The coarse-grained interval in the middle part of the FWS Member is devoid of 

foraminifera and thus could be suggesting that the high energy of sediment transportation 

created inhospitable conditions for foraminifera to survive. 

In south-central Saskatchewan, the foraminiferal fauna is more abundant and diverse 

compared with the west. The “Heterohelix cf. reussi” Zone in this area is dominated by 

species of the genus Muricohedbergella with minor occurrences of Planoheterohelix 

globulosa, Laeviheterohelix pulchra, Planoheterohelix postmoremani, 

Macroglobigerinelloides prairiehillensis and Praegublerina cf. P. robusta. This 

foraminiferal assemblage together with the high content of coccoliths clearly indicates 

that deposition of the FWS Member in this area took place in an open marine setting 

influenced by warm Tethyan waters. The low amount of benthic foraminifera and the 

large number of inoceramid shells indicate that bottom waters contained low dissolved 

oxygen. However, the presence of Gavelinellids, which are intolerant to low oxygen 

levels indicates that bottom waters were reoxygenated probably by storms 
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Figure 5.7. Paleogeography of the WIS during the late Santonian (middle Coniacian for Blakey, 2014) 

and schematic distribution of foraminifera from the “Heterohelix cf. reussi” Zone in southern 

Saskatchewan. A) Well Nexen Hatton (12-19-013-28W3); B) well Imperial Findlater (16-04-021-

25W2); C) well SWP Bredenbury (11-36-022-01W2). Paleolatitudes are from Varban and Plint 

(2008), after Irving et al. (1993).  

 

In the east, the “Heterohelix cf. reussi” Zone yields a scarce fauna of solely planktic 

foraminifera from the genus Muricohedbergella. The paucity of data from this interval 
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(only one sample analyzed) prevents a firm interpretation of this unit. However the high 

amount of coccoliths and inoceramid shells indicate similar dysoxic conditions to those 

that occurred in south-central Saskatchewan. High TOC values in both the Calcareous 

Shale and the First White Specks members (Bloch et al., 1999) also suggest these units 

were deposited under low-oxygen bottom water conditions.  

The “Heterohelix cf. reussi” foraminiferal fauna in the Manitoba Escarpment is 

significantly more diverse than its counterparts in the plains of Saskatchewan and Alberta 

(McNeil and Caldwell, 1981). The reduction of Tethyan-derived fauna from east to west 

indicates a counterclockwise ocean circulation pattern similar to the one proposed by 

Slingerland et al. (1996) for the Turonian. In this regard, the low diversity of planktic 

foraminifera in the plains of Alberta and Saskatchewan could be indicating a dominance 

of colder Boreally-derived watermasses in this area (Schröder-Adams, 2014). 

The unconformity between the top of the Niobrara Formation and the base of the Milk 

River Formation in south-central and southeastern Saskatchewan shows renewed tectonic 

activity related either to local flexural subsidence or regional dynamic subsidence. This 

tectonic activity caused a high influx of terrigenous sediments from the west as evidence 

by the non-calcareous siltstones and sandstones deposits of the Milk River Formation. 

This interval contains only agglutinated foraminifera (Trochammina ribstonensis Zone) 

which indicates a high influence of cold waters derived from the Boreal Sea. 
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CHAPTER 6. CONCLUSIONS 

The work presented in this thesis provides a new litho- and biostratigraphic framework of 

the Upper Cretaceous Carlile and Niobrara formations in southern Saskatchewan. 

Microfossils, especially foraminifera, were used to reconstruct paleoenvironments and 

investigate the lateral variation of upper Colorado units from west to east.  

The following conclusions have been reached in this work:  

1) The Carlile Formation in southwestern Saskatchewan is subdivided into three informal 

subunits whereas the Niobrara Formation is subdivided into the Govenlock, Medicine 

Hat, and First White Specks members, in ascending order. In southeastern Saskatchewan, 

the Morden Member is a condensed stratigraphic equivalent of the lower and middle 

Carlile subunits of southwestern Saskatchewan whereas the slightly calcareous Boyne 

Member is a stratigraphic equivalent of the upper Carlile subunit. The Niobrara 

Formation in south-central and southeastern Saskatchewan is subdivided into the lower 

Calcareous Shale Member and the upper First White Specks Member which is capped by 

a regional unconformity.  

2) Five foraminiferal zones and two subzones were recognized in the Carlile and Niobrara 

formations. The lower and middle Carlile subunits in the west are represented by the 

Pseudoclavulina sp. Zone whereas the stratigraphic equivalent in the east is barren of 

foraminifera. The Trochammina sp. Zone is subdivided into the lower Gavelinella 

kansasensis Subzone which corresponds to the upper Carlile subunit and the equivalent 

Boyne Member, and the upper Marsonella oxycona Subzone which represents the lower 

part of the Govenlock Member. The upper Govenlock, Medicine Hat and First White 

Specks members are represented by the Bullopora laevis, Gavelinella henbesti and 



 

130 

 

 
“Heterohelix cf. reussi” zones, respectively.  The Whiteinella aprica Subzone 

(Muricohedbergella loetterlei Zone) in the upper part of the SWS Formation and the 

lowermost part of the Trochammina ribstonensis Zone at the base of the Milk River 

Formation were also identified. 

3) The Morden Member and the lowermost part of Carlile subunit are devoid of 

foraminifera. The absence of foraminifera from these units have been previously reported 

in stratigraphic equivalents from the provinces of Alberta and Manitoba which indicates a 

regional change in the paleoenvironmental conditions 

4) The Morden Member in southeastern Saskatchewan is a stratigraphic equivalent of the 

lower and middle Carlile subunits of southwestern Saskatchewan. In south-central 

Saskatchewan, the Morden Member is bounded by unconformities as a result of an arch 

uplift. 

5) The lower Carlile subunit in southwestern Saskatchewan and the equivalent Morden 

Member in the east were deposited during a regressive phase following the maximum 

transgression of the Greenhorn Cycle. This regression is marked by the disappearance of 

planktic foraminifera and the change of kerogen type from marine to terrestrial-derived. 

6) Deposition of the slightly calcareous upper Carlile subunit and the Boyne Member in 

southwestern and southeastern Saskatchewan respectively occurred during a short 

transgressive pulse during initial phase of the Niobrara Cycle. This transgressive stage is 

recognized mainly in southern Saskatchewan where the input of terrigenous sediments 

was limited. 
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7) The beginning of the Niobrara Cycle in southwestern Saskatchewan was characterized 

by intense volcanic activity and the disappearance foraminifera.  

8) The disappearance of foraminifera at the base of the Govenlock Member coincides 

with the first appearance of radiolarians, at least in southwestern Saskatchewan. The 

presence of radiolarians and absence of foraminifera in this interval is probably a 

consequence of paleoenvironmental changes at the beginning of the Niobrara cycle and/or 

enhanced preservation of radiolarians during and after deposition.  

9) After the volcanic event, foraminiferal fauna from the Marsonella oxycona Subzone 

(Trochammina sp. Zone) gradually re-colonized the sea bottom. This assemblage contains 

similar foraminiferal species than those recovered from the Gavelinella kansasensis 

Subzone, but with a gradual increase of calcareous-cemented agglutinated species (e.g. 

Marsonella oxycona, Dorothia bulleta and Spiroplectinella sp.). 

10) The upper part of the Govenlock Member is represented by the highly diverse 

Bullopora laevis Zone. The high diversity of benthic species and low TOC values indicate 

well oxygenated bottom waters probably caused by a higher influx of sediments from the 

west. 

11) The Marsonella oxycona Subzone and Bullopora laevis Zone are missing in south-

central and southeastern Saskatchewan due to non-deposition or erosion of the basal 

Niobrara Formation in that area. 

12) Beds of the Medicine Hat Member in southwestern Saskatchewan were deposited as a 

result of increased sedimentation rates in the west and the influence of the Sweetgrass 

Arch. In south-central and southeastern Saskatchewan, on the other hand, the siliciclastic 
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input was limited enabling the deposition of slightly calcareous mudstones of the 

Calcareous Shale Member. This unit is represented by the Gavelinella henbesti Zone 

which is dominated by agglutinated and calcareous benthic foraminifera. 

13) The First White Specks Member was deposited during the late Santonian when the 

Western Interior Seaway reached one of its maximum extensions.  

14) Experimental analysis of different methods to retrieve foraminifera indicate that the 

use of chemical solvents such as hydrogen peroxide negatively influences the recovery 

and preservation of these microfossils. It is here demonstrated that the use of hydrogen 

peroxide influences foraminiferal counts and lessen the tests preservation. The freeze-

thaw method adopted in this study, on the other hand, is not only effective breaking the 

rock apart and cleaning the foram and radiolarian tests, but is also easy to perform, safer 

compared to the chemical methods and of low-cost. 
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SYSTEMATIC DESCRIPTIONS 

The classification of Foraminifera in this thesis followed that of Loeblich and Tappan 

(1987). Some variations at family and genus level for agglutinated foraminifera were 

made following Kaminski (2004). Some calcareous benthic and planktic taxa were 

revised and names updated following up-to-date papers, theses and online databases. A 

full taxonomic description of each species is not undertaken in this study. However, 

additional observations and remarks are made to emended or new species. This annex, 

include taxonomic notes and references. 

 

Family RHABDAMMINIDAE Brady, 1884 

Subfamily Bathysiphoninae Avnimelech, 1952 

Genus Bathysiphon Sars, 1872 

Bathysiphon vitta Nauss, 1947 

Plate 1, figure 1 

1964 Bathysiphon vitta Nauss: North and Caldwell, p. 10-11, pl. I, fig. 1 

1967 Bathysiphon vitta Nauss: Wall, p. 38-39, pl. 7, figs. 4-7 

1981 Bathysiphon vitta Nauss: McNeil and Caldwell, p. 129-130, pl. 9, fig. 2 

 

Family SACCAMMINIDAE Brady, 1884 

Subfamily Saccammininae Brady, 1884 

Genus Saccammina Sars, 1869 

Saccammina alexanderi (Loeblich and Tappan), 1950 

Plate 1, figure 2 

1963 Saccammina alexanderi Loeblich and Tappan: Crespin, p. 20-21, pl. 1, figs. 10-12 

1970 Saccammina alexanderi Loeblich and Tappan: North and Caldwell, p. 14-15, pl. 1, 

fig. 6 
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1971 Lagenammina difflugiformis Brady: Mello, p. 36-37, pl. 4, fig. 10 

 

Saccammina lathrami Tappan, 1960 

Plate 1, figure 3 

1962 Saccammina lathrami Tappan: Tappan, p. 129, pl. 29, figs. 9-12 

1981 Saccammina cf. S. lathrami Tappan: McNeil and Caldwell, p. 134, pl. 9, fig. 10 

2005 Placentammina placenta Grzybowski: Kaminski and Gradstein, p. 136-138, pl. 11, 

figs. 1-6 

Remarks: Kaminski and Gradstein (2005) separated the genus Placentammina from 

Saccammina based on the very finely agglutinated wall in Placentammina. In this study 

we kept these organisms under Saccammina lathrami due to the low number and poor 

preservation of the specimens recovered that preclude the distinction between the two 

genera. 

 

Family AMMODISCIDAE Reuss, 1862 

Subfamily Ammodiscinae Reuss, 1862 

Genus Ammodiscus Reuss, 1862 

Ammodiscus sp. 

Plate 1, figure 4 

Description: Test rounded, planispirally coiled with up to five undivided chambers. Wall 

finely- to moderately agglutinate. 

Remarks: The few specimens recovered from the study area are poorly preserved, hence, 

classification at species level was not possible.  

 

Family REOPHACIDAE Cushman, 1927 

Genus Reophax de Montfort, 1808 

Reophax clavulina (Reuss), 1874 

Plate 1, figure 5 

 

1954 Reophax clavulina Reuss: Frizzell, p. 57, pl. 1, fig. 5 
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Reophax deckeri Tappan, 1940 

Plate 1, figure 6 

1954 Reophax deckeri Tappan: Frizzell, p. 57, pl. 1, figs 7a, b 

1963 Reophax deckeri Tappan: Crespin, p. 23, pl. 3, figs. 1-10 

2005 Reophax subfusiformis Earland: Kaminski and Gradstein, p. 275-276, pl. 54, figs. 1-

8 

 

Reophax pepperensis Loeblich, 1946 

Plate 1, figure 7 

1962 Reophax pepperensis Loeblich: Tappan, p. 133, pl. 30, fig. 14 

1987 Reophax pepperensis Loeblich: Lang and McGugan, pl. 2, figs. e, f 

2007 Reophax pepperensis Loeblich: Tyagi et al., fig. 7, no. 10  

 

Reophax texanus Cushman and Waters, 1927 

Plate 1, figure 8 

1946 Reophax texanus Cushman and Waters: Cushman, p. 16, pl. 1, figs. 18-20 

1954 Reophax texana Cushman and Waters: Frizzell, p. 58, pl. 1, fig. 13 

1981 Reophax texanus Cushman and Waters: McNeil and Caldwell, p. 138-139, pl. 9, fig. 

21 

 

Reophax troyeri Tappan, 1960 

Plate 1, figure 9 

1981 Reophax troyeri Tappan: McNeil and Caldwell, p. 139-141, pl. 10, figs. 1,2 

 

Reophax cf. R. globosus Slitter, 1968 

Plate 1, figure 10 

Remarks: Only one specimen of Reophax cf. R. globosus was recovered from the samples 

analyzed. This specimen differs from R. globosus in having a very slight increase in 

chamber size and more arcuate test. Sutures are obscured by foreign material, so the 

orientation of the test was difficult to observe.  
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Reophax cf. R. incompta Loeblich and Tappan, 1946 

Plate 1, figure 11 

Remarks: The few specimens recovered are broken, hence classification at species level is 

challenging. They resemble R. incompta in the gradual increase in chamber size as added 

and the cuneate appearance of the test.   

 

Reophax sp. 

Plate 1, figure 12 

Description: Test elongate, uniserial with chambers gradually increasing in size. Test 

comprised of 5 to 7 sub-globular, flattened chambers that seems to overlap one each 

other. The last chamber is always broken, so the aperture was not observed. Test wall is 

medium to finely agglutinate.  

Remarks: It differs from R. clavulina in having flattened, overlapping chambers and finer 

agglutinated particles.  

 

Family RZEHAKINIDAE Cushman, 1933 

Subfamily Rzehakininae Cushman, 1933 

Genus Psamminopelta Tappan, 1957 

Psamminopelta bowsheri Tappan, 1957 

Plate 1, figure 13 

1962 Psamminopelta bowsheri Tappan: Tappan, p. 157, pl. 37, figs. 11-22 

1975 Psamminopelta bowsheri Tappan: North and Caldwell, pl. 1, figs. 10-11 

1981 Psamminopelta bowsheri Tappan: McNeil and Caldwell, p. 144-145, pl. 10, fig. 17 

 

Family HAPLOPHRAGMOIDIDAE Maync, 1952 

Genus Haplophragmoides Cushman, 1910 

Haplophragmoides calcula Cushman and Waters, 1927 

Plate 1, figure 14 

1970 Haplophragmoides calcula Cushman and Waters: North and Caldwell, p. 17-18, pl. 

1, figs. 9a, b 
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1975 Haplophragmoides calcula Cushman and Waters: North and Caldwell, pl. 6, figs. 

13a, b 

1981 Haplophragmoides calcula Cushman and Waters: McNeil and Caldwell, p. 146-

147, pl. 11, figs. 1a, b 

 

Haplophragmoides collyra Nauss, 1947 

Plate 1, figure 15 

1960 Haplophragmoides collyra Nauss: Wall, p. 16-17, pl. 3, figs. 16-19 

1967 Haplophragmoides collyra Nauss: Eicher, p. 180-181, pl. 17, figs. 7, 9 

1975 Haplophragmoides collyra Nauss: North and Caldwell, pl. 1, figs. 18a, b 

 

Haplophragmoides gilberti Eicher, 1965 

Plate 1, figure 16 

1965 Haplophragmoides gilberti Eicher, p. 894-895, pl. 103, figs. 11, 13, 14 

1967 Haplophragmoides gilberti Eicher: Eicher, pl. 17, fig. 2 

Remarks: All specimens recovered from the upper Carlile subunit are more flattened than 

the ones reported by Eicher (1965) from the Graneros Shale in United States. 

 

Haplophragmoides howardense Stelck and Wall, 1954 

Plate 1, figure 17 

1954 Haplophragmoides howardense Stelck and Wall, p. 25-26, pl. 1, fig. 20; pl. 2, figs. 

5, 6 

1967 Haplophragmoides howardense Stelck and Wall: Wall, p. 50-51, pl. 4, figs. 5-7; pl. 

5, figs. 6-9; pl. 10, figs. 16-17 

1999 Haplophragmoides howardense Stelck and Wall: Bloch et al., pl. 10, fig. 16 

Remarks: As noted by McNeil and Caldwell (1981) H. howardense differs from H. 

collyra in having more numerous chambers, slightly narrower and more evolute coil. 

 

Haplophragmoides kirki Wickenden, 1932 

Plate 1, figure 18 
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1968 Haplophragmoides kirki Wickenden: Sliter, p. 44, pl. 2, figs 2a, b 

1971 Haplophragmoides excavata forma kirki Cushman and Waters: Mello, p. 31-32, pl. 

4, fig. 2 

1975 Haplophragmoides kirki Wickenden: North and Caldwell, pl. 6, figs. 21a, b  

 

Haplophragmoides linki Nauss, 1947 

Plate 1, figure 19 

1971 Haplophragmoides linki Nauss: Morris, p. 267-268, pl. 2, fig. 11 

1975 Haplophragmoides linki Nauss: North and Caldwell, pl. 1, figs. 17a, b 

1981 Haplophragmoides linki Nauss: McNeil and Caldwell, p. 153, pl. 11, figs. 11a, b 

 

Family LITUOLIDAE de Blainville, 1927 

Subfamily Ammomarginiluninae Podobina, 1978 

Genus Ammobaculites Cushman, 1910 

Ammobaculites tyrelli Nauss, 1947 

Plate 1, figure 20 

1960 Ammobaculites tyrelli Nauss: Eicher, p. 64, pl.4, fig. 1 

1975 Ammobaculites tyrelli Nauss: North and Caldwell, pl. 2, figs. 8, 9 

1981 Ammobaculites tyrelli Nauss: McNeil and Caldwell, p. 159-160, pl. 12, figs. 9, 10 

 

Ammobaculites succinctus Crespin, 1963 

Plate 2, figure 1 

1963 Ammobaculites succinctus Crespin, p. 44-45, pl. 10, figs. 15-17 

 

Ammobaculites sp 1. 

Plate 2, figure 2 

Description: Test initially planispiral, later uniserial. The planispiral side is only visible 

when the specimen is submerged in water. The uniserial portion is rectilinear composed 

of seven rectangular to sub-globular chambers increasing gradually in size as added. 
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Chambers seem to be concave, although they could be collapsed. Wall agglutinated made 

up of medium-grained size quartz and some biotite. Aperture is not visible.  

Remarks: This species differs from other Ammobaculites analyzed in this study in its long 

size and small planispiral portion. 

 

Ammobaculites sp. 2. 

Plate 2, figure 3 

Description: Test initially planispiral, later uniserial. The planispiral side is only visible 

when the specimen is submerged in water. The uniserial portion is rectilinear composed 

of three to four chambers increasing gradually in size as added. The planispiral portion is 

involute and made up of five chambers in the last whorl. Wall coarsely agglutinated 

consisting mainly of quartz. The aperture is not visible.  

Remarks: This species differs from A. tyrelli in having a broader planispiral portion and 

bigger size. 

 

Family SPIROPLECTAMMINIDAE Cushman, 1927 

Subfamily Spiroplectammininae Cushman, 1927 

Genus Spiroplectinella Kiselman, 1972 

Spiroplectinella sp. 

Plate 2, figures 4a, b 

Description: Test initially planispiral (only noted in broken specimens), later biserial with 

chambers increasing rapidly in size as added. Wall coarsely agglutinated with high 

amount of calcareous cement. Aperture a low arch at the base of the apertural face. 

Remarks: Spiroplectinella sp. resembles the species Spirorutilus wrighti reported by 

Banner and Pereira (1981) in recent sediments of the Celtic Sea. However, as shown by 

Hottinger et al. (1990) the genus Spirorutilus differs from Spiroplectinella in its 

canaliculate wall. Therefore, this species is now accepted as Spiroplectinella wrighti 

(Silvestri).  

Similar specimens have been reported in the CWIB as Spiroplectammina semicomplanata 

(e.g. Wall, 1967; North and Caldwell, 1975; McNeil and Caldwell, 1981). However, the 

specimens recovered in this study do not match the taxonomic description of 

Spiroplectammina reported by Loeblich and Tappan (1987). The rapid increase in 

chambers size, small planispiral portion and high amount of calcareous cement are 

diagnostic features of the genus Spiroplectinella (Kaminski, pers. comm.).  
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Family PSEUDOBOLIVINIDAE Wiesner, 1931 

Genus Pseudobolivina Wiesner, 1931 

Pseudobolivina rollaensis (Stelck and Wall), 1954 

Plate 2, figures 5, 6 

1954 Textularia rollaensis Stelck and Wall, p. 30-31, pl. 1, fig. 16 

1967 Pseudobolivina rollaensis Stelck and Wall: Wall, p. 65-66, pl. 4, figs 20-23; pl. 7, 

figs. 21-23 

1975 Pseudobolivina rollaensis Stelck and Wall: North and Caldwell, pl. 4, figs. 3-4; pl. 

7, fig. 10  

Remarks: The classification of this species is hindered by the poor preservation of the test 

in the specimens recovered. In most specimens, the sutures are barely visible and the 

aperture is not preserved. Therefore, separating these individuals from Textularia is very 

challenging. The key feature to separate Pseudobolivina from Textularia is the twisted 

test and oblique sutures (where visible). Pseudobolivina rollaensis also has a trend to 

become uniserial in the adult stage, so normally last chamber is more elongated. 

 

Family TROCHAMMINIDAE Schwager, 1877 

Subfamily Trochammininae Schwager, 1877 

Genus Trochammina Parker and Jones, 1859 

Trochammina rainwateri Cushman and Applin, 1946 

Plate 2, figure 7 

1962 Trochammina rainwateri Cushman and Applin: Tappan, p. 153, pl. 39, figs. 7-12 

1975 Trochammina rainwateri Cushman and Applin: North and Caldwell, pl. 2, figs. 21-

23 

1981 Trochammina rainwateri Cushman and Applin: McNeil and Caldwell, p. 169-170, 

pl. 13, figs. 11-12 

 

Trochammina ribstonensis Wickenden, 1932 

Plate 2, figures 8a, b 

1962 Trochammina ribstonensis Wickenden: Tappan, p. 154-155, pl. 39, figs. 16-17 

1967 Trochammina ribstonensis Wickenden: Wall, p. 67-68, pl. 10, figs. 20-25 
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1981 Trochammina ribstonensis Wickenden: McNeil and Caldwell, p. 170-171, pl. 14, 

figs. 1a-c 

 

Trochammina wetteri Stelck and Wall, 1955 

Plate 2, figure 9 

1960 Trochammina wetteri Stelck and Wall: Wall, p. 27, pl. 5, figs. 1-6 

1967 Trochammina wetteri Stelck and Wall: Wall, p. 71-72, pl. 8, figs. 21-26; pl. 10, figs. 

7-9 

1981 Trochammina wetteri Stelck and Wall: McNeil and Caldwell 

 

Family EGGERELLIDAE Cushman, 1937 

Subfamily Dorothiinae Balakhmatova, 1972 

Genus Dorothia Plummer, 1931 

Dorothia bulletta (Carsey), 1926 

Plate 2, figure 10 

1948 Dorothia bulletta Carsey: Cushman, p. 136, pl. 8, fig. 10 

1987 Dorothia bulletta Carsey: Loeblich and Tappan, p. 169, pl. 187, figs. 8-12 

Remarks: D. bulleta differs from Marsonella oxycona in having parallel-sided test and 

convex septa.  

 

Dorothia smokyensis Wall, 1960 

Plate 2, figure 11 

1967 Dorothia smokyensis Wall: Wall, p. 81-82, pl. 11, figs. 25-28 

1975 Dorothia smokyensis Wall: North and Caldwell, pl. 4, figs. 5a, b 

1981 Dorothia smokyensis Wall: McNeil and Caldwell, p. 184, pl. 15, fig. 5 

 

Dorothia cf. D. glabrata Cushman, 1933 

Plate 2, figure 12 

1967 Dorothia glabrata Cushman: Wall, p. 80-81, pl. 12, figs. 1-8 
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Remarks: D. cf. D. glabrata differs from D. glabrata in having coarser agglutinated test.   

Dorothia cf. D. smokyensis Wall, 1960 

Plate 2, figure 13 

Remarks: Similar than D. smokyensis, but longer, more robust and arcuate. 

 

Genus Marsonella Cushman, 1933 

Marssonella oxycona (Reuss), 1860 

Plate 2, figures 14a-c, 15a-c 

1967 Marssonella oxycona Reuss: Wall, p. 83-84, pl. 8, figs. 7-9 

1971 Marssonella oxycona Reuss: Morris, p. 275, pl. 5, fig. 11 

1987 Marssonella oxycona Reuss: Loeblich and Tappan, p. 169, pl. 188, figs. 1-3 

Remarks: It differs from Dorothia in having tapering shape and concave apertural side. 

M. oxycona in the study area is characterized by a wide range of morphological 

variability. Some specimens are very short with a wide apertural face (Plate 2, figs. 15a-

c), whereas others are more conical with narrow, concave, terminal face (Plate 2, figs. 

14a-c). 

 

Family NODOSARIIDAE Ehrenberg, 1838 

Subfamily Nodosariinae Ehrenberg 1838 

Genus Nodosaria Lamarck, 1812 

Nodosaria fusula Reuss, 1872 

Plate 3, figure 1 

1946 Nodosaria fusula Reuss: Cushman, p. 71-72, pl. 26, fig. 5 

1969 Nodosaria fusula Reuss: Mello, p. 62, pl. 6, fig. 18 

Remarks: Only one specimen was recovered in the intervals analyzed (Bullopora laevis 

Zone).  

 

Nodosaria sp. 

Plate 3, figure 2 
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Description: Test elongate, uniserial with ovate chambers. Wall calcareous with smooth 

surface and unornamented. Aperture not visible. 

Remarks: Only two specimens were recovered from the samples analyzed. Both 

specimens were broken, so classification at species level was not possible.  

Genus Laevidentalina Loeblich and Tappan, 1986 

Laevidentalina sp. 

Plate 3, figure 3 

Description: Test elongate, uniserial with ovate chambers. Wall calcareous, slightly 

hispid without longitudinal costae. Aperture hardly visible but located at the end of 

elongated neck.  

Remarks: Only one incomplete individual was recovered from the samples analyzed. 

 

Genus Pseudonodosaria Boomgart, 1949 

Pseudonodosaria sp. 

Plate 3, figure 4 

Description: Test elongate, uniserial with three chambers increasing gradually in size as 

added. First and last chambers are sub globular. Sutures straight and horizontal. Wall 

calcareous, smooth to finely hispid. Aperture rounded located in short neck. 

Remarks: Only one specimen was recovered from the samples analyzed. 

 

Family VAGINULINIDAE Reuss, 1860 

Subfamily Palmulinae Saidova, 1981 

Genus Kyphopyxa Cushman, 1929 

Kyphopyxa christneri (Carsey), 1929 

Plate 3, figure 5 

1946 Kyphopyxa christneri Carsey: Cushman, p. 92-93, pl. 38, figs. 12-17; pl. 39, figs. 1-

12 

1981 Kyphopyxa undulata Cushman: McNeil and Caldwell, p. 199, pl. 16, fig. 6 

Remarks: The one specimen of K. christneri recovered from the Niobrara Formation 

resembles the species K. undulata described by McNeil and Caldwell (1981) in the 

Manitoba Escarpment.  
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Subfamily Lenticulininae Chapman et al., 1934 

Genus Lenticulina Lamarck, 1804 

Lenticulina sp. 

Plate 3, figures 6a-c 

Description: Test involute with prominent calcite boss covering the umbilicus. Chambers 

increase slowly in size as added, seven in the final whorl. Sutures are thick, radial and 

limbate. Wall calcareous, hyaline, finely perforate. Aperture at the top of the apertural 

face.  

Remarks: Only five specimens were recovered from the samples analyzed. This species 

resembles Lenticulina. sp. 3 reported by McNeil and Caldwell (1981) in the Manitoba 

Escarpment. Chambers and sutures were only visible when the specimens were acid-

etched (Figure 6c).  

 

Family POLYMORPHINIDAE d´Orbigny, 1839 

Subfamily Ramulininae Brady, 1884 

Genus Ramulina Jones, 1875 

Ramulina cf. R. wrightii Barnard, 1972 

Plate 3, figures 7, 8 

Remarks: The species R. cf. R. wrightii differs from R. wrightii in having a smoother wall 

test. However, remnants of the hispid surface are visible using SEM imaging (Plate 3, 

figs. 7, 8).  

Under the binocular microscope, R. cf. R. wrightii looks similar to Bullopora laevis 

reported by Wickenden (1932), Wall (1967) and Elberdak (2004) in the province of 

Alberta. Our specimens differ by their prominent spines observable under SEM, not 

mentioned by Adams (1962) in the emended diagnosis of the genus Bullopora.  

R. wrightii is present in the same stratigraphic interval (lower Niobrara Formation) where 

the specimens classified as B. laevis by the aforementioned authors were found. Hence, it 

is probable that they belong to the same species. Due to its significant biostratigraphic 

value, the term Bullopora laevis Zone is maintained in this study until a more detailed 

analysis of this species is produced. 

Family ELLIPSOLAGENIDAE Silvestri, 1923 

Subfamily Oolininae Loeblich and Tappan, 1961 

Genus Oolina d´Orbigny 1839 

Oolina sp. 
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Plate 3, figure 9 

Description: Test unilocular, ovate. Wall calcareous and smooth. Aperture rounded at the 

end of short neck.   

Remarks: Only three specimens were recovered from the Niobrara Formation in south-

central Saskatchewan (Gavelinella henbesti Zone).  

 

Family BULIMINIDAE Jones, 1875 

Genus Bulimina d´Orbigny, 1826 

Bulimina triangularis Cushman and Parker, 1935 

Plate 3, figure 10 

1946 Bulimina triangularis Cushman and Parker: Cushman, p. 122, pl. 51, fig. 23 

1954 Bulimina triangularis Cushman and Parker: Frizzell, p. 116, p. 17, figs. 9a, b 

 

Family TURRILINIDAE Cushman, 1927 

Genus Neobulimina Cushman and Wickenden, 1928 

Neobulimina albertensis (Stelck and Wall), 1954 

Plate 3, figures 11, 12 

1962 Neobulimina albertensis Stelck and Wall: Tappan, p. 184, pl. 48, figs. 3-6 

1970 Neobulimina albertensis Stelck and Wall: Eicher and Worstell, p. 290, pl. 4, figs. 2-

4 

1981 Neobulimina albertensis Stelck and Wall: McNeil and Caldwell, p. 218-219, pl. 18, 

figs. 2-3 

 

Neobulimina painoides (Wickenden), 1932 

Plate 3, figure 13 

1946 Gaudryina painoides Wickenden: Cushman, p. 34, pl. 7, fig. 18 

1981 Neobulimina painoides Wickenden: McNeil and Caldwell, p. 219-220, pl. 18, figs. 

4-5 

Neobulimina sp. 

Plate 3, figure 14 
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Description: Test small, parallel-sided, chambers subglobular, triserially arranged in early 

stage, later biserial. Wall finely perforated and hispid, first and last chambers smooth. 

Sutures and chambers are normally not visible due to the hispid wall texture. Aperture a 

loop-shaped opening, extending up from the interior margin of the terminal face.     

Remarks: This species resembles the similarly named Neobulimina sp. reported by 

McNeil and Caldwell (1981) in the Manitoba Escarpment.  

 

Genus Praebulimina Hofker, 1953 

Praebulimina reussi (Morrow), 1934 

Plate 3, figure 15 

1967 Praebulimina ovulum Reuss: Kent, p. 1443, pl. 183, fig. 4 

1975 Praebulimina reussi Morrow: North and Caldwell, pl. 10, figs. 3a, b 

1981 Praebulimina reussi Morrow: McNeil and Caldwell, p. 225-226, pl. 18, fig. 12 

 

Family BOLIVINITIDAE Cushman, 1927 

Subfamily Bolivinitinae Cushman, 1927 

Genus Bolivina d´Orbigny, 1839 

Bolivina sp. 

Plate 3, figures 16a-c 

Description: Test elongate, triangular in outline, biserially throughout with the last 

chamber in central position. Wall calcareous, densely perforate. Aperture a narrow loop at 

the base of the apertural face bordered by an imperforate rim.   

 

Bolivina cf. B. elkensis Nauss 1947 

Plate 3, figure 17 

Remarks: Only a few very poor preserved specimens were recovered from the First White 

Specks Member in southwestern Saskatchewan. The aperture was not visible in any of 

them. Therefore a more detailed classification was not possible. This species resembles B. 

elkensis (Nauss) in being finely perforated and having a tapering biserial arrangement. 

Subfamily Fursenkoininae Loeblich and Tappan, 1961 

Genus Fursenkoina Loeblich and Tappan, 1961 
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Fursenkoina tegulata (Reuss), 1845 

Plate 3, figure 18 

1981 Cassidella tegulata Reuss: McNeil and Caldwell, p. 271-272, pl. 22, figs. 11-12  

1987 Cassidella tegulata Reuss: Loeblich and Tappan, p. 530, pl. 578, figs. 26-27 

1996 Virgulina tegulata Reuss: Revets, p. 13, pl. 9, figs. 5-10 

Remarks: Species previously classified as Cassidella tegulata or Virgulina tegulata are 

now accepted as Fursenkoina tegulata (Hayward, 2015) (See Revets, 1996, pg. 13 for 

discussion). 

 

Family HETEROHELICIDAE Cushman, 1927 

Genus Planoheterohelix Georgescu & Huber, 2009 

 

Remarks: The taxonomic description of the genus Planoheterohelix is detailed in 

Georgescu and Huber (2009) and Haynes et al. (2015). In summary, the genus 

Planoheterohelix is characterized by a biserially arranged test, symmetrical aperture at the 

base of the final chamber, and ornamented, microperforate wall with fine, continuous 

costae. Planoheterohelix differs from Heterohelix in lacking the lateral trapezoidal 

projections on the final chambers (Haynes et al., 2015). 

 

Planoheterohelix globulosa (Ehrenberg), 1840 

Plate 3, figures 19a, b; Plate 4, figures 1a, b; 2a, b; 3 

1969 Heterohelix globulosa Ehrenberg: Mello, p. 70-71, pl. 8, figs. 5a, b 

1981 Heterohelix globulosa Ehrenberg: McNeil and Caldwell, p. 234-239, pl. 19, figs. 1-

2 

2015 Planoheterohelix globulosa Ehrenberg: Haynes et al., p. 55-56, fig. 11, no. 1-14 

Remarks: Description of this species is detailed in Haynes et al. (2015) and therefore, is 

not pursued further in this revision. Based on this new taxonomic designation, the species 

Heterohelix striata (Ehrenberg) is also included within P. globulosa. It is worth noting 

that specimens of P. globulosa recovered from the lower Turonian Second White Specks 

Formation possess fine, discontinuous costae (Plate 3, figs. 19a, b) whereas the ones 

recovered from younger intervals (e.g. the Coniacian Govenlock Member and the 

Santonian First White Specks Member) are ornamented with thick and continuous costae 

(Plate 4, figs. 1a, b; 2a, b; 3). 
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The species Heterohelix reussi (Cushman) was considered a synonymous of P. globulosa 

by Nederbragt (1991). However, as noted by Haynes et al. (2015), the now denominated 

Planoheterohelix reussi differs from P. globulosa in its larger size and big proloculus. 

The specimens of Heterohelix cf. reussi illustrated by Wall (1967) and Elberdak (2004) 

do not fit the emended description of the species proposed by Haynes et al. (2015). 

Consequently, further micropaleontological analyses of the First White Specks Member 

in the CWIB are needed to corroborate or abandon the name of the Heterohelix cf. reussi 

Zone.    

 

Planoheterohelix postmoremani Georgescu & Huber, 2009 

Plate 4, figure 4 

2009 Planoheterohelix postmoremani Georgescu & Huber, 2009, p. 344, pl. 5, figs. 1-11 

2015 Planoheterohelix postmoremani Georgescu & Huber: Haynes et al., 2015, p. 53-55, 

fig. 9, no., 6-12 

Remarks: It differs from P. globulosa in having more finely costae and more chambers 

that increase in size at a slower rate (Haynes et al., 2015). Only five specimens were 

recovered from the First White Specks Memberin south-central Saskatchewan. 

 

Genus Laeviheterohelix Nederbragt, 1991 

Laeviheterohelix pulchra (Brotzen), 1936 

Plate 4, figures 5a, b 

1981 Heterohelix pulchra Brotzen: McNeil and Caldwell, p. 239-241, pl. 19, fig. 3 

1991 Laeviheterohelix pulchra Brotzen: Nederbragt, p. 352-355, pl. 5, figs. 7a, b; pl. 6, 

figs. 1a-c 

2015 Laeviheterohelix pulchra Brotzen: Haynes et al., p. 75-76, fig. 25, no., 7-9 

Remarks: The distinguishing features of this species are: the pore mounds on the test 

surface (Plate 4, fig. 5b), and the reniform, overlapping chambers (Haynes et al., 2015).    

 

Genus Praegublerina Georgescu, Saupe and Huber, 2009 

Praegublerina cf. P. robusta (de Klasz), 1953 

Plate 4, figure 6 

Remarks: Last chambers and aperture are not visible in any of the six specimens 

recovered from the First White Specks Member in south-central Saskatchewan. 
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Therefore, classification at species level is challenging. Specimens recovered in this study 

resemble the costate specimens reported by Georgescu et al. (2009, plate 4, figs. 5-6). 

 

 

Family GLOBIGERINELLOIDIDAE Longoria, 1974 

Subfamily Globigerinelloidinae Longoria, 1974 

Genus “Macroglobigerinelloides” Verga and Premoli Silva, 2011 (nomen nudum) 

“Macroglobigerinelloides” prairiehillensis Pessagno, 1967 

Plate 4, figure 7, 8a, b 

1967 Globigerinelloides prairiehillensis Pessagno, p. 277-278, pl. 60, figs. 2-3; pl. 83, 

fig. 1; pl. 90, figs. 1, 2, 4; pl. 97, figs. 3-4  

1981 Globigerinelloides prairiehillensis Pessagno: McNeil and Caldwell, p. 246-247, pl. 

19, figs. 12-15 

2011 “Macroglobigerinelloides” prairiehillensis Pessagno: Verga and Premoli Silva, pl. 

86, figs. 4-6 

Remarks: The name “Macroglobigerinelloides” was proposed by Verga and Premoli 

Silva (2011) to include macroperforate Globigerinelloides-like species. This 

nomenclature is still under revision (Petrizzo, verb. comm.). In this study, only specimens 

with uniforaminate stage were found. They are all included within the species 

“Macroglobigerinelloides” prairiehillensis following the original description of Pessagno 

(1967). The genus name is enclosed in quotation marks to indicate the nomen nudum 

designation.  

 

Family HEDBERGELLIDAE, Loeblich and Tappan, 1961 

Genus Muricohedbergella Huber and Leckie, 2011 

Remarks: Huber and Leckie (2011) proposed a new classification for genera belonging to 

the Family Hedbergellidae based on the diameter of shell perforations and secondarily 

based on shell ornamentation. Species previously classified as Hedbergella loetterlei, H. 

delrioensis, H. planispira and H. portsdownensis are now included within the genus 

Muricohedbergella based on their macroperforate (or normally perforate) test wall (pore 

diameter > 2.5 mm) and the presence of moderate to coarse muricae (Huber and Leckie, 

2011).  
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Muricohedbergella delrioensis (Carsey), 1926 

Plate 4, figures 9a, b 

1981 Hedbergella delrioensis Carsey: McNeil and Caldwell, p. 252-253, pl. 20, figs. 5-6 

2016 Muricohedbergella delrioensis Carsey: Dionne et al., fig. 4, no. 6-8  

2016 Muricohedbergella delrioensis Carsey: Desmares et al., fig. 2, no. 1-5 

Remarks: M. delrioensis differs from M. loetterlei in having a lobulate outline, globular 

chambers, deeper but narrower umbilicus, and coarser muricae. Last chamber is less 

muricated than previous ones.   

 

Muricohedbergella loetterlei (Nauss), 1947 

Plate 4, figures 10a, b 

1947 Globigerina loetterlei Nauss, p. 336-337, pl. 49, figs. 11a-c 

1967 Hedbergella loetterlei Nauss: Wall, p. 107-108, pl. 3, figs. 7-21 

2016 Muricohedbergella loetterlei Nauss: Dionne et al., fig. 5, no. 1a-c 

Remarks: M. loetterlei differs from other muricohedbergellids in having less globular 

chambers. As noted by Wall (1967) some gradational forms between M. loetterlei and M. 

delrioensis are difficult to classify.   

 

Muricohedbergella planispira (Tappan), 1940 

Plate 4, figures 11a, b 

2006 Hedbergella planispira Tappan: Petrizzo and Huber, p. 185, pl. 7, figs. 1-2 

2011 Muricohedbergella planispira Tappan: Huber and Leckie, p. 84, fig. 17, no. 6-10 

2016 Muricohedbergella planispira Tappan: Dionne et al., fig. 4, no. 9-10 

Remarks: M. planispira differs from other muricohedbergellids in having more chambers 

in the last whorl and in having a wall surface with irregularly distributed pustule (Petrizzo 

and Huber, 2006). M. planispira is also characterized by its small size and nearly 

planispiral coiling.  

  

Muricohedbergella portsdownensis (Williams-Mitchell), 1948 

Plate 4, figures 12a, b 
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1970 Hedbergella portsdownensis Williams-Mitchell: Eicher and Worstell, p. 304, pl. 10, 

figs. 1-2 

1975 Hedbergella portsdownensis Williams-Mitchell: North and Caldwell, pl. 5, figs. 2-3 

Remarks: M. portsdownensis is characterized by its large size (normally larger than 0.50 

mm) and the distinctive overhang of the last chamber onto the umbilical side (Carey, 

1992). It also differs form M. delrioensis in having a very slightly increase in chambers 

size as added.  

Genus Clavihedbergella Banner and Blow, 1959 

Clavihedbergella amabilis (Loeblich and Tappan), 1961 

Plate 4, figures 13a, b 

1970 Hedbergella amabilis Loeblich and Tappan: Eicher and Worstell, p. 300, 302, pl. 9, 

figs. 6, 7, 9a-c 

1981 Hedbergella amabilis Loeblich and Tappan: McNeil and Caldwell, p. 250, 252, pl. 

20, figs. 3-4 

2016 Clavihedbergella amabilis Loeblich and Tappan: Dionne et al., fig. 4, no. 4-5 

Remarks: C. amabilis differs from M. delrioensis in having digitiform, non-overlapping 

chambers and in having finer, irregular pustules. The aperture was covered by foreign 

material in the few specimens recovered. 

 

Genus Whiteinella Pessagno, 1967 

Whiteinella aprica (Loeblich and Tappan), 1961 

Plate 5, figures 1a, b 

1970 Whiteinella aprica Loeblich and Tappan: Eicher and Worstell, p. 314-316, pl. 11, 

figs. 7a-c; pl. 12, figs. 1a-c 

1981 Whiteinella aprica Loeblich and Tappan: McNeil and Caldwell, p. 260-261, pl. 21, 

figs. 6a-c 

2011 Whiteinella aprica Loeblich and Tappan: Verga and Premoli Silva, pl. 145, figs. 1-2 

 

Family PLEUROSTOMELLIDAE Reuss, 1860 

Genus Pleurostomella Reuss, 1860 

Pleurostomella watersi Cushman, 1933 

Plate 5, figure 2 
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1946 Pleurostomella watersi Cushman: Cushman, p. 63, pl. 7, figs. 11-12 

1954 Pleurostomella watersi Cushman: Frizzell, p. 120, pl. 18, figs. 7-8 

1981 Pleurostomella watersi Cushman: McNeil and Caldwell, p. 269, pl. 22, figs. 5-6 

Remarks: Most of the specimens recovered have the last chamber collapsed, therefore, it 

was not possible to see the aperture and the tooth-like apertural projections noted by 

Cushman (1933) in the original description. 

Family CANCRISIDAE Chapman, Parr and Collins, 1934 

Genus Gyroidinoides Brotzen, 1942 

Gyroidinoides nitidus (Reuss), 1845 

Plate 5, figures 3a-c, 4 

1981 Gyroidinoides nitidus Reuss: McNeil and Caldwell, p. 281, 283, pl. 24, figs. 2a-c 

1996 Gyroidinoides nitidus Reuss: Revets, p. 78, pl. 11, figs. 5-8 

Remarks: Some of the key features to classify this species are the presence of a crescentic 

flap covering the umbilicus, and the optically granular, finely perforate wall (Revets, 

1996).  

 

Family ANOMALINIDAE Cushman, 1927 

Genus Anomalinoides Brotzen, 1942 

Anomalinoides pinguis (Jennings), 1936 

Plate 5, figures 5a-c 

1981 Anomalinoides pinguis Jennings: Haynes, p. 261, fig. 12.8, no. 11-13 

1987 Anomalinoides pinguis Jennings: Loeblich and Tappan, p. 631, p. 708, figs. 18-20 

1996 Anomalinoides pinguis Jennings: Revets, p. 65, pl. 1, figs. 5-8 

 

Anomalinoides sp. 

Plate 5, figures 6a-c 

Description: Test biconvex, low trochospiral, umbilical side involute with small 

umbilicus, spiral side evolute. Chambers triangular, inflated increasing gradually in size 

as added. Aperture equatorial extending onto the spiral side, normally covered by foreign 

material. Spiral side hidden by apertural lip. Wall smooth to finely granular and coarsely 

perforate.  
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Remarks: Anomalinoides sp. differs from A. pinguis in being smaller, less robust and less 

densely perforate.  

 

Family GAVELINELLIDAE Hofker, 1956 

Subfamily Gavelinellinae Hofker, 1956 

Genus Gavelinella Brotzen, 1942 

Gavelinella henbesti (Plummer), 1936 

Plate 5, figures 7a-c 

1981 Gavelinella henbesti Plummer: McNeil and Caldwell, p. 284-285, pl. 24, figs. 5-6 

Remarks: Revets (1996, 2001) revised the taxonomy of the Genus Gavelinella, noting the 

difficulties to separate them from Anomalinoides. In this study, specimens belonging to 

the genus Anomalinoides and Gavelinella are separated following Revets (1996) 

taxonomic criteria.  

The poor preservation and high degree of infraspecific variation (presence and/o absence 

of calcareous boss, raised sutures, pores density, etc.) within these two genus, hampers an 

accurate taxonomic classification at species level. The specimens classified as 

Gavelinella henbesti in this study are characterized by evolute spiral sides and partially 

involute umbilical sides, open umbilicus and interiomarginal aperture extending toward 

and along the umbilicus. A radial boss extending within the raised sutures in the spiral 

side is present in some specimens. In central SK, some specimens also show bigger pores.  

Specimens of G. henbesti recovered in this study differ from the ones described by 

McNeil and Caldwell (1981) in lacking the smooth convex boss in the spiral side.   

Gavelinella kansasensis (Morrow), 1934 

Plate 5, figures 8a, b 

1954 Planulina kansasensis Morrow: Frizzell, p. 32, pl. 21, figs. 16a-c 

1975 Gavelinella kansasensis Morrow: North and Caldwell, pl. 5, figs. 8a-c 

1981 Gavelinella kansasensis Morrow: McNeil and Caldwell, p. 285-286, pl. 24, figs. 9a-

c 

Remarks: Specimens of G. kansasensis recovered from the upper Carlile unit and Boyne 

Member are smaller and have more appressed chambers compared to the ones from the 

Niobrara Formation. 
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Gavelinella sp. 

Plate 5, figures 10a-d 

Description: Test nearly flat with numerous chambers (11 to 13) in last whorl. Spiral side 

is evolute, umbilical side partially involute. Umbilicus covered by prominent calcareous 

plug. Wall coarsely perforated. Sutures curved in first chambers, then straight in final 

chambers, outline lobulate. Aperture not visible due to high compression of the test.  

Remarks: Specimens were recovered from the Calcareous Shale and First White Specks 

members of the Niobrara Formation in south-central and southeastern Saskatchewan.  

 

Genus Gyroidina d’Orbigny, 1826 

Gyroidina sp. 

Plate 6, figures 1a-c 

Description: Test low trochospiral; spiral side nearly flat evolute, umbilical side convex, 

involute with small umbilicus. Wall optically granular, finely perforate. Aperture 

interiomarginal extending from the periphery onto the umbilical side and bordered by lip. 

This lip is hardly visible when umbilical side is compressed.  

Remarks: The genus Gyroidina differs from Gyroidinoides in having a very narrow 

umbilicus and less prominent umbilical lips (Brotzen, 1942). Poor preservation of the last 

chamber hinders classification at species level. This genus was classified as Incertae 

Sedis by Revets (1996). 

 

Family EPISTOMINIDAE Wedekind, 1937 

Genus Epistomina Terquem, 1883 

Epistomina fax Nauss, 1947 

Plate 6, figures 2a-c 

1947 Epistomina fax Nauss, p. 335, pl. 48, figs. 15-16 

1975 Epistomina fax Nauss: North and Caldwell, pl. 12, figs. 11a-c 

Remarks: Only one specimen was recovered from the Calcareous Shale Member of the 

Niobrara Formation in south-central Saskatchewan.  
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RADIOLARIANS 

 

Dictyomitra multicostata (Zittel), Plate 6, figure 3 

Diacanthocapsa sp. aff. D. cayeuxi (Squinabol), Plate 6, figures 4a, b 

Dactyliosphaera maxima Pessagno, Plate 6, figure 5 

“Cenosphaera” sp., Plate 6, figure 6 

Zhamoidellum ovum (Dumitrica), Plate 6, figure 7 

Orbiculiforma (?) sp. (Pessagno), Plate 6, figure 8  

Stichomitra sp. (Cayeux), Plate 6, figure 9 

Paronaella sp (Pessagno, emend. Baumgartner), Plate 6, figure 10 

Acanthocircus tympanum aff. A. tympanum (O´Dogherty), Plate 6, figure 11 
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PLATE 1 

 

Figure 1. Bathysiphon vitta Tappan, upper Carlile subunit, 41/05-08-018-28W3 (591.25 

m), side view.  

Figure 2. Saccammina alexanderi (Loeblich and Tappan), upper Carlile subunit, 141/14-

26-015-27W3 (613.5 m), side view.  

Figure 3. Saccammina lathrami Tappan, middle Carlile subunit, 101/12-19-013-28W3 

(615.45 m), side view.  

Figure 4. Ammodiscus sp., Calcareous Shale Member, 16-4-021-25W2 (480.03 m), side 

view.  

Figure 5. Reophax clavulina Reuss, First White Specks Member, 101/12-19-013-28W3 

(467.05 m), side view. 

Figure 6. Reophax deckeri Tappan, Govenlock Member, 101/12-19-013-28W3 (543.42 

m), side view. 

Figure 7. Reophax pepperensis Loeblich, Govenlock Member, 101/12-19-013-28W3 

(623.2 m), side view. 

Figure 8. Reophax texanus Cushman and Waters, upper Carlile subunit, 41/05-08-018-

28W3 (593.6 m), side view. 

Figure 9. Reophax troyeri Tappan, upper Carlile subunit, 141/14-26-015-27W3 (615.95 

m), side view. 

Figure 10. Reophax cf. R. globosus Slitter, middle Carlile subunit, 101/12-19-013-28W3 

(604.9 m), side view. 

Figure 11. Reophax cf. R. incompta Loeblich and Tappan, upper Carlile subunit, 101/12-

19-013-28W3 (574 m), side view. 

Figure 12. Reophax sp. upper Carlile subunit, 101/12-19-013-28W3 (581.20 m), side 

view. 

Figure 13. Psamminopelta bowsheri Tappan, upper Carlile subunit, 141/14-26-015-

27W3 (609.60 m), side view. 

Figure 14. Haplophragmoides calcula Cushman and Waters, Medicine Hat Member, 

101/12-19-013-28W3 (526.25 m), side view.  

Figure 15. Haplophragmoides collyra Nauss, upper Carlile subunit, 141/14-26-015-

27W3 (615.95 m), side view.  
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Figure 16. Haplophragmoides gilberti Eicher, upper Carlile subunit, 41/05-08-018-28W3 

(587.48 m), side view. 

Figure 17. Haplophragmoides howardense Stelck and Wall, upper Carlile subunit, 

141/14-26-015-27W3 (613.5 m), side view. 

Figure 18. Haplophragmoides kirki Wickenden, upper Carlile subunit, 41/05-08-018-

28W3 (591.25 m), side view. 

Figure 19. Haplophragmoides linki Nauss, upper Carlile subunit, 141/14-26-015-27W3 

(615.95 m), side view. 

Figure 20. Ammobaculites tyrelli Nauss, middle Carlile subunit, 101/12-19-013-28W3 

(604.9 m), side view.  
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PLATE 1 
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PLATE II 

Figure 1. Ammobaculites succinctus Crespin, Milk River Fm., 101/12-19-013-28W3 

(452.05 m), side view. 

Figure 2. Ammobaculites sp. 1, middle Carlile subunit, 101/12-19-013-28W3 (608.25 m), 

side view.  

Figure 3. Ammobaculites sp. 2, middle Carlile subunit, 101/12-19-013-28W3 (604.9 m), 

side view.  

Figure 4a, b. Spiroplectinella sp. Govenlock Member, 101/12-19-013-28W3 (553.35 m), 

4a, side and apertural view; 4b, side view 

Figure 5. Pseudobolivina rollaensis (Stelck and Wall), upper Carlile, 101/12-19-013-

28W3 (574 m), side view 

Figure 6. Pseudobolivina rollaensis Stelck and Wall, Calcareous Shale Member, 16-4-

021-25W2 (478.19 m), side view. 

Figure 7. Trochammina rainwateri Cushman and Applin, lower Carlile subunit, 101/12-

19-013-28W3 (623.2 m), spiral view. 

Figure 8a, b. Trochammina ribstonensis Wickenden, Milk River Fm., 101/12-19-013-

28W3 (455.05 m), 8a, spiral view; 8b, umbilical view. 

Figure 9. Trochammina wetteri Stelck and Wall, Govenlock Member, 101/12-19-013-

28W3 (546.05 m), spiral view. 

Figure 10. Dorothia bulletta (Carsey), Govenlock Member, 101/12-19-013-28W3 

(568.05 m), side view. 

Figure 11. Dorothia smokyensis Wall, Calcareous Shale Member, 16-4-021-25W2 

(480.03 m), side view. 

Figure 12. Dorothia cf. D. glabrata Cushman, Calcareous Shale Member, 16-4-021-

25W2 (476.27 m), side view. 

Figure 13. Dorothia cf. D. smokyensis Wall, Medicine Hat Member, 101/12-19-013-

28W3 (511.9 m), side view. 

Figure 14a-c. Marssonella oxycona (Reuss), Govenlock Member, 141/14-26-015-27W3 

(592.95 m), 14a, side and apertural view; 14b, apertural view; 14c, side and apertural 

view. 

Figure 15a-c. Marssonella oxycona (Reuss), Govenlock Member, 141/14-26-015-27W3 

(606.40 m), 15a, side view; 15b, apertural view; 15c, bottom view. 
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PLATE II 
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PLATE III 

 

Figure 1. Nodosaria fusula Reuss, Govenlock Member, 101/12-19-013-28W3 (543.32 

m), side view. 

Figure 2. Nodosaria sp. Govenlock Member, 101/12-19-013-28W3 (556.2 m), side view. 

Figure 3. Laevidentalina sp., Govenlock Member, 101/12-19-013-28W3 (543.32 m), side 

view. 

Figure 4. Pseudonodosaria sp., Govenlock Member, 101/12-19-013-28W3 (543.32 m), 

side view. 

Figure 5. Kyphopyxa christneri (Carsey), Calcareous Shale Member, 16-4-021-25W2 

(482.16 m), side view. 

Figure 6a-c. Lenticulina sp., Cushman, Calcareous Shale Member, 16-4-021-25W2 

(482.16 m), 6a, side view; 6b, apertural view; 6c, side view, acid etched.  

Figure 7. Ramulina cf. R. wrightii Barnard, Govenlock Member, 101/12-19-013-28W3 

(543.32 m), side view. 

Figure 8. Ramulina cf. R. wrightii Barnard, Govenlock Member, 101/12-19-013-28W3 

(543.32 m), side view. 

Figure 9. Oolina sp., Calcareous Shale Member, 16-4-021-25W2 (482.16 m), side view. 

Figure 10. Bulimina triangularis Cushman and Parker, Govenlock Member, 141/14-26-

015-27W3 (592.95 m), side view. 

Figure 11. Neobulimina albertensis (Stelck and Wall), Medicine Hat Member, 101/12-

19-013-28W3 (532.85 m), side view. 

Figure 12. Neobulimina albertensis (Stelck and Wall), Medicine Hat Member, 101/12-

19-013-28W3 (532.85 m), side view. 

Figure 13. Neobulimina painoides (Wickenden), Govenlock Member, 101/12-19-013-

28W3 (543.32 m), side view. 

Figure 14. Neobulimina sp. upper Carlile subunit, 101/12-19-013-28W3 (575.5 m), side 

view. 

Figure 15. Praebulimina reussi (Morrow), Govenlock Member, 141/14-26-015-27W3 

(592.95 m), side view. 

Figure 16a-c. Bolivina sp., Govenlock Member, 101/12-19-013-28W3 (543.32 m), 16a, 

c, side view; 16b, apertural view. 
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Figure 17. Bolivina cf. B. elkensis Nauss, First White Specks Member, 101/12-19-013-

28W3 (467.05 m), side view. 

Figure 18. Fursenkoina tegulata (Reuss), Calcareous Shale Member, 11-36-022-01W2 

(223.90 m), side view. 

Figure 19a-b. Planoheterohelix globulosa (Ehrenberg), Second White Specks Formation, 

101/12-19-013-28W3 (638.25 m), 19a, side view; 19b, edge view.  
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PLATE III 
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PLATE IV 

 

Figure 1a-b. Planoheterohelix globulosa (Ehrenberg), upper Carlile subunit, 101/12-19-

013-28W3 (575.5 m), 1a, side view; 1b, edge view. 

Figure 2a-b. Planoheterohelix globulosa (Ehrenberg), Govenlock Member, 101/12-19-

013-28W3 (558.2 m), 2a, side view; 2b, edge view. 

Figure 3. Planoheterohelix globulosa (Ehrenberg), First White Specks Member, 16-4-

021-25W2 (472.87 m), side view. 

Figure 4. Planoheterohelix postmoremani Georgescu & Huber, First White Specks 

Member, 16-4-021-25W2 (472.87 m), side view. 

Figure 5a-b. Laeviheterohelix pulchra (Brotzen), upper Carlile subunit, 141/14-26-015-

27W3 (621.45 m), 5a, side view; 5b, close-up (note pore mounds).  

Figure 6. Praegublerina cf. P. robusta (de Klasz), First White Specks Member, 16-4-

021-25W2 (473.73 m), side view. 

Figure 7. “Macroglobigerinelloides” prairiehillensis Pessagno, First White Specks 

Member, 16-4-021-25W2 (473.73 m), apertural view. 

Figure 8a, b. “Macroglobigerinelloides” prairiehillensis Pessagno, First White Specks 

Member, 16-4-021-25W2 (473.73 m), 8a, apertural view; 8b, side view. 

Figure 9a, b. Muricohedbergella delrioensis (Carsey), First White Specks Member, 16-4-

021-25W2 (472.87 m), 9a, spiral view; 9b, umbilical view. 

Figure 10a, b. Muricohedbergella loetterlei (Nauss), Second White Specks Formation, 

11-36-022-01W2 (273.28 m), 10a, spiral view; 10b, umbilical view. 

Figure 11a, b. Muricohedbergella planispira (Tappan), Second White Specks Formation, 

11-36-022-01W2 (273.28 m), 11a, umbilical view; 11b, spiral view. 

Figure 12a, b. Muricohedbergella portsdownensis (Williams-Mitchell), Second White 

Specks Formation, 16-4-021-25W2 (494.81), 12a, spiral view; 12b, umbilical view. 

Figure 13a, b. Clavihedbergella amabilis (Loeblich and Tappan), First White Specks 

Member, 16-4-021-25W2 (473.73 m), 13a, umbilical view; 13b, spiral view. 
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PLATE IV 
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PLATE V 

 

Figure 1a, b. Whiteinella aprica (Loeblich and Tappan), Second White Specks 

Formation, 16-4-021-25W2 (494.81), 1a, spiral view; 1b, umbilicus view. 

Figure 2. Pleurostomella watersi Cushman, Calcareous Shale Member, 11-36-022-01W2 

(223.90), side view. 

Figure 3a-c, 4. Gyroidinoides nitidus (Reuss), Medicine Hat Member, 101/12-19-013-

28W3 (539.55 m), 3a, apertural view; 3b, 4, umbilical view; 3c, spiral view. 

Figure 5a-c. Anomalinoides pinguis (Jennings), Govenlock Member, 101/12-19-013-

28W3 (553.35 m), 5a, umbilical view; 5b, spiral view; 5c, apertural view. 

Figure 6a-c. Anomalinoides sp., Govenlock Member, 101/12-19-013-28W3 (543.32 m), 

6a, spiral view; 6b, umbilical view; 6c, apertural view.  

Figure 7a-c. Gavelinella henbesti (Plummer), Medicine Hat Member, 101/12-19-013-

28W3 (532.85 m), 7a, spiral view; 7b, apertural view; 7c, umbilical view.  

Figure 8a, b; 9. Gavelinella kansasensis (Morrow), 8a, b: First White Specks Member, 

16-4-021-25W2 (473.73 m), 8a, umbilical view; 8b, spiral view. 9: Upper Carlile subunit, 

41/05-08-018-28W3 (589.46), umbilical view. 

Figure 10a-d. Gavelinella sp., First White Specks Member, 16-4-021-25W2 (478.19 m), 

10a, b, umbilical view; 10c, d, spiral view. 
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PLATE V 
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PLATE VI 

 

Figure 1a-c. Gyroidina sp., Medicine Hat Member, 41/05-08-018-28W3 (539.55 m), 1a, 

apertural view; 1b, umbilical view; 1c, spiral view. 

Figure 2a, b. Epistomina fax Nauss, First White Specks Member, 16-4-021-25W2 

(478.19 m), 2a, umbilical view; 2b, spiral view. 

 

RADIOLARIANS 

 

Figure 3. Dictyomitra multicostata (Zittel), Govenlock Member, 141/14-26-015-27W3 

(605 m). 

Figure 4a, b. Diacanthocapsa sp. aff. D. cayeuxi (Squinabol), Govenlock Member, 

141/14-26-015-27W3 (605 m), 4a, aperture; 4b, side view.  

Figure 5. Dactyliosphaera maxima Pessagno, Govenlock Member, 141/14-26-015-27W3 

(605 m). 

Figure 6. “Cenosphaera” sp., Govenlock Member, 141/14-26-015-27W3 (605 m). 

Figure 7. Zhamoidellum ovum (Dumitrica), Govenlock Member, 141/14-26-015-27W3 

(604.32 m). 

Figure 8. Stichomitra sp. (Cayeux), Govenlock Member, 141/14-26-015-27W3 (605.80 

m). 

Figure 9.  Orbiculiforma (?) sp. (Pessagno), Govenlock Member, 141/14-26-015-27W3 

(604.32 m). 

Figure 10. Paronaella sp. (Pessagno, emend. Baumgartner), Govenlock Member, 

141/14-26-015-27W3 (605.80 m). 

Figure 11. Acanthocircus tympanum aff. A. tympanum (O´Dogherty), Govenlock 

Member, 141/14-26-015-27W3 (605 m). 
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APPENDIX C 

Foraminifera and radiolarians counts 
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Unit SWS Formation Lower Carlile subunit Middle Carlile subunit 

Foraminiferal species                                        

Planoheterohelix globulosa 267 220 127                                 

Muricohedbergella loetterlei 12 7 41   2                             

Muricohedbergella delrioensis 10 4 13     2                           

Muricohedbergella planispira 2 4 5                                 

Muricohedbergella portsdownensis   5 3                                 

Muricohedbergella spp. 9 59                                   

Clavihedbergella amabilis   1                                   

Trochammina rainwateri                   43   2               

Reophax pepperensis                   8       1           

Haplophragmoides spp.                   1 1 3 19 9 3 9 19 4 12 

Haplophragmoides howardense                       1       1       

Haplophragmoides linki                       1       2       

Haplophragmoides collyra                         2 3         1 

Saccammina lathrami                       3       2       

Ammobaculites tyrelli                         2   1         

Saccammina alexanderi                         2 2 1   1     

Ammobaculites sp. 1                           1 1         

Ammobaculites sp. 2                             2         

Haplophragmoides kirki                             2       2 

Reophax cf. R. globosus                             1         

Reophax deckeri                                   1   

Reophax sp.                                      5 
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Unit Upper Carlile Subunit Govenlock Member 

Foraminiferal species                                        

Haplophragmoides spp.     10 10 2 4 7     19         6 1 6 6 1 

Haplophragmoides howardense     1 2                               

Haplophragmoides collyra     9 7   10                   17 2   1 

Saccammina alexanderi       4     25                   2   4 

Reophax sp.        7   2       3 7   2             

Bathysiphon vitta        1                               

Reophax deckeri         1                             

Neobulimina sp.         38 90     217 169 266 34 120 54 75 187 160 175 113 

Neobulimina albertensis           49     19 18 11 3 2 15 14 37 30 29 18 

Praebulimina reussi           2         2           1 3 11 

Planoheterohelix globulosa           54     3       2 6           

Reophax cf. R. incompta             3                         

Haplophragmoides gilberti             5                         

Trochammina spp.             5                   7 11 3 

Pseudobolivina rollaensis             193     91               4   

Muricohedbergella spp.                 4       6       1     

Dorothia bulleta                 2                     

Marsonella oxycona                 10                     
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Continuation 
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Neobulimina painoides                 45                   2 

Bolivina sp.                     14   8           27 

Muricohedbergella delrioensis                         15 7           

Muricohedbergella portsdownensis                         7             

Nodosaria sp.                             1         

Dorothia smokyensis                             2 1 4 4 4 

Spiroplectinella sp.                               7 1   5 

Gyroidinoides nitidus                               5   6 6 

Anomalinoides pinguis                               24       

Anomalinoides sp.                               21 21   9 

Trochammina rainwateri                                   4 2 

Haplophragmoides kirki                                   6   

Gavelinella henbesti                                   44 61 

Gyroidina sp.                                   6   

Trochammina wetteri                                   2 1 

Reophax deckeri                                     1 

Ramulina wrightii                                     6 

Laevidentalina sp.                                     1 

Pseudonodosaria sp.                                      1 

Dentalina sp.                                     1 

Nodosaria fusula                                     1 

Pleurostomella watersi                                     14 

Fursenkoina tegulata                                     3 
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Unit Medicine Hat Member 

Foraminiferal species                              

Saccammina alexanderi 2   2 3 1   4 2             

Reophax sp.  1                           

Praebulimina reussi 7                           

Pseudobolivina rollaensis 2     93 1   12     3         

Dorothia smokyensis 2         5 11 3 3           

Gyroidinoides nitidus 3   2                       

Gyroidina sp. 7                           

Pleurostomella watersi 1   62                       

Dorothia glabrata 2     1     2 2             

Planoheterohelix globulosa     7                       

Muricohedbergella spp.     6                       

Muricohedbergella delrioensis     7                       

Neobulimina sp.     17                       

Neobulimina albertensis     45 1 1           1       

Praebulimina reussi     4                       

Neobulimina painoides     2                       

Spiroplectinella sp.     6                       

Gavelinella henbesti     119 7             1       

Gavelinella kansasensis     7                       

Fursenkoina tegulata     9                       

Trochammina spp.       10     2 6 11           

Ammodiscus sp.       2 2         1         

Haplophragmoides spp.         2 11 10 4 14 5         

Haplophragmoides calcula         3                   

Trochammina rainwateri           1                 

Haplophragmoides howardense             1               

Haplophragmoides linki             1               

Haplophragmoides collyra             1     2         

Ammobaculites tyrelli             3               

Bathysiphon vitta             1               

Dorothia cf. D. smokyensis             8 1             

Reophax clavulina                 1           

Muricohedbergella planispira                   1         
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Nexen Hatton 101/12-19-013-28W3 
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Unit FWS Member Milk River Fm. 

Foraminiferal species                              

Planoheterohelix globulosa 1   8       10               

Muricohedbergella delrioensis 1 3 2 1     1               

Trochammina rainwateri 3                         1 

Haplophragmoides spp. 5   6               1   22   

Neobulimina painoides 3                           

Trochammina wetteri 1                     3   3 

Reophax clavulina 4                           

Muricohedbergella spp.     6       6               

Bolivina cf. B. elkensis     2       6               

Neobulimina albertensis       1                     

Muricohedbergella planispira             5               

Neobulimina sp.             1               

Macroglobigerinelloides prairiehillensis             6               

Praebulimina reussi                 6           

Haplophragmoides collyra                     3 7 36 5 

Trochammina spp.                     1       

Pseudobolivina rollaensis                       21 9 2 

Reophax texanus                       2     

Haplophragmoides howardense                         14   

Saccammina alexanderi                         2   

Reophax sp.                         8   

Trochammina ribstonensis                         15   

Haplophragmoides linki                           1 

Haplophragmoides calcula                           2 

Ammobaculites succinctus                           1 
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Unit Upper Carlile Govenlock Member 

Foraminiferal species                                  

Planoheterohelix globulosa 5                       3   4   

Muricohedbergella delrioensis 3                       4       

Muricohedbergella spp. 6                           2   

Haplophragmoides howardense 12 3 3   1                       

Haplophragmoides collyra 1 12 1   2                 5 1 1 

Reophax sp. 6     7             1     14     

Neobulimina sp. 248                         264 172 33 

Neobulimina albertensis 17                   4     2 5   

Laeviheterohelix pulchra 1                               

Haplophragmoides spp.   30 6   1 5       6 3   1 5   13 

Haplophragmoides linki   8 1   2         7             

Saccammina alexanderi   2 58                     2     

Pseudobolivina rollaensis   15 98   6         7 27           

Trochammina ribstonensis   5                             

Reophax troyeri   2                             

Ammobaculites tyrelli     1                           

Psamminopelta bowsheri       2                         

Bathysiphon vitta         2                       

Dorothia smokyensis         2                       

Dorothia cf. D. smokyensis         3                       

Reophax deckeri           1                     

Marsonella oxycona           3                 2   
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  Continuation 

Apache 141 Hatton                         
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            32 41 4               

Diacanthocapsa sp. aff. cayeuxi              102 74 1               

Spongodiscus sp.             4 8 2               

Archaeocenosphaera sp.             19 51 16               

Zhamoidellum ovum                 1               

Orbiculiforma? sp.              1   1               

Stichomitra sp.              9 10                 

Paronaella sp.             3 2                 

Acanthocircus aff. A. tympanum               9                 

Reophax cf. R. incompta                             1     

Spiroplectinella sp.                             4 29 2 

Ammodiscus sp.                             2     

Praebulimina reussi                               29 1 

Dorothia bulleta                               3   

Neobulimina painoides                               19   

Bolivina sp.                                11   

Nodosaria sp.                                1   

Gyroidinoides nitidus                               8   

Anomalinoides sp.                               7   

Bullimina triangularis                               7   

Gavelinella henbesti                                 6 
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Unit SWS Formation Morden Member Calcareous Shale M. 

Foraminiferal species                              

Planoheterohelix globulosa 2 16                     80   

Muricohedbergella loetterlei 35 173 2                       

Muricohedbergella delrioensis 17 39                     22   

Muricohedbergella spp. 103 34 25                   18   

M. portsdownensis   27                         

Clavihedbergella amabilis   9                         

Muricohedbergella planispira     3                   6   

Whiteinella aprica   2                         

Neobulimina sp.                     1 35 4   

Gavelinella kansasensis                     4 98 5   

Neobulimina albertensis                       6 3   

Gavelinella henbesti                       1 61   

Bolivina sp.                        11     

Haplophragmoides spp.                       1   34 

Oolina sp.                       3     

Gavelinella sp.                          1   

Fursenkoina tegulata                         1   

Pleurostomella watersi                         6   

Pseudobolivina rollaensis                           146 

Ammodiscus sp.                           1 

Psamminopelta bowsheri                           1 

Haplophragmoides linki                           2 

Haplophragmoides kirki                           2 

Haplophragmoides collyra                           3 

H. howardense                           2 

Dorothia smokyensis                           5 

Dorothia glabrata                           2 
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Unit Calcareous Shale M. FWS Member Milk River Fm. 

Foraminiferal species                            

Planoheterohelix globulosa 2 1 1   11 83               

Muricohedbergella delrioensis 4 15 3   96 3               

Muricohedbergella planispira 1   2   113                 

Muricohedbergella spp. 1 10   2 20   1 2           

Gavelinella henbesti 12 101 37 30   81 12             

Gavelinella sp.  4 18       34               

Gyroidinoides nitidus 2                         

Haplophragmoides spp. 97 16 14     2           2 1 

Fursenkoina tegulata 4 3   2                   

Pleurostomella watersi 10 4                       

Pseudobolivina rollaensis 90 41 4           4   2 3 9 

Haplophragmoides collyra 8                         

Haplophragmoides howardense 4                         

Dorothia smokyensis 6                       1 

Dorothia cf. D. smokyensis 3                         

Dorothia glabrata 3                         

Lenticulina sp. 2     1   2               

Epistomina fax 1                         

Laeviheterohelix pulchra 3 3 1   4 5             2 

Neobulimina painoides 4                         

Saccammina lathrami 1                         

Neobulimina albertensis   1                       

Muricohedbergella loetterlei         6 1               

Muricohedbergella 
portsdownensis         17 2               

Clavihedbergella amabilis         5                 

Macroglobigerinelloides 
prairiehillensis         21 29   3           

Planoheterohelix postmoremani         1 3   1           

Praegublerina cf. P. robusta         6                 

Kyphopyxa christneri           1               

Reophax deckeri           1               

Saccammina alexanderi                         1 
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Unit SWS Formation Morden member Boyne M. 

Foraminiferal species                                      

Planoheterohelix globulosa 22 6 47   37                           

Muricohedbergella loetterlei 119 160 88 1                             

Muricohedbergella delrioensis 43 37 69                               

Muricohedbergella planispira 34 36 49   4                           

Muricohedbergella portsdownensis 32 22 7                               

Muricohedbergella spp. 31 25 12 3                           1 

Whiteinella aprica 19 14 8                               

Gavelinella kansasensis                             18   2   
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Unit Boyne M. Calcareous Shale Member FWS Milk River F. 

Foraminiferal species                                      

Planoheterohelix globulosa     2   2                           

Muricohedbergella spp.         1   11               10       

Neobulimina painoides         2   3   2         15         

Neobulimina albertensis         28                 50         

Neobulimina sp.         13                           

Spiroplectinella sp.          2                           

Gavelinella henbesti             5   2 1   2   8         

Gavelinella kansasensis             13             2         

Haplophragmoides spp.                 1 15 15 16 3     18 7 6 

Haplophragmoides collyra                 2 1 4 1       6     

Praebulimina reussi                 1                   

Dorothia smokyensis                   10 12 24             

Psamminopelta bowsheri                   2 1               

Pseudobolivina rollaensis                   1 21 25 16     16 41 13 

Gavelinella sp.                       3   6         

Fursenkoina tegulata                       3   20         

Pleurostomella watersi                       1   5         

Laeviheterohelix pulchra                       1             

Muricohedbergella loetterlei                             5       

Muricohedbergella delrioensis                             7       

Bathysiphon vita                               4     

Ammodiscus sp.                                1     
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