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The Lower Mississippian B d  Formation consists of a shallowing- and 

coarsening-upward succession of carbonates and fine-graineci siliciclastics deposited on a 

southwestward-deepening ramp in southeasteni Alberta This study dindes the Banff 

Foxmation into six cyclic units, each of which is a wrrelatable lithologic assemblage 

interpreted f?om wciations of different log signatures. DSerential sedimentation has 

generated piIes of sediment with highiy variable shape, tbickness and areal extent in al1 

but the uppermost unit, wiiich is characteriad by broad, evenly-spaced sediment belts. 

The ramp profile appears to have changed over time fkom a shdowly sloping surface 

during deposition of Units 1 and 2 to a h c e  with a siightly inaected or curved profile 

during deposition of Units 3-6. A medial siliciclastics belt separates two carbonate belts 

in Units 3 to 6 and is interpreted as a series of bottorn current deposits distributed dong 

a slight inflection on the inner ramp. 
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CaAPTER 1: INTRODUCTION 

1.1 PURPOSE 

The Lower Mississippian (uppermost Famennian to upper Tournaisian) Banff 

Formation consists of a stiallowing-upward succession of carbonates extending fiom 

southwestern Manitoba to southeastem British Columbia through to the southwestern 

part of the District of Mackenzie. The Banff Formation outcrops in the Canadian 

Rockies and is present in the subsurfàce in Alberta, Saskatchewan and Manitoba. In the 

latter two provinces, the Lodgepole Formation is the BanEFonnation equivalent. 

The Greater Cessford Area is defined in this study as Townships 2 1-3 Z and 

Ranges 7-1 6 West of the 4th Meridian in southeastem Aiberta, Canada (Figure 1.1). 

This area was seiected because of the presence of a distinctive siltstone unit (Uiformaliy 

known as the Banff sandstone) within the B d  Formation as indicated by preliminary 

core description and cornputer database searches. 

The Upper Devonian Wabamun Group consists of shelf carbonates 

(predominantly dolomite) with varying amounts of anhydrite and salt of the Big Vdey 

and StettIer Formations (Figure 1.2). The shales and siltstones of the Exshaw Formation 

unconformabIy overiie the Wabamun Group carbonates, and are in tum unconformably 

overiain by carbonates and siIiciclastics of the Banff Formation. Skeletal grainstones and 

cherty packstones of the Pekkko Formation ovedie the Banff Formation in the 

southwest portion of the study area. In contras, the Pekisko Formation has been 

truncated and breccias of the Detrital Formation deposited on the upper B a .  

Forrnation d a c e  in the remainder of the study area 

The purposes of this research are to: (1) establish units and correlate them across 

the ramp, (2) determine the distribution and character of the siltstone unit, (3) identi@ 

the sedimentologic relationships and propose a depositionai model, (4) establisfi 

paieogeographic depositional envkonments through Banff t h e ,  (5) ascertain the 
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changing geometry of the carbonate ramp over tirne, (6) suggest possible controls on 

stratigraphic and sediaientologic relâtionships, (7) determine the paragenetic sequence, 

and (8) idente  potential reservoir characteristics and reservoir forming processes. 

1.2 CARBONATE RAMPS kW SEQUENîE STRATIGRAPHY 

A carbonate ramp is a gently sloping depositional surface which passes gradually 

offshore f?om a shallow, wave-agitated setting into a deeper water, lower energy 

environment (Ahr 1973). Carbonate ramps are common in aii geological periods but are 

especially dominant at times when reef-constnicting organisms were absent or inhibited 

as in the Mississippian (Read 1982; Wright and Faulkner 1990). Burchette and Wright 

(1992) documenteci carbonate ramps in most types of sedimentary basins but noticed 

that they are best developed where subsidwce is 0exural and gradients are siight over 

large areas as  in foreland and cratonic-interior basins, and dong passive matgins. Large 

rarnps on passive margins cornmonly form hear sediment prisrns trending for hundreds 

of kilometres dong the basin margin. 

Sequence stratigraphy integrates t h e  and relative sea level changes to track the 

migration of facies (Sarg 1988). The k o n  sequence stratigraphic mode1 and 

accompanying systems tract diograms summarize the expected matal patterns and 

geometries of sificiclastic depositional sequences that fonn in passive margin 

depositional basins (Hacl et al. 1987; VaiI 1987; Posamentier and Vail 1988). This work 

was largeiy based on seismic data Handford and Loucks (1993) questioned the use of 

the Exxon mode1 in carbonate environrnents due to the strong environmental wntrols 

over carbonate sedimentation and the diverse way in which carbonates respond to sea 

level changes. 

Sequence geornetries and stratigraphies are very difficult to detennine fiom 

seismic data without using speciai processing on extensive, thin, featureless carbonate 

ramps. Burchette and Wright (1 992) recognked that it is often necessary to determine 



ramp sequence stratigraphies and geometries from wideIy spaced vertical sections usmg 

regional sedimentological, biostratigraphic and seismic data. 

The prevailing approach to ramp geometry correlation bas been based on models 

developed in passive margin settings using widely spaced data sets often tens of 

kilometres or more apart. The present work attempts to correlate units using closeIy 

spaced wells (1 -5 kilometres apart) in a passive mar* ramp setting. 

1.3 PREVIOUS WORK 

PubIished works on the subsurface Banff Formation are few in nurnber (Moore 

19%; Macauiey et al. 1 964; Martin 1967% 6, 1 969; Richards 1989; Richards et al. 1 993, 

1994). The Grst published description of the Banff Formation was by M c C o ~ e i l  

(1887) who applied the term to a succession of Late Devonian and Triassic limestones 

and sMes in the Bow Vdey. He divided the Banff Formation into four parts; the 

Lower BanfY limestone, Lower Banff sMe, Upper Banff limestone and Upper Banff 

shale. Man (1913) studied the Banff Formation in the Bow Vailey and codümed the 

nomenclature of McConnell (1 887). 

Khdle (1924) established the type locality of the Banff and overlying Rundle 

Formations at the north end of Mount Rundle and rehed the Banff Formation to 

include only the dark argillaceous, more recessive Iimestones at the base of McConnei17s 

(1887) Banff Formation. Kindle (1924) named the overlying massive, more resistant 

iimestones the R u d e  Formation. 

Warren (1927) divided the type Banff Formation section into three members. 

Lower and upper sMy members under- and ovefie the more resistant caicareous beds 

of the middie member respectively. In a Iater study (Warren 1937), he separated the 

black shaies at the base of the Banff Formation fiom the overlying sedirnents and 

assigned them to the Exshaw Formation. Clark (1949) included overlying silty 

hestones as part of the Exshaw Formation. In addition, he recognized a 40 metre thkk 



fossiliferous member of the Banff Formation, which was later named the "Clark's 

m&er" by Beales (1950). Bedes (1950) re-sramined the same section as Warren 

(1927, 1937) and refined the upper, middle and lower member classification by 

suggesting different thicknesses for the three members. 

The first detailed study of the type section was by Harker and McLaren (1958) 

who measured approximately 10 metres of each of the black s h a h  and of the siltstones. 

Later investigations by Maqueen and S a n d b q  (1970) concluded that the black shale 

measurements were accurate but that the siItstone was ahost four times as thick as 

previously recordeci. Macqueen and Sandberg (1970) proposed that a thin dark fissile 

shale overlying the siltstone represents a disconforxnable contact between the Exshaw 

and Banff Formations. 

Douglas (1953) and Douglas and Harker (1958) recognized the presence of the 

Exshaw, Banff and Rundle Formations in the Mount Head map area The Rundle 

Formation was changed to the Rundle Group comprised of the Livingstone, Mount 

Head and Etherington Formations. The Livingstone Formation was fùrther divided into 

the Pekisko (lower) and Turner Valley (upper) Members respectively. Gallup (1% 1) 

had previously termed the dark coloured iimestones at the base of the Turner Vaiiey 

Member the Shunda Formation. The Pekisko and Tuuzr Vdey Members were 

upgraded to formations by Penner (1958). The Livingstone, Pekisko and Tuner Vaiiey 

Formations conskt of grain-supported carbonates. 

The Middle and Upper Members of the Banff Formation in the Bow Vaiiey 

were considered to be lateral quivalents of the subsurhce Pekisko and Shunda 

Formations by Moore (1958). Nelson and Rudy (1959), Nelson (1961), Green (1962) 

and Middleton (1963) ail correlated the subsurface Pekisko and Shunda Formations with 

various levels of the Banff Formation in outcrop. Macqueen and Bamber (1967; 

Maqueen et al. 1972) used stratigraphie, lithologic, paleoenvironmental and 

macrofaunal evidence to show that the Pekisko, Shunda and Turner Vdey Formations 



are the laterai equivaients of the Livingstone Formation. The successions including the 

BanfS Pekisko, Shunda and Turner Valley Formations comprise the eastern facies, and 

the Banff and Livingstone Formations wnstitute the western facies in southwestern 

Alberta Macqueen and Bamber (1967) found no evidence to suggest that the Shunda 

Formation &ouid be correlated with the upper member of the type Banff Formation. 

Further stratigraphie work by Oswald (1 968) and Mamet and Mason (1 968), as weii as 

microfaunal data presented by Petryk, Mamet and Macqueen (1979) fiirther supported 

Macqueen and Barnber's (1967) conclusions. More recent work by Richards (1989; 

Richards et al. 1993) suggests that the Pekisko Formation of south and southwestern 

Alberta is in fact equivaient to the upper part of the Banff Formation. 

Cycles in the Banff Formation were first recognized by Spreng (1953), who 

dehed six cycle types based on Merent repetitive patterns of Iirnestone and shale in 

outcrops within Banff National Park. Ethier (1970) expresseci the cyclical bedded 

successions of open marine Iimestones and shaies of the Banff Formation in the 

southern Canadian Rockies in terms of mathematicai probabilities. A method of 

assessing the similarity between pairs of transition probability matrices was not found 

to be usefi1 for wrrelating individual beds in the Banff Formation. She established that 

the upper two-thirds of the Banff Formation consisted of siliceous limestone grading up 

into wackestones which are in turn ovedain by packstones and grainstones. This 

warsening-upward succession is capped by a mudstone unit. 

Macqueen and Barnber (1974) studied the stratigraphy, biostratigraphy and 

sedimentology of the Lowef Carimniferous at a thst-faulted antiche within the 

Foothilis. Here, the Banff Formation consists of ngiliaceous carbonate rocks and 

calcareous and/or dolomitic shdes. 

A paieoecologicai study of the Banff Formation was undertaken by Hanneman 

(1977) at Rarn Mountain. SedirnenîoIogicaI and paIeontologica1 evidence was used to 

establish the paleoenvironments of the upper Banff as grading f?om shallow subtidal 



conditions in the Iower portion of the section to an interticid depositional environment 

higher in the section. In addition, four faunal units were recognized on the basis of a 

dominant brachiopod species. 

Bamber et al. (1980, 198 1, 1984) fimhered their previous work (Macqueen and 

Bamber 1967, 1974; Maqueen et al. 1972) b y showing that an eastern belt of thick, 

pIatform carbonates and detrital clastics grade lateraliy into a western belt of thin, 

basinal shaie across a transitional platform margin with a very low depositionai slope. 

Chatellier (1 983, 1988, 1992) confïnned the presence of an eastern facies in the 

subsurfice and a western facies restricted to the Front Ranges (Figure 1.3a). The eastern 

f i e s  consists of rhythmic argiiiaceous to cherty limestones and crinoidal grainstones 

overfain by fossiliferous argiiiaceous limestones. Crinoidai packstones and dolomitic to 

silty lirnestones cap the succession. The westem facies consists of rhythmicaiiy bedded 

argiUaceous limestones overlain by black cherty lime mudstones and crinoidal lime 

grainstones overlain by fossiliferous and argiüaceous hestones. Chateiiier (1983) 

recognized three shallowing-upward "mesosequences" in the eastern facies which 

collectively form a "megasequence". in contrast, only two "mesosequences" were 

idemtified in the westem facies (Figure 1.3b). 

Chatellier (1983) interpreted the BadFFormation as a very extensive, westward- 

prograding, homoclinal carbonate ramp. He used Rich's mode1 (1% 1) to divide the 

ramp into three parts: the fondofoxm (deep floor), choform (sloping floor) and 

undaforrn (zone of wave action). The first mesosequence of the eastern fâcies and the 

entire western facies was deposited on an open marine outer ramp with basin, slope, 

deep marine, and barrier shoal depositionai environments encompassing the fondoform, 

clinoform and the base of the unda.Com. The second and third mesosequences were 

deposited on a restricted marine inner ramp consisting of subtidal, intertidal and 

supratidai depositional environrnents al1 of which are part of the undaform. 



Figure 1.3 (a). The Western and Eastern Domains of the Banff Formation 
(after Chatellier 1988). 

Figure 1.3 (b). Summary diagram of the eastern and western domains 
(after Chatellier 1983, 1988). 



An extensive investigation of Lower Carboniferous brachiopods fkom the Banff 

Formation was undertaken by Carter (1987). He documented 87 brachiopod species 

fiom the eastem Cordiiiera of Alberta and British Columbia and derived three 

brachiopod biostratigraphic zones for the Banff Formation. The brachiopods of the 

Banff Formation were compared to the standard seaion of the Mississippian System in 

the midtontinent and to the correlative Lodgepole Formabon in the Cordilieran region 

of the western United States. Of the species descn'bed, the majority are either identical 

to or bave close affinity w i a  Banff Formation specimens. This suggests that marine 

communication may have existeci between the mid-coatinent and the northern 

Cordilieran region at sorne time during the early Mississippian. 

O'ConneiI (1990) studied the anomaiousiy thick B d  Formation succession in 

the Peace River Embayment to determine the conQuration of the basin. The shallower 

water facies of the middle and upper Banff Formation show Little thickness variation, 

indicating that the main phase of basin formation and infilling occurred during the Lower 

Ba ïhrough a series of stratigraphie cross-sections and isopach maps, O'Connel1 

(1990) ilIustrated that the lower Banff Formation consists of dope and basin carbonate 

and' shale deposited in two separate embayments. The two embayments formed as a 

result of burial of the Peace River Arch structure and continued differential subsidence 

of stmctures at the northern margin of the Arch. 

Stoakes (1 992) documented two transgressive-regressive cycles of sedimentation 

in the uppermost Wabarnun Group, and Exshaw, Banff, Pekisko and Shunda 

Formations. The f h t  cycle commenceci with distal upper ramp sedimentation in the 

uppermost Wabamun Group and terminateci with the progradation of ramp deposits in 

the lower part of the Pekisko Formation. The second cycle cornmenceci with the 

backstepping of Pekisko Formation carbonate ramps and tennuiated with the 

progradation and basin-füiïng of the Shunda Formation Stoakes (1992) suggests that 



each Mississippian cycle represents increased rdooding of the Western Canada 

Sedirnentary Basin and thus may be part of a much larger depositional phase. 

The most recent summary of the Banff Formation is f?om the Geological Atlas 

of the Western Canada Sedimentary Basin (Richards et al. 1994). The Atlas expands on 

the extensive sedimentology, stratigraphy and tectonic work of Richards (1989) and 

Richards et al. (1993). The Atlas inchdes a series of regional cross-sections, isopach 

and structure maps, paIeodepositionaI rnodels, oil and gas pool accumulations, and 

discussion of the tectonic setting and Iiîhostratigraphy of the Banff assembIage in 

Western Canada The Banff assemblage indudes carbonates and fine-grained 

siliciclastics of the Bakken, Exshaw, Lodgepole, Banff and Yohin Formations. 

1.4 METHODS 

1.4.1 Subsurface Analysis 

A total of 3,549 wdls penetrate the BantIl Formation in the Greater Cessford 

Area. Most welIs terminate in the top 20 metres and ody 320 of these wells penetrate 

the entire Banff Formation section through to the top of the Exshaw Formation (Figure 

1.4a, b). Aimost 2,400 wells were examined for this study in order to obtain a minimum 

samp1e density of one data point in each Section where available. The top of each of the 

Banffl Exstiaw, Big Vdey and Stettler Formations was picked (Figure 1.2). In addition, 

the top and base of a variably caicareous or dolomitic quartzose siltstone were 

identifieci. The subarface tops database is presented in Appendix A. 

One third of the welis which penetrate the entire Banff Formation section were 

seiected for more detailed andysis based on log quality and geographical distribution. 

Unit boundary tops and shalddt percentage were determineci for these wells and are 

presented in Appendix B. 

The GeoGraphix Exploration System (ûeoGraphix Inc.) was used to manipuiate 

and contour the Iarger formation tops database because of its abiiity to handle larger 





datasets. Individual units of the Banff Formation were mapped using MCad Contour 

(Aupperle Services and Contracthg Limited). 

Four different logs (gamma ray, density, neutron, Pm) were digitized for 

representative wells using the DigiRule RAT (Digi-Rule Inc.). A variety of Iog cross- 

plots (neutron versus density porosity, neutron minus density porosity versus gamma 

ray) were genemed in order to identifi the various lithofacies as weii as graphically 

illustrate porosity and permeabiiity relationships. 

1.42 Corc Work 

1.4.2.1 bmed Cores 

Of the 47 cores longer t h  3 metres in the Greater Cessford Area, 39 were 

log@ at the Alberta Energy and Utilities Board core storage facility (Figure 1.5; 

Appendix C). An additional 6 cores were logged adjacent to the western lirnit of the 

study area for a total of 675 rnetres of lcgged core. Thirty-four of these cores are > 10 

metres long and 8 are >20 metres long. The majorïty of these cores are fiom the upper 

part of the BanE Formation. Several cores are representative of the middle and lower 

sections. Seven of these cores are through reservoir rocks which produce fiom the Banff 

Formation. Appendix D contains detailed core descriptions as weU as porosity and 

perrneabiliîy data where available. 

1.4.2.2 Petrophvsical Data 

Porosity-pemeability cross-plots were generated using Alberta Energy and 

Utiiities Board commercial &ta &om core analyses retrieved using DigiTech @@Tech 

Information Services). Maximum permeability vaiues were plotted aga* porosity to 

delimate the petrophysicd porosity and permeability characteristics of potentid 

reservoir lithofacies. 



Figure 1.5. Map of the wres examined. 



1.4.3 Petrography 

1.4.3.1 Thin Sections 

A total of 65 petrographic thin sections were cut fiom core samples. Blue dye 

epoxy was used to impregnate the slides. Half the area of each thin section was stained 

for carbonates with Nizarin Red-S and K-femcyanide (Miller 1988). Srandard 

transmitted tight microscopy techniques were used to examine the thin sections. 

Mineralogy, grain size, sortmg, skeletai components, cements and other characteristics 

were described in order to elucidate porosity and permeability relationships and the 

degee of diagenetic alteration. Appendix E contains detailed thin section descriptions. 

1.4.3 -2 Scanning Electron Microscope 

A Cambridge S tereoscan 250 Scanning Electron Microscope with a Kevex 

Energy Dispersion Spectrometer was used to examine 12 sarnples in order to ascertain 

the three dimensionai pore and pore throat geometries, cement evolution, and 

replacement fdrics. The sarnples were hamrnered fkom the core sample in order to 

obtain a fiesh surface. The cut samples were attached to sc&g eIemon microscope 

specimen phgs and a thin wat of Silpaint applied in order to provide an eledcal 

ground from the sample to the plug. The samples were subsequently coated in gofd in 

an Edwards S150B Vacuum Sputter Coater (Rutherford 1984; Trewin 1988). 

1.4.3 -3 X-Ray Difiaction 

The purpose of the X-ray cliffiaction analyses is to detamine mineralogical 

compasmon. X-ray techniques were used to distinguish between calcite and dolomite, 

and detemxine the presence and percentage of detrital clays. Mineraiogicai composition 

determineci fiom X-ray difljraction analysis was compareci with visual estimates fiom 

thin section work. 

Thirty-five samples were selected and cnished into a very fine powder using a 

mortar and pestie. These samples were placed into a cavity mount holder and analyzed 

on a Scintag X-ray diffiactometer. Standard conditions as laid out in the Department of 



Gwlogy and Geophysics X-ray diffraction manual (Glatiotis 1994) were adhered to. 

The startiag and stopping angles were 4" and 74" respectively. 

The data were manipulateci using the cornputer program "Jade" (Matends Data, 

Incorporaîed) to highiight and masure the peaks in terms of 28, convert these values 

into d-spacings, and ultirnately idem* the mÎnerals. ûver 30 mineral pattern matches 

were attempted for aii the sarnples anaiyzed. n e  rnineralogical compositions (weight 

percentage) of the whole rock samples were caldzted fiom peak intensities based on 

estabfished d-spacings for individual minerais and are presented in Appendix F (Bayliss 

1986; Bayliss et ai. 1986; Hardy 1988; Moore and Reynolds Jr. 1989). 

1.4.4 Mini permeameter 

The core analysis stopped at the top of the siltstone unit in well 14-35-025- 

15W4. Nondestructive mini permeameter tests were conducted on 2.3 metres of 

siltstone to obtain the range of ma& permeability values and to quanti6 the impact of 

depositional and diagenetic effects on permeability (Georgi and Jones 1992; Jones 

1992). In addition, profie permeability data cm be wrrelated with wireiine Iog data and 

core descriptions to further elucidate the nature of individual lithoficies and improve Iog 

co~eiation fiom well to well (Georgi et al. 1993). Penneability tests were conducted on 

the sand blasted, slabbed core at the Western Atlas core labs, Calgary. 

1.4.5 Classification Schemes 

Dunham's (1962) carbonate rock classification scheme was used for petrographic 

analyses. Rocks with less than 50% siliciclastic grains are classifieci as silty carbonates 

and rocks with more than 5û?! siliciclastic grains are classified as calcarmus or dolomitic 

siltstones. 

Mount (1 985) proposed a new classification scheme for mixed siliciclastic and 

carbonate çediments. He dehed a tetrahedron whose subdivision produces eight generai 

classes of mixed sediment. The apices of the tetrahedron are (1) siliciciastic sand (sand 

sized quartz, feldspar, etc.), (2) mud (mixtures of silt and clay), (3) aiiochems (carbonate 



grains such as bioclasts, peloids >20 rnicrometres in sue), a d  (4) carbonate mud or 

micrite (<20 micrometres in size). The narne of a class reflects the dominant grain type 

and the most abundant antithetic component. A rock that contains >S0% siliciclastic 

material, of which most is sand sized, and contains secondary allochems, is cded an 

dochernic sandstone. Micritic sandstone, aiiochernic and micritic mudstone, saady or 

muddy aüochem lirnestone, and sandy or muddy micrite are the other rock 

c ~ c a t i o n s .  This scheme has no& however, been widely accepted in the established 

literature so the more traditional rock names of Dunham's (1962) classification scherne 

are used throughout this study . 

1.5 T3XMINOLAK;Y 

Carbonate piatforms can be grouped into two major categories: (1) carbonate 

shelves and (2) carbonate ramps. These terms are briefly defined below to avoid the 

confusion assaciated with confiicting classi£ication schemes in the literature (Ahr 1973; 

Ginsburg and James 1974; Wilson 1975; Read 1982). The terms used in this study will 

follow the conventions of Burchette and Wright's (1992) extensive paper on carbonate 

ramp depositional systems. 

A carbonate pla~orm is a the-dimensional carbonate buildup with a 

subhorizontal top but with no implications as to the profile. A carbonate shelf is a 

carbonate body with a subhorizontal top and relatively abrupt matgins. Carbonate 

ramps are gently sloping carbonate bodies that lack an obvious break in slope. Shallow, 

high energy, wave-agitated deposits of the nearshore zone pass downslope into deeper 

water, low-energy deposits (Burchette and Wright 1992). 

Carbonate ramps may be fùrther subdivided on the bais of profile into 

"homochal ramps" and "distally steepened ramps". Homoclinal rarnps have relatively 

uniform, gentle slopes (1 to a few metreslkilometre) into the basin and generally lack 

sisnificant gravity flow deposits and slumps. In contrast, distally steepened ramps have 



a major break in dope and abundant slumps, slope breccias and tuhidites. However, 

distally steepened ramps dB" &om shelves in that the major break in slope occurs 

many kilometses seaward of the transition fiom wave-agitatecl lime sand to subwave- 

base muds. The major break in siope on shelves occurs in this transition zone. 

Carbonate ramps commonly evolve into carbonate shelves as a result of high carbonate 

production on the developing sheif' edge and sediment starvation of the off-shelf 

environments (Read 1982, 1985; Burchette and Wright 1992). 

1.6 STRATIGRAPHY 

The Lower Carboniferous Banff Formation is part of Sloss' (1963) upper 

Kaskaskia sequence. Two third-order sequences (the Exshaw/Bakken and 

BanfVLodgepole) constitute the second-order, ~ansgressive-regressive sequence temed 

the Banff assemblage (Richards 1989). The overlying Pekisko/Shunda, where 

dweloped, is a third-order sequence as well. 

The Banff assemblage consists of carbonates and siliciclastics of the Bakken, 

Exshaw, Lodgepole, Banff and Yohin Formations. The axis of the Mesozoic expression 

of. the Sweetgrass Arch is an arbitrary nomenclatural boundary that divides the 

assemblage into two successions (Figure 1.6). The Bakken and Lodgepole Formations 

were deposited east of the arch on the cratonic platform and in the Williston Basin. The 

Exshaw, Banff and Yohin Formations were deposited West of the arch and extend into 

the southwestern District of M a c k e ~ e  (Richards et al. 1994). 

The Banff Formation unconformably overlies the Exshaw Formation and is 

variably conformably overlain by the Pekisko Formation or uncoaformably overiain b y 

the Detrital Formation. The Lodgepole Formation unconformably overlies the 

widespread organic shale %es of the Bakken Formation and is conformably overlain b y 

the Mission Canyon Formation hestones and its equivalents (Peterson 1988). 



Figure 1.6: Prùicipal tectonic elernents of western North America 
during the Carboniferous (after Richards et ai. 1994). 



1.7 TECTONZC SETlïNG 

The Banff Formation was deposited on the downwzped and downfadted 

western margin of the ancestral North American plate. The principai tectonic eIements 

in the Western Canada Sedimentary Basin during the Carboniferous were the Prophet 

T r o u a  the Peace River Ernbayment, the ctatonic platfonn, the Wiiiiston Basin and the 

Yukon Fold Belt (Figure 1.6). 

The Prophet Trwgh fonned dming the latest Devonian to EarIy Carboniferous 

and rernained into the Late Cretaceous. The trough was connected to the Antier 

Foreland Basin in the western United States and extended up into the southern Yukon. 

An orogenic belt and a broad hinge zone were the westem and eastern boundaries of the 

trou& respdvely. The b g e  was a foreland peripherd bdge dong most of its length 

during the Iate Famennian and Tournaisian (Richards 1989; Richards et al. 1994). 

The Peace River Ernbayment was a fault-controlled reentrant into the western 

cratonic pIatform, opening into the Prophet Trough. Several broad arches and the 

Williston Basin comprised the western cratonic platform. The Wiiliston Basin was well 

developed during most of  the Carboniferous but regiod epeirogenic uplifi and erosion 

ocamed duxing the mid-Carboaiferous (Richards et aI. 1993, 1994). 

During the Tournaisian an extensive seaway exîended between southeastern 

Alberta and Wyoming. This seaway co~ected  a large embaymem whïch inchdeci the 

Wiiiiston basin to the Prophet Trough and the Ader  ForeIand Basin. The Wiüiston 

Basin became a topographicai basin concurrent with the development of a broad, 

northeast-trending uplifi across the seaway in southeastern Aiberta. Richards et al. 

(1 994) modifieci the term "Madison Shelf" introduced by Sando et al. (1990) to descni 

the shelf areas that f o d  between southern Alberta and Manitoba in the seaway 

comectiag the Williston Basin and Prophet Trough. 

The Lodgepole Formation ramp in the northwestem United States was bordered 

in the east by the Transcontinental Arch and in the West by the AntIer foredeep and 



orogenic highlands. Durhg h w e r  Mississippian tirne, the ramp was dissected by the 

Centrai Montana Trough which was the marine connecbon ktween the Antler foredeep 

and the Williston Basin (Figure 1.6). 

The axis of the proto Sweetgrass Arch is interpreted to be approximately 

coincident with that of its present-day expression d k g  the Carboniferous (Richards et 

ai. 1994). The Sweetgrass Arch was not a positive feature in southeasteni Alberta until 

Early Visean time, postdating deposition of the Banff and Lodgepole Formations 

(Podniski 1988; Richards 1989). 

A principal phase of tectonism commenceci during the Iatest Devonian and 

continuecl into the late Tournaisian and earty Visean. This phase foiiowed broad 

Famennian epeirogenic uplifi that is recorded by the unconfonnity at the base of the Big 

Valley Formation (Richards et ai. 1994). Marked regiod subsidence resulted 

dominantly 6om intraplate compressive stress, but aZso 6om bIock fauiting and tectonic 

lmding during the Antier Orogeny of the western United States and the Cariboo 

Orogeny of eastem British Columbia. The major tectonic eiernents on Figure 1.6 were 

established during this phase of tectonism (Richards 1989; Bond and Kominz 1991; 

Sniith et ai. 1993). 

Moderate subsidence rates and basinward progradation of shailow-water 

carbonates during the late Tournaisian and early Visean mark the transition between the 

compressional regime of the Tournaisian and the dominantiy extensional tectonics of the 

=sean (Richards et al. 1994). 

1.8 SEDIMElYTOLOGY 

Hays (1985) and Richards and fisgins (1988) documented the deposition of 

&-grained siliciclastics of the Bakken and Exshaw Formations in ewonic-basin to 

shallow-neritic environments during the late Famennian and earliest Tournaisian tirne. 

BI& shaies of the lower Exshaw Formation record the culmination of a regional 



transgression that commenced with the deposition of the underlying Famennian Big 

Valley Formation. Most of the Exshaw Formation was subaeriaiiy eroded during 

regional shaiiowing in the early Tournaisian Meating an unconformity between the 

Exshaw Formation and the overiying Ba* Formation. Shaiiow marine sandstone, 

siltstone and ooid graindones in the midde Bakken record shailowing (Richards et al. 

1993, 1994). 

Basai black shales of the Banff Formation mark the start of a second 

transgression. The establishment of distal-ramp and slope environments in the middle 

and upper Banff Formation chronicle the continuation of this transgression (Richards et 

al. 1994). Waulsortian mounds deveIoped in the WiUiston Basin and Central Montana 

Trough at this tirne (Smith 1977; Precht and Shepard 1988). 

Regional sMowing and progradation of slope and distal ramp to supratidal 

carbonates and siIiciclastics record regional shdowing following the early Tournaisian 

transgression. Restricted-shelf lithofacies of the Banff Formation record the end of the 

regression on the stable cratonic platform. In contrast, the regression culminateci with 

sedimentation of the overiying R u d e  Assemblage on the unstable craton in South- 

Alberta and in most of the Wriliston Basin and Prophet Trough. Progradation and 

shallowing during the regression were interrupted by a regional transgression and 

deposition of deep water dope sediments in the southern Prophet Trough (Pichards et 

al. 1993, 1994). 

1.9 PALEOGEOGRAPHIC SE'ITING AND CLIMATE 

One or a combination of paleomagnetic, paleociimatic, paleobiogeographic and 

tectonic data have been used by numerous authors to reconstnict the position of North 

America during the Tournaisian stage (Scotese et al. 1979; Swtese 1984; Van der Voo 

1988; Witzke and Heckel 1988; Ziegler 1988; GoIonka et al. 1994; M e t d e  1994). 

Paleomagnetic data is most ofien used to constrain continental blocks to specific 



latitudes (Scotese 1984) while longitudinal placement is infîîed fiom tectonic and 

historic evidence (Witze and Heckel 2988). Secondary rernagnetization, if unrecognized, 

can severely thwart pIate reconstruction, as can tectonic rotations and displaced terranes 

(Scotese 1984). 

As a result, the location of the Greater Cessford Area during Tomaisian time is 

oniy broadly constrained to have been h e e n  10" south and 25" north latitude 

(Scotese 1984; Van der Zwan et al. 1985; Van der Voo 1988; Witzke and Heckel 1988; 

Ziegler 1988; Golonka et al. 1994; Metcalfe 1994). Alberta was located on the western 

edge of the North American continental land mass immediately preceding the 

amalgamation of the supercontinent Pangea. 

Parrish (1982) quatitativeIy modeled paleoatmospheric circulation on 

paleogeographic reconstructions for the Late Cambrian through to the Late Permian. 

Her work was guided by modern atmospheric circulation patterns and principles and the 

interpreted paleogeographic settings of Scotese et ai. (1 979) for each stage. The Greater 

Cessford Area iies within the northeast trades and equatorid easterlies belts. Dry 

offshore prevailùlg winds would have been the nom during the winter months. 

Dominant paleowinds were to the souih. Wmter high pressure celis and a large surnmer 

low pressure ceil over norrhern Laurussia constituted a tropical monsoonal circuiational 

system (Panish 1982, 1993; Bardossy 1994; Francis 1994). Strong monsoonal storms 

may have occurred ail year round, but were particdarly fiequent during the sumrner. 

Rowley et al. (1985) suggest that monsood conditions would rnake the 

equatorial region dryer by ddecting rainf'i north and south of the equator into a low 

pressure cell in the southem hemisphere. In a study conducteci in Great Bntain, Wright 

(1990) confirmed the presence of a monsoond system during the Tournaisian. He 

suggests the presence of a semi-arid c h t e  with seasonal mididi interrupted by more 

hurnid phases. 



The Persian Gulf lies between latitudes 24" and 30.30" north which is the 

northem limit of the estirnateci position of the Greater Cessford Area during the 

Tournaisian. An a d ,  sub-tropical, essentially continental climate with hi& summer 

temperatures and fiequent strong winds, stimulate the formation of evaporitic minerais 

and the delivery of eolian dust to the basin in the Persian Gulf Average annual r a i d  

is less than 5 centimetres a year (Purser and Seibold 1973). 

There is a marked seasonality to the climate of the Persian Gulf. Strong winds 

and dust storms witfi temperatures between 45-50°C are common in the winter months, 

with calmer winds and temperatures around 20°C in the summer (Purser and Seibold 

1973). Coastai environments are swept by waves and surface currents because the 

prevaiiing winds blow d o m  the axis of the guE Extrernely high evaporation rates due 

to fiequent winds, high temperatures, and low precipitation cause a b n o d  salinities 

throughout most of the basin. Fluviatile influx is limited to a single delta and to the 

mountainous Iranian Coast where temgenous sediments contrast with the carbonates 

fomiing in the shaliow seas in fiont of the low deserts of Arabia. 

Cornparison with modem environments indicates that most of the Western 

Canada Sedimentary Basin would have b e n  dominateci by arid to serni-arid tropical and 

subtropical desm climates, with more humid chates in the northwest during the 

Tournaisian. (Richards 1989). The Greater Cessford Area likely had an arïd to semi-arid 

tropical desert climate with seasonally fluctuating temperahires, winds, r- and 

stom activity. 



CHAPTER 2: CORRELATION OF UNITS IN THE BANFF FORMATION 

2.1 RAMP GEOMETRY 

2-1.1 Introduction 

The prevailing approach to establishg ramp geometry and stratigraphy has 

been the construction of a number of regional cross-sections across entire ramp systems. 

ïhese cross-sections span hundreds of kilometres and use weiis or outcrop sections 

which are ofien tens of kilometres or more apart (Chateiiier 1983, 1988, 1992; Wright 

1986, 1987; EIrick and R e d  199 1; Chen and Webster 1994; etc.). Individual ramp units 

1 5-1 50 metres thick are cornmoniy interpreted as third-order cycles (1 - 10 million years 

duration). These are correiated as clinoforming packages of approxirnately uniforrn 

tiiickness which prograde into the basin (Figure 2.1). No detaiied correlations of ramp 

units 4 5 metres thick and hterpreted as fourth- or fifth-order cycles (0.01-0.5 million 

years duration) were found in the published literature. 

2.12 Globd Ramps 

Ahr (1973) described carbonate ramp sediments as wedge-shaped deposits that 

thicken seaward. He suggested that facies panerm across ramps are distributed in 

concentric facies belts that foiiow bathymetric contours. 

Various scales of cycles have been recognized on carbonate ramps around the 

world and throughout the geologic record (Wright 1986, 1987; Ross and Ross 1988; 

Wright and Faulkner 1990). Cyclicity on Carboniferous ramps is reporteci with greater 

fiequency than in any other geologic penod. These units generdy coarsen- and 

shallow-upward and Vary fiom rnetre- to decirnetre-sale in thickness. Unîts are stacked 

in distinctive patterns to form a series of depositional sequences. 

Thomas (1 984) recognized severai 1 - 10 metre-thick shailowing-upward cycles of 

lime mudstone overiain by shdow water grainstones deposited in the shoreface- 

foreshore in the Triassic rocks of Germany. An ernergence horizon with minor 



FONDOFORM 1 CUNOFORM 1 UNDAFORM 

FOH301 Enwronmnt of sedimentation lyinq on the k e g  floor of a vvater body. 
CUNO= Environment of sedimentation lying on the sbping part of the floor of a w t e r  body, extending 
from wve base down to the esxnüally fiat deeper pa- 
UNDA- Environrmnt of sedimentation lying in the zone of mm action 

Figure 2.1 a: Rich's Mode1 (1  95 1) was used as the b a i s  for Chatellieis (1 983) 
interpretation. 

LOWER IRETON V.E.-ZOOX 

Figure 2.1 (b). A cross-section through the Frasnian Grosmont Fornation, a carbonate 
ramp in the Western Canada Sedimentary Basin. Note that with large vertical 
exaggeration, the ramp exhibits subtle shingied clinoforms. Slope angle and siope 
height show cumulative increase upwards through the sequence. Vertical thickness of 
the Grosmont Formation is approximately 200 metres (after Cutler, 1983). 



paleokarst, dolomite or an evaporite bed commody capped the sequence. The same 

types of cycles were documented in the Middle Triassic of the Catdan Basin in Eastern 

Spain (Calvet et al. 1990; Tucker et al. 1 993). 

Burchette and Wright (1992) presented a series of highiy schematic cross- 

sections through passive rnargin sedimentaq basins showing the location and character 

of associated carbonate ramps. Relatively uniform subsidence rates accompany the rift 

to dnft transition that decreases exponentially as the passive mar& matures. This 

regime is characterized by large areas wirh very graduai slopes over the old rift 

shoulders. This favours the development of carbonate ramps hundreds of kilornetres 

wide and potentially thousands of kilometres long. Burchette and Wright (1992) reiied 

on seismic data to illustrate a series of low-angIe sigrnoidal or shingIed clinoforming 

packages of approximately equal thickness, prograding into the basin. 

2.13 Mississippian Ramps 

Ross and Ross ( 1988) recognized eleven transgressive-regressive depositional 

sequences in the Tournaisian and Visean mata of Great Britain. Identification of 

transgressive-regressive depositionai sequences on the craton relied on fincihg and 

tracing unconformities, establishing age reIationships of strata, and determinhg 

depositionai environments and facies changes. The Tournaisian deposits of Great 

Britain are predominantly shallow water carbonates consisting of a diverse array of 

carbonate-producing organism. 

A carbonate ramp has been described by Wright (1986, 1987) who e d e d  the 

evolution and distribution of carbonate successions on a very broad scale in the 

Carboniferous Limestone Province in southwestern Britain. The ramp consists of a 

southward-thickening wedge of limestone and dolomites > 1500 metres thick in the most 

southerly outcrops. He constnicted a cross-section covering approximately 80 

kilometxes and correiated a series of hcies belts across the ancient ramp system. Wright 

(1986, 1987) used outcrop sections and previously published works as his data sources. 



The -ber of outcrops examined is never explicitly stated but appears to be 

approxhatefy five. Differential absidence and sea-lweI changes resulted in distinctive 

hcies associations that wi be ptaced into three geomorphotectonic settings termed the 

inner, mid- and outer ramp. 

The b e r  ramp is doxninated by shoal and back-shoal sedunents that include 

oolitic grainstones and peritidal lirnestones arranged into metre-scale, transgressive- 

regrasive units. The pentidal limestones are stacked into asymmeticai, shallowing- and 

coarsenùig-upward, metre- to decimetre-sale cycles. The mid-ramp is dominateci by 

bioclastic iimestones that are commoniy stacked into decimetre-de, shallowinç- and 

coarsening-upward units that consist of up to four individual sand bodies. Regressive 

phases consist of oolinc grainstones usuaiiy capped by paleokarstic d a c e s .  The outer 

ramp consists of a thick sequence of muddy biodastic ibnestones and major Waulsortian 

reef-mounds. None of the shdowing phases or cyclicity observed in the inner and rnid- 

ramp zones can be detected in the outer ramp sequence (Wright 1986, 1987). 

2.1.4 BanCf and Lodgepole Formations 

Severai scales of cyclicity have been recognized by various authors in the Banff 

and LodgepoIt Formations (Chatelier 1983, 1988, 1992; O'Connel1 1990; Elrick and 

Read 1 99 1 ; Elrick et al. 1 99 1 ; Chen and Webster 1 994; Richards et al. 1 994). 

Chatellier (1983) conmcted a series of cross-sections through the Banff 

Formation f?om the Lnterior Plains to the Front Ranges of the Rocky Mountains in 

south-central and southwestern Aiberta using both field and subsurface observations. 

Data points were typically -1ocated between 25 and 60 kiiometres apart. Seismic data 

&om northeast British Columbia and northwest Aiberta was used to characterize the 

Banff Formation as a sigmoiâaf, progradational carbonate ramp consisting of 

ciinofonning sediment packages (Chatellier 1 983,1988). 

Chateilier (1983, 1988) recognized three scales of cyclicity. He divideci the 

Banff Formation into three coarsening- and shailowing-upward mesosequences 



(approximately 5-50 metres thick, more typically 25-50 metres thick), wkch, together 

with the Exshaw Formation form a rnegasequence (approximately 150 rnetres thick) 

(Figure 1.3). The underiying Devonian Wabamun-PaiIiser Formations and ovdying 

Mississippian Rundie Group are the precedulg and succeeding megasequences 

respectively. Locally, thinner, metre-scale cycles were recognized. Some of these 

cycles repeat the same succession of lithologies, whiie others grade upward into more 

restricted sediments. 

Elrick and Read (1 99 1 ) and Elrick et ai. (199 1) studied the Lodgepole and Iower 

Madison Formations (20-225 metres thick) in Wyoming, Western Montana and Eastern 

Idaho on a broad, IateraUy extensive, stormdominated, pericratonic carbonate ramp 

(>700 kilometres wide and >1600 kiIometres long). Outcrop exposures located between 

20 and 150 kilometres apart were correlated to mate a series of regionai sections. 

The authors recognized three types of metre-scale cyclicity that stacked to fom 

three depositionai sequences. The tirst type of metre-sale cycle consists of peritidal 

cycles of very shallow subtidal sedirnents overlain by aigal-laminatecl tidal f!iat deposits 

that are rarely capped by paieosohreccia layers. Secondly, shallow subtidal cycles 

consist of stacked ooid grainstone shoai deposits or deeper subtidai sediments that are 

capped by ooid-skeletal grainstones. Deep subtidal cycles of lirnestone-armte overlain 

by storm-deposited lirnestone and capped by hummocky stratifïed to massive skeletai- 

ooid grainstone are the third type of fïfih-order cycle. Deep subtidd cycles pass 

downslope into rhythmically interbedded ibnestone and argdhe with I d  mud rnounds. 

No upward-shailowing cycles occur within the ramp-dope facies. 

Sirnilarly, Chen and Webster (1994) studied the Lodgepoldower 

MadisodHenderson Canyon Formations in Central Wyoming, Eastern Idaho and 

Northeastern Utah. Using three widely-spaced outcrop sections ( 1 3 5 and 375 

kilometres apart respectively) and previous work, the authors divided the ramp imo 

seven facies associations. These are foreslope, oahore skeletal-peioidal bank deep 



ramp, rniddle ramp, foreshoai subtidal, shoal and peritidai-IagoonaI associations. 

Cyciicity on any scaie is not discussed in any detail. 

Regionai cross-sections were constmcted using one weii ap proximately every 3 0 

kiiometres in the Geologicai Atlas of the Western Canada Sedimentary Basin (Richards 

et ai. 1994). Again, cyciicity of any s d e  was not the focus of this publication. 

In contrast to the regional studies discussed above, O'Co~eil(199û) studied the 

B d  Formation on a more local scale in the Peace River embayment in north-central 

Albwta and northeast British Columbia. Althou@ the study area was d l  very large 

(300 kilometres by 300 kilometres), his cross-sections were constructed from welis 

spaced between one and t hree ranges apart (1 0-30 kilornetres). He divided the Banff 

Formation into three informa1 mernbers and recogriized informai stratigraphie units 

withio each of the three larges members. 

lsopach maps (O'Comeii 1990, Figures 6 and IO) of two shaie units and two 

carbonate units in the lower Banff Formation illustrateci that sedùnents in these units 

were not distributed as concentric bands of increasing sediment thickness. Instead, 

sediments were deposited in irregularly distributed piles 5- 120 metres thick. Similarly, 

cross-sections fOYConnell 1990, Figures 7-9, 11) illustrate the ciramatic thickness 

changes in the units as weii as changing log character over the study a r a  

2-15 Discussion 

Ross and Ross (1988) recognized eleven transgressive-regressive sequences that 

lasted betweea 1.2 and 4 million years, typically about 2 d o n  years (tbird-order). 

These sequences are believed to be synchronous depositionai events that resulted fiom 

eustatic sea-level changes. A depositionai sequence may contain four or five cyclothems 

or partial cyclothems within it. 

Wright (1986, 1987) attributes the transgressive events on the Carboniferous 

Lirnestone Province ramp to eustatic changes as a resuh of major early Carboniferous 

sea levef rise. In contrast, regressive phases rnay have been purely progradational in 



ongin, although some may have been related to localized tectonic base-level changes. 

Progradations may correspond to phases of reduced sea leveI or stilIstand. 

The focus of Chatellier's (1983, 1988,1992) work was the mesosequence which 

is a third- or fourth-order cycle. The first regressive mesosequence wnsists of open 

marine basin, dope and bamer shoal sediments. Although global sea level rose at this 

tirne, carbonate production kept pace with or exceeded subsidence. The second and 

tbird mesosequences are restricted marine, inner ramp, subtidal, interticid and supratidal 

sediments. Chatelier (1 983) attributed this cyclicity to a sea levei faii or cessation of 

subsidence, or uplift on the craton. Fifkh-order, metre-scale cyciicity was briefly 

mentioned but not analyzed in any detail. 

Elrick and Read (1991) recognizecl three types of Mh-order cyclicity that 

stacked to form third- to fourth-order depositional sequences but did not attempt to 

correlate these srnall-sale cycles across the ramp systern. Average cycle durations 

calculaîed dong the outer ramp range from 30-1 10 thousand years These cycles likely 

fonned in response to Milankovitch-type sea-levei oscillations with amplitudes of at 

leas 20-25 mares, superimposed on long-term (third- to fourth-order) sea-level 

fluctuations. 

Regional transgressive-regressive facies trends and metre-sale stacking patterns 

define three third- to fourth-order depositional sequences. S hdow and deep subtidal 

cycles form the ramp margin wedge which developed d ~ g  long term sea level 

lowstand. The transgressive systems tract onlapped the ramp during sea level rise and 

is dorninated by thick, deep and W o w  subtidal cycles. Peritidal cycles are restricted 

to the uiner ramp. Similarly, the highstand systems tract developed during long term sea 

level highstand and fàil and consists of shallow subtidal cycles overlain by peritidal 

cycles on the inner ramp and shdow and deep subtidal cycles on the ramp-slope (Eirick 

and Read 199 1). 
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O'Conneli (1990) mapped the Lower B d  and Pekisko Formations in the Peace 

River Embayrnent to determine the basin configurations. The shallower water facies of 

the midde and upper BadTFormation show iittle thickness variation, iadicating that the 

main phase of basin formation and iafillhg occurred durkg the h w e r  BanE 

Although cyclicity was not the focus of this work and therefore not discussed in 

any detaÿ the lower shaie and carbonate units are interpreted as third- to fourth-order 

cycles. O'Connel1 (1990) attributed the sediment pihg to merential subsidence, and 

divided the sedhents into a northem (north-south trendmg, north of Township 90) and 

southem domain (west-east trending, south of Township 90). The devetopment and 

orientation of the Lower Carboniferous Peace River Embayment and subsequent 

depositional patterns is atsniuted to progressive burial of the Peace River Arch and the 

continued differentid subsidence dong the trend of a northern boundary fault. 

Although seismic data may provide a g o d  regional overview of the geometry of 

depositionai sequaces, the vertid resolution is not usually adquate to recognize and 

correlate sder-scale cycles. A general d e  is that two reflecting horizons must be a 

minimum of one quarter of a wavelength apart if they are to be resolvable on seismic 

(Harris and Langan 1997). In a shallow, foosely consolidateci sandstone or mudstone, 

the vertical resoIution js approxirnately 7.5 metres. In contrast, the thinnest unit 

resolvable in a deep, PaIeozoic carbonate section is about 75 metres thick Wall 1990). 

The maximum vertical seismic resolution of 333 suEsce seismic images is 40 metres 

( H m i s  and Langan 1997). 

Most of the work done on carbonate ramp cycticity to date has involveci the 

correlation of iarge-scaie, low-order units or cycles across immense geographic areas 

usinp fairy limiteci outcrop and subsurfàce data. Although fourth- and Wh-order cycIes 

have been i d e n ~ e d  on carbonate ramps arwnd the worlà, there has been no previous 

attempt to correlate them. Seismic data has been used to derÏve the geometry of low- 

order cycles on a regiod-scale. 



23 MXTECODS 

2.2.1 Introduction 

The Banff Formation is divided into six cyclic units in this study in order to 

investigate the changing geometry of srnalier-scale successions in a modestly sized study 

area. This is in contrast to the majority of previous work that has a regional perspective 

and focuses on formation-sale units. The present study attempts to correlate the six 

units across the study area and determine the changing distribution (areal and thickness) 

and character (log profile and lithology) of each unit. 

The geornerry of each unit is a function of predepositional topography, the 

geomorphology of the depositionai environment, and its post-depositional history 

(Seiiey 1985). The approach ofthis study was to map the geometry of each unit using 

borehole data. 

2.22 Geophysid Well Logs 

Geophysical weU logs are the single most important data source for this study, 

and particularly for this section, which involves the division of the BanfFFormation into 

six component units. Units are correiaable lithologic assemblages interpreted fkom 

associations of diffêrent log signatures. The gamma ray, PEF, caliper, and neutron and 

density porosity logs are the dominant geophysical w d  logs utilized for stratigraphie 

correlation and lithoIogic interpretation. 

Gamma ray logs are used as verticai profiles of grain size. The gamma ray log 

measures the naturai radioactivity of the rocks which is essentially related to the amount 

of clay minerals present. Thus, the ginma ray reading tends to increase in proportion 

to the amount of clay minerals present in the sediment, and the amount of clay increases 

with decreasing particle size @rock 1984). No radioactive minerals having the potential 

to yield a misleading gamma ray response, iike mica or glauconite, are observeci in either 

the cores or thin sections. 



The effects of caving on log response are monitored by observing the cdiper 

log(s) where present. The PEF log in combination with the gamma ray and neutron- 

density porosity logs, is used to determine lithology where available. The neutron and 

density porosity logs are used to determine porosity and iithology in combination with 

the gamma ray and PEF logs. The amout of departure between the neutron and density 

porosity logs run on a ibnestone scale is especially usefiil for distinguishing dolomite 

fiom lirnestone. In a low porosity Iimestone Iithology, the neutron and density porosity 

logs track parailel to each other. In contrast, the neutron and density logs are separated 

in a dolomite iithology (Asquith 1982, 1985; ScMimberger 1995). 

2.23 Identification and Recognition o f  Units 

No ''typicd" or "standardn succession exists for the B a d  Formation in the 

study a .  Closely spaced wells have quite Meren? log signatures, however six units 

can be distinguished by distinct shifis in the gammaray log (Figures 2.2-2.3). Six units, 

each comprised of one or several shallowing- and coarsening-upward cycles are 

recognîzed in the Banff Formation. As wilI be discilssed below, the six units Vary 

greatiy in lithology, geographical distribution and thickness across the Greater Cessford 

Area. 

The upper and Iowa boudaries of the Ba& Formation are readily detennined 

by changes in the gaxnma ray log. The base of the Banff Formation is identified by a 

decrease fiom high radiation values associated with the black shales of the Exshaw 

Formation. The top of the Banff Formation is detennined by the shifk of the gamma ray 

log to either: (1) lower radiation values which correspond to the Pekisko Formation 

(wmposed of crinoidai and bryotoan packstones and grainstones); or (2) higher 

radiation values which correspond to the shales and mudstones of the Banff Formation 

transition zone and Detrital Formation. 

Two type logs illustrate the unit divisions for this study (Figures 2.2-2.3). Six 

peaks or breaks occur in the gamma ray log with correspondhg peaks in the porosity 



11 4-35-025-1 5W4 TYPE LOG 1 

Figure 2.2. The type log for 14-35-025- 15W4 illustrates the divsion 
of the Banff Formation into six units. 



Figure 2.3. Units 4 and 5 cannot be differentiated fkom Unit 6 in the type log 
from 12-20-021-14W4. 



logs within the Banff Formation. The unit boundaries generally consist of sediments 

with higher gamma radiation compared to adjacent (under- and overlying) rocks. These 

are typicaiIy shale ancilor shaly carbonate rocks. Unit boundaries are identified by 

cornbining the occurrence of high gamma ray peaks with log-to-log correlation. These 

breaks or unit boundaries are correlatable throughout the Greater Cessford Area 

subsudkce although upper units are tmcated by the post-Mïssissippian unconformity 

towards the northeast portion of the study area (Figure 2.4-2.6). Unit 6 directly 

overlies Units 1-3 in the southwest portion of the study area (Figure 2.3-2.5). Here, 

Units 4 and 5 were not deposited or cannot be dïfïerentiated f?om cycle 6. 

Aithough the units Vary greatly in character across the study area and in closeiy- 

spaced wells, they generally con& of a shalier lower section wbich warsens-upward 

into cleaner carbonates and/or quartzose siltstones and sandstones. This is evident by 

the gamma ray log response decreasing-upward. Even the more massive units slightly 

marsen- and clean-upward. 

22.4 Formation-Scale Mapping 

Structure and trend rnaps, as  well as block diagrams of the Stettier, Big Valley, 

Exshaw and Banff Formations (Figures 2.7-2.14) were generated using the Formation 

Tops Database (Appendix A). A structure and trend map were dso constnicted for the 

Manuville Formation (Figure 2.15) based on board tops for the smaller unit database 

(Appendix B). Using the same smaller database, isopach maps were generated for the 

MannviUe to Big Vdey Formations intemai, Mannvilie to Banff Formations interval, 

and Banff to Big Vaiiey Formations interval (Figures 2.16-2.1 7). 

The large nurnber of wells whkh ody penetrate h o  the uppermost part of the 

Banff Formation is reflected in the fàr p a t e r  number of cantrol points for the Banff 

Formation maps than those of the undedying formations. The purpose of srarriiniog 

such a great number of logs was to identie and map a caicareous and/or dolornitic 

quartzose siltstone unit which will be discussed in greater detaiI in Chapters 3 
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Figure 2.4. Base map for cross-sections A-A' and B-B' illustrated in Figures 2.5-2.6. 
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Figure 2.6 (a). Cross-section B-B' runs between the northwest and southeast quadrants of the 
Greater Cessford Area (Figure 2.4). Tiie Devonian Big Valley Formation is the daium. 
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Figure 2.16. The isopach map of the Mannviile to Big Valley Formations interval 
consists of approximateIy eveniy-spaced, southwest-dipping sediments. 





(Sedimentology) and 4 (Carbonate-Siliciclastic Mïxîures and a Ramp Model for the 

Banff Formation). 

2.2.5 Mapping of Banff Formation Units 

Submfkx correlation in the Greater Cessford Area suggests that the Banff 

Formation can be divided into at least six regressive, shdowing- and coarsening-upward 

units. These d s  will be refend to as Units 1 through 6 where Unit 1 is the 

lowermost unit. Units 2-3 wiü be infonndy designateci "lowef' Banff Formation and 

Units 4-6 "upper" Banff Formation. 

105 welk were selected for detailed analysis based on log quality and 

geographicai distribution ove  the study area. Recently drilIed wefls were favoured 

because cafiper and Iithofogy (neutron, density, PEF) logs are generaiiy nin on these 

wells. Six unit boundaries were selected using the miteria discussed above and the 

percentage of shaldsilt was calculateci using a SPA gamma ray cutoff. This data is 

presented in Appendix B. 

A series of cross-sections in several different orientations were constructed to 

cover the Greater Cessford Area. Two of these are presented in Figures 2.5 and 2.6 

using a stratigraphie and structural datum for each. In addition, four log cross-sections 

were constnicted, two in each of the strike (northwest-southeast) and dip (southwest- 

northeast) directions (Figures 2.18-2.22). 

Isopach rnaps of the Iowermost and uppermost three units respectively were 

generated in order to assess the depositional geometry of Units 1, 2, and 3 in 

combination and Units 4, 5, and 6 in combination, respectively (Figures 2.23). In 

addition, an isopach map of each of the 6 ua i ts  illustrates the depositional geometry of 

each unit (Figures 2.24a-2.2%). Shale pemmfage maps contoured at 20-2% intervais 

highlïght high shaldsiit input areas separateci by predominandy &nate areas Figures 

2.24b-2-29b). 



Figure 2.18. Base map illustrates locations of cross-sections C-C', D-D', LE', and F-F' 
(Figures 2.19-2.22). Numbers correspond to nurnbered wells on the four cross-sections. 
Cross-sections C-C' and D-D' are dip paraiiel in contrast to cross-sections E-E' and F- 
F' which are paralle1 to strike. 



Figure 2.19. Stratigra hic cross-section datumed on the Big Valley Formation. Well Io s are 
Gamma-raylilensity. h e  six units of the Banff Formation are indicated. See base map$igure 
2.18) for cross-section location. 





section location. 















Figure 2.28 (a) and (b). Unit 5 isopach and shale percentage maps. 





Gamma ray, neutron and density porosity logs were digitized for 10 

representative wells. Neutron versus density porosity and neutron minus density 

porosity versus gamma ray were cross-plotted for each of the six units (Figures 2.30- 

2.35). The V r a y  values are plotted in API units (standard units as devised by the 

American Petroleum institute) and the porosity logs are plotted on a limestone scaie in 

porosity units. Eachpoint was plotted from log sarnpling at a h .  metre increment and 

identified as one of the six units based on correlation work between logs and lirnited 

cores. 

Cross-plothg is an estabiished method for fàciiitating the understanding of 

sedimentologic reIationshi ps in sequences (Watney 1 979; Asquith 1982). The cross- 

plots constructeci for the present study iliustrate chaneg lithologies and log signatures 

across the study area within each unit. They aiiow direct cornparison of vertical and 

laterd changes in log properties between the six component units of the Banff 

Formation. Merences in Iog response exist due to variations in the abundance of clay, 

carbonate, quartz silt, and organic fiactions 

23 DISCUSSION OF FORMATION SCALE MAPPING 

The structure maps of the upper surface of the Stder, Big Vdey and Exsbaw 

Fomuîions wnsist of regdarly spaced contours with little local variation (Figures 2.7, 

2.9, 2.1 1). The exception to îhis is the low in Townships 27 and 28, Ranges 13 and 

14W4 which is interpreted herein to be due to dt dissolution in the underlying 

Devonian sedimas. Salt dissoIution is discussed in pater detaii in Chapter 4 

(Carbonate-Silicictastic Mixtures and a Ramp Mode1 for the B d  Formation). Two 

northeast plunging noses in the structure contours on the West side of the rnap area 

(approràmate extents Townships 24-28, Ranges 11-12W4 and Townships 22-27, 

Ranges 13-15W4) may be due to fauiting. In contrast to the undetlying stratigraphy, the 

Uregular and pitted upper unconfonnity Surface of the Banff Formation is reveaied on 
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Figure 2.30 (b). Carbonate and shale iithologic domains are iiiustrated for Unit 1. 
The bottom cross-plot is more usefui for differentiating between the two constituent 
tithologies. 
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Figure 2.31 (b). Three lithologic domains can be identfied in Unit 2. Shale and 
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sandstone domai. is enclos4 within the carbonate fieId on both cross-plots. 
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Figure 2.33 (b). Carbonate and shale domains are identiftd in Unit 4. 



12-20-021-14W4 (ABSENT 

0843U2247w4 

16-16425-lOW4 

02n 6-14025- 12W4 

14- 14-025- 15W4(ABSENn 

14-35425- l m 4  

09-3 1-026-IOW4 

11-18428-14W4 

IO-3643ClOW4 (ABSENT) 

1647-03 1-LW4 
DPHI (Sb) 

igure 2.34 (a) 

UNIT 5 NEUTRON MINUS DENSrrY POROSITY 
VERSUS GAMMA RAY Leaend 

12-20-02 1 -14W4 (ABSENT) 

08-034224TiV4 

16-1 6-025-lOW4 

02116-14-025-12W4 

14-14025-15W4 (ABSENT) 

14-35425-1m4 

09-3 1426- 1 OW4 

1 1-18-028-14W4 

10-36-030-10W4 (ABSENT) 

16-07-03 1 -1-4 
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plots. Log values are tightiy consaained in contrast to the other five units of the Ban: 
Formation. 
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the structure map by unevenly spaced contours and multiple, locatwd hi& and lows 

2-13). 

The structure map on top of the Mannvilie Group consists of eveniy spaced 

contours indicating a gently northwesterly dipping swfkce (Figure 2.15). The 

anomalous low in Townships 27 and 28 is stiU visible, but the structurai noses are no 

longer present. This suggests that the low in the Banff Formation in Townships 27 and 

28 which is interpreted to reflect pre-Mïssissippian topography on the underlying 

Wabamun Formation was substaatial enough to persist through to Mannviile Group 

deposition. The structurai features appear to be confineci to the Devonian and 

Mississippian sediments alone. 

Fùst order trend maps are planar surfaces of the a c t d  map which remove local 

variations in the structure and aiiow examination of the regional structural trend. Trend 

maps on the upper surfice of the Stettler, Big Valley, Exshaw, Banff and Mannville 

Formations illustrate a change fiom a northwest-southeast trend in the Devonian Stettler 

Formation to a dorninantly north-south trend in the Banff Formation to a northeast- 

southwest trend in the Cretaceous Mannviile Formation (Figures 2.7. 2.9, 2.1 1, 2.13, 

2.15). This represents a 90" rotation in regional dip between the Devouian and 

Cretaceous penods. 

A gently southwest to westerly dipping surface is iiiustrated by the block 

diagrams for the Stettier, Big Vdey and Exshaw Formations (Figures 2.8, 2.10, 2.12). 

The two structural noses as well as the depression in Townships 27 and 28 are visible. 

The structure on these surfàces is somewhat distorted by a vertical aaggezation of a 

factor of 100. The Exshaw Formation block diagram (Figure 2.12) iüustraies the 

paleotopography onto which the lower Banff Formation was deposited. In contrast to 

the three underlying formations, the block diagram of the Banff Formation (Figure 2.14) 

shows a westerly dipping d a c e  with multiple localized highs and lows. 



Approximately eveniy spaced isopach contours increase 

southwest on the Mannviiie Formation to Big Valley Formation 

2.16). This map is broken down into cornponent Mannville 

Formation and Banff Formation to Big Vaüey Formation isopach 

75 

in magnitude to the 

isopach map (Figure 

Formation to Banff 

maps (Figures 2.17). 

The Maunville Formation isopach map shows M e  change in thicknas in the central 

part of the study areq to highIy variable thicknesses in the northeast and southwest 

corners of the study area (Figure 2.17). In contrast, the thickness of the Banff 

Formation gradually increases to the southwest, while the gradient demeases (Figure 

2.17). Severai thicks are present in the southwest quadrant. The bold contours on both 

maps are taken nom the Atlas of the Western Canada Sedimentary Basin (Richards et al. 

1994) and generally match the isopach contours in the present study. 

2.4 UNIT DESCRIPTIONS AND GEOMETRY 

2.4.1 Introduction 

Identification and correlation of unit boundaries in Units 1,  2, 3, and 6 was done 

with greater confidence than in Units 4 and 5. Units 1, 2, 3, and 6 are separated from 

under- and overiying units by shde or shdy carbonate Ilrarker beds which are easily 

identified by a peak in the gamma ray and porosity logs as discussed above. In contras, 

a ragged or serrated log signature with no distinct log peaks in Units 4 and 5 &es 

recognition of unit boundaries more difficult. 

Figure 2.23 is a pair of isopach maps of the lower and upper three units 

respestively. The upper three units are much thicker and repcesent a greater proportion 

of the BMFormation than the lower three d s .  Ovedi, Units 1-3 combmed increase 

in thickness fkom oniy a few metres in the northeast quadrant to 50 or 60 metres on the 

west and south sides of the Greaîer Cessford Area. Units 4-6 combined range in 

thickness fiom zero rnetres in the northeast quadrant of the study area where they have 

largely been removeci by erosion to in excess of 100 metres in the southwest. The 



distribution of sediments in both the lower and upper Banff Formation is somewhat 

irreguiar and is not in concentric bands as wiU be dernonstrateci in more detail on a unit- 

by-unit basis below. 

2.4.2 Unit 1 

Three log profiles are observed in Unit 1. These are: (1) high radiation blocky 

(Figure 2.19, weU 4), (2) low radiation blocky Figure 2.22, well 21), and (3) decteasing 

radiation upwards (Figure 2.19, weli 6). Unit 1 is the oniy unit which is present over 

the entire study area Boundary selection in Unit 1 is the simplest of the 6 Banff 

Formation units, as it is underlain by the highiy radioactive shales of the Exshaw 

Formation and overlain by the basal s h a h  of Unit 2. Hole conditions and log qudity 

are typically very good 

On average, Unit 1 is the thinnest of the six units, ranging fkom 1-9 metres thick 

with a thickness of 4 metres being rnost comrnon. It was deposited as a series of 

irregularly shaped sediment piles (Figure 2.24a). Unit 1 is generalIy thinnest dong the 

western boundary of the Greater Cessford Area. One or severai thick sediment pile(s) 

(6-8 metres) are located in the northeast, northwest, and southwest quadrants. 

Predominanti y carbonate sediments in the southwest and northeast quadrants are 

separated by a northwest-southeast trending belt of shale (Figure 2.24b). 

Unit 1 is comrnoniy comprised entirely of shde (log proue 1) that is distributed 

in a northwest-southeast trending band through the centre of the study area. Less 

commoniy, argillaceous d o n a t e  alone (log profile 2) or overlying a shaly base (log 

profile 3) are located in the. northeast and southwest quadrants as weii as in isolated 

pods throughout the study ares 

The neutron versus density porosity log cross-plot is not very u~efùl for 

Werentiating between the shale and carbonate lithologies of Unit 1 because the two 

fields are overlapping @gure 2.30a). In contras& the two iithologies are more clearly 

separated on the neutron minus density porosity versus gamma ray log cross-plot 



because although 'hr ~ i à e  in neutron minus density porosity values is almost identicai, 

the shaie iithology has consistentiy greater gamm radiation (Figure 2.30b). 

2.43 Unit 2 

Four log profiles are present within Unit 2: (1) upward decrease in gamma 

radiation (Figure 2.20, well 1 O), (2) severai relatively thin cycles which decrease upward 

in radiation (Figure 2.19, weIl 3), (3) Serrated (Figure 2.20, weii Il), and (4) Iow 

radiation blocky (Figures 2.20, weil 8). Unit 2 is present over the entire study area 

except where it has been eroded near the subcrop edge in the northeast (Figure 2.25). 

The base of this unit is marked by shdes which ovefie Unit 1. The upper 

boundaq is characterized by a siight increase in the gamma radiation with little 

accompanying movement in the porosity logs. Within Unit 2, there is increasing 

separation between the neutron and density porosity logs fiom the northeast to 

southwest quadrants of the study am. Hole conditions are highiy variable with some 

caving in the lower, shaiier parts of Unit 2. 

Unit 2 varies in thickness fiom 4-32 rnetres (typically 15 metres). The isopach 

map shows overaii thinning from the western and southeni extents of the study area to 

the northeastern parts (Figures 2.25a). Sediment is distributeci in piles of varying shape, 

size and thickness. Shaldsilt percentage is highiy variable but is generally between 30 

and 50% (Figure 2.25b). 

A shale-based, coarsening-upward cycle variably overiain by clan or argiiiaceous 

carbonates, or less wmmody, by quartzose sikstones and sandstones is the most 

commonly occurring fonn of Unit 2 (log profie 1). This prome generally corresponds 

to the thickest pods on the isopach map and the highest percentages on the shaie 

percent map (Figure 2.25b). It is present in the southeni portion of the study area and 

in the northwest quadrant. More rarely, it is present in the centrai part of the Greater 

Cesdord Area. 



Two or three shale-baseri, coarsening-upward cycles overlain variably b y 

argilIaceous carbonates or quartzose siltstones and sandstones are concentrateci in a 

central belt around Township 25, but are present throughout the study area (log profile 

2). This profile corresponds to average thicknesses and slightly greater than average 

siliciclastic percentages on the pair of Unit 2 maps F~gure 2.25). 

Metre-scale cycles congsting of shaie and carbonate are the thinnest deposits of 

Unit 2 and are present in the northeast part of the study are.. The proportion of shale 

is generally very bgh (iog pro& 3). M y ,  on the west side of the study are+ a 

massive carbonate is present (log profle 4). 

Higher neutron and density porosities are associateci wiîh the shalier, more 

northem weiis in the neutron versus density porosity log cross-plot (Figure 2.3 la). The 

scatter of data on the neutron minus density versus gamma ray Iog cross-plot reflects 

the highly variable lithologies encountered in Unit 2 (Figure 2.3 lb). Three overlapping 

domab wi be identified for the shaie, carbonate and quartzose siltstone/sandstone 

lithologies. 

2.4.4 Unit 3 

Three log profiles are present in Unit 3: (1) low radiation blocky (Figure 2.22, 

well 19), (2) upward decrease in gamma radiation (Figure 2.20, well 7), and (3) serrated 

@gure 2.21, well 14). Unit 3 is present throughout the study area except where it has 

been removed by erosion dong the subcrop edge (Figure 2.26). 

The lower boundaq is marked by an increase in gamma radiation due to the 

presence of a 1-2 metre thick basai shaie. Similarly, the upper boundary is marked b y 

an increase in gamma radiation due to the overlying basal shale or shaly carbonates of 

Units 4 through 6. Hole conditions in Unit 3 are commonly poor with the lower, shalier 

half of the unit often badly caved. 

The totat thickness of Unit 3 ranges fiom 4 to 27 metres. No clear thickness 

patterns ernerge from the isopach map (Figure 2.26a). Sediments are distributed in piles 



of variable shape and areal extent. Thickness variations among closely spaced wells can 

be quite substantial. There is some suggestion of an inverse thickness relationship 

between Units 2 and 3 (Figures 2.5-2.6,2.25a, 2.26a). Thicker sediment piles of Unit 3 

commonly correspond to îhinner areas on the isopach map of Unit 2 and vice-versa 

Siticiclasbc content is generally Iower than in Units 1 and 2 and ranges h m  10-30% 

(Figure 2.26b). A west-northwest south-southeast trendhg band ruus through the 

centre of the Greater Cessford Area and consists of sediments with >30% clastic 

sediments. Sediments in the northeast, northwest and southwest quadrants contain 

(1 0% clastic sediments. 

Massive carbonate (log prome 1) is present in the northwest and northeast 

quadrants of the study area In wntrast, a shaie-based, coarsening-upward cycle 

overiain by d o n a t e  (iog profiie 2) is present in the southwest and southeast. Less 

comrnoniy, two shale-based cycles are present in the southwest quadrant. Metre-seale, 

coarsening-upward cycles of shale, siitstone, sandstone and carbonate (log profile 3) are 

restricted to the centrai portion of the Greater Cessford area 

Neutron and density log values are generally Iower and more clustered than in the 

previous two units on the neutron versus density porosity log cross-plot (Figure 2.32a). 

The quartzose siltstondsandstone and carbonate domains coincide on this plot and 

slightly overlap with the higher neutron and density porosity log values of the shaIe 

domain. Clean and argillaceous carbonates, quartzose siltstones and sandstones, and 

shaie domains c m  be recogriized on the neutron minus density porosity versus gamma 

ray log crossplot 2.32b). The quartzose siitstondsandstone field is completely 

enclosed by the carbonate domain. Some of the higher neutron minus density porosity 

ciifferences are due to caving in the borehole. 

2.4.5 Unit 4 

Three log profles are present within Unit 4: (1) Iow radiation blocky (Figure 

2.22, well 18), (2) serrateci (Figure 2.20, well 9), and (3) upward decrease in radiation 



(Figure 2.21, w d  16). A massive carbonate in Unit 6 directiy overlies Unit 3 in the 

southwest corner of the study a m  where bath Units 4 and 5 are not present or are 

conîked within Unit 6 but cannot be differentiated (Figure 2.19). Erosion associated 

with the post-Mississippian unconformity has removed Unit 4 in the northeast corner 

of the study areamgure 2.27). Hole condiions are typicaUy good with some caving in 

the b@ shalier parts of the section. 

The sediments of unit 4 are deposited in a series of piles ranging in thickness 

f?om 9-28 metres (Figure 227a). Overad, thickness inmeases fiom reIatively thin piles 

of sediment in the northeast quadrant of the study area to thicker piles in the other three 

quadrants. Thicker sediment piles of Unit 4 commoniy overiie the thimer sediment 

piles of Unit 3 (Figures 2.5-2.6,2.26-2.27). 

Shalddt content is highiy variabIe (57%) with m e  highs commoniy 

Iocated adjacent to lows (Figure 2.27b). Shaldssilt content is highest (40-70%) in a series 

of pods located slightiy north of the middle of the study area and decreases out to the 

map edges in ail directions. Therefore, shaIe/silt content is low in the northeast, highest 

in the north-centrai portion of the study a r e .  and deches again in the southwest 

quadrant. 

A massive carbonate is present in the northwest, west-centrai and southeast 

quadrants of the study area (log profile 2 ) .  h contra$ a series of metre-seale, 

cuarsening-upward cycles are present m the censal part of the study area (log profle 2). 

This profile is characterized by a high proportion of clastic sediments (Figure 2.27b). 

More rarely, one or two shde-based, coarseniag-upward cycles are present (log profile 

3). One cycle is observed in the southeast, northwest and southwest quadrants while 

two cycies are observed in the souWest and east and West central parts of the study 

area" 

It is diicult to separate the M e  and carbonate domains on the neutron versus 

density porosity log cross-plot, although the shales g e n d y  have hi@er porosity 



values (Figure 2.33a). In contras& two slightiy overlapping shde and carbonate domains 

can be disthguished on the neutron minus density porosity versus gamma ray log cross- 

plot (Figure 2.3 3 b) . 

2.4.6 Unit 5 

Two log profiles are present within Unit 5: (1) low radiation blocky (Figure 

2.25 weii 18) and (2) serratecl Figure 2.21, weii 15). Unit 5 is the most areally 

restricted of the 6 units (Figure 2.28). A gcxxi marker can usually be ideneed at the 

top and bottom by a distinct SM to higher radiation in the gamma ray signature. Hole 

conditions are often very poor in this unit. 

Unit 5 ranges fiom 6 to 33 mmes thick. Isopach thicknesses are at a maximum 

in the centre of the study area and decrease out to the map edge and erosive d g e s  

(Figure 2.28a). Again, the sedirnents are deposited in a series of distinct piles and as 

with Units 3 and 4, tiiicker sediment packages cornrnonly overiie thinner sedirnents of 

the underlying unit. Clastic sediment content is highiy variable. 10-30% clastics is 

typicai but severai extreme values (up to 70%) are scattered throughout the study area 

(Figure 2.28b). A high clastic percentage, northwest-southeast trendhg band of pods is 

present through the central part of the study area. Several high values dong the erosive 

edge are due to erosion of most of the upper carbonates, leaving behind the shaiier base 

of Unit 5. 

Massive carbonate is resaricted to the northwest quadrant and west-central parts 

of the Greater Cessford Area Gog profile 1). in contras& a series of mette-de, 

coarsening-upward cycles consisting of shale or argillaceous carbonates overiain b y 

cleaner carbonates comprise UnÏt 5 in the central and southeastern parts of the study 

area (iog profde 2). This prose corresponds to several high silicic1ast.i~ cornent pods in 

Figure 2.28b. Unit 5 was not deposited or cannot be differentiated Eom Unit 6 in the 

southwest quadrant of the study area and was removed by erosion in the northeast. 



Unit 5 shows iittle scatter on the neutron versus density porosity log cross-plot 

and resembles that of Unit 4. Very littie spread in density values occming with wide 

rangingneutron porosities are observeci (Figure 2.32a). The wdls in the central portion 

of the study area tend to have higher gamma ray and neutron minus density porosity 

values reflecting a more argiliaceous carbonate iithology (Figure 2.32b). In contrast, Unit 

5 consists of massive carbonate in the more northern wells which plot in the southwest 

quadrant of the second cross-pIot (lower gamma ray and neutron-minus-density 

porosity difference dues) .  

2.4.7 Unit 6 

Two log profiles are present within Unit 6: (1) low radiation blocky (Figure 

2.22, weii Sl), and (2) semted (Figure 2.21, weU 15). Unit 6 has been removed b y 

erosion near the Banff Formation subcrop erosiond edge figure 2.29). It directly 

underiies the post-Mississippian unconformity surfàce in most of the study area, and 

the Pekisko Formation in the southwest quadrant- Unit 6 variably overlies Units 3, 4 

and 5.  

The identification of the Iower boundary of Unit 6 is relativeIy easy where it 

oveiiies Unit 3 or 4. It can be difficult to distinguish fiom Unit 5 in successions with a 

serrated log signature that has no distinctive breaks. The upper boundary of Unit 6 is 

the top of the Banff Formation ( s e  above). Good hole conditions are encountered in 

the massive donates  with ùicreasingly worse hole conditions in the more argillaceous 

intervals. 

The thickness of Unit 6 ranges fiom 3 to 93 metres with a tùI1 section thickness 

6.e. beiow the subcrop edge) of approxirnately 40 to 93 metres (Figure 2.29a). In 

contrast to Units 1-5 wfiich were deposited in sedimentary piles, the sediments of Unit 

6 were deposited in approxhately parailel, evedy-spaced sediment belts. Unit 6 is 

h e s t  dong the northeastem erosiod boundary and thickens to the southwest 

(Figure 2.5,2.29a). Clastic sediment content is tiighest (up to 70%) in a west-northwest 



to east-wutheast band mming tfuough the centre of the map area and deches to the 

northeast and southwest (10-20%) @gure 2.29b). 

Massive carbonate is present in the northwest, southwest and southeast 

quadrants of the study area (Iog profiie 1). Metre-scale, coarsening-upward cycles of 

shaIe, carbonate, and quartzose siltstone/sandstone comprise Unit 6 in the centrai 

portion of the study area and correspond to a west-northwest to east-southeast trending 

band on Figure 2.29b. 

The hi& values associated with the wells in Township 25 on the neutron versus 

density porosity log cross-plot are due to caving in the borehole (Figure 2.35a). The 

neutron versus density porosity log cross-plot is not very usefùl for distinguishing 

between the lithologies of Unit 6. in coatrast, three overlapping fields can be identified 

on the neutron niinus density porosity versus gamma ray log cross-plot (Figure 2.35b). 

The quartzose dtstones and sandstones have more resmcted gamma radiation values 

than the d o n a t e s  in Unit 6 and thus are wholly containai within the carbonate field. 

In conmst, sMes can be identified by generalIy higher gamma radiation than under and 

overiying sedîments and 5-15% neutron minus density porosity eerence.  

2.5 S[TMMARY 

To date, prwious workers have focused on thick, sedimentary ramp successions 

that are correhted using widely-spaced outcrop or subsurface data Gently dipping 

hoforms which prograde towards the basin result fiom tbis sa le  of correlation and 

imply that unit sedimenmion is of relativeIy uniform thickness and lithology over crude 

geographic areas. 

A srimmary chart compiles thicbmess, shale percentage, log profile, and hole 

condition information for the six units of the BadY Formation (Table 2.1). Three log 

profiles are observed for Unit 1 in the Gfeater Cessford Area. A high radiation, blocky 

log profile is indicative of a sMe iithology which is distributed in a northwest-southeast 



SUMMARY CHART OF UNIT CHARACTERISTICS 

UNIT - THICKNESS (Ml CLASTIC (%) 

I 1 -9 0- 1 O0 

2 4-32 0-94 

3 4-27 4-6 1 

4 9-28 0-62 

5 6-33 0-74 

6 3 -93 0-85 

Log Profile Lcgcnd: 
A=high radiation blocky 
B=low radiation blocky 
C=decreasing radiation upwards 
D=several thin cycles with decreasing radiation upwards 
E=serrated 

LOG PROFILES HOLE CONDITIONS 

A, B* C GOOD 

B, C, D, E GOOD 

B. C, E POOR 

B, C, E GOOD 

B, E POOR 

BI E FAIR 

Table 2.1. Summary chart of unit thickness, clastic content, log profiles and hole conditions. 



trending band through the centre of the Greater Cessford Area. Argiilaceous carbonate 

Jone (low radiation blocky signature) or overiying a shaiy base (decreaçe in radiation 

upward) are located in the northeast and southwest quadrants, as well as in isolated 

wells throughout the central part of the study area 

Ln contrasr, Unit 2 is comprised of four différent log profiles. A singe shaie- 

based, coarsening-upward cycle overlain by carbonate or quartzose siltstone/sandstone 

in the northwest and southwest gradually chmges to two Me-based cycles overfain 

variabIy by carbonate or quartzose siltstone/sandstone in the middle of the study area to 

a series of metre-scale, W e  and carbonate cycles in the northeast quadranî. A massive 

carbonate is locally deposited on the western side of the study area The quantity of 

silicicIastic material is relatively high (30050%) over the Greater Cessford Area. 

Units 3 and 4 consist of one or two shale-based, coarsening-upward cycles 

overlain by carbonate in the south which grade lateraily iato a series of metre-de, 

shaie, carbonate and quartzose siltstondsandstone cycles which in rurn grade into 

massive carbonates in the no& The highest proportion of dkiciastics is in a West- 

northwest to est-southeast trending band ninning through the centrai part of the stud y 

area. 

The upperrnost two units consist variably of massive carbonates or a series of 

metre-sale, warsening-upwad cycles of side, carbonate and quartzose 

siltstone/sandstone. The massive carbonates were deposited in the southwest and 

northeast and laterally grade iato rn-e-sale cycles deposited in the central portion of 

the Greater Cessford Area. As with Units 3 and 4, Units 5 and 6 are comprisecl of a 

greater proportion of clastic sediment in a west-northwest to east-southeast trending 

sedùnent belt . 

Sedimentation in the Banff Formation in the Greater Cessford Area deviates 

fiom existing ramp models in the Iiteratwe in two cntical ways. Firstly, the sigmoidai 

bed surfàces observeci on a regional sale cannot be estabfished by correlation between 



reIâtively close-spaced wells in the Greater Cessford Area. Lnstead of sedimentary 

packages of uniform thickness, cross-sections and isopach maps generated fiom 

geophysical weii log data illustrate that in the Banff Formation, with the exception of 

Unit 6, differentid sedimentation of some kind has resuIted in piles of sediment with 

hi@y variable sbape, size, thicimess and areai extwt. No clear thickness patterns are 

observed in Units 1 and 2. In contrast, Units 3-5 appear to wmmody in low areas 

on the undedying sucface with tbicker sediment deposits. Unit 6 sedimentation is 

distUlctly different fiom the five underiying units. It is deposited as a series of broaâ, 

roughly shoreparallei, evenly-spaced sediment belts. Possible mechanisms for the 

sediment piling documenteci in Units 1-5 and the implications for Banff Formation ramp 

geometry wili be discussed in Chapter 4 (Carbonate-SilicicIastic Mixtures and a Rarnp 

Mode1 for the B d  Formation). 

Smndly, the Banff Formation does not consist of a d o n -  lithology over the 

study m a .  Unit 2 consists of carbonate and quartzose siltstones and sandstones 

isolated in skie. In contrast, Units 3-6 contain a medial clastics beIt that separates two 

carbonate bdts. 



3.1 INTRODUCTION 

As discussed in the previous chapter, the Banff Formation can be divideci into at 

least 6 shoaling-upward, carbonate-siJiciclastic units in the subsurface. The lithofacies 

discussed below have been elucidated fiom core work wmbined with tbin section and 

scanning electron microscopy, as weii as X-ray diEradon (Appendix G) and gmma 

ray, PEF, neutron and density log response. Lag response is particularly important for 

the lower five units which are rarely cored (Appendix H). In contras, Unit 6 is weil 

represented by core and it is on this unit that the most sedimentological study was 

conducteci. 

Six fihofacies have been identified in the Banff Formation in the Greater 

Cessford Area. These are: (1) shale, (2) bioturbated mudstone, (3) doIomitic/calcareous 

quartzose siltstone/sandst one, (4) pelleted mudstone to packstone, (5) crinoidal 

biociastic wackestone to packstone, and (6) crinoidai bioclastic grainstone. Any 

aiteration and weathering of the uppermost few metres of the Banff Formation 

sediments is due to processes relateci to the post-Mississippian unconformity and are 

not synsedimentary features associated with Banff Formation deposition. Residual 

sediments and diagenetic processes associated with the p ost-Mississip pian 

unconformity wiU be discussed in some detail in Chapter 5 (Diagenesis). 

The tithofàcies of the B d  Formation can be interpreted in terms of three 

carbonate ramp depositional environments. Burchette and Wright (1 992) divideci 

carbonate ramps into inner-, mid- and outer-ramp environments (Figure 3.1). Tbe inner 

ramp environment is the zone of ramp deposition between upper shoreface and fair- 

weather wave base where the sea floor experiences almost constant wave agitation. The 

mid-ramp environment is characterized by deposition between fZr-weather wave base 

and storm wave base in which bottom sedirnents are fiequentiy reworked by storm 
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Figure 3.1.  The main environmental subdivisions of a "homoclinal" carbonate ramp. MSL=mean sea Ievel; FWWB=fair- 
weather wave base; SWB=storm wave base; PC=pycnocline (not always identifiable in the rock record). Water depths 
corresponding to these boundaries are variable (after Burchette and Wright 1992). 



waves. Deposition belcw rro~mai storm wave base is characterized by mudstone 

deposition and rare storm beds and is termed the outer ramp. 

Wilson (1975) defined a set of nine standard facies belts for the subenvironments 

of an idealized carbonate platform and dope. Each facies belt is characterized by a 

iimited suite of microfàcies which refiect changes in water depth, water mouement, 

oxygenation, and light penetration. Wilson (1975) demonstrated that 24 microfacies 

could be used to d e m i  virtuaily aii carbonate rocks in the ancient record. In addition 

to piacing each lithofacies of the Banff Formation into an inner-, mid- or outer-ramp 

environment, each lithofacies wili aisu be placeci into one or more of Wilson's facies 

belts. 

3.2 LITHOFACIES 

3.2.1 Shale 

3.2.1.1 Description 

Black and green shale, millimetre- to decimetre-scale, individual lamina to lamina 

sets to beds arevariably silty and insignificantly to moderately bioturbated (Plate la, b). 

Macrofossils are rare but comminuted echinoderrn and brachiopod fragments are Iocally 

present. 

The gamma ray log characteristically records >75 API for shales throughout the 

Banff Formation. Porosity values from nudear logs are correspondingly high, with 

neutron and density porosity logs typicdy reading >15 and >5 limestone porosity 

units respectively. 

3 -2.1.2 Thickness and Distribution 

Shales are present throughout the Greâter Cessford Area and are associated and 

interbedded with aii five of the other Banff Formation wmponent lithofkcies on vanous 

scales. In Units 1,2,3, 4, 5, and 6, the shaies range fiom 0-8 metres, 1-1 5 metres, 1-8 

metres, 1-4 metres, 1-3 rnetres, and 0-6 metres thick respectively. 



PLATE 1-SBALE AND BIOTURBATED SILTY MUDSTONE LITHOFACIES 

A) SHt4i.E. Green shale is intefbedded with white crinoidal bioclastic grainstone as 
mjllimetre to cenîimetre-wide lamina and lamina sets. Pinpoint vuguiar pores are 
present in the grainsione beds. This is the upper part of a metre-de, coarsening- 
upward cycle thaî consists of shale overlain by crinoidal bioclastic grainstone. 
(I301.50-1301.72 metres, 16-31-031-I6W4, Unit 3). 

B) SHALE. Black shale with scattered skeletai fiagmems is very thdy  bedded with 
white crinoidal bioclastic gaimtone. This is part of a metre-scale, coarseniug-upward 
cycle that consists of crinoidal biociastic wackestone, packstone and graùistone 
lithologies. (1 389.88-1 390.02 metres, 14-32-029-1 6W4, Unit 6). 

C) BIOTURBATED SlLTY MUDSTONE. A sharp, irregular surface separates light 
brown and dark gray bioturbated, sihy mudstones. Subhorizontal, continuous and 
discontinuous, black M e  laxninae are present in the lower mudstone. Rare skeietal 
friigments (dominantiy crinoids) are scattered in both mudstones. The bioturbated silty 
mudstones are part of a coarsening-upward cycle and are overiain by the crinoidal 
biodastic grainstone Iithofacies. (1 125.33-1 125.53 metres, 14-35-025-1 5W4, Unit 6). 

D) BIOTURBATED SILTY MLTDSTONE. A light brown, bioturbated siity mudstone 
with subvexticai, millimetre-wide fiacîures bleeding oil comprises the base of a metre- 
scde, coarsening-upward cycle. (1 045 -85-1046.0 1 metres, 02/16-14-025- 12W4, Unit 
6) - 

Note: Coin is 2 1 millimetres in diameter. 



PLATE 1 



Shale is preserved alone or as the base of a coarsening-upward succession capped 

by the bioturbated mudstone iithofacies in Unit 1. In Unit 2, shale is preserved in three 

types of successions: (1) a thick suc~ession underiying the dolomitic/calcareous 

quartzose sihstondsandstone or crimicial, bioclastic wackestone to packstone 

Iithofacies, (2) a moderately thick succession which fonns the base of two coarsening- 

upward cycles that are variably ovetfain by the dolomitic/caIcareous q u a o s e  siitstond 

sandstone or crinoidal bioclastic wackestone to packstone lithoficies, and (3) thin s M e  

lamina sets to beds interbedded on a miflimetre- to metre-scale with the crinoidal 

bioclastic wackestone to packstone lithofacies. 

Sidarly, &ale is presewed as the base of one or several metre-scale, coarsening- 

upward cyck(s) in Units 3-6. The shale lithofacies is variably overiain by any of the 

other lithotacies of the Banff Formation describeci below. The shaly base of a 

sedimentary succession is typically thinner in Units 3-6 than in Unit 2. 

3 -2.1 -3 Depositional Environment 

Quiet water suspension deposition of the shale iithofacies is suggested by the 

very fine-grain& nature of the sediments and the general lack of whole macrofossils. 

Metre- to decimene-thick shale successions in the B d  Formation are interpreted to 

have been deposited in quiet, deeper water areas in an open marine setting on the mid- 

ramp. Rare skeletal debris may have b e n  transported in suspension by storm events. 

Dark coloured shales are typical of Wilson's second standard facies belt which consists 

of carbonates and shaies deposited on the open sheK 

AItematively, centimetre- to metre-thick sbale beds at the base of metre-de 

cycles or interbedded with the crinoidal bioclastic wackestone to packstone litho ficies 

are interpreted to represent deposition in a semi-resûicted, shallow, protected marine 

enviromnent on the inner ramp. The slightly siltier shdes interbedded with the peileted 

mdstones to packsones lithofbcies reptewnt periods of time when currents carried 

siliciclastic sediment into shallow iagoons. 



It W very ~ c u I t  to distinguish between the shaies deposited on the mid-ramp 

fiom those deposited on the inner ramp strictly fioril sedimentological characteristics. 

The deeper water shales tend to be darker coloured than those deposited in a more 

restncted environment. The depositional environment of a partidar shale can be 

deduced by examinhg its position in the sedimentary succession and by studying the 

under and overiying lithofacies. 

322 Biotnrbatd Mndstone 

3 -2.2.1 Subficies Bioturbated Mudstone 

3-2.2.1.1 Description 

The first subfkies of the bioturbated mudstone lithofacies cunsists of green- 

gray, bioturbated, dolomitic mudstone with scattered whole crinoidal stems and broken 

crinoidal and other skeIetal fragments. Unbroken skeletal pieces are more common than 

comminuted fragments. Subhorïzontai, rnillimetre-scale, black shale laths and 

disserninated pyrite specks are common. The bioturbated mudstone lithoficies 

commonly has a mottled appearance due to c h k g  of sediment by orgariisms. No 

lithologic contacts with under and overlying beds are penetrated by wre. 

The bioturbated mudstone Lithofacies is identifïed on logs by its bloc& g- 

ray bg appearance and records approximately 55-70 API (30-95 API range). PEF Iog 

values are typically between 3.5 and 4 and the neutron and density porosity logs are 

commoniy separated indicating a dolornitic Lithology (Figure 3.2 h). 

3.2.2.1.2 Thickness and Distribution 

The bioturbated mudstone lithofacies entirely comprises or overiies a shaly base 

in Unit 1. It is thickest (up to 6 metres) in the southwest and northeast quadrants of the 

study area (Figure 2.24a). Towards the Bantf Formation subcrop edge in the northeast, 

the bioturbated mudstone is the ody lithofacies present as illustrateci by the core fiom 

well 1 6-04-03 1 - 1 1 W4 (Figure 3 -2 h; Appendix D). 
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Units 2-4 are cornmoniy comprised entirely of the bioturbated mudstone 

Zithokies in the southwest quadrant of the Greaîer Cessford Area. Alternatively, the 

bioturbated mudstone iithofàcies is overiain by the crinoidal bioclastic wackestone to 

packstone lithofacies. Although no cores penetrate the bioturbated mudstone lithoficies 

in Units 5 and 6, log signatures suggest that it is present in the .southwest quadrant of 

the m d y  area. 

3- 2.2- 1.3 D e p s i t i o d  Emtironment 

In the mid-ramp environment, the sea floor is affected by storm waves but not 

by fair-weather waves. As a result, sediment deposition is dominateci by suspension 

W-out and refiects varying degrees of storm influence (Burchette and Wright 1992). 

The dominance of lime mud, sparse fauna, and commonly unbroken crinoids suggest that 

the bioturbated mudstone lithofacies was deposited in moderately detq, normal salinity 

water on the rnid-ramp below fair-weather wave base. The bioturbated mudstone 

lithofacies is extensively bioturbated which is a characteristic of mid-rarnp deposits 

(Burchette and Wright 1992). 

Black shale laths cornmoniy encountered in this lithofacies may be the result of 

storm-generated currents transporting shaie laths fkom a semiconsolidated mud deposit. 

An extensively bio&ated, massive to faintly Iaminated mudstone consisting of lime 

mud, silt-shed peloids and scattered skeletal material was interpreted a s  a mid-ramp 

deposit by Chen and Webster (1 994) in the Lodgepole Formation. 

The bioturbated mudstone iithof'acies is similar to sediments deposited in the 

third standard facies belt .of Wilson (1975). In this facies belt, fine detritus is 

transported off of the inner ramp and deposited out of suspension on the mid-ramp. 

3.2.2.2 Subfacies Bioturbated Siltv Mudstone 

3.2.2.2.1 Description 

The second bioturbated mudçtone subfàcies consists of gray-brown, bioturbated, 

silty mudstone with scattered whole to highiy comminuted skeletal fragments 



jdmhantly crinoids) (Plate 1 c, d). Subhorizontal, miIlYnetre-de, continuous and 

discontinuous, black to green &ale lamina and Iarnina sets are commody present. 

L d y ,  a sharp irreguiar surfice separates mottled, Iighter and darker coloured 

mudstones (Plate lc). Bioturbation of this subfies is indicated by the swirling of 

different coloured muddy sedirnents (Plate lc, upper mdstone bed). Skeletal hgments 

are typically 1 % of the bulk rock composition, but up to 1 5-20% in several centimetre- 

thick intervals. Disseminated specks of pyrite are scattered throughout this subfàcies. 

Calcite cornmonly W s  fossil molds, cavities and subverticd hcmres. The basal 

contact is either bioturbated or unddatory in the cores exatnined (Plate 2a). 

The bioturbated silty mudstone Lithofacies consists of subanguiar to subrounded 

quartz grains in micrite (Plate 3a). This lithofaçies is moderately to intensively 

bioturbated as indicated by the irregular distribution of rnud in thin section. 

Under the scanning electron microscope, the biohirbated, silty mudstone 

subfacies consists of subangular quartz grains and subhedrai calcite grains. This 

subfàcies has no visible porosity and illite is scattered dong some grain surfaces (Plate 

4% b). 

Tbe bioturbated silty mudstone lithofacies generaiiy has PEI? values between 4 

and 5 and a gammaradiation reading of 30-45 APL Neutron and density logs typically 

record cl0 limestone porosity units (Figure 3.2b, c, d, g). In contrast to the first 

bioturbated mudstone subfacies, the bioturbated, silty mudstone is usuaiiy not 

dolomitized. This is observed in core and v e s e d  by the geophysical log suite. 

3.2.2 2.2 Thic&ness and Distribution 

The bioturbated, silty mudstone Iithofkies is present in Units 2 through 6 and is 

g e n d y  û-8 metres thick. More commonly, the bioturbated s i l t y  mudstone subfacies 

is present in a series of metre-scaie, coarsening-upward cycles which grade fiom the 

&ale Lithoficies to mudstone to the crinoidal andior peUeted bioclastic wackestone to 



P U T E  ZLITHOLOGIC CONTACTS 

A) An undulatory contact is present between doIomitic quarttose siltstone and 
overlying, bioturbated, silty mudstone at 1126.25 metres. Millimetre-de, 
subhoritontal, continuous and discontinuous, bIack M e  laminae are present in the 
siltstone. Skdetal W e n t s  are dominated by crinoid ossicles and are scattered thou& 
bath lithoficies. Note the coacclltration of skelaal hgments dong the upper surface of 
the contact. The dolomitic quartzose siitstone and bioturbated silty mudstone 
iithofàcies an part of a metre-scale, coarsening-upward cyde in Unit 6 which is capped 
by the crinoidal biodastic grainstone iithofâcies. (1 126.12- 1 126.3 5 metres, 14-3 5-025- 
15W4, Unit 6). 

B) A gadational contact is present between massive, calcaieaus quartzose sihstone and 
overlying medium gray, crinoidal bioclastic packstone. These two lithofacies are part of 
a metre-scale, coarsening-upward cycle in Unit 6 that is capped by the crinoidai, 
bioclastic packstone pictwed here. The caicareous quartzose siltstone is bleeding oil. 
(1048.70-1048.82 metres, 02116-14425-12W4, Unit 6). 

C) A bioturbated contact between the dolomitic quarttose siltstone and the overlying 
crinoidal bioclastic wkestone is present. A brachiopod hg and pyrite rnineralization 
are preserved dong the top of the contact. The dolomitic quartzose siltstone is pan of a 
series of metre-scale, coatsening-upward cycles in Unit 6. It is overlain by four crinoidal 
bioclastic wackestone-packstone-grainstone lithofacies cycles, a portion of which is 
illustratecl in photograph D. (1 180.09 metres, 06-22-ûZ6-16W4, Unit 6). 

D) A sharp contact separates two crinoidal bioclastic wackestone-packstone- 
grainstone, metre-scale, coarsening-upward cycles in Unit 6. The contact is located in 
the middle of the photograph. The top of the basal cycle is marked by crinoidal 
bioclastic grainstone overlain by wackestone a! the base of the overiying cycle. The 
orcidation and reduction of iron imparted the red and green colours to these sediments 
and is associated with weathering related to the post-Mssissippian unconfôrmity. 
(1 17 1.12-1 171 -32 rnetres, 06-22-026-1 6W4, Unit 6). 

E) A bioturbated contact separates a d u m  gray, crinoidal bioclastic wackestones 
witb subhoritontai, mdbctre-wide, sbale 1- Eom light brown, bioturbated, silty 
mudstones. (1 042.90-1 043 -07 metres, OY l6-2î-ûS5-lSW4, Unit 6). 

Note: Coin is 2 1 millimetres in diameter. 



PLATE 2 



PLATE SBIOTURBATED SILTY MUDSTONE, PELLETED MUDSTONE TO 
PACKSTONE AND CRINOlDAL BIOCLASTIC WACKESTONE TO 

PACKSTONE LITHOFACIES 

A) BIOTURBATED SILïY MUDSTONE. The bioturbated, silty mudstone 
lithoficies consists of subauguhr quartz grains in micrite. (1099.75 metres, 16-04-03 1- 
1 1 W4, Unit 1, plane-polarired Kght). 

) PEU.ETED WACKESTONE TO PACKSTONE. One grneration of poorly 
developed, finely crystalline, equam calcite cernent has crystallited in this 
photomicrograph of the peiieted, criwidal, biociastic wackestone to packstone 
bthoficies. Pellets are approxhatdy 25% of the total hmework components. (987.00 
rnetres, 1434-023-09W4, Unit 6, plane-polarized iight). 

C and D) CRINOIDAL BIOCLASTIC WACKESTONE TO PACKSTONE. Both 
photomicrographs are fiom the sarne highly bioturbated sample which shows the 
iramition fiom crinoidal bioclastic wackestone (photomicrograph C) to packstone 
(photomicrograph D). Two calcite cernent generations are present in the packstone. 
The f h t  generation consists of pyramida isopachous h g e  cement which has 
crystaliized in the sheltered skeletal pores dong the underside of platy skeletal 
fragments. The second generation cernent is restricted to intergranular spaces and 
Ieached out portions of skeletal fragments and consists of equant, coarsely crystalline 
cernent. Photomicrograph D is dominated by bryozoan fragments and pellets. (1 126.00 
metres, i 4-3 5-025-1 5W4, Unit 6, plane-polarized light). 





PLATE CBIOTURBATED SILTY MUDSTONE AND DOLOMITIC 
QUARTZOSE SILTSTONE LITHOFACIES 

A and B) BIOTURBATED SLTY MUDSTONE. Low porosky biorurbared silty 
mudstone consists of subanguiar quartz grains and subhedrd caIcite grains. (1045.20 
metres, OU16-14-025-12W4, Unit 6). 

C and D) DOLOMInC QUARTZOSE SILTSTONE. The doIomitic quartzose 
siitstone lithofâcies consists of subanguiar quartz grains, subhedral calcite grains and 
eutaedfal dolomite rhombs. Dolomite crystals have serrated and ftayed crystal edges and 
euhedrai dolomite rhombs iine pore throats in photomicrograph D. Some illite clay is 
scanered along grain surfaces. (1 049.52 metres, 021 6-14-025- lZW4, Unit 6). 





packstone or dolomitidcalcareous quartzose siltstone to sandstone lithofacies in Units 

26. 

3.2.2.2.3 Deposrposrtionril EiMturxment 

The biotmbated, dty mudstone subfgcies is interpreted as open marine 

sehents deposited an the Mn«. rarnp above fair-wtather wave base. Normal marine 

salinity and moderate water cirailation are indicated by the fosd content and intensive 

bioturbation activity. Possible depositionai enWonmeats mclude open lagoons and 

bays that were protected by a hydraulic barrier. 

The sbarp, kegular sudiace separaihg two different coloured mudstones (Plate 

Ic) is interpreted as a hardground. Fine-grained siliciciastic material is postulated to 

have been periodicaily introduced to the Lagoon system by eolian processes. This 

lithofàcies was likely deposited in Wdson's (1975) seventh standard facies beh on the 

open platform which wnsists of extensiveIy bioturbated muddones and wackestones. 

3.23 Dolomi tidCalcareous Quartzose Silts tondSandstone 

3.2.3.1 Description 

A iight gray-brown, massive, moderate to well sorted, coarsening-upward, 

quartzose siltstone to sandstone is the third lithofacies of the B a s  Formation (Plate 

5a). This iithofacies consins of very fine-grain& quartz within a variably dolomitized 

carbonate muds tone ma&. Millimetre-scale, subhorizontal, continuous and 

discontinuous, bIack and green shale laminae Vary h m  O to 20% of the total bulk rock 

composition and are commonly partially stylolitited. 

Physical structures have been largely dimpted or destroyed by intensive 

bionubation but some pooriy prtsc~ed beddiag is prcscnt (Plaie Sb). Generaily, 

the base of this lithofàcies is mare imcnsiveiy bioturbated and has a pater abundance of 

mud 1- than the upper part. Rare sc~~ttetcd siceletal hgments, disseminateci pyrite 

specks, aitredral pyrite crystals, and adcite-fded cavities are locally present. Trace 

fossils identifieci indude Teichichnus and Aslemsoma . 



P U T E  5-DOLOMITIC QUARIZOSE SILISTOINE AND CRINOIDAL 
BIOCLASTIC WACKESTONE TO PACKSTONE LITHOFACIES 

A) DOLOMITIC QUARTZOSE SILTSTONE. A light gray-brown, bioturbated, 
dolomitic quartzose dtstone with bioturbated, ni;iiimetre-scale, subhorizontal, 
continuous and disconîhuous, black &ale hmhae is the top, of a decimetre-scale, 
coarsenbg-upward cycle. (1133.39-1133.51 metres, 14-35-025-15W4, Unit 6). 

B) DOLOMTTIC QUARTZOSE SILTSTONE. A light brown dolomitic quartrose 
sihstone with pooriy prescrved flaser bedding is the top a metre-scale coarsening- 
upward cycle that is underfain by crinoidal biocIastic wackestones and packstones. 
(1 18 1.94-1 182.04 metres, 06-22-026-16W4, Unit 6). 

C) CRINOIDAL BIOCLASTIC WACKESTONE. A crinoidal bioclastic wackestone 
contains a weii preserved gastropod &el. The red to maroon sediment colouration is 
due to the oxidation of iron associated with weathering dong the post-Mississippian 
unconformity. This lithohcies is part of a metre-seale, coarsening-upward cycle in a 
stacked series of these cycles. (1 172.43- 1 172.60 metres, 622-026- l6W4, Unit 6). 

D) CRINOIDAL BIOCLASTIC PACKSTONE. The basal contact of this brown 
crinoidal bioclastic packstone is characterized by soft-sediment deformation. This is the 
upper portion of a metre-scaie, coarsening-upward cycle. (1 1 77.25- 1 177.34 metres, 06- 
22-026- 16W4, Unit 6). 

Note: Coin is 21 millimetres in diameter. 



PLATE 5 



The upper and Iower contacts of the dolomitidcaIcareous quartzose siltstone to 

sandstone Lithofiieies an trighly variabIe in style and are only observed in cores fiom 

Unit 6. Upper lithoIogic contacts are variably sharp, gradationai or bionirbated (Plate 

2% b, c). Lower Wlogic contacts are commonly sharp or, more rarely, are gradational. 

A concentration of shelly materiai is observed dong the upper contact in Plate 2a 

The dolomitidquartzose s ihone  to sandstone iithofàcies consists of subanguiar 

quarlz grains (typidy 35-65% bulk rock composition) with variable quantities of 

euhedd dolorriite rhombs (typically 045%) and subhedral calcite crystals (typicall y 

10-3û%) plate 6ad). Dolomite rhombs have inclusion-rich centres which contrast with 

the clean crystal exteriors. 

Total, inhomogeneously distributed interparticle porosity ranges fiom û-25%, 

with a typical range of 5-1E-4. Micrite crystals can be seen in the pore space at high 

magnification. LocalIy, rare ferroan calcite and witherite grains, oversized pores and 

bituma med fractures are present. Quartz grains range in size fiom lû-90 micrometres, 

but are typicdly 25 rnicrornetres long. Dolomite and calcite rhombs are slightly larger, 

raaging in size fiom 15-70 micrometres but are generally 35 micrometres long. 

- The dolornitic/caicafe~us quartzose siltstondsandstone lithofacies is comprised 

of subangular quartz grains, euhedral dolomite rhombs and subhedral calcite grains (Plate 

4c, d). Serrated crystai edges are observed on dolomite gains using the d g  electron 

microscope and doiomite rhombs line pore throats. 

The siltstone LitIiofacics is marked on log profiles by relatively high porosity 

d u e s  (&2W in Units 2 and 3; 630% in Unit 6) compared to adjacent rekively low 

porosity biotmbateû mudstone and crinoidal bioclastic wackestone to packstone 

lithofacies. PEF log values are intermedkîe (3-3.5) between saadstone (2) and limestone 

(5) littrologies. The gainma ray log records approximately 30-45 API with rare 

~ccurreaccs up to 90 API ( R g m  3.2a b, d, e). 



PLATE 6.DOWMiTiC QUAR'IZOSE SILTSTONE UTHOFACIES 

A) DOLOMITIC QUARTZOSE SILTSTONE. The dolomitic quartzose siltstone 
lithoficies cunsists of subanguiar quartr grains, aihedral dolomite rhombs with high 
r d 4  and subhdd to a h d r a i  dci te  crystals. Subhorizontal dissolution seams are 
present- Totd porasiîy of thk sampk is approximately 1W. (IO91 -95 metres, 16-06- 
02548W4, Unit 3, pIane-polanted light). 

B) DOLOMITIC QUARTZOSE SXLTSTONE. Subanguiarquartz grains, subhedral to 
eu.hedd dolomite rhombs, and anhedral calcite crystals camprise the dolomitic 
quartEose siltstone in this photomicrograph. IrreguMy distributeci porosity is 
estimateci to be 8- 100/0. (1 077.10 metres, 1646-025-08W4, Unit 3, plane-polarized 
Iight). 

C) DOLOMITIC QUARTZOSE SILTSTONE. Euhedral dolomite rhombs, subhedral 
calcite grains and subanguiar quartz grains comprise tbis rock. Euhedrai, high relief 
dolomite rhombs have inclusion-rich centres and dean crystal exteriors. Total porosity 
is approximately Iû- 15%. (1 128.00 metres, 14-35-025- 15W4, Unit 6, plane-polarized 
iight). 

D) DOLOMITIC QUARTZOSE SILTSTONE. This photornicrograph of a dolomitic 
quartzose dtstone consists of subangdar quartz grains and euhedral dolomite rhombs. 
Irreguiarly distributecl total porosity is approximately 20%. (1328.00 metres, 16-3 5- 
026-18W4, Unit 6, piane-polarized lie). 





3 -2.3.2 Thickness and Distribution 

The doIomitidcalcart~us quartzose dtstone to sandstone lithofacies occurs in 

Units 2,3, and 6. It is commonly a fine-grained sandstone in Units 2 and 3 where it is 

preserved as a part of shale-base4 coarseMng-upward cycles. One to three of these 

cycles are wmmonly present. Thickness varies from 0-6 metres in Unit 2 and 0-8 

metres in Unit 3. Identification of this üthofkies in Unit 2 is entirely log based in the 

southwest quadrant of the study area 

W~thin Unit 6, a dolomitidcalcare~us quarPnse silt stone succession 2- 1 5 metres 

tbick is distributesi in a west-northwest to east-southeast trending band through the 

centre of the Greater Cessford Area Fxgure 3.3). This doIomitic quartzose siltstone is 

known informally as the "Banff sandstone". Two dipparailel cross-sections illustrate 

that the siltstone is not always present in closeIy-spaced wells (Figure 3-4-33.  It is 

commonly underlain by the crinoidai biociastic wackestone to packstone lithofacies, and 

overiain by the bioturbatd rnudstone or crinoidai biociastic wackestone to packstone 

Iithofacies depending on location. The crinoidal biocfastic grainstone Lithofacies caps the 

coarsening-upward cycle, or more rarely, diredy ovwlits the siltstone lithofacies. 

3.2.3 -3 De~ositional Environment 

The si@cance of the dolomitidcaIcareous quartzose siltstone to sandstone 

Mofkcies lies in its occurrence as a siliciclastic unit deposited within a carbonate- 

dominated succession. The nature and extent of mOting of carbonate and siliciclastic 

sediments in the geologic record is dl la rge  undetennined and wiii be disaissed in 

pater detail in Chapter 4 (Carbonate-SilicicIastic Mixtrircs and a Ramp Model for the 

Banff Formation). 

P oorly preserved fiaser bedding in the doIomitiddcareous quartzose siltstone to 

sandstone lithoficies suggests that the siltstone was feworked by shallow marine 

processes. The intensity of bioturbation indicates that invertebrate life was abundant 

and sedimentation rates were reiatively Iow. Teictrich amd Asterosoma are traces 



F i e  3.3. A wcst-northwest to east-southeast madmg band of -se siitstone in 
Unit 6 is 2- 1 5 metres thick m the Greater Cessford Area. 



J 

figure 3.4. Base map for cross-sections G-G' and H-H' in Figure 3 S. 





typically developed in the Cruziana ichnofacies which is Iocated in the nearshore to 

coastai marine depositionai wonment  (Pembaton et al. 1992). The 

dolomitidcalcanous quartzose siltstone to sandstone lithofiacies is mterpreted as a 

rcworkcd diment  deposited in a sbaIlow, open marine, inner ramp setting above f'air- 

wcather wave base. 

The doiomitidcalcafeous quartzose sütstone/sdstone lithofacies fits into 

Wilson's (1975) ciastïcsdominated areas on the normal marine open plâtfonn. The 

scvcnth &es belt is characterited by variable quanthies of extensively biooturbated 

carbonate and clastic sediment. 

The local concentration of skeletal material dong the upper contact of this 

lithofàcies is interpreted as  a transgressive lag. Frayed dolomite edges, dissolution of 

cements and oversized pores suggest flushing by meteoric water. Dissolution of calcite 

is discussed in greater detd  in Chapter 5 (ihagenesis), and its &ects on porosity and 

reservou characteristics in Chapter 6 (Petroleum Geology). 

The doiomitidcaicareous quartzose siltstondsandstone lithofacies is not 

penetrated by core in the southwest quadrant of the study area in Unit 2. By virtue of 

its position among other mid-ramp facies in Unit 2, the dolomitidcalcareous quartzose 

siltstonekandstone lithoficies is interpreted as mid-ramp sediments. It is speculated 

that sediments were transportecl fiom the inner ramp to the mid-ramp environment by 

storm-generaîed currents. Prcsumably, flaser bedding is not preserved in these deposits. 

These sediments were likcly deposited in Wdson's (1975) fourth fies belt which 

contains bgrained siIiciclastics deposited on the foreslape. 

3.2.4 Peiicted Mudstane to Paclrstone 

3.2.4.1 Description 

The f d  lithofacies of the BarB Formation consists of light brown-gray, 

peiieted mudstone to wackestone to packstone. Subhorizontal, millimetre-sale, 

continuous and discontinuous, green shale iaminae are wmmonly present. Shale 



accomts for approximately 5% of the bulk rock ccimposition. Bioturbation exhibits 

highiy variable intcnsity, ranging fkom an absence of bioturbation to intensive 

bioturbation. Crhoids are the dominant macrofossil, with brachiopods and bryozoans 

present in lesser abunAance. MoIogic contacts with underiying lithofacies are 

typically gradational. The pekted mudstone to packstone lithoficies is locdy silty 

and pyrite mineralkation and calcite tilIed cavities are cornmon 

The pelleted nnidstone has a patchy appearance in thia section attn'buted to the 

occurrence of Wcrite pockets within a M y  recrystallized micro and pseudospar rock 

Sparry calcite grains are 10-55 micrornetres long. Submguiar quartz grains (30-60 

micrometres long) are scatterd throughout the matix and constitute <5% of the bulk 

mineraloghi composition. 

Two generations of calcite cement are observed, but generally only the second 

generation is present. The k t  generation consists of pyramidal, bladed, isopachous 

fnnge cernent that crystaiiized dong the periphery of skeletd hgments. The second 

generation of cernent is composed of fineIy to coarsely crystalline, equant calcite cernent 

that crystailized in intergranular spaces and within fossil vugs. Calcite grains in the 

second generation cernent are typically 30-50 micrometres long and generally increase in 

cIystal size towards the centre of fossil wgs and other voids (Plate 3 b). 

Microcrystalline quartz selectively replaced portions of echinoderm and 

brachiopod firagments. In addition, quarrz overgrowth cement is locally present. Pellets 

are 50-100 micrometres long and me approximately 25% of the total fiamework 

wmponents. Paîchily dimibuted porosity is typicaiiy cl%, but rarely ranges up to 

5%. 

The pellaed mudstone to packstone lithofacies does not bave a vcry diagnostic 

log signaîwe. The gamma radiation ranges 6om 15-55 API, PET log values are typicall y 

4-5, and the neutron and density porosity eurves are gmerally 0-9 limestone porosity 



units apart. Neutron and density Iogs record 6-21 and 6-14 limestone porosity units 

rcspectively @gure 3 2 ) .  

3 -2.4.2 Thickness and Distribution 

The pelleteci mudstone to packstone Iithofkïcs is ody penetrated by three cores 

in the Greater Cesdord Arca. It is presmed as part of Unit 6 and is 0-8 metres ttiick. 

This lithoficies is part of a series of me-sale, coanening-upward cycles. The 

pelleted lithofacies is probably a component of Units 3-5 but does not have a very 

diagnostic Iog signature and is thus hard to idente and ciifkentiate kom other 

iithoficies using geophysicai weil logs alone. 

3.2.4.3 Depositional Emironment 

The abundance of pellets dative to the minor amount of skeIetal debris suggests 

that the pelleteci mudstone to packstone lithotacies is the product of a restricted, 

shal)ow subtidai, iagoonal depositional mironment that is protected by the crinoidal 

bioclastic grainstone lithofies shod and bank cornpiex. Fecal pellet sands are micritic 

owing to their deposition in water quieter than that in which the rocks of the bmier 

system were deposited. Reduced water circulation and low airrat  activity would have 

inhibited fâuna through elevated saIinity levels (Read 1985). Presumabiy, bioclastic 

debris was swept off the shoai and bank ~omplex and imo the lagoonal environment 

during storm events. Pyrite mineralization suggests conditions were somewhat 

dysaerobic (Bathurst 1975). Fine-grained siliciclastic material rnay have been 

periodically int~oduccd to the lagoonal system by dian processes. 

Pelleteai bioclastic mudstones to packstones W a r  to those described herein 

occur in 5-15 metres of water dong the western pomon of the Great Pearl Barrier in the 

Pcrsian Gulf (Purscr and Evans 1973), in <I O metres of water aiong the imerior of the 

Bahamas platform (Bathurst 1975), and in 10-30 rnetres of water dong the Shark Bay 

anbayment plain (Logan and Cebuiski 1970). Stratigraphie relationships with other 

lithofkcies and cornparisons with modem analogues suggests that the pelleted mudstone 



tu packstone lithoWes was deposited in water depths of 5-25 metres (Eirick and R e d  

1991). 

The muddia cndmember ofthis Iithofàcies is the product of the more protected 

parts of the lagoon, wMe the grain-supported packstones were deposited in areas of 

modaate ciradation. This relationship is seen dong the Trucial Coast in the P h a n  

Gulf (Purser and Evans 1 973). 

The pellete. mudstone to packstone iitbofkies fis into Wdson's (1975) seventh 

and ughîh standard facies belts. The peiletcd packstones fit into the seventh =es belt 

whicb consists of open marine sedimentation in open iagoons and bays located behhd 

some sort of hydraulic bauier. Water depth ranges from severai metres to tens of metres 

and ciradaion is moderate. Water conditions are usually hvourable for organisms and 

burrowing and peiieting of the sediment is common. The Üghh ficies belt is 

charactenzed by fine-grained sedimentation in hypersaline, restricted lagoons where 

wind bIown dastics may be lody significant. The pelleteci mudstones and 

wackestones fit into Wilson's (1975) eighth facies M t .  

3.2.5 Crinoidal Bioclastic Wackestone to Packstone 

3 -2.5.1 Descri~tion 

The fiflh lithofacies identified in the Banff Formation consists of light to dark 

gray-brown, crinoidal, bioclastic, wackestone to packstoae (Plates 5c, d; 7a, b). The 

crinoidal bioclastic wackestone to packstone lithoficies is variably dolomitized and 

wmmonly intabedded with &aie. Imgukand niiaose, subhoritontai &ale larninae are 

variably rare to abundant and coxnrnonly stylolitized. Shak content mges fiom 0-50% 

of the buIk rock compositio~ with 100/b being typical. Biotmbation of scdiments is 

moderaie to intense. -y, sofi diment ddormation feanirts are present dong the 

bssal contact of packstone i n t d s  which o v d e  rnuddier sediments (Plate Sd). 

Siightiy bulbous shaped muddy sediments project upwards into the overiying, coarser- 



PLATE 7-CRZNOIDAL BIOCLASTIC PACKSTONE AND CRINOIDAL 
BIOCLASTIC GRAlNSTONE WTaOFACiES 

A) CRINOIDAL BIûCLASnC PACKSTONE. A Iight gray crinoidal bioclastic 
packstone contains irreguIar and ramose, rriillimetre- to centimetre-scale, partially 
styIolitized dude larilinae- The crinoidai biocIastic paclrstone is under- and overiain by 
the calcraeous quaraose siitstone and bioturbated siity mudstone lithofacies 
respectively. (1 047.15-1047.36 metres, 02.4 614-025-12W4, Unit 6). 

B) CRINOIDAL BIOCLASTIC PACKSTONE. A medium gray crinoidal bioclastic 
packstone contains subhorizontal, continuous and discontinuous, mibnae-sale &ale 
iIvnina and iamina sets. This is part of a metre-scale, coarsening-upward cycle of 
crinoidal biocIastic wackestones and packstones . (1 046.40- 1046.58 metres, O Z  16-22- 
025-12W4, Unit 6). 

C )  CRINOIDAL BIOCLASTIC GRAINSTONE. A Light brown crinoidai bioclastic 
grainstone contains subhorizontal, milIimetre-sale, wntinuous and discontinuous, green 
shale laminae. This is part of a metre-sade, coarsening-upward cycIe consisting of the 
bionrrbated silty mudstone lithohcies capped by the grainstone Lithofacies pictured 
here. (1 121 -55-1 12 1.73 rnetres, 14-35-025-15W4, Unit 6). 

D) CRINOIDAL BIOCLASTK GRAINSTONE. A massive, white, crinoidal bioclastic 
grainstone contains macrolmicro vugular and moldic pores. The crinoidal bioclastic 
grainstone is the top of one of several stacked metre-de, caatsening-upward cycles 
that are underlain by black, calcareous shdes. (1 306.15-1 306.29 metres, 16-3 1-3 1- 
16W4, Unit 3). 

Note: Coin is 21 rniIlirnetres in diameter. 



PLATE 7 



grained packstone sediments. Whole and broken crinoids are the dominant biociastic 

material. 

Pyrite minaalitation as both disserninated specks and euhedrai crystals is 

wmmon. L o d y ,  dark gray wackestone clasts, calcite 611ed voids and fiacares, 

stringers of carbonaceou m a t a  whole shds filleci with spar and white rimmed dark 

gray iimestone ciasts ate present. Upper and lower Iahologic contacts of the crinoidal 

biocIastic wacktstone to packstone iithofacies are typically gradational. More rarely, 

iithoIogic comacts are sharp or bionirbated (Plate 2 4  e). 

Three gencrations of calcite cement are comrnonly developed in the crinoidai 

biocIastic packstones. in contrast, only one generation is usudy deveioped in the 

muddier erinoidal biociastic wackestones (Plate 3c). Tbe first generation cernent 

consists of inclusion-fiee, coarsely crystalline syntaxiai overgrowths on echinoderm 

ossicles and other skeIetai hgments. The second generation cement forms pyramidd, 

isopachous h g e s  on skeietai grains. The third generation is comprised of medium to 

caarsdy crystaiiine, inclusion-he, calcite cernent which infilIs intergranular spaces and 

sheil interiors. The third generation cernent represents 80-98% of total cements. 

In decreashg order of abundance, the macrofossiis in the crinoidai bioclastic 

wackestone and packstone lithofacies are crinoids, brachiopods, ostracods and 

pelecypods. Total porosity due to fkturing and secondary leaching is typically cl%. 

Scattered pellets and micritic envelopes around skdetd hgments are locdy present. 

Microcrystaiiine quartz replacecl portions of skeletal hgmmts and rare subangular 

quartz grains are observed dong hctme planes and Scattered in the sediment. Within 

wackestone lithologies, whole, delicate waiied brachiopod shells are present. Locaïïy, 

sutured contacts baween skeletal grains are nxogaized. 

Ewmination of several sarnples of this lithofacies with the scanning eiectron 

microscope reveais a tight rock composed of anh& to subhedral calcite crystals. 

Calcite cernentation has occluded any primary porosity (Fiate 8 4 b). 



PLATE %CRINOIDAL BIOCLASTiC PACKSTONE AND CRZNOIDGL 
BIOCLASTIC GRAXNSTONE LITHOFACIES 

A and B) CRINOIDAL BIOCLASTIC PACKSTONE. The crinoidal bioclastic 
packstone lithoGes is compriscd of subhedral calcite grains. Any primary porosity 
has been oduded by calcite cunentatiion. (1 I26.W metres, 14-3 5425- 1 5W4, Unit 6). 

C and D) CRlNOIDAL BIOCLASTIC GRAINSTONE. Subhedrai, quant calcite 
grains are the main constituent of the crinoidal bioclastic grainstone iithofkies. Some 
inhomogeneously distributed interaydline porosity is present. (1297.68 metres, 16- 
3 1-030- 16W4, Unit 6). 





+-ne to The gamma ray log reading is typicaily lower tham in the pelleted xn~ds .~  

packstone lithoficies (10-50 API) and the PEF log dues are highly variable (3-5) 

depeading on the quaatities of dcite, dolomite and &aie. The neutron and density 

porosity bg separation is typically 1-1û% with the density log registering 0118 

iimestone porosity units (Figure 3.2b, c, ç S g). 

3.2.5.2 Thickness and Distribution 

The crinoidai, bioclastic wackmone to packstone lithofkies is present in Units 

2-6 and ranges fiom O- 14 mares thidc. It is the most commoniy encwntcred lithofacies 

in mre and is present both aime and interbedded with the &aie Lithofkcies. 

No cores penetrate the crinoidai bioclastic wackestone to packstone iithofacies in 

Units 2 and 3. As a consequeme, their interpretation is based entireIy on geophysical 

well logs. This iithofacies is preserved as the upper portion of one or several, metre- 

scale, coarsening-upward cycles. Alternatively, the crinoidai bioclastic wackestone to 

packstone lithofacies is preserved as a massive sedimentary succession. 

Units 4-6 wnsist of a massive section of crinoidaI, bioclastic wackestone to 

packstone, or alternatively, a series of coarsenùig-upward, metre-scde cycles. These 

cycles range fkom a crinoidai bioclastic wackestone cuarsening-upward into a packstone 

lithology to the same cycle capped &y the crinoidal biociastic grainstone lithofacies. 

These cycles are cammonly stacked on top of each other and may a h  be shaie- andor 

mudstonebased. Altetnatively, the &oidaI bioclastic wackestone to packstone 

iithofaçies cammody d e r  and/or ovcriies the dohmitiddcareous *ose siltstone 

to sandstone iithofâcies. 

The criwidal biodadc wackestone to packstoae lithoficies rcpresents 

rcworking by currents and waw to varying de- in the W o w  subtidai zone. 

Intensive bioturùation suggests that the substrate was stable and thus more he-grained 

sediment was availabie for hfbd orgariisms. This lithofacies ocaus in two ciifFerat 



depositional tnvifoxunents on diffac~lt parts of the B d  Formation ramp. The Wt is 

de- water acummhiom on the mid-nunp. Mid-ramp wackestoaes and packiones 

werc not pcnctrated by core but thàr position in the Eedimentary succession and 

assochiecl ficies indicate deposition bclow fiÿr-WCBther wave base. The second 

depositionid QnrirOnmmt is interpreted to have becn W e d  on,the inner ramp above 

fâir-weath~r wave base Crinoidal bioclastic packstones were deposited as a b h e r  bar 

amplex that sheitered crinoidai bioclastic wackestones deposited behind (shoreward) 

the bank wmplex in a semi-rcstrictcd, protected matine esyifonmcm where hcoming 

waves were somewhat baflEled. 

Chateiiier (1983) interpreted the packstone iithofacies of the Banff Formation in 

muthwestern Alberta as the product of a camplex assemblage of banier bars and 

cbânnels. He propased that wackestones were deposited in 1ocalize.d low areas to form 

mud-filled depressions. These are similar to the bamer bars and channels dong the 

Trucid Coast of the Persian Gulf Cpurser and Evans 1973) and low areas of the Hawk 

Channe1 behind the Florida Reef Tract and the C i r a  Peari Bank in the Persian Gulf 

(Wilson and Jordan 1985). Muddy, skeletal sands lie seaward of a bamer in quieter 

water dong the Trucid Coast, Persian Gulf (Furser and Evans 1973). 

The crinoidal bioclastic wackestone to packstone lithofàcies fits iato three of 

Wilson's (1975) standad facies belts. The fourth fàcies beft is characterized by 

deposition betweea fair-weatheer and storrn wave base on the mid-ramp. Biociastic 

mataial is derived Eom both in situ colonies and h m  debris swept dom the slope. 

Some diciclastic m a t d  dmvcd fiom the imia ~ m p  may Jro be depdted out of 

suspension. The obsavations h d n  deviate h m  Win's  (1975) model owing to an 

absence of the slumping and bmcchion fcaftircs charactaistic of the madel. This 

discrcpancy arises fiom the fâct that the modd was deveioped fOr an abrupt margin, 

whereas this study invohes a shallowly sloping ramp gcometry with no stiarp breaks in 

slope. 



Tbe sixth and scventh standard facies belts consist of winnowed platform sands 

and open marine deposition in bays located behind a hydraulic bamer respectively. The 

ainoidal bioclastic packstones are deposited in both fàcies beb while the crinoidal 

bioclastic wackestones wert mort often deposited in the seventh facies belt. Shallow 

waters several metres to tens of metrts in depîh, moderate Rrailation, and variable 

salinity are characteristics of the seventb belt. 

326 Crinoidai Biodutic Grninstone 

3.2.6.1 Description 

The highest energy lithofacies of the BanffFormatioa consists of white crinoidai 

biociastic grainstone (Plate 7c, d). Subhorkontal, continuous and discontinuous, 
. - 

d h e t m d e ,  green shale laminae and centimetrewide shale iamina sets are variably 

rare to cornmon. Shale lamime are typically <1% of the buk rock composition with 

rare acairrcnces as hi& as 2OO/o. Cross-bedding is present in scveral cores, d e  others 

are devoid of sedimentary structures. The crinoidai bioclastic grainstone lithofacies has 

the moa abundant and diverse macrofossil assembiage of the Banff Formation 

lithofgcies. The dominant fossils are crinoids with Iesser abundances of well-abraded 

brachiopods, bryozoans, cor&, ostracods and pelecypod S. 

Also abundant in this lithofhcies are: (1)  pyrite nodules and euhedral pyrite 

crystals, (2) stylolites, and (3) calcite fiüed subverticd hciures and vugs. L o d y ,  

black a@aceous flecks and laminations, micro and macro vugs, moIdic pores, intraclasts 

and large (up ta 5 cmtimetres long) cracked mud nodules are prcsent. 

The ainoidal bioclastic graMstone and biotwbated mudstone lithofacies are 

commoniy separateci by a saur sudace. In contras&, d u e  the crinoidal bioclastic 

grahone lithofacies ovedies the dolomitidcal~us quartzose siitstone to sandaone 

tithofâcics, the contact is gradational 

Thrte generations of calcite cement are present in the ninoidai biociastic 

gramstone lithofkies (Plate 9 ad). The h t  gaieration of calcite cement consists of 



PLATE 9-CRINOIDA.L BIOCLASTIC GRAINSTONE LïT'HOFACIES 

4 B and C) CRINOIDAL BIOCLASTIC GRAINSTONE. The crinoidal bioclastic 
grainstone lithoficies consists of skeletal hgments cemented by three generaîions of 
calcite cernent. Skeletal fiagnients are domhated by echinoderm fr-agments but 
brachiopod, bryoman, ostracod, pelecypod and coral fiagments -are all present in this 
sample. The first generation cernent consists of pyramidal, included, isopachous f i g e  
cernent which crystallized dong allochem edges (see photomicrograph C). The second 
generation cernent consists of syntaxial overgrowths on echinodenn and brachiopod 
fkagments. Syntaxial overgrowths are inclusion fiee and occur in optical continuity with 
singIe crystal grains. The third generation cement consists of quant, coarsely 
crystalline caicite wbich crystaüized in intergranuiar spaces. Cementation compietely 
occludes ail primary porosity in tfüs sample. (1 12 1.47 metres, 14-35-025- 15W4, Unit 
6, plane-polarized light). 

D) CRINOIDAL BIOCLASTIC GRAINSTONE. This sarnple is cemented by the 
same three calcite cernent generations as d e s m i  for the previous photomicrograph 
Green microcrystalline quartz selectively replaced portions of skeletal fiagments and 
subround quartz grains are scattered throughout the siide. (1392.44 rnetres, 06-25-026- 
18W4, Unit 6, plane-polarized tight). 





qataxid overpwths on ainoid ossicIcç and other skeletal hgments. The syntaxial 

overgrc>wths are inchision-fke and in optical wntinuity with skdaal graim. The secand 

gaieration consists of pyramidal, bladed isopachous frmge calcite cement which is 

developed dong the periphery of s k e l d  pins. The &ge cunent is obscrved 

oycr8fowing several syntaxiai overgrowths which iadicates that the WC canent gew 

after the ovcrgrowth cement. The third and docninant cement generation (75- 

95% of total cnnmts) masists of equanr, d y  crystalline, wekleaved calcite 

cernent (Plate 9c, d). The thkd genaation m e n t  is peraiiy not as iron-rich as the first 

and second gaieration cements. Ghost fàbrics are gmerated by the replacement of 

ecbinoderm fiagments by third generation cement. 

Porosity varies betwcen 1 and 8%, aad is the result of secondary leaching of 

skeletal frsigments and pinpoint dissoiution of bryozoans- Bath moldic and vugular 

pores are pfesent. Mirritic envelopes are curmnoniy d d o p e d  around dochems. 

Microcrystaüiue green quartz (Plate 9d) and a bhk, opaque minerai (pyrite?) replaced 

portions of some skeIetal fiagrneas, while others are iron rich. W y ,  f meIy 

crystalline dolomite cement S i i s  obliquely oriented fractures wMe calcite cements 

hctures which cross-cut &eletai fragments. 

A wmpIetely silicified (95%) crinoidal grainstone bed witti chatcedony and 

megaquartz cements was observed in one thin section. Chaicedony cements ocair 

betwetn skdetal grains and dong the waiis of shell imcrriors. Megaquartz infills voids 

and wmonly becornes coarser-grained towards the void cecitre. 

Dominantiy subhedral, cquigrrmil.r srlate srystais rn ob-ed with the 

cFanriing elcaron microscope (Plate Sc, d). Som inhornogencously distriiuted 

mtercrystalline porosity is prcserved. 

The crinoidal grahsione lithofacies bas a consistedy low pmna tadiation (3-1 6 

API; rarely up to 30 API) and records 4.5-5 on the PEF log. Porosity log readings are 

highiy variable due to the wide-ranging porosities encountered in these rocks. Neutron 



and density porosity logs record between O and 30 iimestone porosity units and 

generaiiy overiap each other, indicaihg that the grainstone lithofacies is not commonly 

dolomitized (Figure 3.24 f l  g). 
3.2.6.2 Thickness and Distribution 

The crinoidd bioclashc grainstone lithofàcies is present in Units 3 to 6. 

Individual grainstone packages range fiom 2-10 metres thick but these are commonly 

stadced to form 15-20 metre thick packages in Unit 6. 

The crinoidal biocfastic grainstone lithofacies cammonly caps coarsening- 

upward, rnctre-scale cycles that conskt of the shale andior bioturbated mudstone 

lithofkies overlain by the crinoidai biocMc wackestone to packstone lithofacies which 

is in tuni ovedain by the crinoidai, biocIastic grainstone iithofacies. Graiastones are also 

present as massive stacked successions. 

3 2.6.3 Depositional Environment 

Crinoidal limestones have been interpreted as sbaiiow water deposits by many 

authors (Choquette and Steinen 1980; Carozzi and Gerber 1984; Moore 1984; Elrick and 

Read 1991). Since no direct modem counterparts of shallow waer crinoid banks are 

known, skeletal grainstone deposits found in 5-20 metres of water in Shark Bay, 

Australia (Hagan and Logan 1974) or dong the seaward edge of the Great Pearl Barrier in 

the Persian Gulf (Purser and Evans 1973) are potential analogues for the crinoidal 

bioclastic grainstone lithofacies. These modem deposits, istegrâted with ancient 

dogues ,  suggest that the crinoidal bioclastic grainstone lithofhcies of the Banff 

Formation was deposited m approximately 5-20 mare water depths. Diverse and 

munerous macrofossils, especially crinoids, indime near normal salinity . 

Migratory gramstone shoals m y  have been locatad on locaI positive areas on the 

inner ramp. Tucker and Wright (1990) doamiented shoaiing on loc .  highs due to 

haiokincsis dong the Trucial Coast, Persian ûulf. Here, skeletal grainstones are one of 

thme principal iithofhcies of the inner m p  and consist of weli abraded skeletal material 



derived fiom molfuscs, eehinoderms, foraminifera and corals. The graimtone lithofacies 

forms hi& energy shoals, beach barriers, tidal deltas and tidal channels and is 

characterized by cornmon cross-smifïcation (Purser and Evans 1973). Cross-bedding 

m the crinoidal bioclastic grainstone Iithofacies was Iocally observed. 

The crinoidal bioclastic gramstone lithofâcies fits into Wilson's (1975) sixth 

standard facies Mt. This belt comprises high aiergy, wianowed, platfoxm edge sands 

deposited in shoals, -es, fans, tidal bars, and eoiianite dune islands. Depth of 

deposition ranges fiom above sea level ( i i  the case of the eoiianite deposits) to 5-10 

metres water depth. The crinoidal bioclastic grainstone iithofhcies of the Banff 

Formation is interpreted to have been deposited as  a barrier bar, shod and bank cornplex 

which protected a series of bay and iagoonai depositionai environments. No evidence is 

presewed to suggest the presence of fân, tidal bar or eolianite dune island deposits. 

ïhe crinoidal bioclastic grainstone lithofacies was substantiaily reworked, 

transported and WMnowed by CUrrent and wave agitanon. The micritic m a t h  was 

removed by winnowing and replaced with sparry calcite cernent. During storm events, 

the shoal and bank cornplex was eroded by wave action and crinoidai and other skeletai 

debris was transponed by migrating ripples, while finer mud was c&ed out in 

suspension to be deposited on the mid-ramp. This is one of the sources of skeletal 

material in the crinoidal bioclastic and pelleted mudstone to packstone lithofacies. The 

presence of intraclasts in the crinoidal bioclastic graimtone lithofacies suggests that local 

storms ripped up adjacent sofi sediments, transported the clasts shoreward and 

deposited thern on the bank -amplex. 

3.3 FACIES ASSOCIATIONS 

3.3.1 Intrduction 

The six lithofacies of the Bar8 Formation arc grauped into six units which can 

be interpreted as depositional associations. A southwestwarddeepening ramp profle is 



indicated for the BdFonnation in the Greater Cessfbrd Ara There is no evidence in 

the forrn of nubidites or dumping features for a sharp tneak in dope, as detennined 

fiom mapping or cores. However, the profile of the Banff Formation ramp appears to 

have varied with time resulting in episodes of deposition d e n  the ramp had a slightly 

inflected or curved profile. The geometry of the Banff Formation ramp w i l  be 

disarssed in greater detail in Chapter 4 (Carbonate-Siliciclastic MixnJres and a Ramp 

Mode1 for the Banff Formation). 

3.33 Unit 1 

The shale and bioturbated mudstone lithofacies, deposited either done or as a 

coarsenllig-upward cycle, comprise Unit 1 in the Greater Cessford Area. The shale and 

bioturbated mudstone lithofacies were deposited between fair-weather and storm wave 

base in an open marine setting on the mid-ramp. Much of the sediment and rare skeletal 

debris was derived fiom the ianer ramp and deposited out of suspension. Shaie laths in 

the bioturbated mudstone lithofacies indicate that Unit 1 was in£iuenced by storm- 

genetated currents. 

333 Unit 2 

Unit 2 is interpreted to have been deposited in an open marine setting on the 

mid- to inner ramp and consists of piIes of crinoidal bioclastic wackestones and 

packstones and dolorn.c/calcareous quartzose siltstones and sandstones isolated in 

bioturbated mudstones and shale. Dolomitidcalcareous quartzose siltstone/sandstone 

and carbonate piles are isolated in shales throughout îhe Greaîer Cessford Area. On the 

inner ramp, shales and argiiiace~us carbonates dominate. The profile of the Banff 

Formation carbonate ramp for Units 1 and 2 was an cxtmmly low reliefi shallowly 

sioping swfâce. 

3.3.4 Unit 3 

Unit 3 latcrally changes fiom a single massive coarseniag-upward cycle of 

bioturbated mudstones and crinoidal bioclastic wackestones a d  packstones deposited 



on the mid-ramp to either one or a series of metre- to decimetre-scale, coarsening- 

upward cycles of M e ,  and dolomitidcalcareous quartzose siltstone and saadsrone 

deposited dong the mBected part of the inner ramp. Less commody, the crinoidal 

bioclastic wackestone lithofacies ovdes shale almg the Sected porcion of the h e r  

rarnp. Irmer ramp depogts consist of massive packages of crinoidal bioclastic packstone 

and gramstone depasittd as barrier bar, bank and shoal complexes which protected 

intershoai areas charscteriztd by crinoidal bioclastic wackestone deposition. Peileted 

mudstones to packstoncs were depsited in restricted, shallow subtidal Iagwns located 

shoreward of tiit barrier bar camplex. 

3.3.5 Unit 4 

Unit 4 consists of one or rwo coarsening-upward cycles of shaie and crinoidal, 

bioclastic wackestone to packstone deposited on the mid-ramp. These grade latedly 

into metre-scale cycles with a high proportion of siliciciastic material deposited dong 

the infiected portion of the Banff Formation ramp. Migratory, b k e r  bar, bank and 

shoal complexes shehered lagoans and open bays on the inaer ramp. Bioturbated silty 

mudstone, shaIe and pelieted mudstone to packstone were deposited in these lower 

energy erivironments that were b a e d  fforn wave activity. Fimegraineci sificiclastic 

materiai was occasionally introduced into these depositional environments by eohn 

processes. 

3.3.6 Unit 5 

The mid-rarnp sediments of Unit 5 cannot be distinguished h m  those of Unit 6 

m the southwest quadrant of the study area An aitemative hypothesis is that Uni? 5 is 

abscnt on the mid-ramp because it was ncva deposited there. S W  to Units 3 and 4, 

Unit 5 consists of me~re-sde cycles deposited alo* the idected portion of îhe inner 

m p .  These metre-scale eycles lataally intcrfinger with winnowed graiastone shods 

and restricted sediments of the inner ramp. 
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33.7 Unit 6 

Unit 6 lateraiiy changes h m  massive biodastic wacktstones deposited on the 

mid-ramp to metre-sale cycles of the Me, crinoidai bioclastic wackestone to 

packstone, and dolomitidcal~us quartzose siitstone to sandstone lithofkies dong 

the idected portion of the ramp. Bioclastic material on the mid-ramp is daived both 

in-situ and fiom debris swept down fiom the inner ramp. The open marine and 

restnaed sediments of the inner ramp wcre removed by masion associateci with the 

post-Mssissippian unconformity. 
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CZhWïER 4: CARBONATIlrSlLICICLASTIC MIXTURES AND A RAMP 

MODEL FOR THE BANFF FORMATION 

4.1 INTRODUCTION 

LinIe is known about the actent and sigmficanœ of mixing and interbedding of 

carbonate and siliciclastic sediments in either modern or ancient systems (Doyle and 

R o h  1988; Budd and Harris 1990). The range of carbonatediciclastic mixtures 

ortends fiorn a few quartz grains in a carbonate rock, to namhore siliciclastic delta 

sediments iateraiiy intehgering with carbonate ramp deposits. In many carbonate 

ramp systems, inner ramp deposits are carbonate-dominated, whiie outer ramp 

sediments consist of siliciciastic mudstones. Such a pattem was documenteci by  

Handford (1986), who descnïbed an updip skeletal shoal and shoreline Edcies passing 

downdip into a shale-rich, deep muddy shelf on a carbonate ramp in Arkansas. 

In concrast, other systems are characterized by &ciclastic sediments on the 

nearshore shelf, which interfinger with carbonate sedimens and reefs on the remainder 

of the sheK This pattern of sedimentation was docmented in Nicaragua by Roberts 

(1 987). Yancey (1 99 1 )  reported a similar pattem in the Pennsyivanian of the Midiand 

Basin, whereby an intermediate carbonate zone is positioned between shallow nearshore 

and deep-water outer ramp zones of siliciclastic deposition. 

Neither of these documenteci patterns of mixed carbonate-siliclclastic 

sedimentation appear comparable to the Bantf Formation. Sedimenmion in the B d  

Formation cxhiiits two charactcristics that are distinctly different h m  other carbonate 

ramps. F i I y ,  Unit 2 was deposited as piles of carbonate and quaruose siltstones and 

soadstones that are isolatcd in ~ ~ e d  siliciclastic srdiments. Secondly, the 

siiicicilastic sediments in Units 3-6 are concentrated h o  a mediai Mt that roughly 

paraiiels the paleoshoreike and that is flanked by carbornes in both the landward and 

seaward directions. 



This chapter compares the raonai sedimentology of the Banff Formation with 

sedimemation in the Ckcz'rr Cesdord Area. Carbonate-siliciclasbc mixtures on ancient 

and modem rarnps are compared and contrasteci with the carbonate ta diciclastic 

tmuitions of the Banff Formation. Possible sources of s2iciclastic sediment and 

structural influences on ramp sedimentation are evahrated. A ramp mode1 for the BanfF 

Fomation in the Greater Cesdord Area is presented at tbe end of the chapter. 

4.2 COMPARISON WITHREGIONALBANFF FORMATION 

43.1 Regionai Banff Formation .ad Established Runp Models 

This section will briefly re-iterate the regional: picture and ramp models derived 

for the Mississippian Banff and Lodgepole Formations by previous workers. Al1 of the 

studies mentioned below have already been discussed in some detaii in Chapter 1, 

Section 1.3 (Previous Work) and Chapter 2, Section 2.1.4 (Banff and Lodgepole 

Formations). 

It is important to differentiate betwem the regional work discussed below and 

the present study. Figure 4.1 is a schematic diagram of the passive mar& distally 

steepened ramp mode1 for the BanfF Formation saetcùing fkom soutfiern Saskatchewan 

to- southeni British Columbia compiled fiom Chatellier (1 983, 1988, 1992) and Richards 

et al. (1993, 1994). The m e n t  study examines a small part of the Ba& Formation 

ramp in the eastern domain and utilizes more closeIy-spaced data points than in the 

eràstiag regional studies. The eastern domain consists of the proximai, low gradient, 

homoclinal portion of the .carbonate ramp which is characteskd by a very shaiiow 

slope that is gmerally much less than one b. 
Chatellier (1983) divided the Banff Formation into three caarsening- and 

shallowing-upward cycles or mesasequences each wrnprised of (1) lower basinai and 

slope rhythmic limestones, maris and shales, (2) a b&er bar, shod and bank corirplex 

consisting of bioclastic wackestones and packstows, and (3) subtidd to supratidal 



Regional B d  Formation Ramp Mode1 
British Columbia Alberta Saskatchewan 
W E 

SW Greater Cessford Area Banff Formation Ramp 

0-ell or outcrop section 

Figure 4.1 Highly Pcbematic diagram of the BmffFomation distdIy steepened ramp. 
Loatioa of the bcimdary between the western, outer nmp and a n c m  mid-and h a  
ramp mviroammts is on Figure 1.3(a). 'Ine present saidy oniy examines a srnail p u t  
ofthe BsnffFormatian ramp in the eastem domain but utilizes more closely s p a d  
data points than in existing regional sbdies. 



terrigenous clastics. Each of these cycles was interpreted using Rich's (1 95 1) mode1 to 

represent the fondoform, clinoform and undaform respectiveiy (Figure 1 .3b, 2.1 a). 

The presence of sigrnoidal bed surfaces which clinoforrn westward into the basin 

were interpreted fiom columnar sections and a seisrnic profile fiom northeastern British 

Columbia Chateliier (1983) concluded that the Banff Formation was deposited on a 

distally steepened, tectonicaily controiied, westward-progradhg carbonate ramp. 

07Conneil (1990) mapped the Lower Banff and Pekisko Formations in the Peace 

River Embayrnent to determine the basin contigurations The stiallower water facies of 

the middle and upper B M  Formation show little thickness varialion, indicating that the 

main phase of basin formation and infilling ocrrurred during the Lower Banff. Isopach 

rnaps on two lower shaie units and two lower carbonate units did not show concentric 

bands of increasing sediment thickness but instead piles of sedimentary material. 

07ConneiI (1990) attributed this to Werentiai subsidence and divided the sediments 

into a northem (north-south trending, north of Township 90) and southern domain 

(west-east trending, south of Township 90). The shallower upper and middle Banff 

Formation successions prograded fiom east to West across the area 0'Connei17s (1990) 

interpretation of a wesrward-prograding carbonate ramp confirrns Chatellier's 

conclusions (1983, 1988, 1992). 

Elrick and Read ( 1 99 1) interpreted the Lodgepole Formation in the northwestern 

United States as a storm-dominated, pericratonic carbonate ramp. Subsidence rates 

deriveci fiom decompacted sediment thicknesses were estirnateci at 0.007-0.1 1 

metredthousand years. Slopes dong the shaiiow ramp were estirnated at <O.OS 

metreskiometre, while ramp slopes increased to 0.35-0.9 metres/kiIometre which is less 

than 0.1 degrees on the distal ramp. Three types of upward-shallowing, fi*-order, 

metre-sale cycles (peritidai, shallow subtidai, deep subtidai) were interpreted to have 

formed in response to Miiankovitch sea level osciiiations and were stacked to form three 

third to fourth-order depositionai sequences (see Chapter 2). 



A basal dolomite and siliciclastic lithofacies in the Lodgepole Formation overlies 

the Devoaian-Mississippian unconformity and is compriseci of dark coloured shaies, 

quartzose siltstone~sandstone and dolostone. Eirick and R e d  (1 99 1) interpreted the 

nonbioturbated dark shales, quartzose dtstones and dolostones as ramp slope and outer 

ramp deposits. In wntrast, bioturbated quartzose astones and sandstones are 

interpreted as inner ramp sedimcnts deposited in the W o w  subtidal zone. The inner 

ramp qwutzose siltstones and sandstones contain herringbone-strati6ication, channel 

SCOUTS, plane-laminations and fiasa bedding i n d i d g  deposmon in intertidal fiats and 

tidal channels. Althntgh the basai dolomite/siiicicIastics lithofaties bas the greaîest 

quantity of silicichstic sediment, traces of quartz silt are comrnon in several other 

Lodgepole Formation lit hof-âcies. 

A carbonate plasonn mode1 consisting of a ramp with an o&hore skeletal 

peloidal bank was proposed for the Lodgcpole Formation by Chen and Webster (1994). 

A basinward transition fiom very W o w  water carbonates in central Wyoming 

(undeformecl maton) to mud-dominateci, deeper water facies in western Wyoming 

(secondary foreland basin) and farther west to relatively shallow water, grain-supported 

facies in southeast Idaho (peripheral forebulge) was recoghed. 

The skeletal peloidal bank developed hundreds of kilomeues away ftom the 

shallow ramp ainghg shoals dong the transition zone between a homociinal ramp and 

the A d e r  foreland basin. There is no evidence to suppon a steep shelf margin slope or 

a typical sheif lagoon The inherited earIiest Mississippian paleotopography had 

pronounced eEects on Lowcr Mississippian carbonate seciimentation and was the major 

cause of the general lateral carbonate f i e s  architecture of t h e  broad Mies zones 

(Chen and Webster 1994). 

4.2.2 -ter C d o r d  Arcr 

The Greater Cessford Area &es within the pro- part of the Banff Formation 

distaliy steepened carbonate ramp (Figure 4.1). The current study examines Banff 



Formation cpdimentation on a very srnail portion of the total gmgrapbic extm of the 

ramp using closefy-spaced drillliole data This is in costrast to the majority of previous 

workers who have concentrateci un geographically iarge areas and utilued data points 

with a large distance beîween them. 

The lower basinal and dope deposits doamiented by Chatellier (1983) are not 

obsened in the Greater Cessford Area because tbey were deposited on the distaliy 

steepened part of the &nate ramp which lies withh the westmi domain However, a 

barrier bar, shoal and bank cornplex developed m the prtsent study area and is 

comprised of crinoidai, bioclastic packstones and graiustones. Chateiüer's (1983) 

uppermost mesosequence of subtidal to supratidd clastics has iargely been removed b y 

erosion associated with the pst-Mississippian unwnformity in the Greater Cessford 

Area. 

The signoidai bed surfâces observed on a regionai sale by Chatellier (1983) and 

others cannot be established by correhrion between relatively close-spaced wells in the 

Greater Cessford Area. In comast, sediments were deposited in piles of highly variable 

thickness and areal extent in U h  1-5, rather îhan in concentric bands of increasing 

sediment thickness towards the basin. The sediment packages in the CUrrent study are 

interpreted to have prograded to the southwest which agrees with Chatellier's (1983) 

and Richards (1989) conclusions of westward and southwestward progradation of the 

Ba& Formation respectively. 

In the Peace River Embayment, the shaiiower water Wes show iittie thickness 

variation indirating that the main phase of basin formation and a i n g  occurred dwing 

the lower Banff (O'Connd 1990). In wntrast, highly variable thicknesses were 

eammtered in Units 1-5 of the present stridy. NO individual unit was dominant in 

basin i&ihg cxcept for Unit 6 *ch prograded o v a  the a i s h g  sediments. O'Conneii 

(1 990) r a q n h d  sediment piling in the Lower Banff Formation sirriilar to that observed 

in the prescrit study and attniuted it to Werential subsidence. Differential subsidence 



is a possible but unlikely mechanism for the d i t  piling in the Greâter Cessford 

Area. Hycirodynamic rawariàng and movcment of sedmiems is a more plausible 

mechanism. 

The concentration of siliciclastic ccdiments on the inner nunp of the ïdgepole 

Formation (Elrïck and Read 1991) is consistent with B d  Formation deposition. 

Sedimentologicaiiy, the irmer ramp quartzuse siItstones and sandstones are vtry gmilar 

to those m Unit 6 of the Banff FOzmation. Both consist of silt- and vtry fine-grained 

sand-sized quartz grains with preserved f k r  bedding. Unfoitunately, most of the 

sedimentary stnictures have been destroyed by bioturbation in the quartzose siltstones 

of Unit 6. The location of quartzose diciciastics dong the basal Lodgepote Formation 

uncodormity is not observed in the Banff Formation sexiiments of the ûreater Cessford 

Area. 

The sedimentation patterns observed in the %d Formation (carbonate-ciastic- 

carbonaie) are aiso present in Chen and Webster's (1994) model. However, this model 

was derived for a ramp hundreds of kilometres long and evokes large sale tectonic 

features such as the peripheral forebulge to mate these patterns. Tectonism was 

important for estabiishing the initial ramp geornetry in the Great- Cessford Are. but 

would have had minimal impact on a Id scale. There is no evidence to support the 

presence of an offshore bank similar to the peIoidaI skeletal barrier of Chen and Webster 

(1 994) in the B d  Formation. 

4 3  CARBONATESILICICLASTIC MIXTURES 

43.1 Introduction 

Carbonate-siliciclastic mixtures and haaI transitions caa be divided into rwo 

broad categories. The 5rst are mixed sedimcnîs that mit h m  kd Eacics changes or 

episodic and non-episodic variations in carbonaie a d o r  silicicIastic diment supplies. 

These deposits consist of Iateraiiy adjacent &nates and siliuciastic sediments that 



are contempomeous in space and tirne. The second category of carbonatesiliciclastic 

mixtures are attrilutable ta temporal variations in sediment suppIy. These variations 

genaate deposits consisting of carbonate and siliciclastic sediments that alteniate with 

each otha through time (Budd and Harris 1990). 

On the basis of both modern and ancient examples, Mount (1984) recognized 

four mhhg processes that generate both temporaiiy and spatially variable carbonate- 

siliciclastic mktum. These are (1) punctuated mixing, (2) facies mDEing, (3) in situ 

mkhg, and (4) source mixhg These processes act in a wide range of environments 

around the world and throughout a iarge part of the geologicrecord. The styie of mWng 

in both spatiaiiy and temporally variable mixtures may be Muenced by cIimate, 

tectonic setting (iocal scale to global plates), eustatic sea Ievel changes, sedimentation 

rates, sediment sources and subsidence rates (Clenmensen 1978; Purser et al. 1987). 

The four types of sediment mEtmg wiil be briefly disaissecl below. 

4.3.2 Punctuatd MiUng 

Mkhg of sediments by rare or catastrophic, hi&-intensity sedimentation events 

is tenned punctuated mWng (Mount 1984). Kreisa (198 1) documented the transport of 

nearshore siliciclastic sediments h o  carbonare-domhaîed deeper water environments 

by stonn-generated currents. On rimmed platforms, major storms erode reefâi 

sediments and redeposit them landward in a gliciclastic dominateci lagoonal 

environment. Mwng may dso be initiated by stom processes through the introduction 

of sediment h m  subtidal to tidal flats environments. 

Periodicity is an important &or in punctuated mking processes. Benthic 

cornmunitics can becorne weii established and generate large quantities of cahnate  if the 

d w  of siliciclastic sediments is a reiatively rare ment. These communities can remver 

rapidly when disrupted by -or storm events because relatively little siliciclastic 

material is introduced during fair-weather conditions. This relationship has been 

documented on some sea-marginal fàns of the Read Sea (Roberts 1987; Roberts and 



Murray 1988). The depositional cnvironment of most of these ancient deposits is in 

subtidal environments below fair-WCItther wave base (Mount 1 984). 

4.33 Facies Muing 

Facies mking gaierates miTIed sediments that record the laterai transition 

bctween carbonate and siliciclastic sediments (Mount 1984). These types of mixtures 

are relatively scarce m both modem and anCient sedimena. MWng of sediments accurs 

dong diaise boundaries bawan contraSting %es and has been doaimcated in a wide 

range of environments. These iaclude (1) foreore& back-reef; and inter-reef settings of 

mef tracts; (2) the flanks of carbonate shoal complexes that shelter si1iciciasf.i~ iagoons; 

(3) imerfingering siliciclastic tidd fias and deeper subtidal carbonates; and (4) coastal 

dunes and tidal flats which receive eolian contributions of a ciiffirent composition than 

the background scdiments (Mount 1 984). 

4.3.4 Ln Situ W n g  

In situ mixing refers to the fomtion of sediment mixtures in a l d  environment 

and does not involve a l a t d  facies change as does f i e s  mixing. The most prevalent 

sites of in situ mixing are subtidal, tenigenous, mud-dominated environrnents (Mount 

1984). Here, siliciclastic shelf sedimems niix with carbonate material derived fiom 

autochthonous or parautochthonous d& assemblages of calcareous organisms. 

Bunowing organisms and weak tidal or ocean arrrents mix skeletal materiai with 

siliciclastic sediments. Stronger currents may hydraulicdly separate the mud and 

coarser siceletal grains into sheii lags tbat contain M e  or no muddy material (Larsomeur 

et al. 1982). 

4.35 Source Muing 

Source mixing describes tbe wearhering of uplifted siliciclastic terranes which 

supplies clastic material to the otberww cahcmaîedominated sheif environment. 

Owing to the importance of prolcimity ta a silicicfastic source in this process, source 

mixing is most cornmon in marginal marine and neatshore environmerrts that am close to 



exposed source temmes. Source mixing is the product of erosion, transportation and 

depositional processes (Mount 19û4). 

4.3.6 Seleetcd Esamples 

4.3.6.1 Introduction 

Ancicnt anci modern aramples of carbonate to siliciclastic transitions and 

carbonate-diciciastic mixtures are plentiful (Eariy and Goodeîi 1968; Frey and Pinet 

1978; Sptxht and Brexmer 1979; Dricse 1985; D' Alvisio and Davis 1988; Friedman 

1988; Hay a al. 198%; Holmes 1988; Nittrouer et ai. 1988; Pilkey et al. 1988; etc.). A 

few examples relevant to Banff Formation sedimentation in the Greater Cesdord Area 

are briefly discussed below. 

Shinn (1973) doaimcnted e o h  quartz dunes rapidly migrating out into the sea 

to produce a quartz sand sabkha dong the Qatar Peninsula of the Arabian Gulf. The 

supratidal flat is 40 Hometres Iong, 10 kilometres wide and up to 30 metres thick. The 

author believes sedimentation of this type wiii case in a few thousand years, redting 

in the preservation of a siliciclastic sand lem in a carbonate body. 

An ancient example of this type is a Middle Pennsylvanian mixture on the 

western wast of the United States -ch wnsists of interbedded quartz sandstone and 

oolitic, bioclastic, peioidal and micritic carbonate units. One depositionai phase is 

charactenzed by very rapid transgression, foiiowed by progradational subtidd carbonate 

shelf to shoal conditions. A second depositional phase is distinguished by the 

progradation of eolian and interdune sandstones across intertidal and subudal carbonaie 

depositional aivironments. The dominant wntrols on the devdoprnent of these cycles 

were sea level changes associateci with Gondwanaland glaciation and subsidence of the 

local shelf @riese and Don Jr. 1984). 

A secand ancient example of mixed carbonate-siliciclastic sedirnents are the 

Fayetteville Shale and Pitkin Liestone in Arkansas, which are Mississippian carbonate 

ramp deposits. Handford (1986) identsed a shoaling-upward succession that consists 



of a deep muddy ficies overlain by an ooid-skeletai shoal and shoreface fàcies. The 

transition zone baween the two facies is charactcrkà by thin, rhythmically bedded 

bestone intercaiated with thin, siceletal rich side bais. Limestone interpreted as storm 

deposits forrned by oEShore transport of the stiallower w a a  carbonates. The 

transition k m  nearshore carbonates to offshore, he-grained siliciclastics is a cornmon 

phenornenon in Paieozoic rocks. 

4.3.6.2 Modem Mixed Carbonate-SilicicIastic Shdves 

Two modern day examples of mixed carbonate-siliciclanic Pedimentation are the 

Lacepede and Rottnest SheIves of Australia. Buth of these sheIves consist of ml water 

carbonates mixed with siliciclastic sediments. Modern cool water carbonates are good 

analogues for periods in geological bistory such as the Mississippian when reef-builden 

were absent. Terrigenws clastics, Hoiocene carbonates, and reiict carbonate are the 

three main types of sediments on the Lacepede Sheif (Bone et al. 1991). Fluviai and 

eolian sificiclastic sediments were deposited during a period of low sea 1eveI and 

subsequent sheif exposure. In contrast, the Rottnest Shelf consists of reIict quartz and 

carbonate grains that were derived fiom the transgressive erosion of older wastal 

(quartz) and shelf (carbonate) sediments during HoIocene sea lwel rise and highstand 

( C o h  1988). 

Six major lithofâcies were recogmzed by James et al. (1992) on the Lacepeùe 

SheK (1) calcareous quartz sands and (2) quartzose bryoadbivalve sands, both of 

which are shaiiow sheif' deposits; (3) clan bryowa sands are deposited on the middle 

sheif; (4) bryozoa muds cover the d e 9  shelfj shelf dge, and top of dope; (5) pela,gic 

muds mer  the slope proper, and (6) W t - c o r a l  gravels sre locally deposited on the 

upper slope. 

Facies on this open shelf am the rcsult of fbur processes: (1) tarigenous cIastic 

input fiom land and carbonate sediment diagenesis during sea lwel Iowstand, (2) 

strandline reworbg d h g  each sea IeveI rise, stiUstand and fit& (3) modern reworking 



of sediment deposited during previous highstands, and (4) HoIocene seafloor production 

(James et al. 1 992). Sedimmts on the Lacepede sheif are dominated by a major lobe of 

quartzose sand in the centre of the open sheif which was deposited during the last sea 

level 10- and fcworktd during subsequcnt t r a q p s ï o n  and is cominuousiy moved 

by Song waves and populated by scarcc bivalves today. 

The Rotenest Sheif off souîhwestem Austraiia is l o ~ ~ e c i  in a similar 

aceanographic s d n g  and fàcies patterns rcstmbIe those of the Laccpede SheE The 

main diEence between the two shelves is the ladc of fluvially transported sediments 

onto the shelf durhg sea level lowstands which provides a bianket of sediment which is 

subsequently reworked during highstaad sedimentation. Instead, sediments on the 

Rottnest Shelf are distributed by northward littoral transport and wave dispersal 

(Collins 1988). Erosional reworking of the sheg and sorting, rounding, and abrasion of 

sand-sized sediment is due to waves and wave aureats. 

The sediments of the Rottnest Sheif are divided into a shallower Fremantle 

Blanket and a deeper Rotinest Blanket. The Fremantle Blanket wnsists of quartz 

grainstone, Iithoskel grainstone, and algal-bryozoan grainstone. The Rottnest Blanket 

sediments are sngular, moderateiy well to poorly sorted, fine- to medium-grained 

skeletai sands (bryozoan grainstone and skeIetai wackestone) wkch fine seaward to silt 

and clay. The Romest Shelf is characterized by a blanket geometry with basinward 

thickcning and fining (Collins 1988). 

In contrast to the Lacqede and ROtmest Shdvcs, the Otway continental margin 

in southeaskm AustraIia Contains only minor siliciclastic materiai concentrateci as 

quartzose ôivdvc bryDman gravels on the M o w  shelf. Little siliciclastic materid is 

transported to the sbelf due to a lack of major drainage conduits. However, similar to 

the other two A u d a n  shelves, h5es form a series of broad, shoreparalle1 lincar belts 

with gradational boundaries. Deposition of carbonate sediment is largely controlied b y 

wave energy and local sweU, stom and tidal airrent conditions (Boreen et al. 1993). 



4.3 -6.3 Mid Carbonate-Siliciclastic Sedimentarion in the Western Canada Sedimentaw 

Basin 

Mixed carbonate-siticiclastic sedimentation is common throughout the Western 

Canada Sedimen?ary Basin, yct M e  is known about the source and mecbanics of its 

deposition Severai examples are discussed below in d d g  order of age. 

Cyclic carbonate-clastic deposits in the Upper Devonian Wmterburn Group 

record an o v d  shallowiag and filling of the basin (Switzer et al. 1994). The Nisku 

Formation Lies a! the base of the Wmerburn Group. The prognukional stage of the 

Nisku Formation is represented by basinward building of &nate and ke-grained 

d&c sediment wedges under diminisbing accommodation space. Reworkmg of these 

lowstand diciclastics durhg a relative sea level rise r d t e d  in the dispersal of silts and 

clays that form most of the Galmar Formation. la the subdace,  the Calmar Formation 

consists variably of quartz siltstone, green M e ,  silty shale, dolomite and shallow 

marine carbonates which have been interpreted variously as marginai marine, coastai 

plain, and fluvial deltaic deposits (Gilhooly 1987). 

A second example is the Graminia Silt which is the upper siltstone or sandstone 

of the Graminia Formation. The most probable source for the Graminia siIts is detritaI 

material origidy deposited discontinuously in the basin during a preceding relative sea 

level lowstand. The widespread distriiution of silt in the Gramuiia . . Formation is 

interpreted to be due to reworking of detrital a d o r  windblown m a î d  during 

transgression of the Devonian sea which led to subsequent Wabamun Group deposition 

(Switzer a al. 1994). 

A third arample is the Lower Carbonifmus Mount Hcaà Formation, part of the 

Rubcüe Group which ovedies the BadFFormation It consists of carbonates and mixed 

cabnate-siliciclastic rocks deposited on a high energy, westward-deepenulg ramp. 

Swds partition the mmp into three major subdivisions: (1) a shallow, wave-swept zone 

of carbonate production but M e  carbonate accumulabon, (2) a middle, wave-swept 



zone of significant carbonate production and acannuiatioq and (3) a deeper, muddy 

zone of signifiant carbonate production and accumulation (Brandley 1993). 

Sabkha-reiated facies in the Mount Head Formation contain abundant quantities 

of silt and fine-graineci quartz sand in a carbonate mudstone. Siciciastic content is 

typicalIy IO?? but rauges fiom 0-70% (Brandley 1993). Brandley (1993) concludeci that 

the xuajority of the siliciciastic sediment is fluvially-derived fiom the north and northeast 

with miaor contributions of silt fiom dust storms. 

The MiddIe Jurassic lowcr ûravefbourg and Reston Formations constitute a 

fourth example of mixed carbonate-siliciclastic sedimentation in the Western Canada 

Sedimentary Basin. These formations consist of a heterogeneous mixfure of shallow 

marine sandstones, limestones and &des deposited in a cornpiex pattern in the Williston 

Basin. Poulton et al. (1994) suggest that cratonic sources provided the siliciciastic 

sediment S. 

Pennian strata of the Western Canada Sedimentary Basin are a fifth arample, 

consisting of phosphatic marine diciciastics and silty to sandy carbonates. In 

parti&, the Belloy Formation is subdivided into an eastern assemblage of shallow 

marine smdstone and dolostone and a western assemblage of deeper marine Iimestone 

and siitstone. The eastern assemblage lies outside and dong the margins of the Fort St. 

John Graben. Henderson et al. (1994) suggest that the sandstones represern shoreline- 

reIated fâcies deveIoped dong the basin rnargins and that the dolostones are proximai 

shaliow-marine rocks. The western &es dtstones and limestones are interpreted as 

dkpa a i t a  shelf to dope deposits (Haderson a al. 1994). 

43.7 Bmff Formation in the -ter Cedord Ama 

Botb temporal and spatial variations in the Greater Cessford Area me 

rcsponsiik for the rnixed carbonate-siliùclastic deposit s of the Banff Formation. Unit s 

1 and 2 coatain mixtures as a result of spatial and tempord variability. These range 

fiom l a t d  changes between carbonate piles md silicidastic sedimems to temporal 



variations baween shaies and overlying silty mudstones. In Units 3-6, a latéral change 

&om carbonate to mked carbonate-silitidastic sedirnents back into cleaner carbonate is 

obstrved. Temporal variations are evident in the deposition of quartzose siltstones 

within a predominantly carbonate succession where it is under- and overlain by 

carbonates. 

hcaüired mixing in the form of hi@ intensity sedimentation events and storm- 

generated aments may have been a very important process for transporting siiiciclastic 

sediments h m  the huer ramp to the mid-ramp environment during the deposition of 

Unit 2. Storm-generated currents and other hydrodynamic forces were extremely 

important in tnuisporting and distributing sediment over the carbonate ramp in al1 six 

units. 

Mixed sediments genetated by facies d g  dong the boundaries between the 

mediai siIiciclastic belt and the two carbonate belts is cleariy iiiustrated by log signatures 

but not penetrated by cure in the Greater Cessford A r a  These deposits would consist 

of silty carbonate mudstones and silty crinoidal bioclastic wackestones and packstones. 

In situ mixing was a relatively minor mixing process operathg on the Banff 

Formation ramp. Extensive bioturbation of siliciciastic sediment and macrofossils 

genefated mixed sediments in the bioturbated mudstone and doloniitidcaicareous 

quartzose sihstondsandstone Lithoficies. 

Source mixing was the dominant mixing process acting in the ûreater Cessford 

Area. SiticicIasbc material is interpreted to have bcen d e d  fiom the craton and 

transportcd onto the nunp.by both fluvial and eolian processes. Stoxm- and tidal- 

generated aments latady transpod siliciciastic mated to the m e r  Cessford 

Area. 

The blanket-Ue gwmetries of the sediments on the Lacepede, Rottnest and 

C)tway Shelves in Austraiia are not consistent with the unit genmetries of the Banff 

Formation. Howcver, the importance of wave currcnts in distributing both carbonate 



and silicidastic sediwms in these modern environments is evident. Wave aurents were 

adremely Unportant in the Winnowing, erosion and transportarion of both carbonate and 

sîliciciastic sediments in the Banff Formation. 

Siciclastic sediments were introduced during sea level lowstand on the Laccpede 

Shelf in AustraIia and in the Calmar and Graminia Formations of the Western Canada 

Sedimentary Basin. It is douff i I  that the siliciclastic sedirnents of the Banff Formation 

were introduced durkg a lowstand because the entire Banff Formation is a shallowing- 

upward sequence starting fiom an initial transgression at the base. There is no evidence 

to support an arposed shelf diaing a sea level lowstand in the Greater Cessford Area. 

4.4 SOURCE OF SILICIUASTIC SEDIMENT 

4.4.1 Introduction and Background 

Two types of detritai siliceous grains are commonly found in carbonate deposits 

(Wion 1975). Tbe ikst type consists of rounded, fkosted, quartz grains from coastal 

dune and bath sand reworked in the shaiiow marine environment. Zones of these 

gticeous grains are widely known in the Lower Ordovician platform wfiich is cornposed 

of dsailow shelf d hiertidal deposits surrounding the Canadian Shield. Siticiclastic 

grains have been documented in areas hundreds of kilometres tkom the original sandy 

coastlines of the large carbonateproduchg sea which lay across the shield. The Persian 

Gulf shelf has up to 1% of such grains distributecl fkom large sand dunes into the sea 

dong the coast of the Qatar Peninsula ( S b  1973). Quartz sand is so re9stant that it 

may be wideIy dimibuted in the carbonate Cnwonment without apprecïable abrasion or 

solution. 

The second type of siticeous grains are silt-size, angular quartz and feldspars 

which are windblown. The Holoccne sedimentary regime of the Persian Gulf is a 

modem day analogue, w k e  vast dusî storms in the Gulf are capable of blowing silt and 

clay sùe material a distance of 40 kiIometres across the sea. A large portion of the fine 



terrigenous and carbonate rnatenal of the axiai part of the Persian Gulf east of the Qatar 

Peninsula is wind-biown ( W i n  1975). 

Konopka and Dort (1983) saidid aiîeniating siliciciastic and carbonate 

deposition in Middle Pennsyivanian rocks in Central Utah. Very firegrained and fine- 

@ed quartzose siüciclastics, hssiiüèrws wackestoncs and packstones and carbonate-' 

siliciclastic mixtures arc preseat. Sandstone deposition is dominated by eolian processes 

and shallow maine cumnts related to the Pennsylvanian wind m e .  Subacrial and 

mag id  marine deposition is domiriated by silicicIastic sands with carbonate deposition 

Limiteci to open marine environrnents. The cyclicity is a funetion of giacio-eusiatic sea 

level fluctuations, tectonicaiiy induced rapid episodic subsidence, hi& rate of carbonate 

production, and facies shifts between carbonate and clastics partly controlled by wind 

i d u e n d  delivery of silicictastic sand and silt (Konopka and Dott 1983). 

Permian regrasive peritidal to shallow marine carbonate seguences in West Texas 

and New Mexico coutain thin quartzose sand bodies (Mazzuiio et al. 1985). A lack of 

diagnostic sedimentary and biogenic feanires makes the ori@ of these sands diScult to 

decipher. Facies relationships and cornparisans with Quaternary depositional systems 

wére used to determine that the successions are dominated by progradational eolian 

sheet sedirnents deposited on aria winddominated, exposeci fias adjoining deep basins. 

The sand bodies represent rapid rates of sand accumulation that intemapted longer 

periods of highstmd carbonate sedimentation. 

Fluviaiiy deiivered diment to the sballow sheif or inna ramp has been 

documented by a munber of authon in the Great Barrier R e d  province of Australia 

(Belperio and Searle 1988) and on the North Puerto Rico shelf (PiUrey et al. 1988). 

Siiiciciasîics were also fluviaiiy transportexi to the Laccpede Sheif in Australia (James et 

al. 1992) and the Mount Head Formation in the Western Canada Sedimmtary Basin 

(Brandley 1993). 
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4.4.2 Source of Siliciclrstic Sedimeats in the Banff Formation 

AU six units of the Banff Formation contain varying quanthies of siliciclasbc 

odiments. The clastic componcnt ranges h m  a few samercd quartz grains to tbick 

quartzose dtstone to sandstone sutECSgons. It is spcukcd thgt the origin of sand- 

and dt-sized tarigenous quartz in each of the 6 units is domMantly fluvial with 

sisnifiant coatriiutioc~s h m  colian sources. 

Tbcre is no cvidmce presemed in the Banff Formation of river deltas or channei 

deposits which wouid express themxlves by the presence of clay layers, fieshwater 

fâuna and hîng-upward log profiles (Shinn 1973). However, this evidence, even if 

initially present, bas &ely been eroded away. 

Richards (1989) suggests that the B d  Formation received fluvially-transponed 

silicicilastic sediment from the north and northeast during the Tournaisian. The h e -  

grained nature of the siliciclastic sediments suggests that they were deposited fb ffom 

any tectonic highland. The narthwest-trending Severn Afch and no&-trending 

Wisconsin Arch were also important sources of clastic detritus m southem Alberta. 

Westernderived sedirnents are not coniman in most of the BaafF Formation in southem 

Alberta but are important in the western domah of the B d  Formation in southeasteni 

British Columbia (Savoy and Mountjoy 1995). 

The idca of silt-shed quartz partides being transporteci to the edge of the 

Mississippian seaway by winds was 5rst proposed by Manin (1x9). Eolian 

processes are imcrpreted to have been re~ponsl'ble fbr siit emplacement in some of the 

muddier lith01ogics but the B d  ~ k t i o n  ismcr nmp wu dommated by c â r b ~ c  

mataial whicb suggests thaî a sipifkant source of dicielastic m a i d  was nat 

availablc. It ~#ms more probable that most of the siliciclastic material was derived 6om 

the matcm and irausportcd h m  northm Alberta, or alternativtfy, introdud fiom areas 

that were being or had b e a  glaciated and were supplying silt and day materid to e o b  

systems (i3randley 1993). 



The source of siiciclastic sediments Ui the Banff Formation is m c u l t  to vedy. 

The siliciclastic sedients in Unit 2 may be outliers of the Bakken Formation deposited 

east of the Sweetgrass Arch. This wouid suggest an eastern source for the quartzose 

siltstones and sandstones documented in Unit 2. In conmst, maton-derived siliciclastic 

sediments fiom the north and northeast transporteci into rhe Greater Cessford Area b y 

currents is a more probable source of clastics in the medial belt in u'nits 3-6 (Figure 4.2). 

Rare quartz grains were commonly blown into the muddier, nearshore Lithofacies which 

include the pelleted mudstones to packstones and crinoidai bioclastic wackestones and 

packstones. 

4.5 STRUCTURAL INFLUENCES ON RAMP SEDIMENTATION 

The B a s  Formation was deposited in a cratonic-interior basin which is a broad, 

persistent depression that is located adjacent to orogens (Buchette and Wright 1992). 

Cratonic-interior basins are characterized by siow overd rates of f l e d  subsidence 

which generates gentle depositional gradients and mostly shaiiow basinal water depths. 

The Devonian and Mississippian rocks of the Western Canada Sedimentary Basin fonn 

a senes of stacked ramp sequences which constitute a major proportion of the cratonic- 

interior basin fiil (Richards et al. 1994). 

The western cratonic plarforrn contains a broad, northeast-trendhg uplift in the 

vicinity of the Laramide Sweetgrass Arch (Richards et al. 1993). This uplift is never 

discussed in any detail and is rarely mentioned in the published literature. In some 

interpretations, the present-day Sweetgrass Arch overlaps the southeast corner of the 

Greater Cessford Area. 

The Sweetgrass Arch is composed of three broad arches; the northwest piunging 

South Arch, the northwest ssriking Kevin Sunburst Dome, and the northeast plunging 

Bow Island Arch which separates the Aiberta and Williston Basins (Podniski 1988). 

The Bow Island Arch is located in southeastern Alberta and was not a positive feature 
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Figure 4.2. Schernatic diagram of craton-derived detritus transported to a 
clastics belt by fiuvid processa. Lateral longshore currcnts dong the B d  
Formation ramp transported the ciastic sediments into the shidy area. 



prior to the Laramide with the possible exception of the Jurassic (Hayes 1983). No 

major depositional or erosional thinning occurred across southern Aiberta except for in 

the Tertiary (Podruski 1988). 

Podmski (1988) suggests that the subîie facies changes that do ocnu within 

Phanerozoic strata cannot be corrdated to the prcsent Bow idand Arch and that most - 
evidence points to ody Pdeogene uplifl of the present Bow Isiand Arch relative to the 

Alberta and Wfiston Basins. The Bow Isiand Arch was not active during the 

deposition of the Banff Formation, but possible uplift duriag the Jurassic may have 

influence. diagenetic processes (Pasternack 1988; Dolson 1990). 

Tectonism on a regionai scale was important for establishing shalfow gradients 

conducive to cabnate ramp sedimentaiion. hcaily, there is no evidence of digerential 

subsidence as there was in the Peace River Embayment as a mechanism for difierential 

piling of sediment. 

The Devonian Wabamun Group salts are widely distributed in southeasteni 

Alberta (Meijer Drees 1986; Brown and Anderson 1990). These salts have been 

extensively dissolved and are preserved as isolated to contiguous remnants of varying 

tbickness and areal extent (Anderson et al. 1990). The typical composition of the 

'Nabarnun Group in the Greater Cessford Area is approximateIy 38-60% salt, 21.5% 

dolomite, 4-20% anhydrite and -4% limestone (Haibertsma 1994). 

Synsedimentary salt dissolution of underlying Wabamun sediments may have 

been the cause of diffwential sedimentation in the B d  Formation in the Greater 

Cesdord Area. However, Oher  and Cowper (1983) propose that the dissolution of 

rock salts in the Wabamun Formation was initiated by regional Wting and ndchuing 

during the mid-Late Crctaceous. The fadt and hcture pIanes provide conduits betweea 

salt beds and adjacent quifers which initiates leaching and subsidene. Anderson and 

Brown (1992) cunfinned tbese results and suggested that dissolution was hter 

accentuateci by glacial Ioadmg and unloading. 



It is diBcult to demonstrate the cffects of sait dissolution on Banff Formation 

sedimentation in the Greater Cessford Area due to sparse dnlling d o m  to the Devonian. 

However, previous workers have suggested that saIt dissolution was initiated in the 

Mesozoic (Oliver and Cowper 1983; Anderson and Brown 1992) rather than in the 

PaIeozoic and thus this mtchanism was not likely the cause of difkrential sedimentation 

in the prwent study. 

4.6 BANFF FORMATION RAMP MODEL FOR THE GREATER CESSFORD 

AREA 

4.6.1 Introduction 

Carbonate ramp development is dependent on a number of important variables: 

antecedent slope, water depth, ciirnate, sediment production, composition and source, 

base IeveI changes, presencelabsence of framebuilders, wind direction and velocity, 

coastai orientation, and oceanographic regime (Ahr 1989; Burchette and Wright 1992). 

Sedimentation patterns are dependent on temperature, carbonate saturation, salinity, 

water depth, nature of water currents, fi& penetration, water turbidity, nature of 

sedîment substrate, and rates of relative sea Ievel changes (Mid 1990). Subsidence rates 

and water circulation patterns depend strongiy on the stnictural setting, and, in turn, 

wntrol the thickness, configuration, and content of carbonate depositional systems. 

A southwest-deepening m p  proae is indiateci for the Banff Formation in the 

Greater Cessford Area. Carbonate ramps rareIy maintain a süigle geometry for long 

periods of geologic time (Carozzi 1989). There is no evidcnce for a sharp break in slope 

either fiom mapping or the cofcs m the form of turbidites, brecciation or slumping 

features. However, the pro& of the Banff Formation ramp appears to have varied with 

the .  The Banff Foimation ramp evolved fiom a very Iow gradient sioping surfâce 

dilring deposition of Units 1 and 2 to a u f k e  with a slightiy infiected or arrved profiie 



during deposition of Units 3-6, and W y  into the Pekisko Formation carbonate rimmed 

sheif (Richards et al. 1993). 

4.63 Climate 

Paleogeographic reconstructions indicate that the Greater Cessford Area was 

located between IO0 south and 25" north latitude during the Tournaisian (see Chapter 1) 

(Scotese 1984; Van der Zwan 1985; Van der Voo 1988; W~tzke and Heckel 1988; Ziegler 

1988; Gulonka et al. 1994; Metcalfe 1994). An arid to serni-arid climate with hi@ 

temperatures and low precipitation is suggested by comparison with modern analogues 

located in this sub-equatorial location. High Ievels of run-off due to a sparsely vegetated 

shorehe may have carried siiiciclastic sediments into the d o n a t e  ramp system. 

Dominant dry, offshore paleowinds were to the southwest (Panish 1982) and strong 

m o n s o o d  storms may have k e n  fiequent dunng the summer (Wright 1990). Stom 

activity was important for transporting debris and fine sediment within the carbonate 

ramp environment. Dominant southerly winds would have transported some silt-sized 

quartz sediment fiom the inner ramp in the northeast to the mid-ramp environment in 

the southwest. 

4.63 Depositional Environments 

4.6.3.1 Units 1 and 2 

Unit 1 consists of shde and bioturbated mudstones deposited in an open marine 

setting on the nid-ramp below fair-weather wave base. Rare skeletal debris was 

transported in suspension by storm events £kom the inner to rnid-ramp environment. 

Unit 2 is interpreted to have been deposited in an open marine setting on the 

mid- to inner ramp and consists of piles of carbonate and quartzose siltstones and 

sandstones isolated in shale (Figure 4.3). Quartzose siltstondsandstone and carbonate 

piles are isolated in s u e s  throughout the Greater Cessford Area. On the innermost 

ramp, shales and argillaceous carbonates dominate. The profiie of the Banff Formation 

carbonate ramp for Units 1 and 2 was an extremely low relief: shdowly sloping surface. 
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4.6.3.2 Units 3 6  

In contrast to Units 1 and 2, Units 3-6 are dominateci by carbonates in the 

souîhwest (scaward) and northeast (iandward) parts of the Greater Cessford Area 

separatecl by a media siticiciastic belt (F@re 4.4). The ramp profle changed between 

Units 2 and 3 fiom a unifiormiy sloping, low gradient s u d h  to an idected Surface with 

a siightly greaîergradiemt. 

The mid-ramp sediments of Units 3-6 consin of massive bioturbated mudstones 

and ainoidai bioclastic wackestones and packstones deposited in quiet, normal salinity 

water. Fine detritus was transported fiom the inner ramp and deposited fiom 

suspension on the mid-ramp. Siliciclastic sediments were concentrated dong the 

iriflected portion of the ramp by bottorn currents. This is discussed in more detail in the 

next section. 

Open and restricted marine sedimentation characterizes the inner ramp deposits 

of Units 3-6. PeUeted mudstones to packstones and shales were deposited in restncted, 

shaiiow subtidal lagoons and open bays that were protected by a series of migratory 

crinoidal biodastic packstone and grainstone barrier bars and shoals. Dunng storm 

events, the shoal and bank complex was eroded by wave action and ske1et.d debris was 

transported by migratmg ripples, while the fher mud was carried out in suspension to 

be deposited on the mid-ramp. The bioturûated mudstone and crinoidal bioclastic 

wackestone litho facies were deposited in muddier, intershoal areas. 

4.6.4 Silicidastic Sediments 

4.6.4. I Distribution of Siliciclastic Sediments 

Detamining the source of the abundant diciclastic sediments in the Banff 

Formation is probkmatic. Siliciclastic sediments are presmt in Unit 2 as quartzose 

sandstones and &stones. Quartzose siltstones and sandstones are distniuted in piles 

isolated in shale throughout îhe Gnater Cessford Area. The dominance of d o n a t e  in 

the innemiost ramp sedirnents located in the northeast quadrant and the presence of 





quartzose siltstones/sandstones with flasw bedding on the cast side of the Greater 

Cessford Area suggest that the siliciclastic sediments in Unit 2 were derived fiom the 

W. A fiindamenta change in the direcbon of the source of siliciciastics and the 

hydrodynamic rcgime baween Unit 2 and Units 3-6 is suggested by the change from 

IitbologicaI p ihg  in Unit 2 to a concentration of ciastic sediment in a west-northwest to 

east-southeast oriental belt in Units 3 4 .  

The sedimeatation of siliciclastics in a niedial kit m Units 3-6 wuid be due to 

d i f f d a l  tectonism, the development of a pbysical barrier, or a subtie change in the 

ramp profle. Dinkrential tectonism creates a SÇfies of hi& and Iows imo which 

gliciclastic sedimerrts are concentrated and is usually discussed in a regional sense. No 

aidence of tectonism of this kind is indicated for the Greater Cessford Area. The 

second possibility involves the trapping of diciclastic sedimm behind or in fiont of 

some sort of physical barrier. No evidence from mapping, cures or logs supports the 

presence of a physical banier. A subtle change in the profle of the Banff Formation 

d o n a t e  ramp is interpreted to be the mechanism which concentrad clastic sediments 

into the mediai belt. 

4.6.4.2 Sediment Movement Mechanisms and Bottom Curreuts 

Hydrodynamic piling, reworking and distriiution of sediments was an extremely 

important process for aii six of the BanE Fomation units, and Unit 2 in particuiar. It 

appears that none of these units aggraded to a single base Ievel and thus did not develop 

a horizontal, platform sdœ. Wdson (1975) rcc0miitnJ piling of carbonate sediment 

by mechanical movement as an accessory process that f o m  and shapes carbonate 

accumulations. The voiume of sediment preserved is a fiuiction of the production rate 

plus stabilization and piling processes, minus any rernOVaj processes ojxrating. Each 

unit of the B d  Formation appcars to 6.ü in the surface left by the deposition of the 

previous unit. This results in thicker piles of sediment overîying thinner piles on the 

underiying layer. 



The roles of long-shore currents in transporthg material laterally fiom one are, 

to ~ o t h e r  in the offshore zones of &nate rarnps, or of storm-generated currents in 

transporthg matcrial fiom the shorehe to the nid- or outer-ramp are largeiy 

unevaiuated (Burchette and Wright 1 %2), but are potentidy of major importance in the 

Greater Cessford Area Storm-generated cu~fents and waves are interpraed to have 

moved large quantities of siliciclastic materiai on the Banff Formation carbonate ramp. 

The siliciciastic belt in Units 3-6 is interpreted as a series of bottom current 

deposits distributed dong a siïght inflection on the inner ramp. A contourite is any 

contour-current deposit and usually consists of fine sand or coarse d t  deposited on the 

continental rise by contour foilowing bottom m e n t s  (Bates and Jackson 1980; 

Hollister 1 990, 1993). Contourites are generaliy well soned, n o r d  or reverseci grade4 

and have sharp upper and Iower contacts (Faugeres and Stow 1990; Sbanmugam et al. 

1993). 

The original definition of sediment deposited fiom thennohaline driven bottom 

cumenzs fiowing parallel to bathymetric contours has been used in the Iiterature to 

inchde any bottom w e n t  derived sediments deposited not only in the deep marine 

realm, but also in the shallow maxine and lacustrine cnvironments (Faugeres and Stow 

1993). Faugeres and Stow (1993) suggest that the term "contouriten shouId be restricted 

to deep water 0 5 0 0  metres) sediments deposited or significantly reworked by stable 

geostrophic currents, and that the term "bottom current deposits" be used for shallower 

wata deposits. Currents in sbaiiow waters have originated fiom a Ilurnber of sources 

inchidhg interna1 waves and tides, wind, and fluvial driven lacustrine currents (Faugeres 

and Stow 1993). 

Many of the sedhentological characteristics of the Banff Formation quartzose 

siiiciclôstics match the criteria utiiized for identifjing bottom current deposits: (1) 

composed predominantiy of silt, (2) sharp upper and lower contactsy (3) weii sorted, (4) 

imtcrse sire gradhg (CO-upward), and (5) flaser bedding. Diagnostic sedimentary 



structures such as cross-bedding, lentidar ripples, and current ripples may have been 

destroyed by intensive bioturbation. 

4.7 SUMMARY 

The Banff Formation in the Greater Cessford Area represents deposition on a 

southwestward-prograding carbonate ramp. The profde of the carbonate ramp is 

interpreted to have evoIved fiom a Iow gradient dope onto which Units I and 2 were 

deposited into a surface with a subtle idection or bend in its vertical profile. A medial 

siliciclastic belt separated by two carbonate belts was concentrated dong this margin by  

lateral bottom curents. The Banff Formation ramp was succeeded by the rimmed shelf 

deposits of the Pekisko Formation. 

The source of siliciclaçtic sediment in Unit 2 is specuiated to be  £iom the east. 

In contrast, the large innw of siliciclastic sediments in Units 3-6 are derived primarily 

Grom the craton in the north and northeast, augmented by eolian sources. Longshore 

m e n t s  and storm processes transporteci and concentrated clastics dong the idection 

belt of the Banff Formation carbonate ramp. Hydrodynamic piling of sediment was an 

importam process in aU six units, but especially in Unit 2 where carbonate and 

quartzose sandstone piles are isoIated in shales. 



CHAPTER 5: DIAGENESIS 

5.1 INTRODUCION 

The purpose of this chapter is to describe and interpret the diagenetic fabrics and 

texhues obmed in the iitlrofàcies of the Banff Formation. The d e  that orgmïsrnq 

cementation, dissolution, repIacemenq neamorphim, and physicd compaction play are 

amalgamated at the end of the chapter into a paragenetic sequace. The ment to which 

diagenesis controUed the reservoir characteristics of the dolomitidcaicateous quartzose 

siltst ondsandstone and crinoirid bioclasbc grainstone litho facies is discussed in C hapter 

6 (PetroIeum Geology). 

Analysis of diagenetic processes in the B e  Formation was not the main 

objective of this study. The dngenetic processes and products disarssed in this chapter 

are based on are  work as well as thin section and scanning elecbon microscopy. 

Further work in the form of cathodoluminescence and isotopes is required to 

substantiate the fîndings of this chapter. 

The sedimentology of the residual deposits associateci with the post- 

Mississippian unconfomity, as weii as the DetritaI and Eiierslie Formations is 

discussed. In addition, diagenetic effects associated with the unconfurmity are 

considered. 

53 BIOUBGICAL DIACENESIS 

Bioturbation of unlaminated sediments by organisns is a very eariy or 

penecontemporaneous proccss asSOQated with the d a t i o n  and deposition of 

sediments. Moderate to intaisive biotddon is u)mmon in ali of the lithofies with 

the exception of the shales, which are not bioturbaîed to only paddy  so. Evidence of 

bioturbation in core and ttiùi section is provided by a mottled appearance (Plate Tc), 



swirled distribution of lithologies (Plate 3% c, d), and disrupted sedimentary smctures 

(Piate Sb). 

Aiiochems fiom the grain-supported lithoficies commoniy have micritic 

envdopes eround their adaior wall (Plate 10a). Grain micritization ocaus in poorly 

agitaîed or stagnant water conditions whm aüochems are repeatedly bored by endolithic 

al- or firngi and the borings later infiIIed by 6ne sediment (îucka and Wright 199û). 

5 3  CEMENTS 

Five types of m e n t  are preserved in the liùiofkies of the Banff Formation. 

These are: (1) syntaxid overgrowth caicite, (2) isopachous, bladed caicite, (3) equant, 

finely to coarsely crystalline caicite, (4) blocky dolomite, and (5) polycrystaiIine quartz. 

5.3.1 Sptuiai  Ovcxgrowtb Cernent 

SyntaxiaI overgrowths commoniy occur in the crinoidal bioclastic packstone to 

grainstone Woficies, predominantly on ectÿnoderrn fragments (ossicles, plates and 

spines in that order), but aiso on brachiopod and other siteletai fragments (Plates 9a; 

1 Ob). The syntaxid overgrowths are inclusion-fiee and coarsely to very coarsely 

crystalline calcite. Ovcrgrowths tend to fom on grains that do not have micritic 

enveIopes. 

Tucker and Wright (1990) propose that syntaxid overgrowths are the product of 

a marine or shailow buriai environment where cements were precipitated fiom seawater 

cirdating tbrough interco~ected, inteqarticle pores. 

5.33 Isoprchoiis Bladed Cdcite Cernent 

An isopacfious, bladed, occasionally iron-ricb, pyramidal caicite cement is 

coxrrmody present aloug the edges of allochems and a r m d  the intcrior of i n t d  

cavities (Plates 3d; 9c and d; lob and c). The crystals form perpendicular to @ 

surfkas and are equigranular for any particular thin section. The isopachous calcite 



cement cornrnonly overgrows the syntaxiai overgrowth cement which suggests that it is 

the iater cementation phase (Plate 9a, c). 

The isopachous, bladed calcite canent is commody developed in the gain- 

supported iïthofkcies. It may ais~ crystallize moud rare siceletal fragments in the 

crinoidal bioclastic wackestone iïthofkies. ïhese iithofacies are the produa of a 

moderate- to higknergy environment where reworking and winnowing by wave 

agitation and currents was constant. Seamer is forced into the sediment by waves, 

tides, and currents, resuiting in the passage of suf6cient oversatiuated pore water to 

precipitate cernent on grains. The relatively rapid formation of these cements with 

shallow burial essentiaily eliminates the occurrence of physical compaction (Heckel 

1983). 

Evidence for a marine source for the bladed calcite cernent is providecl by its 

formation of isopachous &ges around grains and cavity wails and its succession b y 

sparry calcite in ai1 cases (Tucker and Wright 1990; Tucker 199 1). 

533 Equmt Fincly ta Coarsely Crystdline Calcite Cernent 

The most dominant cernent consists of equant, hnely to coarsely crystalhe, 

well cleaved calcite cernent (Plates 9a-d; 1Oa-c). This generation of calcite cement 

commoniy accounts for 75-1Wh of the total cements in a given sample. Caicite grains 

are typically 3 5-50 micrometres long and commonly increase in size towards the cerne 

of infitled cavities. Equanf blocky cement crystallizes in interskektai and intraskeietal 

pores. This generation of caicite canent generaiiy occludes any p h a y  porosity. 

The quant calcite cement is a ht grnemion cernent in the crinoidai bioclastic 

wackestone and peiieted wackestone lithoficies. In contras& tbis equant canent 

s u d  bath the calcite overgrowth and f i g e  cements in the ainoidal biockic 

packstone to grainstone lithofacies. Ghost Wrics are gen-ed by the replacement of 

echinoderm fhgments in grainstones. 



A) A ainoidal bioclastic grainstone consists of skeIetal hgmmts and two generations of 
calcite cernent. Isopachous a g e  calcite cement has aystaIiized dong skeletal grain edges 
and coarsely crystalline calcite cement has iilfrlled intergxanuiar voids. Micritic envelopes 
are commonly developed a r d  sktletal hgments. (1 174.8 5 metres, 06-22-026-1 6W4, 
Unit 6, plane-polarized light). 

B) Syntaxial overgrowth cement is wcll developed on hgmented crinoids in this 
photomicrograph of a crinoidal biocMc grainstone. Isopachous f i g e  and coarsely 
crystalline calcite cements are also presem. Note inaeasing caicite crystai size towards 
void centres (especiaiiy in leached out deII just l& of centre of photornicrograph). 
(1 12 1.47 metres, 14-3 5-025-1 5W4, Unit 6, plane-plarized light). 

C) Two weU developed generations of calcite cernent are present in this crinoidal, 
bioclastic grainstone. The first gaieration camists of a pyramidal, isopachous h g e  
cernent which crystdhd dong tbe edges of alochem hgmersts. A second, coarsely 
crystalline calcite cernent infills inttxgranular spaces and other voids and commonIy 
increases in grain size towards the centre of these voids. (1 126.00 metres, 14-3 5 4 2 5 -  
1 5W4, Unit 6, plane-polarized light). 

D) Microcrystdine quartz has replaced aimost aii echinoderm and other skeletai 
hgments in this crinoidai, bioclastic graiwtone. Megaquartz cernent infius the centrai 
void and succeeds a fibrous f i g e  of chaIcedony cement. Quartz grain size increases 
towards the void centre. (1 168.63 mares, 06-22426- l6W4, Unit 6, crossed polars light). 





Precipitation of equant, calcite canent is interpreted to be in the rneceoric 

phreatic zone as indicated by the iarger crystal size and clear, blocky crystals low in iron 

( T u c h  1991). 

5.3.4 BIocky Dolomite Cernent 

Biocky, subhedral dolomite h m b s  locally crystaliize in intercrystalline pores 

and fiacturcs which cross-ait allochems and cernent in the crinoidai bioclastic grainstone 

lithofacies. Dolomite rhombs range fiom 1 5 4  micrometres long. 

This generation of cement postdates any matrix dolomitization and is a produa 

of the burial environment. DolomitiPng fluids may have been generated during 

compaction of rnatrix dolomites (ïucker I99l). 

5.3.5 Quartz Cernent 

Microquartq megiiquartz and cfialcedonic quartz cements are the lest abundant 

of the five cements. Microquartz bas crystallized in skeletal pores and tectonic 

hctures. Megaquartt cernent infilis voids and locdy succeeds a fibrous &ge of 

chicedony cernent. Grain size wrnrnoniy increases away fkom the aliochern wall and 

towards the centre of the void (Plate 1 Od). 

The quartz cements are the iast to crystallize of the five cement varieties. 

Evidence for this is provided by the crystaiiization of quartz in hctures which cross- 

cut ail pre-exîsting fabrics. 

Locally, challecedony and megaquartz have aimost completely siliciiïed a 

crinoidal bioclastic paimone bed. Chalcedony cements were prcserved between 

skeietal grains and dong the waüs of sheii interiors. Megaquartz innlled voids and 

rcplaced portions of siteletal hgments. Quartz has cemented and replaced 

approyimateiy 95% of the rock (Plate la). 
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5.4 DISSOLUTION 

The partiai or complete removal of unstable carbonate material is an extremeiy 

important process in the alteration of pores in both the crinoidal bioclastic grainstone 

and dolomitidcalcareous quartzose siitstone to sandstone lithoficies (Plate 6a-d). Both 

the d o n  of new pore space and the enlargement of arisbng pore space result. In 

addition to the lithoficies just d e s c r i i  some evidence of dissolution dong hctures is 

noted in the other lithoficies. 

Partially and completely leached cements, leached sheii interiors, Migular and 

oversized pores, as weU as d e d  grain edges when examined under the sanuhg 

electron microscope are evidence of dissolution (Plate 4d). hegular distribution of the 

bladd, isopachous cement in some lithofacies may also be a consequence of dissolution. 

5.5 REPLACEMENT 

Replacement of portions of echinoderm and other skdetal fragments, as weii as 

Ieached cemems is prevalent in many of the lithofacies. The timing of replacement 

processes relative to other diagenetic processes is very difficult to detemine. 

5.5.1 Dolomite Replacement 

Microcrystailine to very finely crystalline, unimodai, pianar, subhedral to 

euhedral dolomite rhombs are typicaliy 45 micrometres Iong and have inclusion-rich 

centres which contrast with relative@ clear crystal exteriors. Dolomite has replaceci the 

micrite mmix in many of the B d  Formation lithofacies and extends into the o r i w  

pare space. 

5.5.2 Sificr Replacemeat 

Thru varietics of silica r e p b e n t  are pft~erved in the Banff Formation 

lithofacies. These are (1) me%iquartz, (2) micraayShiüne q w t q  and (3) cbaicedonic 

quartz. Echoderm ossicles are commoniy replaced by green megaquartz and 

microcrystaiIine quartz, and more rarely by fibrous cbalcedony in the crinoidal bioclastic 



and pelIeted waekestone to packone lithokies (Plate 94 d; 10d). Q u m  rqlacement 

of skeletal hgmaits ranges frorn 0-8û% with 20% replacement typical. 

5-53 Heamtitt Replacement 

Hematite replacement is restncted to the uppetmost few metres of the Banff 

Formation and is observed withùi the crinoidai bioclastic wackesîone to packstone and 

bioturbated mudstone lithofacies. It appears as a reddish uniform to patchily 

distributexi stain (Plate 2d; Sc). An aitemative pattern of hematite replacement is the 

staining of thin horitontal Iayers and laminae a reddish maroon. Red zones range in 

thickness h m  several miliirnetres to metres and aiternate with gren weathering rocks of 

the same iithofacies. Red and purple colours are due to the presence of ferric oxide or 

hematite as grain coatings and intergrowths with clay partides (Moore 1989). 

Only 0.1% iron is aeeded to impart a bright red colour to sediments (Tucker 

1991). This alternathg red to green weathering suggests that h g i n g  sea levels placed 

the sedimentmy succession in aiternating oxidizir~g and reducing conditions in a 

restricted lagoonal environment. huing relative sea IweI hïghs, good circulation would 

induce a well-axygenated environmat which favours the precipitation of hematite. In 

contrast, low sea level stands with redcted water circulation would m a t e  reducing 

conditions which produced the green zones. The green colour develops f?om the 

reduction of hematite b y niigrating pore waters (Tucker 1 99 1). 

Boreski (1978) recognkd this alternahg red and green weathering in the Banff 

Formation West of the Greater Cessford Area He suggests that the red and green 

weathering couid have taken piace at or near the water table sooa after deposition or 

diiring auergence and subaaial weathering. Orodation of iron to hematite would have 

taken place above the water table a d  the d c t i o n  of iron oxide would have occurred 

below the water table. Iron in its more soluble ferrous state could be incorporateci into 

clays and impart a green colour to the sediment which would result in the same 

alternathg red and grm weathering. 
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5.5.4 Pyrite Replacement 

Evidence for pyrite minerabation includes rusty wmherin& the presence of 

disseminateci pyrite specks, and the occimence of euhedrd pyrite crystals. Pyrite 

mineralization is commoniy encounîered in the bioturbated mudstone, 

dolomitidcalcareous quartzose siltstone/sandstone, crinoidal bioclasbc wackestone t O 

packstone, and .crinoidai biociastic grainstone lithofacies. Pyrite is indicative of reducing 

conditions in a somewhat dysaerobic eLlWOnmem (Grcensmith 1989). 

5.5.5 Hydrocarbons 

Hydrocarbons in the fom of bituminous residue and oiI stain ocan 

predominantly in the dolomitidcalweous quartzose siitstondsandstone and crinoidal 

bioclastic grainstone lithofacies. Hydrocarbons tend to accumuiate dong fractures and in 

stylolites (Plate 1 1 a). Podniski et al. (1 988) estimate that the migration and entrapment 

of hydrocarbons in the Banff Formation occwred in the late Cretacwus to Tertiary. 

5.6 NEOMORPHISM 

Neomorphisrn was an important prwss  in the bioturbated mudstone and 

peiieted mudstone liîhofacies. Aggrading neomorphism yielded a mosaic of microspar 

crystals (5- 1 0 micrometres long) and c a r s a  pseudospar crystds (>3 0 micrometres 

long) (Plate 1 lb). The presence of skeletai debris floating in carse  spar aiso indicates 

neomorphism. Neornorphism may bave taken place dining early meteoric or burial 

diagrnesis. Alternatively, but less iikeiy, neomorphism may be the resuIt of weathering 

(Tucker and Wright 1990). 

Micrite crystals are obswed M the pore space of the doloniitidcaicareous 

quartzose siltstone/sandstone iithofâcies at high mapification. Shce this Iithofàcïes 

iacks any micritic ma* the micrite must have been sufficiently lithified at the t h e  of 

sediment accumulation to escape removal by ainents. It is impossible to determine if 



PLATE 11-DL4GENE;TICFEATURES 

A) A bitwnen filied fkture cross-mts the cdcareous quaruose dtstone lithofacies. 
(1077.10 metres, 16-06-025-08W4, Unit 3, plane-polahzed light). 

B) Neomorphozed, biotrnbated, d t y  mudstone cunsists of micrite pockets witbin a 
wholly recrystaiiized micro and pseudospar rock. (1045 20 metres, 02/16-14-025- 
12W4, Unit 6, plane-polarwd light). 

C) Microsutureci boundary between two echinoderm hagments in a crinoidai, biocMc 
packstone. (1 086.59 metres, OUO6- 15-029-1 0W4, Unit 5, plane-potarized light). 

D) Subhorizontal hcturing creates <1% porosity in the dolomitic quartzose siltstone 
lithofacies. (1 134.00 metres, 14-3 5-025- 1 5W4, Unit 6, plane-polarized light). 





the lithification of micrite was due to the pr&piution of dc~ocrystatüne cernent or 

resuited from the neomorphisrn of lime mud. 

5.7 STYLOLITES AND OTHER PRESSURE SOLüTiON FEATURES 

Horizontal, sutured and non-sutwed stylolites art across allocherns, matrix and 

cement in aü of the grain-supporteci lithofacies. Rare micmsutured bomdaries are 

locally observed Wem echinoderm fiasments (Plate 1 lc). In the muddier lithofacies, 

smooth, unddose and anastomozhg dissolution searns of insoluble &due are present. 

FIaser bedding is locally preserved in m e  in the dolomitidcaicareous quartzose 

siltstondsandstone lithofacies (Plate 5 b). 

Stylolites and dissolution seams are the product of pressure solution in tiie burial 

environment due to chernical compaction (ïucker 1991). Pressure solution is the 

volume reduction of a rock by dissolution processes resuîting fkom uniaxial, linear 

compressive stresses due to overbwden pressures. Less soluble green and black cIays, 

pyrite, and hydrocarbons comrnonIy acaundated dong styloIitic boundaries as more 

soluble carbonate sediments were dissolved and removed (Reijers and Hsu 1986). 

5.8 PHYSICAL COMPACTION 

Fracturing and rare compacteci (coiiapsed and/or broken) skeletal fragments in 

thin section are evidence for physical mechanical compaction. For the majority of the 

rocks in the Banff Formatioa, compaction was not a major process as illustrated by the 

preservation of delicate fossils and lack of overpacking of grains. The presence of one to 

three cement gMCratiOns that wmpletely occluded pore Wace providcd a rigid 

hmework that was resistant to compaction. 

Late tectonic hctures attnibuted to burial or mposure on the unconformity 

surface crossixit exktbg allochems, ma& and cement plate t Id). These fractures are 



oflen Wed with caicite, dolomite, or q u m  whiie others are unüiied or only partially 

occluded with cement linings. 

A cornplex seria of diapenetic proasses in a variety of depomiod and pon- 

depositional environments has aeated an intricate diagenetic fàbric with considerable 

overprinting. Every B d  Formation lithoficies was deposited in the marine realm. 

Sorne were exposed to subaerial and meteoric diagaetic processes More being 

compacted and buried, while others were buried directiy fiom the marine realm itself 

A tentative paragenetic sequence is presented in Figure 5.1 .  The eariiest 

diagenetic processes were bioturbation and boring concurrent with or soon after 

deposition of the originai sediments. This was followed by cememation in the marine 

zone, commonly followed by cementation in the meteonc phreatic zone and then 

compacted. Dissolution and dolomitization were important diagenetic processes in the 

creation of secondary porosity. The finai dkgenetic cvent was the emplacement of 

hydrocarbons. Dissolution, physical campaaion, pressure solutioq neomorphisrn and 

repIaccment by several différent m i n d s  were diagenetic processes that were ongomg 

throughout the history of the sediment. 

5.10 SEDIMENTATION AND DUGENESIS ASSOCIATED WITE THE POST- 

MlSSISSIPPIAN UNCONFORMITY 

5.10.1 Introduction 

Permian, Triassic, and Jurassic sediments have ail been removed by erosion in 

the Greater Cessford Arca. As a d t ,  a series of heaviiy wcathered residuai sediments 

separate the B d  Formation corn the ovalying Detrital and Eiierslie Fomtions. 

These deposits are picked as either the top of the BanE Formation or the base of the 

Detritai Formation. For the purposes of this study, the residual sediments are referred 



Early TlME Late 

iediment Accumutation/Primary Porosity (Inter-skeletal pores) 

Biological Diagenesis (Boring and Burrowing) 

Syntaxial Overgrowth Cernent 
Coarsely Crystalline Equant Calcite Cement 

c - - - - - - - - - - - - - - - -  

- - Neomorphism 

Quartz Cements - - - - -  
Blocky Dolomite Cernent - - - - -  

Pyrite Replacement - - - - - - - - - - - - - - - - -  
Hematite Replacement - - - - -  
Dolomite Replacement 

- Physical Compaction and Pressure Solution (Stylolites and Tectonic - - - - - - -  Fractures) 
Hydrocarbon - - - .  Emplacement 

Figure 5 . 1 .  Paragenetic sequence for the Banff Formation. 



to as a "traasition" or "altered" tane between the carbonates of the Banff Formation and 

the breccias of the Detrital Formation or silty sandstones of the Eiierslie Formation. 

5.103 S ubUnconformity Banff Formation Residud Dtposits 

The transition zone between the Banff F o d o n  and the overlying Lower 

Cretaceous sediments consists of heterogeneous green (dominant colour), red and orange 

weathering shales with tripolitic chert ciasts of millimetre- to centimetre-scde Iength. 

Chert cIasts g e n d y  account for 10-15% of the bulk rock composition. The interiors 

of the clasts are either featureiess, mottled, or have developed Liesegang rings. 

Aiteniatively, the transition zone consists of a heterogeneous, iight green mudstone with 

subhorizontal, continuous and discontinuous, millimene-scaie, dark green shale laminae. 

Parts of the transition zone are intensiveIy bioturbated. Slickensides are 

developed in shalier parts of the intend. Scattered siceletal fhgments in highly variable 

proportions consist predominantly of crinoid ossicles and spines, as weli as brachiopod 

sheils. Locally, crinoidal grainstone and microcrystalliae carbonate clasts fiom the 

underlying Banff Formation are dispersed in the shale and rnudstone lithologies. Som 

of these clasts have vuguiar pores. 

The transition zone is commonly hgmented and the contact with the upper 

Ba&' Formation is rarely preserved. Where it is presérved in two wres, the contact is 

marked by either (1) a series of cracks or fissures where green shale is penetrating into 

the underiying Banff Formation in one (Piate 12a), or (2) a s h q  contact in the other. 

The top of the Banff Formation is readily iden&ed in care by the dramatic Iithology 

change fiom green &aies and mudstones to a white to gray carbonate rock 

The transition zone is present wherever the siiiciciastic Deaital a d o r  Eiierslie 

Formations directly overiie the BdFormation instead of the carbonates of the Pekisko 

Formation (example Figure 2.15). The transition zones examinexi in core were 2-6 

mares thick and commonly overlay the crinoidai, bioclastic grainstone lithofacies. Less 



PLATE 12-TRANSITION ZONE, DETRITAL AND ET,LERSLlE FORMATIONS 

A) Green M e  penetrates underlying light brown gray, crinoidai, biodastic wackestone 
8t the top of the Banff Formation through a senes of cracks. (1 167.86- 1 168.03 metres, 
06-22-026 16W4, Unit 6). 

B) DETRITAL FORMATION. A medium --gray shde contains scattered 
mpolitic chert clasts and siceletai firagments. (1165.19-1165.36 metres, 06-22-026- 
16W4, Unit 6). 

C) DETRITAL FORMATION. Maroon weathering Wes contain opaque white chert 
clasts. Development of Liesegang rings in a centrai chert dast is due to rhythmic 
precipitation within a fluid saturated rock. (4464'4"4462'2", IO-32-028-I6W4, Unit 
6). 

D) ELLERSLIE FORMATION. The Ellu-slie Formation wmmonly wnsists of 
massive, Iight gray, well sorted, silty sandstones as piciured here. (1 158.39-1 158.52 
metres, 06-22-026- 1 6W4, Unit 6). 

Note: Coin is 21 miilimetres in diameter. 



PLATE 12 



comrnoniy, the transition zone overiies the bioturbated mudstone and crinoidai, 

bioclastic wackestone to packstone lithoficies. 

The transition zone is the product of heavily s u b a d y  reworked ta=rigenous 

material dcrived &om the craton and carbonate materiai derived fiom the underlying 

Banff Formation. This m a t a  was deposited in depressions on top of the Banff 

Foxmation uncodormity h. 

5.103 Detritd Formation 

The Detrita1 Formation consids of a heady weathered grun breccia with 

maûix- supporte& opaque, white, leached, microporous, tripolitic chm clasts ranghg 

&om miiiimetre-length to widths in excess of the widîh of the core (Plate 12b, c). The 

matrix is composed of kosted quartz grains floating in silty shaie. Rare scattered 

skeletal m e n t 5  are dominated by crinoids and brachïopods. Slickensides, mty, red 

and mamon weathering, green &ale laths, discontinuous m e s  and Liesegang rings in 

chert clam are commonly present. Alternativefy, the DetritaI Formation consists of a 

light gray brown breccia composed of tripolitic chert clasts in an opaque, kaohitic 

white ciay matrix. 

The Detrital Formation ranges kom 0-40 metres thick (averages 20 metres thick) 

in the Greater Cessford Area (Poulton et al. 1994). In the wres examine& it varied fkom 

1-1 1 metres thick. The Detntaî Formation was deposited on top of the Pekisko 

Formation in the southwest portion of the study area and is not present in the 

northemmost centrai part of the Greaîer Cessfod Area. 

The Detrital Formation bas an irregular distribution, king restricted to 

depressions on the pre-Crctaceous erosionai surEace (Glass 1981). The patchy 

distn'bution is consistent with au origin as largely craîon-sourd, M e  transported 

terrigenous materiai deposited in topographie laws. Paieosols may have formed on 

topograpbic hia. The distniution of the DetritaI Formation suggests preservation 

partly in p r d g  anchent d e y  systerns (Poulton et al. 1994). 
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5.10.4 EUtrslie Formation 

The ElIerstie Formation overiies the Detrital Formation and is a massive, brown- 

gray, hgrained  silty sandstone in the Greater Cessford Area (Phe 12d). It is a weI1- 

sorted sedbnent consisting of subanguiar quartz gains in a white clay matrix. Rare 

tripolitic chert clasts ianging fiom millunetre- to ccntimetre-scale commoniy have 

Liesegang rings. M y ,  iarger chen ciasts have been leached. Rare skeletal M e a t s  

are incorporâted into the base of the Ellerslie Formation. PatcMy distnbuted rusty 

weathering and subverticd fkmhg are commonly present. 

The bwer  Mannville was deposited over the entire Greater Cessford Area and 

is spproximately 220-4 metres thick (Hkyes et al. 1994). ï h e  Eiierslie Formation is up 

to 10 metres thick in the cores examined. The Ellerslie Formation is conformably 

overlain by the Ostracod Zone and underiain by the Detrita1 Formation (Glass 1982). 

The Eiierslie Formation silty sandstones are the product of northward fiowing 

rivers occupying a network of inciseci vailey systems. Fiuviai Eiierslie F o d o n  and 

associated Lower Mannville Group strata acaunulated in the valleys, d e  the 

interverhg highlands remaineci ernergent. Much of the Ellersiie fiil is interpreted to have 

deposited under brackish water conditions by Hayes et ai. (1 994). Quartzose 

sediments were suppIied to the vdley systems ftom the Precambrian Shield. 

5.10.5 Dirigenesis 

Diagenesis related to the post-Mississippian unconformity is restricted to sïiica 

and hematite replacement within the upperrnost f;ew metres of the Banff Formatioq as 

w d  as in the transition zone and Daritai Formation. 

In contras& to the megaquirtq microquartz, and microcrystalline quartz 

replacement in the BanfFFormation, siiica replactment is in the form of white, Tripolitic 

chat noduies in the transition zone and Dantal Fonnation sediments. The Liesegang 

rings in the c h a  ciasts are the product of rhytimc precipitation within a fiuid- 

saturateci rock prior to dast incorporation into the Banff Formation transition zone 



rocks. Fluid flow may have been localized through joims or other hmre-relateci 

features (MaIl 1990). 

The most visible change is the red and graen colouration of îhe transition zone 

and Detntal Formation sediments. The mechanisms for this colour pattern have been 

discussed in the hematite replacement seaion. 

Dolomitization and dissolution of the Banff Formation lithofkcies were likely 

aihanced b y proximity to the post-Mississippian unconformity. UnfortunateIy, no 

simple relaîionship could be derived between these two diagenetic processes and 

proimity to the uncodomity fiom this cursory study of diapetic textures and 

processes. 

5.11 SUMMARY 

Diagenesis of the Banff Formation included the processes of (1) conversion of 

lime mud to mudstone, (2) primary and secondary porosity development, (3) marine, 

meteoric and burial cernentatio~ (4) dolomitization, (5) minerai repIacement, (6) 

stylolibzation, and (7) m. The effects of these dragenetic processes on reservoir 

characteristics are discussed in the followulg chapter. 

The post-Mississippian unconformity is ovdain by a series of residual deposits 

whch include the Banff Formation transition zone and the Detrital Formation. These, 

in tum, are overlain by the Cretaceous silty sandstones of the Eiierslie Formation. 

Diagenesis related to the unconformity is restricted to silica replacement in the form of 

chert clasts and hematite replacement &ch irnparts a red and green colour to tbe 

sedimenta Proramity of upper BanE Formation sediments to the past-Mississippian 

unconformity may have ahanced dissolution and dolomitization processes. 



6.1 INTRODUCTION 

It bas been cstimated that Lower Carbdierous rocks ~ccount for 18% of the 

total initial in place oiI rescrves m the Western Canada Sedimentary Basin (Podniski a 

aI. 1988). Most of these reserns arc located m the Pekisko and Turner Valley 

Formations dong their rtspecbve subcrop edges in unconformity traps. The majority of 

Lower Carboniferous fc~erves are in such subcrop pools. Stnicturai and stratigraphie 

traps are of secondary importance. 

Ckboniferous reservoirs are typicaily grainstones and packstones that were 

dolomitized during several periods of erosion. Seais are variably provided by  

cernentation at the upper Carboriiferous unconfonnity or by restricted marine, subtidal 

to supratidal carbonate-evaporite successions that cornmonly cap each Carboniferous 

cycle. Deepwaîer source rocks are Iocated beiow and dom-dip fiom oil pools and it is 

estimateci that migration and entrapment occuned in the iate Cretaceous to Teniary 

(Podruski et ai. 1988). The deep water s u e s  of the Exshaw and B a d  Formations are 

possible somce rocks for overIying Carboniferous successions. Al1 of the Carboniferous 

pools have associatecl gis. 

Podmski et al. (1 988) estabfished three play types for the B d  Formation on 

the Alberta SheK The play type inchdes ail pools in the Banff Formation in 

shucturai and combination stratigraphie-stnrctutal traps and extends across SMRhern 

Aiberta fiom the Sweetgrass Ar& to the eastm edge of the dishirbed beit. Its northern 

extent is d&ed by tbe l i d  of n o d  fkuks. Tht southeastern coma of the Greater 

Cessford Area lies within these boundaries. Stnictural traps are formed by block faults 

and anticlines reiated ta Laramide tectonics which also induced fmmrbg in shelf 

carbonate rocks. Porosiîy was arhanced by both hctumg and unconformity-related 

processes. Impermeable carbonates in overiying Carboniferous rocks constitute the seal. 
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Net pay b r e n  2 and 30 metres thick and 5-16% porosity is typical for this play 

type. 

The other two play types are &ed to the Banff Formation subcrop edge in 

southern and central AIberta They indude pools in uncadormity or saatigraphic traps 

in carbonate sheif rocks. Lime and dolomitic packstones and grainstones form the 

m i r  in traps near the subcrop edge. Mesozoic shales and Banff Formation 

lhestones act as seals. The Mewzoic s u e s  may also be the source rock. Other 

possible source rocks include the Exshaw and Banff Formation shales. Net pay ranges 

fiom 3-30 metres with porosities fiom 10-200% The Watts field discussed below is an 

example of this play type. 

6.2 EXISTING PRODUCIION 

Production fiom the Banff Formation in the Greater Cessford Area is presently 

confined to 88 wells in seven fields @gwe 6.1). Cnide oil is produced fiom the 

Cessford, Coyote, Dowling Lake, Peari, Smynook, Watts and Wddunn Creek Fields 

(Figure 6.2). The Cessford and Watts Fields are also gas producers. Oii and gas initial 

established reserves, pay thickness and porosity data for these 6elds is presented in 

Tables 6.1 and 6.2. 

Cursory examination of Table 6.1 quickiy reveals that the Banff Formation does 

not have prolific reserves in most of the Greater Cessford Area. A number of pools 

have been abandoned in the late 1980's and eariy 1990's. These include three pools 

h m  each of the Cessford and Watts Fields, two pools fiom the Coyote fieid, and a 

single pool fiam each of the Dowling LdEe and Sunnynook fields. 

In contrast to the other producing fields, the Watts and Cessford fields located in 

the norttrwest corner and west to south-central part of the Grcater Cessford Area 

respectively contain substantiai quanthies of oil. With a combined initial established 

recoverabIe reserves of 1.1x10~rn' in al1 of the B d  Formation pools, the Watts field is 
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Figure 6.2: Banff Formation producing fields. 



RELD - POOL - 
CESSFORD W B  

BANFF E 
BANFF F 
EANFFH 
BANFF1 
BANFF J 

COYOTE BANFFA 
BANFF B 

DOWLING LAKE BANFF A 

SUNNYNOOK BANFFC 

W A T S  BANFF A 
BANFFC 
BANFFD 
BANFFG 
BANFFH 
BANFF1 
BANFFJ 
BANFFL 
B M M  
BANFFN 
m N F F 0  
BANFF P 
BANFFQ 
BANFF W 
BANFFX 
BANFFY 
BANFF2 

AA 
EANFF DD 

WTLDUNN BANFF A 
CREEK 

iNiTiAL WABLISHED A-GE PAY #IROSTrY PA) 
RESERVES 1103M3) THICKNESS 

425 3 92 143 
125 2 2  16 
0.1 8 J S 
0.1 4 5  8 
IO. 1 45 16 
0.1 7 14 

Sm=: AIbsri a d  U t i l i h  Baud 1995. 

Table 6.1. Relevant oil data for fields in the Greater Cessford Area 



RELD - - rJCmL ESTABLISHED AVERAGE PAY POROSITY Ph) 
RESERVES (106MX JIIICKNESS (Ml 

CESSFORD UNFF B ASSOC 347 253 15-1 
BANFF B SOLN 179 
BANFF B ASSOC 2 0.73 14 
BANFf ASSOC 5 094 15.1 

WATTS RANFF D SOLN 28 
BANFF D ASSOC 298 3 63 116 

Table 6.2. Relevant gas data for fields in the Greater Cessford Area. 
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the eighth @est oif producer fiom the BadVBakken Formations in Western Canada 

(Richards et aI. 1994). RecovdabIe gas reserves in the BaxBBakken Formations are 

rclatively srnall, and thus interest in the BanffFormation is predominantiy oil-refated. 

Current oïl and gas production b r n  the B a .  Formation in the Greater Cessford 

Area is h m  crinoidal grainstones located near the top of the Banff succession. 

Dolomitized quartzose sihstones are producing oil west of the study area 

63 POROSITY AND PERML4B~EVEIX)PMENT 

Original primary porosity was presumably quite high in siltstone, packstone and 

grainaone Iithologies, and Iow in mudnones, wackestones and some packstones. Most 

of this primary porosity was reduced or occluded by cementation in the early stages of 

diagenesis. Later dissolution may have enhanceci any rernaining primary porosity, but 

more importantly, created secandary porosity. Dolomitizaaon was also an important 

porosity-generatbg diagrnetic proccss in some lithologies. 

Porosity-penneability cross-pIots were genmed using core analyses from 

logged weiis for the dolomitiddcareous quaruose siltstone and sandstone iithofacies in 

Units 2, 3 and 6 and for the crinoidal bioclastic p k t o n e  lithofacies in Units 3-6 

(Figures 6-3-64}. A second set of cross-plots were created for the doIomitic quartzose 

siltstones in Unit 6 and the crinoidal bioclastic grahstone lithofacies using horizontaI, 

vertical and xnaximm permeabilities @gure 6.5). The core anaiyses in Units 2 and 3 

ody reported mawnUm permeability values. 

The quartzose gltstones and sandstones in Units 2 and 3 are g e n d y  

do1omiti;ted and have g d  porosity and permeability. Secondaxy, kached, 

intergranular, s o l u t i o n ~ c d  porosity is minor compared to the porosity genaated b y 

dolomïtiation (Plate ba, b). Average core porosities and permeab'ities are 15% and 20 

millidarcys respectively (Figure 6.3a). Drillstem test results over this interval recovered 
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Figure 6.3 (a). Porosity-permeability cross-plot for the dolornitidcalcareous 
siltstones and sandstones in Unit. 2 and 3. 

Unit 6 Dolomitic Quartzose Siltstone 

I Poio~ty ('k) 
Figure 6.3 (b). Porosity-penneability cross-piot for the doiomitic quartzose 
siltstones in Unit 6. 



Crinoidal Bioclastic Grainstone 

Figure 6.4 (a). Porosity-perrneability cross-plot of the Minoidal bioclastic 
rainstones in Units 3-6. 
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Figure 6.4 (b). Composite porosity-permeability cross-plot of the doIomitic/ 
calcareous quaraose siltstones/sandstones and crinoidai bioclastic grainstone 
litho facies. 



Figure 6.5 (a). Porosity-permeability cross-plot conaasts horizontai, vertical 
and maximum perme.bi~ties. ~ a t a  for tbis &t h frotn the followhg well 
locations: OZl6- 14425- l2W4,06-22626-l6W4,OZlû-3 1426- l7W4 and 
16-35-026-18W4. . 

Figure 6 5  (b). ~oro~(y-p&&abiIity cross-plot contrasts horizontal, verticai 
and maximum permeabilities. Data for this plot is h m  the following weIl 
lo~ati011~: 14-35-025- lSW4,06-32-U29- 14W4,06-02-O29- 16W4,63 1-030- 
15W4,06-14-030-16W4,16-31-030- MW4 and 16-3 1-03 1- lW4. 



mud and waier- The less porous Shstones and fine-grajned sandstones contain a higher 

proportion of &ait lamina. 

Similarly, the doIomitic quartzose dtstones in Unit 6 have average porosities of 

approxhatdy 15% rcsulting h m  dolomitization and secondary kaching. Avdage 

penneabilities of approximately 13 millidarcies are m+asured @gure 6.3b). The two 

produchg weUs (OUlO-31-02617W4 and Ifj-35426-18W4) lie wem of the study area 

and have slightiy eievated permeabilities (23 ddarcies).  Three weiis in the Greater 

Cessford Area (OU1 6 - I M M -  l2W4, 06-Zi-û26-l6W4 and OUI û-29-û26-l6W4) 

rwvered oil-cut mud W o r  water fiom drilIstem tests and were perforateci over the 

siltstone interval. The 6m and third wells have average porosities of 21% and 

permeabilities of 25 miiiidarcies. The la& of production fiom this horizon may lie in 

tbe reIative m e s s  of the sihstone pachge (CS rnetres thick) and the absence of 

hydrocarbons. In contrast, 06-22426- I6W4 has good porosities with consistently poor 

penneabilities thaî are t y p i d y  <1 millidarcy . 

The horizontal permeability in the Unit 6 doiomitic quartzose siltstones is 

genedy two to three times greater than the vertical permeabiiity (Figure 6.5a). 

Porosity is inhomogeneously distributed (Plate 6c, d). Permeameter measurements 

conducteci on this Wofacies in a care corn I4-35-025-15W4 indicate that calcamus 

cemented zones have very poor permeability (cl mfidarcy) in coatrast to adjacent, less 

cemented areas (up to 17 miilidarcys). 

Do10 mitization is the most important process in the generation of 

intercrystalline porosiîy in the quarrtose siltstones and smdstones. Euhedral dolomite 

rhombs are typically 40-50 micrometres Iong. ïht d t a n t  porosity and permeabiiity 

of p o t d  r m i r  rocks is directly proportionai to the degree of doiomitization. 

in additiou, leached and firayecl doIomite edges observed using the scanning 

electron microscope in this lithohcies suggest enhanament of porosity through flushing 



by mcteonc water (Plate 4c, d). Ai1 ieacbjng is considered to have taken place in the 

undersaturated zones of the meteoric phrearic and vadose zones. 

The ainoidal bioclastic grainstone lithofâcies is occasiondly dobmitized and has 

avaagc porosity and permcability values of approiamately 7% and 1 millidarcy 

respectively (F&ure 6.4a). Produchg wells do not deviaîe very fàr fiom these average 

values and are not always dolornitued. In the crinoidal bioclasbc grainstone lithoficies, 

the horizontai permeability is qua1 to or slightly greater than the vertical penneability 

(between O and 30 milhdarcys) (Figure 6.5b). In contrast to the q-se dtstone and 

sandstone iithofhcies, secondary leaching of calcite and the generation of vugular pores is 

more important than dolomituation in the creation of porosity (Plate 7d). Ahhough 

doiomitization of the crinoidal bioclastic grainstone lithofàcies may in some way be 

reiated to the post-Mississippian unconfonriity, no simple relationship exists between 

the degree of dolomitization and proximity to the unconforinity. nttnam et al. (1995) 

came to a simiiar conclusion with respect to dolomitization and proxhiiy to the 

unconfcirmity in the Banff Formation in southwestern Alberta. 

Crinoidal bioclastic grainstones are the produa of a hi& energy, shoaling 

environment as discussed in Chapter 3. High intergradar primary porosity was 

occluded by three generations of calcite cunent. Secondary, leacheci, itltergranular, 

soi~~tion-ailarged porosity is cxîremely important in this lithofacies. The producing 

grainstones are Iocated underneath the B d  Formation subcrop edge which has elevated 

porosity atîriiuted to the migration of meteoric waters. The development of mokiic and 

vuggy porosity is rquired for the iithofàcies to produce. 

The composite cross-plot iIlustraîes the relatively low porosities aud 

permeabilities of the uinoidal bioclastic grajnstone IithoGrcies (û- 18%, 0-50 milfidarcys) 

compareci to the siliciclastic lithoficies (0-26%, 0-105 rniiiïdarcys) (Figure 6.4b). The 

dolomitized siltstones in Unit 6 have superior porosities and simiIar permeabiIities to 

the siltstones and sandstones in Units 2 and 3. Dolomitkation may have been texturdy 



controIfed in the Greater Cessford Area. The quartzose siltstone and sandstone 

lithofacies was dolomitizcd prdereatially relaxive to cmiented grainstones. 

6.5 SUMMARY 

Thcre are thret potcntiaI m i r s  in the Banff Formation within the Greater 

Cessford Area: (1) ainoidal biodastic grainstones in Units 3-6, (2) dolomitic quartzose 

dtstones in Unit 6, and (3) doIornitiddcareous quartzose siitstonedsandstones in 

Units 2 and 3. The grainstones are presently producing in the Watts and Cessford 

fields. In contrast, the doIomitic/calcareous quartzose siitstones/sandstones in Units 2, 

3 and 6 are not presently producing in the Greater Cessford Area. However, current 

producrion fiom the quartzose siItstonedsandstones occurs outside the study area. 

C ~ o i d d  grainstones are the most important reservoir rocks in the study area. 

Vugular and moldic porosity accourt for the reservoir quaiity of these lithofkcies, and 

are attributable to secondary Ieaching of calcite. Dolomitization is of secondary 

importance in this lithotacies. The B d  Formation dolomitic quartzose siltsrone in 

Unit 6 is a shaliow water &cies locally developed in the Greater Cessford Area. It is a 

&g+grained, Iow permeabiiity unit with drillstem test results indicative of limited 

reservoir potential. The commonly doiomitited quartzose siltstones and sandstones of 

Units 2 and 3 have good porosity and permeability but limiteci hydrocarbon quantities 

in the Greater Cessford kea.  Dolomitization of the quartzose siltstones and 

sandstones is the pRmary method of porosity &nefstion within this lithofacies. 



CHAPTER 7: SUMMARY AND CONCLUSIONS 

7.1 SETT'ING 

The Lower Mississippian BanE Formation consists of a shallowing- and 

coarsenulg-upward succession of carbonates and 6nc-grained silicicIastics deposited on a 

southwestwarddeepening ramp in the Greater Cesdord Area. The Banff Formation 

overiies the black shales of the Exshaw Formation and is m turn overiain by siceletal 

~0ain.stones and cherty packstones of the Pekisko Formation in the southwest and b y 

the Detrita1 Formation breccias in the ranainder of the study area. The Greater 

Cessford Area is part of the protamal, low gradient, homoclinal portion of the regionai, 

tenonically controiled, wmard-progradiag Banff Formation d o n a t e  ramp. 

The Greater Cessford Area was located on the western edge of the North 

American continental landrnass imrnediately preceding fie amalgamation of the 

supercontinent Pangea ï h e  location of the study area at this time is broadly 

constrained to have been between 10" south and 25" north latitude. Cornparison with 

modern day andogues in the Persian Gulf suggest that the Greater Cessford Area was 

characterized by an arid to serni-arid tropicai desert climate with M e  precipitation and 

seasonaiiy fluctuating ternperatures. Wmd and storm activity were fiequent as a result 

of a tropical monsoonal circuiation system. 

73 SIGNIFICANCE 

The significance of this study Lies in its nine fiindamenta1 outcornes. Firstly, the 

study reco- six f d -  or fiAh-order units in the B d  Formation and correlates 

them across the ramp. This wmplements previous studies, which have concentrateci on 

the correlation of third-order cycles in large gectgraphic areas. Where fourth- and a- 
order cycles have ùeen identified in the titerature, there has previousfy been no anempt 

to carrelate them. Secondly, a previously undocumerited doIomitic quamose siltstone 



succession in the upper B d  F o d o n  is identi6ed and mapped. Previous 

identification of this unit may bave been hindered by PEF Iog values bat are comrnonly 

intermediate baween sandstone and limestone. îhkdly, this study is one of the &t to 

r b ~ ~ g r h  the OcCurience of sediment piling, whcrcby the fwe lowerrnost units of the 

BanE Formation are deposited in ordiment piles of bigbIy variable size, shape, thicimess 

and ma1 extent as a result of differtntial sedimentation. FourthIy, this mudy documents 

lithologid piling in Unit 2 consisting of carbonate piIes isolated in ke-grained 

siliciclastics, a relationship that has not been previously d e s c r i i  in the literature. The 

fifih outcome of this study is the documentation of a medial beit consisting of 

siiiciclastics flanked by carbonates in the landward and seaward direçtions in Units 3 to 

6, a relationship that has not been previously reportexi in the literature. S a y ,  the 

interpretation of thiç medial silicicfastics beft as a series of bottom current deposits 

highligtits the importance of longshore currents and other hydrodynamic processes in 

the movement of sediment on carbonate ramps. The seventh result is the establishment 

of a change in the ramp geometry from a homogeneously shallowly sloping surface 

during deposition of Units 1 and 2 to a ramp with a sfight inflection during deposition of 

Units 3 to 6. The Banff Formation in the eastern domain has previously been 

docwnented as a homochal ramp with no implication of changes in slope. The eighth 

point of signîticance in this study is its presentation of a brief summary of diagrnetic 

processes and residual deposits associated with the pst-Mississippian unconfonnity. 

Lastly, this study surmnatizes potential resmoirs in the B d  Formation. 

7.3 CORRELATION OF UNITS 

ï h e  prevailing approach to wtsblishing the geomeûy and stmtigraphy of 

carbonate ramps has b e n  the construction of a number of regiod cross-sections across 

entirt ramp systems. G e d y  dipping choforms that prograde toward the basin are the 

result of such regionai-de correlation and imply that unit EPdimentatïon is of relativeiy 



udorm tbickness and lithoiogy o v e  vast gwgraphic areas. In order to provide a more 

accurate characterhtion of the variations m geornetry of smaller-scale successions, the 

Badf Formation m tbis m d y  is divided imo six cyclic, shoaling-upward units. The six 

uuits are recogmzcd and correhed by the study of geophysical weU iogs and the 

i d d c a t i o n  of distinct breaks in the garnma ray curve. 

The sigmoidal and parallel bed surfaces obsewed on a regional scale by previous 

workers canaot be estabLished by wmelation between reIatively close-spaced wdls in 

the Greater Cesdord Area In cantrast, cross-sections and isopach maps iadicate that 

differcntial sedimemation has resuited in piles of sediment with highly variable shape, 

size, thickness and a d  extent in aii but the upperrnost unit. The uppennost unit 

consists of broad, evenly-spaced sediment belts that are roughly p a d e l  to the 

paleoshorehe. 

7.4 SEDIMENTOLOGY 

Six lithoficies are identified in the Banff Formation. These are (1) shale, (2) 

bioturbated mudstone, (3) dolomitidcalcareous quartzose siltstone/sandstone, (4) 

pelleted mudstone to packstone, (5) crinoidal bioclastic wackestone to packstone, and 

(6) crinoidal bioclanic gninnone lithofacies. 

Unit 1 consists of the shde and bioturbated mudstone lithofacies deposited in an 

open marine setting on the mid-ramp. Rare skeletai debris was deriveci fiom the inner 

ramp and deposited out of suspension. Unit 2 camprises piles of crinoidai bioclastic 

wackestones and packstones, as weU as  quartzose siltstones and sandstones, isolated in 

shales and bioturbaîed mudstones deposited on the mid- and inner ramp. Units 3 to 6 

consist of crinoidal bioclastic wackcstones and packstones deposited below fiair-weather 

wave-base on the mid-ramp in the southwest part of the Greater Cesdord Area. These 

grade laterally into quartzose dtstones and sandstones, in addition to crinoidal 

bioclastic wackestones and packstones deposited dong the idected part of the inner 



rarnp. Inner ramp deposits located in the northeast consist of massive packages of 

crinoidal bioclastic packstones and grainstones deposited as banier bar, bank and shoal 

complexes separateci by intershoal crinoidai biociastic wackestone sedirnents. The 

barrier bar cornplex protectbd a series of open bay and restricted lagoonal depositionai 

environments in which bioturùated mudstones, &ales and pelleted mudstones to 

packstones wwe deposited. 

7.5 RAMP MODEL 

Sedimentdon in the Banff Formation is distinct ftom sedimentation on other 

carbonate ramps in two ways. Firstly, Unit 2 was deposited as piles of carbonate 

isolated in fk-grained siliciclastics. Secondly, the siliciclastic sediments in Units 3-6 

are concentrated into a medial belt that roughly parallels the paleoshoreline and is 

flanked by carbonates in both the landward and seaward directions. It is conceivable 

that these two features would be noted in a number of other carbonate ramps if they 

were to be examineci in the same detad and with the sarne data density as the current 

study . 

The profile of the BanEForrnation ramp changed over time fiom a low gradient 

sloping surfàce during the deposition of Unitr 1 and 2 to a d a c e  with a slightly 

inflected or curvd prome during the deposition of Units 3-6. Hydrodynamic processes 

were extremely important in the distribution of sediments in al1 six units. The medial 

siliciclastic belt is interpreted as a suies of bottorn m e n t  deposits distributed dong a 

slight inflection on the inner ramp. Siliciclastics were primarily derived fkom the craton 

in the north and northeast and laterally transported by longshore airrwts mto the 

Greater Cessford Area Wmd-blown d t  was a secondary source of siiiciclastic 

sediments. Punc~ated, facies, in situ, and source mixhg proccsses were operating in the 

ramp system with source mixbg as the dominant process. 



7.6 DIAGENESIS 

Diagenesis of the Banff Formation included the processes of (1) conversion of 

lime mud to mudstone, (2) prim;uv and secondary porosity deveIopment, (3) marine, 

meteoric and burial cementation, (4) dolomitizatioq (5) minerai replacement, (6) 

styloiitization, and (7) fhdming. 

The post-Mississippian unconfonnity is overlain by a series of heaviiy 

weathered residual deposits which separate the Banff Formation fiom the overfying 

stratigraphy. These sediments are either picked as the top of the Banff Formation or 

included in the base of the Detrital Formation. Diagenesis relateci to the uncorrformity is 

restricted to silica replacement in the form of chert clasts, and hematite replacement 

which imparts a red and green colour to the sediments. No simple retationship codd be 

derived between dolomitization and dissolution and proximity to the unconforniity. 

7.7 PETROLEUM GEOLOGY 

Three potentiai Banff Formation reservoirs are present in the Greater Cessford 

Area: (1) dolomitic quartzose siltstones in Unit 6, (2) dolomitic/calcareous quartzose 

siltstones/sandstones in Units 2 and 3, and (3) crinoidai bioclastic grainstones in Units 

3-6. The dolomitic quartzose siltstone in Unit 6 is a shallow water facies locally 

developed in the ûreater Cessford Area. Low permeability and drillstem test results 

indicate poor reservoir potential. The quartzose siltstones and sandstones of Units 2 

and 3 have good porosity and permeability but limited hydrocarbon quantities in the 

Greater Cessford Area. In contrast to the siliciclastic reservoirs, expansion of existing 

production in the crinoidal bioclastic grainstones has the greatest potentid. 
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APPENDIXB 

UNIT WEIL LOG DATABASE 
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GREATER CESSFORD AREA BANFF FORMATiON CORES 

W E U  LOCATlON YEAR BNF TOP(M) CORED fNTERVAL(M) CA L 



W U  LffiGED WEST OF SIUDY AREA 
00/16-20-02û-l7W4/0 1989 1332 
O2/10-31-026-17W4/0 1986 1272 
00/06-25-026-18W4/0 1980 1389 
00/16-35-026-18W4/0 1981 1313 
00/16-06427-17W4/0 '1981 1267 
00/14-16427-18W4/0 1988 1288 

LEGEND 
CA=CORE ANALYSE 
L=LOGGED 



APPENDIX D 

CORE DESCRIPTIONS 



1 LEGEND 

Sandbtone 

çay 

Shdone 

Sandy Silt 

Crinoidai Wackeaon ....- 
Crinoidai Packstone 

Carbonate Mudstonc 

LIIHOLOGIC ACC ESSO RIES 

,,_, - Sin Lamina %-=-C - S W  Lamina ,,,, - PebôWGranulss - - Celcarsow - Oolomtic $id - Sidede 

- a e r t ~  PY - -0 , ,, - Rip Up Uasts 

Q - Quartz Crystals 

ICHNOFOSSILS 

yc - Asterosorna 8 - Teichkbnus - - Zoophycos 

AppleCore legend for cor8 descriptions. 



Amoco Jenner 
04-1 0-21 - 8 ~ 4  

Ground:765.00R KB:252210ft 
Remarks: Not a long continuous core as indicated on the ticket. Core f i 8  

wvers 331 63326fL Next are above this interval wvers 
3279-33ûûft. Tore S#amMedw written on ail a r e  boxes. 
M p t i o n  is probably not very useful. 

----.: +... .. ... , .*.% -. . . :. :.. :. .. Banil Fotmation. Heterogermous interval. Medium brom 
.:. + <. .:. <. .:. *. .g wackasrone wnUi macoi8 liiestone horizons. Subhorizontal. 

uustamoàng. onünwus and dismnhwus. mmscale grwn 
laminie us ô-1OlC oi M k  rmioiogical cornposaDon. Oark gray 

- a - . . . . .  

332 
.C. ri. .Ei .:. 2. .:. Z. .: 
S . . . - . - . . . . . - . -  

py:: :? :? * :: :? < mdrcsrone daRs wifh roundd edges mthin wackestone and 
ii-i.:. '. .-. .-- 4 
i - - . . :. :. :. . . . 

Grnastom iimobgias. LirrIesfom (aystalline carbonate) pmsent as 
disfinci hnr!zons PS w d k  is &SIS &in a waekesîone lilhoiogy. 
Uast.s have roundcd adges. Limesione honrons have shaq~ 
aomads vdh wackesrom lithdogy Light brown rvsamering nms 
dong the d g e  of some liansstooe omtacrs. Pynte minealkation 
and ni- vma-ring are common. Calcite filled subvertical 
fractures up to 15m long. Several local areas mth hrger whole 
anioid ossidas and plateiets up to 2an long. Rare homons of faint 
red weaüwring. 



Gulf Cessford 
13-23-22-1 2 ~ 4  

Ground: 695.90 A KB: 2291.12 R 
Remarks: 1 inch wre. No care analysis. Weil drilled in 1946. Upper 8anff 

axe induding DetrrtalIAltwed Banff~Banff contacts. 
Coarsening-upward cycle. 

\ (15%). Shale horizons up to l m  thid<. Raie splotchy red 
weathering of Ihe wad<snoneipackstone Wiology. Grada60nal 
upper and bwer antads. 

Fmaüon. Lght gray ainodal wad<estone to padtslone WTUI 
spioI13-1 y r d  and grsen waUwing. Red and green caleareooç staale 
horizons are up to San lhidr and contain 5 w a d  skeletal 
tragmenls. Shaks bstween 5 and IO% of bulk i i i i c a l  
composition. Ram sûimem of carbonacemus and calate 



Toronto Syndicate No. 1 
01 -06-22-1 3 ~ 4  

on ticket. 

Ground: 0.00 R KB: 2382.99 R 
Rernarks: 1 inch are. No core anaiysis. Old a r e  (1 945). Ground is Mank 



because mre is h&vily oil Sain&. Grain size warsens-upward. 

Can Seab'd Jenner 
1 1 91 -23-09~4  

Ground:720.20R KR2376.10ft 

Remarks: 1 inch diame!er U m e r  Bakken sandstone cure. Hard to see features 

- . . . . . . . . . . . .  . . . . . . . . . . .  - . . . . . . . . . . .  Sanff Fuma*. W u m  bmwn. îbe-graimd. wdl sonsd r i n d n o n c  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  rmh b&& mm-scale. subhoruontai. d i i n w u s  shale hminae. . . . . . . . . . . . .  ___-. . . . . . . .  --- . . . . . . . .  Sandstonasmtcilcusousandeomponsntgninçue~rWnded . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  %ale and argith- lamina!ions typlcally cl W but up to 10% in . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  high GR di inWnvai(3424-3429 fi). Rare caitinuous da* gray . . . . . . . . . . .  . . . . . . . . . . .  ta bfadt shak tamiralions and iïasef tmdding. bimcutt to see . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  bsdding stuciufds uid other p h y w  fatufes due to heavy 011 . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  stain. Sgin is da& brom m high GR iiiterval. . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  - - - - . . . . . . .  --- . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . .  .-II . . . . . . . . . . .  . . . . . . . . . . .  



GRAIN S E  

Grad & Waiker Energy et al. Cessford 
14-34-23-09~4 

Ground: 744.30 rn KR 747.90 m 

Rernarks: OnIy new (1987) long core in the SE quadrant of the study area. This 
core has been heavily sampled by previous workers. 
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Banfi Fornarim. Dark gray interbedded calcafeow shale (70%) anc 
calcareous ainoidal wadrestone and packstone (30%). Shelly 
material ( d a h n t l y  mhoids but same well preserved whole 
brachiopod. bivalve and gastropod shells) is scatiered Ihroughcut 
the interval. bur is &O concen-ted mto several 0.56cm wide 
horizons. In these bands. crinoidal fragmenrs make up Io 40% (more 
typicaily 1045%) of the buk rock compositcon. Crinoidai fragrnenrç 
are also present as chsts several cm wide within a dorninantly shale 
package. Srnaller scale (Qan) wgs are infilled W h  finer mlate 
crystals than in the overlying inlerval. Marwn weathenng of several 
horizons. 

-. . . . . . . .  ..................... . . . . . . . . . .  :. .:. .:. .:. .:. .:. .:. .:. .:. .:. . .................... . . . . . . . . . .  -:. <. .:. .:. .:. <. .:. .:. .:. .:. . -... ................ . . . . . .  .... - - - -  .:. . .:. . - -  .:. - -  <. - .:. - . .:. - - -  .:- - .:. .-- . . . . . . . . . . .  :. .:. .:. .:. .:. <. <. .:. .:. .S. .................... 
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- Banff Formation. Bu?t brown to gay calcareous skeletal 
wadcestone. Large (2-10cm diameter) opaque Wrie Tripolitic chen 
dasts make up 1-2% of the bulk rad< mrnpoçmon mroughout the 
"terval. Chsts are typically angular. but some al.% have a 
'globular appeafance (smoother. munded edges) In the lower part 
of this intewal. several h g e  gray. coarser-grained calcareous 
wackestone da* up to 30an long have rounded edges and a SharF 
contact with me butf mudstone sunoundimg them. Green gray. 
mm-sde. subhorirontai shaje iarninae are concentrated in10 
bundks in pans of aie interval. Subv-1 and subhorirontai 
fractures and vugs are mrnon ly  6Ued with large euhedral esdale 
m. Basai 30an of this interval contains visible shelly 
fagments (crincids and braehiopadsl in a b r m  rnuddy rnatrix whct 
are concentraled into 1 - 2 m  horizons. Contan Ath undedying 
hterbedded hnesuine and sfiak is gradational. 





---1-- -** ----.----- ..-.. --_, -.. w-, -- ---.. -..-- 
& m i ~ & ~ .  Shile centsnt irwreîsss with -th to a rnammurn of 50%. 
Caitia wim onrlying unrt is gm&tiaMI MCI ig nurked by the Ioss 
ofmdmimsnng. P a n s d m e n t ( K V I I ~ ~ o i l .  Ru* 
w8m-g (sidente?). 6Emwsd skebtai iragmems and pyme 



.. . 

Riley-Lloyd 
16-05-23-14~4 

Ground: 2307.00 R KB: 231 5.07 R 
Remarks: Second Banff Formation care in this well. Penetrates the lower 

Banff and Exshaw Formations. Note mat the d e  of the bgged 
core presented below is 1 200 instead of 1 :100 as for the rest of 
the cores logged. 





Suncor Kinmundy 
1646-25 -08~4  

Ground: 771 -1 0 rn KB: 775.20 m 

Remarks: Bakken Formation siltstone core near eastem Iimit of study area. This 
core has been very well sarnpled by previous workers. Oil cut rnud was 
recovered frorn a DST through the cored interval. Depth scale is 1 :130. 

GRAIN SlZE 

silt 
vcmfv  

.-.-.-.-.-.-.-.-.-.-.- -Banff Formation (6akken). Core is a coarsening-upward sequence - - - - - - - - - - -  .-.-.-.-.-.-.-.-.-.-.- - - - - - - - - - - -  .-.---.-.---.-.- - cornposed of tighr ta medium gray. massive. calcareous cernented. - - - - - - - - -  .-.- .-.-.-.-.-.-1-̂  quamose sikstona mth mmscale black *ale laminae. Core is - - - - - - - - - -  
..-.-.-.-_-.-.-.-.-___I - - - - - - - - - - -  
..-.-_-_m.-.-.-_-.-.-.- 

heavtiy eil fiained to a depth of lOBlm maktng many features hard 1C ----- - - - - - - - --- .-.-.-.-.-.-.-.-.-.-.- deopher. Mm-scaie shah%! horizons are continuous and - - - - - - - - - - -  .---.-.-.-.-.-.-.-.-.- - - - - - - - - - - -  dismntinuous. subhomwital laminae and wisps. Shale honzons ..---.-.-.-.-.-.-.-.-.- - - - - - - - - - - -  .--=.----.-.-.-.-.-.-.- range hum @Zû% of the bulk rock wmposItion. Some shale wsps ---- - - - - - - -  - - - - - - - - - -  anastomose and nuncate each olher and give me a r e  a mofüed - - - - - - - - - - -  .---.-.-.-.-.-_-.-.-.- - - - - - - - - - - -  . .-.-.-.-.-.-.-.-.- appearanœ. Shaie wisps also occasionally develop a hummock anc 
T~~:-:-:-:-T-T-:-:-:- -Le look. Rusty (oedation) spots and honzons are p~st?nt - - - - - - - - - - -  .-.-.-.-.-.-.-.-.-.-.- -= ---- - - - - - - - ._ --^ ..-. - .-.-.-. -.- throughm Ihe m e  (esp&allylOBS-i087m) and rare pyrite -1s - - . . - - - - - - - -  . - . . - .  . &an be seen under ltte miaoscope. Grain size is fine lower to very - - - - - - - - - - -  .-.-.-.-.-.-.-.-.-.-.- - - - - - - - - - - -  fine upper at the base of the interval and coarsens up into fine upper -.- ---=--L--:-z-z-z-L-z-f- . -  at the top. Top 30m of core is interbedded calcareous shale (7S0h) - - - - - - - - - - -  ..---.-.-.-.-.---.---.- and dcareous safione (25%). Several 3-?cm wide interbedded - - - - - - - - - - -  .pg)z-L-.-.-.-.-.-.-.- - - - - - - - -  .-.-.-.-.-.-.-.-.-.-.- shale and siiîçtone ç e e m  to amespond to porosity blips at - - - - - - - - - - -  - - - - - - - - -  depths=1076.3.10824. and 1083.0m. These interbedaed honzons ----- - - - - - - - --- 
.-.-.-.-.-.-.-.-.".W.- - - - - - - - -  - - - ..-.-.-_-.-.-.-.-.-.-.- are no longer o b m e d  below 1083m. There is no obvious visMe - - - - - - - - - - -  . . teason for üw iafge porosi inuease in the heavily oil stained --.---;;- - - - - - - . --- ..-.- .-.-.- _-.- 
- - - - - m m - - - -  _-.-.-.-.-.-.-_-.-_-.- interval 1-1086m. A hiher quanuty (up to 30%) of shale wspS 15 - - - - - - - - - - -  ..-.,.-.-.,.-.-.-.-.-.- present korn 1086m to the base of the axe. - -  - - - - - - - -  - ..-.-.-.-.-.-.-.-.-__._ - - - - - - . . - - - -  
_-.-.-.-.-.-.-.m.-.-.- - - - - - - - - - - -  .. ---.- -.l.+--.-.---.- " --- - - - - - - -  .-.-.-_-.-.-.-.-.-*-.- - - - - - - - - - - -  _-.-_-_-.-.-.-.-.-.-.- - - - - - - - - - * -  ---- ..-. -.1**.-.-.- . --- - - - - - - - - - - -  
.-.".-.C,-.-.-.-.-.--- - - - - - - - - - - -  
.-.-_-_-.-_-_-_--1.v 
- - + + - - - - - - -  _-.-.-.-.-.-.-.-.-.-.- 
- - - - - m . . - - - -  _-.-,-.-_-.-_-.-.-.- - - - - - - - - -  - 
1.-.-.-_-.-.-.-.-.-> 

- - - - m . - - - - -  ____..-.-.-_-.-.-.- --- + , . - - - - A  -.-.-.---.- .... 
- - - - " - m . . - -  -.-.-.-.-.-.-.-.-.-.- - - - - . . - " - m . .  

-_-_-.".-_-.-.a_- - - - - . . - - . .  ---.-.-.-.-.-.-_- 
. . - A - - - - -  5e 

-_-.-.-_-_-_-_-.-_A.- - - - - - - - - - -  - - - - . . -. -. -. -. - . - . - --- - - . . - - - + . . . . - -  -.-_-. 4.-.-.-.-_-_-... - - - - - - - - - -  --".-.-.-.-.-.-.-.-.- - - - - - - - - - . .  



- - 

Conwest et al Cessford 
16-1 4-25-1 2 ~ 4  

- -  - 

Ground: 741.10 m KB: 745.10 m 

Remarks: 3 inch dean core with approximately 7.2rn lost core. Core appears to 
have been lost from the bottom of the intewal. Entire core is oil stained. 
about 30% of it has been deaned off. This is an 02/ location. 

GRAIN S I E  

wbble 
pebble 

vc mfv &r:ty 
Banff Formation. Butf mudstone wnh subhorizontal. oontinuaus and 
dismntinuous. mm-scale. medium grey shale larninae. Mm-scale 
iaminae are onen grouped in10 a - t h i d <  bands. Several d a t e  ftiled 
cavilias are presen:. the largest is Scm long. Up to 1Ocm long. 
mm-wi&h fractures seeping oil observeci locally Patchily disrnbuted 
mçty weaihering. siderite? 

Sid';.-.-.-i-.-.-.-.-.-.- Formation Butf to lightgrey motlled ainoidal packstone wlh - . ~a-ra- . - . -m-r . - . -w irregular and ramose mm to an-scale shale laminae in zones up 10 
San thidc mntaining nodules of wackestone up to 2an long. Whok 
shell and fragments of bradiiopods up 10 lcm long are very cornmon. 

. . . . . . . . . . .  . - . - . ~ ~ ~ . ~ . - * ~ ~ ~ . ~ .  Patchily distributed rusty weathering and rare maroon weathenng 
. - . . . . . . . .  . . . . . - . . . . .  along discrete horizons. 

S.id.' . ' . ' . ' . ' . ' . ' . ' .  - . . . . . . . . 
Banff Formation. Lrght grey. highiy bioturbated massive calcareolrs 

siltstone wifh sub-mm scale. subhorizontill discontinuous and 
oontinuous mud drapes (h0rSetails) locally present throughout the 
intervai. Physical structures absent or destroyed by intensive 
b i t i o n .  Shale drapes account for less than 1% of ttie bulk rock 
mmposifion. Locally. Teictiichnus and As lemma trace fossils 
Upper 30 cm bleeding oil. Rare scaltered skeletal fragments. 
b l l y .  speckled wçry weathering. Gradational conma mtti 
werlying packstone. 



Dome et al Cessford 
1 6-22-25-1 2 ~ 4  

Ground: 740.00 m KB: 743.80 rn 

Remarks: Fully remvered 3 inch core. This is an M2 location. 

üarrlf Fomiotim. LigM-gray mORled mudstone *rith subrnrn to 
anscak. sub-bntontal. irregular mudkhls inte- whrch make 
up approximptdy 5% of the rock. Locally. submm to mmSeale 
vertical ftachires. 

m.r.-.-.- Banfi Fornuition. Wiumgray dnoidal wacksçbons/packstone with 
6ub-mrn =k mud dams l m a I  mnsists oi im-ded 



b 

Total et al. Connorsviile 
14-35-25-1 5 ~ 4  

Ground: 784.90 m KEk 788.90 m 

Remarks: Fully recovered 10 cm core. Banff siitstone. Except for the top two 
boxes, entire axe has been siabbed. 

"2 

Oefritai Fomiaaon. Malium green wscaa wiar varying amourns 01 
masix.supporisd Wile baehetd microporocs a t  dam 
0.1-5cm h g  mpdiicchsn). aisrs maice up approroirutety 75% 01 

aie total kilk rucû compusition. Mamx is m p t i s e d  of frosmd 
quam gfains h l i n g  in sihy shb (cf.- chah). Çilicsous 
dasts U O  8bmi in A 20an hidr imsrval: d W. Rare brachiopod 
shelis m d  aïnoid fragments. Local s l i i a i d e s .  

Altarad BInW Farrution. Ligm green mudsfone rrim sobhamontal 
mntinwrs Md d b m l h ~ w ~  mm- da* grsen shk, hminae 
and stully iragmmts. A 30an long intemi oon9rù d &eidaI  
grainStone. -y a bwlder. !%vara! $cm chunks of this ainoidal 
grainstons am #ka obssrved thtoughout hie interval. Ths rniddle 
20m af ü~& inbwW cornains abundam shslly mtœW and is hsavily 
b&mûaîd. Butlom 2Cun d aiis intamai has a momsd appsaranca 
and mud lunini. us tu lass abundant 

Banff Famuocn. m. ligm-brown. -. 
ainoidal and 6hdy aigrneni grainsione. Cairtinrwws and 
d i .  aibhomontel. rnrnsaie laminae and lan wide shale 
haritons8mpsssnt A2unbanddmuâim&as%ihprsssnt 
PossiMe hPrdgraind is marked by a hrgs (Sem iong) uaared mud 
nadule. ~ 1 O c m l a l g . i a Y l m d e c o k i t s f i l l e d ~ f n d u r e  
i5pIsrd.cmanvnbsrdrnm-rridlhhlcfurss. Mimucon 
rrw(hwiigudpyimminwiazprian. RusscylaWs marnai 
madyhgunitmtabiavsd GmkaomrarirrQ*ïisiQm 

- - - -  ~ - - - - - - -  ~ 

n i b d d  hW. ~ C I  rrim U- m e  k 

ôanfi Famiotiar SiWme.  Lightgraylbrown ddomitic sitmone wrth 
. #ock m u o u s  and cfisumnnuous mud 



winae Lammae am patbaliy HykN&!ad loeiUy. Smtone unrt is 
àullowaig and -pward. The base d 6\8 mre K more 
bavi iy  boturbeted andhisa gr- %ofrnudluMvetfw the 
upper pafls. 1-1Oan akamos œmantœj zonas iadring the 
rhals L u n i r u e ~ ~ m r a i g h o u r ~ m ~ ~ u e m m c r l d a  
Wed a*. Btip in pomsity bgs around 1 f33.m noms to 
eorrsspond to an m t w d  riiai ippromnatetiy 30.- s h k  iaminae. 
Z o o p h y c o s ? T ~ u s ? ~ o t m œ f o s i i s i n M o f c o c e . f e w  
m ntme m upper pare d uiitstone unit Tmngmsive mth 
ovdying unit. 



Anglo-Sunnynook No. 1 
02-31-26-3 2 ~ 4  

Ground: 2461 .O0 ft KB: 2479.12 f! 
Remarks: 1 inch core, no core analysis. 





RarltrFamiation. ~ ~ r d s 6 q u e n œ e a n s i s f i n g o t  
medium gray crinaidai wadrestons with an-scak îhick packnone 
debposi-k. Padrtioris intervak have basai mntacfs chaiacterized 
by sofi ssdimant Mamation. Mm-scak. subhofizor?tal. Bad< shale 
hrninae are aonrantrated into cm-mbs bands Some shale hminae 
ue bhzating. Interuai is bioturbated. Pyrite minerali~tion 
pateMy datribvted. Rare dcite filied canties and vertical 
hctures. Marm weiathering is absent 



lockwood et al. Winterh. 
1 G29-26-16 ~4 

Ground: 824.00 m KB: 828.30 m 
Remarks: This is an 02.l location. 



PCP Wayne 
l6-20-26-17W4 

Ground: 902.90 m KB: '907.50 m 

Remarks: Depth d e  is 1330 insîead of standard 1 :1 W. 
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Bann Formation. Medivm g n y  w a d r ~ a n s @ a c * s i ~  m(h 

ribhorùonbl. mm-. oxionuous ind disconünuous grean *le 
Luninae. S M  accatnts fa approximatefy 5% cd l.t?a buik r d  
kidogic a3mpoQtion. Interval amtains pyrite rnaieralizabon. 
cd& fiUed Iraebnss and rusIy mthering 
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GRAIN S E  

Norwest et al. Wayne 
1 6-35-26-1 8 ~ 4  

Ground: 874.50 rn KB: 878.20 m 
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Angfo Heathdate No- 1 
14-05-27-08~4 

Ground: 0.00 R KB: 2646.00 ft 

Remarks: 1 inch diameter are. No core analysis. logged 3 boxes. 
Ground is blank on ticket. 



Star Cessford 
06-1 8-27-1 5 ~ 4  

GRAIN S E  

Date logged : Septem ber 1 1, 1 996 

Logged by: AGG 
Ground: 281 8.00 R KB: 0.00 f! 
Remarks: KB is not available. Series of coarsening-upward cycles. 
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GRAIN SltE 

Kewanee C Cessford 
1 1-35-27-1 6 ~ 4  

Ground: 2961 .O0 R KB: 0.00 ft 
Remarks: KB is not available. Really dirty core, very hard to see features. 
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Norwest et al. Cessford 
16-06-27-17~4 

Ground: 826.90 m KB: 831.40 m 
Remarks: Cessford producer. Depth d e  is 1 330 instead of standard 7 :IOO. 

.BuinFormilion. L i O m g m y c i ï n o i w ~ m g m s h a i e  
hmïMe. Skik is prosmi 8s boû? m m a k  caünwus 8nd 

auk lun- uid anatik horizons. Shaie makes 
trp . p p o 9 m r m y  1- of mS krlk redr wmposrbwi in lhis interval. 
Loediy. wvsd ntmy potch65. 



- - Banff Formation. White to fight gray cnnoidal graimaone wilh 

aibhorizontal. continwus and discanfinuous. mm-scale green shak 

- 3ad Fmation. Msdium gray. doIomitic. siity wadtes(one mth 
suôhobntal, corhnwus and d&corrtinuoilî. mm-sc6le p r m  shafe 

- 

bminae. Shale up io 6036 of bulk iilhoiogicaxnposifion. more 
tyPcaUy 25%. Shaia quantRy aiCr8ases vdh depai. Several 
an-fhick gnimtmm beds. S~tIefed crinod and brachipod 

\ 
fragments. Local r d  and oisty rrsaitwmg and pynte rnimralizarion. 
Upper eontad s a gradatid coarssning-up into a grairtsiaie 
ümdogy. T b  Ontaa is marked by a 6cm mi& band al green and 
md strales wilh 6attered skeietal hagmerits. 



Provident Merrill Shore 
07:31-28-11~4 

Ground: 765.40 m KB: 769.40 rn 

GRAIN S E  



IOE Little Fish 
10-32-28-1 6 ~ 4  

Ground: 3200.00 ft KB: 3213.00 R 
Remarks: No core analysis for the Banff interval. Most of the core is slabbed. Note 

that scde of iogged care below is 1 :60 instead of 1 :IO0 like moçt of the 
other logged cores. 

GRAN SIZE 

vcmfv  ULGEL 
Chsrt ranges in sPe frum 0-lmm to xore diameter. kR typicany 
0.13cm brg. Grœn rhle iaün (05cm wide by 2an img) Vuggy 
porotity in came of üw m e r  cksts. U62'6"4463'connsts of ligh 
onnge-bnmn cheR with wggy porosiry. Basai coritia pidred by 
hdr oi rad waahMng. no sriarp wntaa 

nibhonrd . and wus mm- green shah 1 tamime. -=me -z 0, a - 
rcilh a t i e i s d  erinoid and dteletal fragments. I Gradati~b.LnlcontactfranrnaroonshalrJsto~shaieswmi 





GRAIN . S E  

Quesada et al. Stanmore 
06-15-29-1 0 ~ 4  

Ground: 766.50 m KB: ïï0.10 m 
Rernarks: This is an 02/ location. 

Ln 

F 
!! 

-1osa 

-1090. 

-1002- 

Banff Forniafion. Two d i m t  Wiologiss ue pressnt A aaioidal 
*radrestaiel padstone and crinoidal wadrbdaislpadrstane dans 



Canpet C.P.O.G. Sheerness 
07-33-29-1 2 ~ 4  

r 1 Gmund: 2599.00 11 KB: 261 1.02 fi  

Anereâ B a d  Formation. k i#~mg~r# rs  imerval of da* gny and 
green shahs. Several an-- f v i n e d  cal car^ sandstone 
h ü o m .  P a M y  Nstywmthmq . Cher! c i a m  are absent. Most 
of inleml is broksn. Bid m d  6 Broken. 

Banii Formation. Dark gray mudsione w?th subhorUongl mtmuous 
and discontinuaus rnmsab -de shakr hminae Patdiily 
d i W  ruscy weathsrrng. Satlered skeletal fragments 
(dominantly crinoids). COle somdmes has a moriled appeaam. 
No &Me porosity. 

Lnst 4 aiches is lasl axe .  Won7 show up on log. too fine an interval. 





Superior Handhills 
14-34-29-1 5 ~ 4  

Ground: 2982.W ft KB: 2992-27 ft 
Remarks: No core anal)&. Full size m e .  Entire a r e  is siabbed. One 

#ire box is missing (3) and alot of wre pieces seem out of place. 



- - ..... 

Tarragon Cessfard9 
06-02-29-1 6 ~ 4  

- -- pp 

Ground: 940.70 m KB: 943.10 m 
Remarks: Banff Formation producer from porous graindones. 

. . . . . . . . . . .  - . . . . . . . . . . .  EHerslie FormiHim. i q h t  gray green, fimgrainsd sandsrone with . . . . . . . . . . .  - ...:::......:. M e  fripoütc drert da*. Chsts typically cl an long bu! some . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  ercsed me cor8 diuneter in kngai. Liesegang nngs in m e  dasts . . . . . . . . . . .  . . . . . . . . . . .  . . . .  ramer cfisri dasrs ttmve niggy porusity. ~ t a s t  dges are . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  subrounded to angolar. PatcMy diçaibuted ni- vmaümring. . . . . . . . . . . .  . . . . . . . . . . .  Subvertical fraefvmig. Rare -e4 skeletal fragments iowarUs . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . - . . . -  basa of Vltervai. Rare gMfler chert dasts within great big m. - ..:............... . . . . . . . . . . .  



Soquip et al. Coyote 
14-32-29-1 6 ~ 4  

Ground: 988.40 m KB: 992.00 m 
Remarks: Series of coarsening-upward cycles. 

Banif Formation. CouwnaigYpward cyde. Gmen and red diales 
wilh white UipoCmc etml da- (60%) inlerbedded on a dm-scale WIWI 
üght gray packslana and grainslom horizons (UXk). Shale conteni 
inueases with dspth. hdtsîone and grainslcfm horizons have 
rubhortzontal. a m t i n w  and dismrifinuws. mm& Ma& shale 
iaminae. Calots C M  subvsrticel fracnues. rusty weathenng and 
sty(oli¶es. Shîles ue cplcaraws and have slickensides White 
anguhr chef7 dasts (02an to Ml cote diameter in length) in lhe r d  
ind green shafes make w of chc bulk rcdr limdogical 



- -p - - ~  -- 

Ground: 2529.00 ft KB: 2535.00 R 
Remarks: 1 inch wre. No core andyçis (1 947 well). 2 cores (3256-331 0 ft. 

3355-343ûft). Scaie is 1330 instead of standard 1:100. 

MriîA Famation. Gran and biadc shiks. Broken into n a I l  

1260. 
pieces and poker ehip size piecss. Rare red weaIhenng and calcite 

Q62- 
filad vaids. 

1266 - 
1266- 
1268 - 
m* - 

m..-a-m-.-.-.-.-Cm-. . -&?fi FomWion. Ltght gray padtstons. Interval broken into 1 -2cm 
r r r r r r r r r r ~  * l d . m * . r 6 1 i ~ S h . m o l r c i . R U . & * a ~ v I h d o n e s l i s i n m  - ,  
a-a-a-a-r-a-i-r-6-i-aj nm. Ek stmia l~ninae abae'wed + n e  
-.-i-.-.-i-.-.-.-w rninarüzation. Uppr and i m e r  Qntpcts are broken 

a-a-r.-.-a-wrn-m*m 
m-m-.-a-a-a-.-#-.-*-* 
ra-l-.-.-.CCL-.-.-I' 
~.-Cm-e-.-.-.-u.-Y 
FFU.-WWWm'W.-.' 

.Bum Fomilaon. auk gmy damots shnles. Intaml and 
amt.crs us broCa h o  andl pisobs. 

.üud îüfmüon. Whas O light -y wadcsstone to p.drstone 
Clhalogy. Rus arbh-. eontinuous and discontinuais. 
mmdak #idr ah8ia l u n i  am aRa s r y ( o l i ~ .  Pmhily * .  darbutd nrsty wmûming ind pynEs mhmaiiizafion. Cd&e fiilad 
-. ~rvalmksnntopisas.  



Imperia1 Youngstown #l Well 
05-03-30-09~4 

Ground: 2529.00 R KB: 2535.00 R 

GRAIN S E  

Bonfl Famation. lntsrbsdded light to msdium gray ainoidal 
rvldrsstone and bhdrgmem shahs (3ML). Shde is pesent 
iç mm4caIe lominae and as an-smk horizons. Rusty weathering. 



Exshaw Formation. Greengray calcareous shales broken into poker 

-------- 



Poco Watts 
06-31 - 3 0 - 1 5 ~ 4  

Date logged: September 12, 1996 

Logged by: AGG 
Ground: 874.30 m KB: 878.70 m 
Remarks: Banff gas producer. Core analysis indicates full recovery but axe boxes 

indicate loss of 0.45m. Have assumed lost are is from bottom. 

Buin Formation. WMe ainMdal gtainstwn, with miao and maao 
wggy porosity. Oit stamed. Inferval bas wry weaUwnng, pyme 
rnineaiition and has b e n  aylolitized. Na shale laminas Unn 
mammsqa from fine grained (lower) at the base of me inrsrval ro 
cousi, grain@d (lovrer) et aWr tap. 

Banff Formation. Medium bmm cnnOidal w;idtmone with 
subharirontal. esntduFDus Md dzsmn6nuwts. mm-le green W e  
iaminae. Shale for 56ML oi fha bulk i i i i c a l  

bathiop&! sheüs are cornmon. Sharp upper wntaa with erincidai 
grairiStone. 



Imperia1 Golden Hill 
12-02-30-1 6 ~ 4  

- - -- . --- 

Ground: 3037.00 ft KB: 3049.00 ft 

Altered Buiff Formation. Friable green shale wrth whife aipoliic 
chert dasts as long as aie core diameler. Vuggy pomscty 
development in chert clasts. 

Banff Formation. White ahoidai grainstone with subhonzontal. 
continuous and dintinuous. mm-scale green shale laminae. 
Green M e  horizons up to 4cm thick. Some burgendy weathering 01 
grainstone iïology. Rusty weamering. pyrite mineralkation and 
calcite infiIrmg of voids. Crinoid. bryozoan and brachiopod whole 
shells and bmken fragments. Slightiy recassive log intervals 
correspond to muddier packstone horizons. Upper contact is 
broken. Basal contact is a gradationai change into interbedded 
black and burgendy mudstones. 

Banff Formation. Dark gray 10 rnaroon mudstone with subhorizontal. 
continuous and d'intinuous. mm-scale biack shale laminae 
ranging frorn 0-30% bulk l i i logical compostion. SeveraI a-aiid 
grainçtone beds are preçent. Lots of scatterad brachiopod shells. 
Lioiology is aimost a wackestane in several intervals. 



p~ - -  - 

Atcor et al. Pearl 
06-1 4-30-1 6 ~ 4  

Ground: 926.70 m KB: 930.70 rn 

- mbble 
g,= pebbk rn 
1.5 granule - Y 

a 
3 
lu 

P. x a 

Altared Banft Famation. Green shale with opaque white mpolitic 
chert dasts hom 0.- long. Gntact with undefiying Banff 
formation is sharp and undulating. Chen dasts are subangular and 
have a micro-wggy porosity (pores are typidly 2mm long). 

Banff Formation. Gray crinoidal wackestoneipadtdone interbedded 
with green and maroon shales. Shales are present as both wisps 
and m-çcale beds. Crinoidai and shelly fragments Wlably rnake up 
0-7036 of the interval. Prese~ed whole brachiopd hagments and 
ainoid piatelers and ossides. Rusty weathering parches (odine 
relia and elgsting dasts of slightiy Eoarser and deaner lmking 
ainoidal pack-) and r n r n d e  horizons are concentrateci (Sll 
cl%) in the top 2m of the intewai. No calate cavities or stylolites 
are observecl. A 1Oan interval (129287-1292.97rn) contains Wo 
dark gray dasB (km and grealer than the cure diamter in length) of 
ainoidal wackestone. The dasts are sumunded by buff weathenng 
nrns typjcaily 0.5m wide. These dark gray dasts are also more 
rarely diçnibvted below mis horizon (typically 5-6an long) but lack 
the weaîhering rims. White calcareous clasfs 1 -5cm long rnake up 
4% of the buk rock composition. 

-Banff Formation. White ainoidai grainstone with leached and vuggy 
porosity. Stylofies and subhorizontai iractures are mrnmon. Core 
is heavily oil stained from 1296.95-1 297.10m. The remainder of the 
interval appean qurte moItIed in places due to medium oil staining 
Rnpotnt vugs are typically Imm. more rarely up to lcm long. 
CGntact with overiying unit is g n d a l i o ~ l  with shaly wisps 
decmashg at Vie base of the upper interval and not existing at al1 in 
the grainmne mtenral. Basai contact is marked by a green shale 
horizon 2mm thid which seperates the upper gainstone from the 
lower uinoidal wackwtonelpadtestone lithofaaes. 

Banff Formation. lnterbedded light gray cnnoidal 
wackestoneipadtstone with medium gray-green shale. Shale 1s 
present as mm-s<rzle cantinuous and discontinuous wisps as well as 
c m d e  horizons. Honzontally elongate white calcareous daRs 
rarely devdop mm-scale weatfiering rims. Clasts are cl% of me bulk 
rock composition. Rusty mathenng parches are are. Vugs are 
typically 1-hm.  rarely up 10 t a n  long Top 5an of ihis interval 
mntaim minute black spedts Core is Iightly oil stained in =me 
parts of the interval. Whole bracbiopod and ainoid ossicles and 
platelets are preserved. Basal contact kî  sharp and is marked by a 
distint colour change from medium gray 10 dark grayhlack. 

Banff Formanon. Oark gray shale 4 t h  crinoidal and shelly 
fragments. Shells and crrnoidal fragments are both scanered 
through lhe core and mncenuated inro 0.2-5cm bands of crinoidal 
wackestonelpackstone. Stylolites throughout interval. 

Banfi Fonation. Intertledded Iighi gray crinoidal wackestone and 







Bankeno Bonanza Watts 
16-31-30-16~4 

Ground: 904.1 0 rn KB: 908.00 rn 

onse oi aoçted sand g r a h  in a day mauix. Angular chert dads 
Rnge frOm 0.2-1Oem bng ud ssver;ll have wreathe- nms Wmm 
wide. Several 3-1- irtwvals of ainoidal. shelly dolomite Wh 
niggy pocosily u e  pmsemL Çati sedient defmation W y .  Top 
of interval is 6gM olive gray wilh a spanyloridiued appearanœ. 
1292781295.78m is dusky rsd with whrte and grsen dam (gleying) 
and di&ens(ides. 1295.761296.4m 6 grwn w i U ~  sliensides and 
Ihe same white cherty cLsrs t h t  u s  observed throughout the 
i n ~ l .  



horizons. 





- p~ 

Westmin Racosta 
16-04-3 1-1 1 ~ 4  

Ground: 794.60 m KB: 798.30 rn 
Remarks: Entire Banff Formation inciuding upper contact with the Ulerslie 

GRAIN S E  



Poco Watts 
06-1 5-3 1 -1 6 ~ 4  

~ ~ . m e ~ ~ ~ a g r d . d a u l c h j l n O s b . d r m t o  
Ihb 8 u k  gray *. Smril- mdium gray nlmm& Lika mis 



Poco Watts 
16-31 -31 -1 6 ~ 4  

Ground: 844.30 m KB: 848.1 0 m 

Remarks: Banff 'N" production from porous crinoidal grainçtones. Cure is through 
one of séven perfed Banff intervals. Scale is 1 :lm instead of 1 : I O 0  as 
are the majonty of cores presented here. 

vcmfv = 
hnff  Fomiation. WMe crinoidal grairmone with faûhorizontal. 
amlinwus and discontinuaus. rnrn+de grssn shah laminae. 
Rusty weaihmng and pyiite minerakafion. 

Bann Fumaiion. 81.d tilcaraxrs 6ttaie (9045%) interbedded with 
mrn-toan-sdebsdso(wruteainoidaigrainstom(51&). Top 
bot &SIS of grsen shle. nsx!foot amsias d korn simie. 
&th us dsvoid a( dtdsil hgmats .  Gninstone pndcages 
rwsoW*i i thdepthtoa~mumol  l~dkilkümdogical 
composiüon. Spoûy rusty malharing m m e  grainstwie kMiZms. 

- üantï Formation. Trursioon roni betrrsen biadc shakrs and 
underfyjng erfnoidal giaarsuxw. lnmnd catsists of rvhite crinoidal 
~ ( B O X ) U d ~ s h I e ( Z O % ) i n t a b s d d s d o n a a n - ç c a l e .  

7 L i m o ~ c a i  grainsbww, a m e n  h e a s e s  wim deplh: shah 

Lepnn~bmutiai. whiiacrimdir~~tytriigmentgninstonewith 
mrro and micro wggy pocosity. Pœfed ineuval. Missive. 
homogonaam M. SimhaPolltll. axitinuous. mmaeole green 
duhtunimrnNs. aywitma AbuiQn<bnchpeodud 
~ r h . g . s o m O ~ h B C r i g a l ~ .  
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APPENDIX E: IFHIN SECTION DESCRIPTIONS 

Well Location: 14-34-023-09W4 Framework: 15% 
Depth (m): 974.24 Cement: 35% 
Formation: Banff Matrix: 50% 
Rock Classification: CRINOIDAL PELLETED WACKESTONE 

Carbonate Minerals: - ?40 Terrinenous & Other Minerals: 
Caicite 
Fe-calcite 
Dolomite 
Fe-dolomite 

75 Clays 
O0 Opaques 
O0 Quartz 
O0 

Framework Components: 
Brachiopods 1 O Fish Scales 
Bryozoans O0 Ostracods 
Corals O0 Pelecypods 
Echinoderms 5 5 Pellets 

Cernent: 
One generation of criarseiy crystaiiine calcite cement infiiis intergranular spaces 
leached out shells. Calcite grain size increases towards the center of leached out 
kfdied sheIIs. 

Comments: 
Heterogeneous section. Rock consists of scattered shelly and pelleted material 

and 
and 

in a 
muddy micritic matrix. Bioturbation of muddier and not so muddy areas. Seleciive 
microcrystalhe quartz replacement of parts of echinoderm and brachiopod skeletai 
fkgments. Quartz is also present as rare subrounded heavily included detrital grains. 
Calcite overgrowths on quartz grains. Calcite cementeci fracture within muddy matrix and 
îker graineci caicite cement. A brachiopod fiagrnent shelters a muddier part of the 
section. 

Well Location: 14-34-023-09W4 Framework: 15% 
Depth (m): 978.50 Cement: 50% 
Formation: Banff Matrix: 35% 
Rock Classification: CRINOIDAL PELLETED WACKESTONE 



Carbonate Minerals : - ./O Terripenous & Othcr Minerais: ./o 
Calcite 
Fc-calcite 
Dolomite 
Fe-dolomite 

-- 

80 Clays 
00 Opaques 
00 Quartz 
00 

Frrmework Compoaents: ./i 
Brrfhiopods 05 F i b  Scilts 
Bryozoans O0 Qstncods 
Corrls 00 Pcleqpods 
Echinod erms 26 Pellets 

Cernent: 
One generatïon of coarsely crystalline caIcite cement. Calcite crystais are typically 40 pm 
long. 

Pomsitv: 
Secondary leached porosity is typically 1%. 

Comments: 
2 tiîhologies in this thin section. Dark gray clast and lighter gray groundmass. ïhe clast 
hiis a sharp amstomosing contact with the groundmass. The mineralogy is the same for 
both iithologies. The zone of changing iithologies is characterized by pyrite 
mineraikation and porosity up to 8-1 W. The clast is characterized by 5% porosity due 
to' secondary leaching and coarser grained crystals (typically 70 pm long) than the 
groundmass. 

Well Lacation: 1434423-09W4 Firmework. 27% 
Dtpth (m): 987.00 Cement: 43% 
Fornation: Banff Ma& 3% 
Rock CIassification: CRINOIDAL PELLETED WACKESTONE 

Minedow 
Carbonate Miaeds: - % Tem~enous & Other Minerais: - 96 
Cdcitc 75 CIays 20 
Fodc i te  00 Opiqucs 00 
Dolomite 00 Quartz O5 
Fodolomite 00 

Bnchiopods 09 Fish Scales 



00 Pelecypods 
65 Pellets 

Cernent: 
2 g d o n s  of calcite cement are present. The tkst gaieration consists of pyramidal 
isopachous cement which crystallizes on skdetai mfkes. The second generatior 
consists of c o d y  crystalline cernent which c q m a b e s  m intergranular spaces. Bot1 
generations have few to no inclusions. The first and second generation cements are 8% 
and 92% of the total cement content respectively. 

Porositv: 
Seiective secondary leached porosity is cl%. 

Commcn ts: 
Heterogeneous, extensively bioturbated section. Muddier and essentidy mud-fiee 
portions. Microcrystalline quartz selective replacement of echinodenn hgments. Rare 
micritic envelopes around caicite grains. Whole and broken skeletai fragments Vary 
widely in size. Larger sheii fbgments sbelter muddier sections of the slide. Calcite 
cementexi hctures cross-cut Wsting siceletal f i a g n a t s  and coarsely crystalline &cite 
cement. 

-- - 
Well Lacrtion: 16-O6-025-û8W4 Fmmework: 05% 
Ikpth (m): 1077.10 Cernent: 35% 
Formation: Bakken Matrir: 60% 
Rock CiassiTication: CALCAREOUS SETSTONE 

Mineralogy 
Carbonate Mintrals: - ./. Temneaous & Other Minerrils: - % 
Calcî te 36 Clays O0 
Fe-dcite 
Dolomite 
Fedotomitc 

00 Op.qucs 
00 Quartz 
00 

Frammork Components: ./. 
Smchiopods 00 Fiiiib Sules  
Bryozoans 00 Ostrriads 
C o d s  00 Pclecypods 
Echinodcims 00 Pellets 

Cernent: 



3 2 
Oae gaiaation of crystalline calcite cernent. ÇaIcite grains are typically 5 0 p  long. 
Calcite cernent as a pemntage of bulk rock cornposition is highly variable, ranging fkor 
25-55%, but îypicaily 30%. 

Poiosity: 
Sd+ctin seondary leaching yieids a porosity of approrùmatety 8-lm. 

Commea ts: 
Moderateiy sorted siltstone consists of subanguiar quartz grains typicdly 4 0 ~  loq 
with anhedral calcite crystals. Bituma fiüed fktwe. 

Wdl Lucation: 16-06425-08W4 Fnmework: 00% 
Depth (m): 1091.95 Cernent: 35% 
Formation: Bakken Matrix 65% 
Rock Ciassifiution: CALCAREOUS SILTSTONE 

Minerdozv 
Carbonate Minerals: - ./O Terrigenous & Other Minerals: % 
Cdcite 09 Chys 04 
Fe-calcite 26 Opaques O 1 
Dolomite 00 Quark 60 
Fcldolomitt O0 

Fr~mework Commnents: ./o 
Brrchiopods O0 Fisb Scales 

00 Ostracods 
00 Ptlecypods 
O0 PeIIets 

Cernent: 
Fmoan calcite and calcite coarsely crystalline cement. 

Comments: 
Modgately weii soitcd sample consists of subanguiar quartz grah 30pm long, euhedral 
f k w n  calcite hmbs ,  and anhairai withente? calcite grains. Carbonate sain is dark pink 
to red. Suggests that there may be a witherite (Ba substitution) cornponent to the 
mineraiogy. Dimntinuous, subhorizontal çbale wisps approximately 1 S O p n  wide 



324 
account for 5% of the bulk rock composition. Some shale horizons have porosities up 
to 20%. Fmer graineci quartz and calcite grains than in overiying section. 

Wdl Lacation: 0211 6- 14425-12W4 Frunework: 08% 
Depth (m): 1045.20 Cement: 000%~ 
Formation: Banfï M.trir: 92% 
Rock Ciassifiution: MüDSTONE 

Mineralopil 
Carbonate Minerais: - .A Terrkenous & Other Minerils: ./o 
Calcite 85 Cliys 12 
Fclcrilcite 00 Opaques 0 1 
Dolomite O0 Quartz 02 

Bmcbiopods 00 Fish Scalcs 
Bryozoans O0 Ostmcods 
Corals 00 Peltcypods 
Ecbinodtnns 00 Pellets 

Cernent: 
None observed. 

Pomsity: 
Discontinuous subhorizontal and subvertical bctwes G O p m  wide give specimen 4% 
porosity 

Comments: 
Rock bas a patchy sppearance due to m i d e  pockets within a wholly recrystallized 
micro and psaidospar Kick, Sparry calcite consists of grains ranging from l û - 5 5 p  long 
typicdy 20pm long Discontinuous muddy wisps (typically 2 0 8 ~  wide) give rock a 
stratified appearancc. These wisps make up approximately 5% of the bulk rock 
amposition Subanph quartz pius are scattercd throughout the slide. 

Wdl Laaiion: 031 6- 14-025- 12W4 Frunework: 38% 
Dcpth (m): 1047.50 Ccmciit: 02% 
Fonnstion: Banff M.* 60% 
Rock Chsification: CRINOIDAL WACKESTONE 

Minerdo= 
Cuboaite Mineirls: - % Tcirigcnous & Other Mintrals: - ./O 



Fe-dcite 
Dolomite 
Fe-dolomi te 

O0 Opaques 
00 Quartz 
00 

Fmmmork Comgmnents: ./. 
Bntbiopads 16 F i h  Sa les  
Brgozoaas 00 OItricods 
C o d s  00 Peleqpods 
Ecàinodcrms 65 Pellets 

Cernent: 
One generation of coameIy crystaIline calcite cement makes up û-5% of the buk rock 
composition. Cement is inhomogeneously distributed over the section. 

Porosity: 
S w e d  hctures ( 2 0 p  wide) obliqueIy crossdlt the section give specimen <1% 
porosity. 

Comrntn ts: 
Inhomogeneous section due to bioturbation. Bioturbaiion has resulted in the mixing of 
wackestone, packstone, and grainstone iithologies. Rock consists of skeletal fragments in 
a muddy, micritic Micntic matrix has been leached out in some places and in6iied 
with coarsely crystalline d u t e  cement. A punctate, highly ornamenteci brachiopod sheli 
shelters a rnuddy portion of the siide. Rare subhedral quartz grains are observeci dong 
hcture planes. Som echinoderm fragments (approximately 2%) are iron rich 

- - -  - - -  

WeII Locrtion: 0216-14425-12W4 Fnmework: 04% 
Depth (m): 1049.52 Cernent: 62% 
Formation: B d  Matrix: 34% 
Rock Ciassifiution: SILTY DOLOMITE 

Minttrloplt 
M a r t e  Minenls: - '/. Tcrrigenous & Other Minerals: - 96 
Cdcite 2 i Clays 15 
F d c i t e  01 Opaques 00 
Dolomite 28 Quartz 35 
Fcldolomitc 00 



Echinoderms 00 Pellets O0 

Cement: 
EuhedraI dolomite and dciîe rbombs, typically 50pm long, cement up a quartz mafrix. 

Porosity: 
Secondary, l-hed interparticle porosity (8%) is patchiiy distnibuted. Dolomite cernent 
has infïiied the primary porosity. 

Comrnents: 
V q  h e  graineci, well sorted siItstone coasisting of subanguiar quartz grains and euhedrd 
dolomite rhombs. Section is highIy bioturbated. Sevaal 2 0 0 ~  wide subhorizontal, 
discontinuous wisps of muddier m a t d  are inhomogeneously distributed throughout the 
section. Some caicite grains are iron rich. Rare broken ostracod and brachiopod sheiis are 
scattered through the section. 

Wdl Location: OU1&14-025- 12W4 Fmrnework: 01% 
Depth (m): 105 1.5 Cernent: 61% 
Formation: Banff Matru: 38% 
Rock Classification: SILTYDOLOMITE 

M i n c r d o ~  
Carbonate Minerals: - ./O Terrigenous & Other Minerals: % 
Calcite 12 CI. ys 10 
F&crilcite 00 Opaques O I 
Dolomite 45 Quartz 3 2 
Fe-dolomite 00 

Framcwork Components: ./o 
Bmchiopods 80 Fish Scales 
Bxyozorns 
Conls 
Echinoderms 

00 Ostrricods 
00 Pdeqpods 
15 Pellets 

Cernent: 
Euhedral dolomite thombs range in s k  20-85pm long. 

Porositv: 
Vcry patchily distributed secondary, l d e d  interparticle porosity. Porosity ranges from 
GIS%, typically 5%. Muddier areas of section have O D ?  porosity. 



Comments: 
Very fine grziined subangular quartt grains and athedral dolomite riiombs. Rare (4%): 
larger (400425 wide) leached ferroan calcite grains have dolomite rhombs gowing 
ove them. Section has been heavily bioturbated as demonstrate. by the mi>ang of mudd) 
and clcan layers. 
3 

Wdl Locrtion: 1iS22-025-12W4 Frrimework: 0 1 % 
Ikpth (m): 1041.5 Cernent: W h  
Formation: B d  M.tii.: 99% 
Rock Ciassification: SILTY MUDSTONE 

Mincdoav 
Carbonate Minerals: - 94 Tempenous & Other Mincrals: ./o 
Cdcite 00 Clays 1 O 
Fe-calcite 65 Opaques 0 1 
Dolomite 00 Quartz 24 

Brachiopods 
Bryozoans 
Conls  
IEchinoderms 

50 Fisb Scales 
O0 Ostncods 
00 Pelecypods 
50 Pellets 

Cernent: 
None observed. 

Porosity: 
Secondary leached interparticle porosity is 1 -2%. 

Comments: 
Rodc consists of subangular to subrounded quartz grains ( 2 0 - 5 0 ~  long typically 2 5 p )  
ia a firroan calcite micritic mud matrix. S e v d  micritic wisps and pockets up to 200vm 
wide. 

- - - - - - - - - - - -- 

W dl Loation: 16-22425- 12W4 Frunmork: 15% 
Depth (m): 1044.75 Canent: 01% 
Formation: Banff Matru: 84% 
Rock Ciassification: CRINOIDAL WACKESTONE 

Minerrlonv 
Carbonate Mincnls: - O !  Terripenous & Other Minenls: ./o 



Calcite 
Feerlcite 
Dolomite 
Fedolomite 

41 Cliys 
00 Opaques 
12 Quartz 
00 

Frimework Commnents: ./. 
Bmchiopods 20 Fub Scdes 
Brgouirns 00 Ostmcods 
Corals 00 Pcltcypods 
Echhodcrms 48 Pellets 

Cernent: 
Two types of calcite cement are obseived, b t h  are rare. m d a l ,  bIaded cernent 
deveioped dong some brachiopod shells, d e  quant, coarseIy crystaliine cement 
observed on one echinoderm hgmat. 

Porosity: 
None visible. 

Commtnts: 
Poorly sorteci section consisting of subangular quartz grains (10-100pm long, typically 
3 0 ~ )  and scattered skeletaf matcriai in a micritic muddy matrix. S k e l d  h g n e n t s  are 
aIigned in some portions of the slide. Several echinoderm fhpents look iron rich 
Brachiopods mnsist of whole, delicate waiied sheLis. 

W-di Location: 1435-025-1 5W4 Fmmework: 65% 
Dtptb (m): 1 121.47 Cernent: 35% 
Formation: Banff Matrll: Wh 
Rock Classification: CRINODAL GRAINSTONE 

Mioedofv 
Carbonate Mintrds: - % Terrigenous & Othtr Mintrrls: ./. 
Calcite 79 Clays 19 
Fe-calcite 00 Opaques 00 
Dolomite O1 Qurrîz 0 1 
Fcldolomite 00 

Frimtwork Components: 2 
Brrcbiapads 15 F i b  Scales 
Bryozoans 07 Ostrrcods 
Corils 03 Ptlecypods 
Echinoderms 65 Pellets 



Cernent: 
2 generations of calcite cement. Fim generation consists of pyramidal, included, 
isopachous cernent which is present on the surfiice of the majority of siceletal 
components. The second genefarion cernent consists of quant, marsely crystailine 
cernent (not as iron rich as the primary ccment) which aystailizes in intergranuiar spaces. 
The pyramidal and quant calcite oanents make up 25% and 75% of the total ccments 
respectively . 

Porositu: 
Rare secondary leached porosity 4 % .  

Comments: 
Syntaxial overgrowths on echinodenn and bracbiopod skeletal fhgments. 
Microcrystalline green quartz selectively replaces portions of some echinoderm 
fragments, others look iron nch. Finely crystaiiine dolomite cernent infills obliquely 
oriented fractures. Bryozoans are faestrate. 

Well Lucation: 14-35-025-1 5W4 Fmmework: 1 0-55% 
Depth (m): 1 126.00 Cernent: 0 0 4 5 %  
Formation: Banff Matris: 15-90% 
Rock Ciassifiution: CRINOIDAL PACKSTONE 

Mintrdojq 
Carbonate Minerais: - ./O Tematnous & Other Minerals: ./o 
Calcite 84 Clays 07 
Fe-calcite 03 Opaques O 1 
Dolomite 00 Quartz 05 
Fe-dolomite 00 

Fruntwork Components: ./. 
Bmchiopods 30 Fish Scales 
B ryozorns 02 Ostmcods 
Conls 00 PeIecypods 
Echinoâerms 35 Pellets 

Cernent: 
2 calcite cement generations are developed in the packstone. The first generaîion consists 
of pyramidal, isopachous cement on skeietal surfaces. It is siightly iron rich. The second 
grneration is restricted to imergranular spaces and leached out portions of skeletal 
f h p e n t s  and consists of equant, coarsely crystalline cernent. First and second 
genenitions of cement 8ccount for 20% and 80% of total cements respectively. 



Porositv: 
Secondary leacheci porosity is 1-2%. 

Comments: 
Seaion is highly biotudmed and shows tranàtion £kom wackcstone (no peiiets and iittle 
skeletal material, no ccmem) to packstone (25% peiiets, 35% skdetal matenal, and 2 
cement gcbtrations). Green, tuicrocrystaliine quartt partially replaces echinoderm 
hgmuxts .  %me eshiiiodw hgments are iron rich. Syntaxd overgrowths on 
echinoderm h g m c m ~ .  Subanguiar quartz grains are scartered through the packstone 
lithofhcies. Whde and brokea skeletal mataial. 

Weil Location: 14-3 5-025-1 5W4 Framework: ûû?! 
lkptb (m): 1128.00 Cement: 65% 
Formation: Banff Math: 35% 
Rode Classification: SILTY DOLOMITE 

Carbonate Minerais: - YO T d g e n o u s  & Other Minerals: ./o - 
Calcite 24 Clays 00 
Fe-calcite 
Dolomite 
Fe-dolomite 

- 
O0 Opaques 
40 Quartz 
00 

Fmework  Components: - ./o 
Brac hiopods 00 F'ih Scdes 
Bryozoaos 00 Ostircods 
Corals 00 Pelecy p d s  
Echinoderms O0 Pellets 

Cernent: 
Euhedral dolomite rhombs and subhedral caicitc graios cement up a quartrose matrGr 
Dolomite rhombs variaMy overgrow quartz grains or have a sutured contact. 

Comments: 
Weii sortad, homogmcous section. Sobangular quartz grains (range 1 5 - 9 0 ~  typi cally 
2 S p  long) and ahabal dolomite and calcite rhombs (typically 45pm long). Rare 
micritic wisps and patches 2ûû-4ûûpm long art present. Micrite crystais can be seen in 
the pore space at hi@ map3cation (25X). 



- 
Weil h u t i a n :  14-35-025-15W4 Fnmmork: 00V0 
Depth (m): 1 134.0 Cernent: 58% 
Formation: Banff Ma*. 42% 
Rock Ciassifiution: DOLOMiTIC SILTSTONE 

Miaedoap 
Cubonite Minenls: - *! Temgtnous & Other Minerds: - % 
Calcite 00 CI. y s 20 
Fe-alci te O0 Opaques O2 
Dolomite 3 8 Quartz 40 
Fcdolomite 00 

Framework Componcnts: - 96 
Bmchiopods O0 Fish Scalcs 
Bryozoans 
Corals 
Ecbiaodcrms 

O0 Ostncods 
00 Pelccypods 
O0 Pellets 

Ctmeat: 
E u k h i  dolomite rhombs and subhedral calcite cernent up a quartzose matrix. Dolomite 
overgmws quartz grain edges as weii as has sutured contacts with quartz grains. 

Porosity : 
Local subhorirontal fracture porosity cl %. 

Comments: 
Moderately sorted. Rock wnsists of subanguiar quartz grairis (range 1 û - S O w  typically 
2 5 p  long) and cuhedral dolomite rhombs (range 15-60pm, typically 3 0 ~  long). 
Muddy h m h e  (zones of laminac up to 8 0 0 ~  wide) make up approximateiy IO?! of the 
bulk composition of the slide. Subhorizontai fiaCaires cut these muddy laminae ody. 
b c d y ,  quartz and dolomite grains are do@- Bituma in some hcmes.  

Weil Loation: W22426- 16W4 Frrrmework: 60% 
Dcpth (m): 1168.63 Cernent: 35% 
Formation: Banff Matriz 05% 
Rock Ciassifiution: CHERN CRINOIDAL GRAINSTONE 

Mineriloqy 
Carbonate Mineds: - 94 Terrigtnous & Other Minerais: ./. 
Calcite 05 CIays 00 



Feuleite 
Dolomite 
Fedolomite 

00 Opaques 
00 Quartz 
00 

15 F i h  Seales 
00 Ottrrcods 
00 Pdccypods 
85 Pellets 

Cement: 
2 types of quartz cement uic present. The first consists of chaicedony and the second is 
r c o a r s ~ ~  mega-quartz cement. Chalcedony cement betwam siceletal grains as weil 
as dong the &el1 interior of voids. hfegaq~art~ i d i s  voids and gets c~arser-grained 
towards the void caiter. 

Porosity: 
Sccondary Ieacbg of echinodenn hgmmts yields 1-2% porosity. 

Commtnts: 
Entire d o n  àas becn silided. Microcrystabe quartz has rcplaced 95% of al skeletal 
~ e u t s .  One 1 cm long osbacad. 

--- - - - -  - .- 

Wdl Laution: 06-2242616W4 Frrmework: 55% 
Ikpth (m): 1 17 1.65 Cernent: 45% 
Formation: Banff ~~ Wh 
Rock CiassiTiution: CRINODAL GRATNSTONE 

Minenlogy 
Cubonate Min erals: - % Turipenous & Other Minerals: ./. 
Cdcitc 90 Clrys 07 
F&cite 
Dolomite 
Fe-dolomi te 

Fïsh Sctles 
06 0lti.d~ 
W PtkcSpods 
75 Pellets 

Cernent: 



333 
2 gaiaations of calcite canent ih present. Tht h t  g e a d o n  grows on skeletd 
surfices rnd cansists of pyramidal, isopachous curmt (5% of total cunents). The 
m n d  gawdon #ment is weU ckaved uid warstly crystalline (95% of total œmems). 
Semer shtR W o r s  are dissolval imd mnlled with the two œmcnt gaierations Grain sue 
maeiises towards the &CD caita. 

Pomsity: 
Rue =ndaxy lcrehed porosity 4%. 

Cam men ts: 
S m  ov~growrhs and seiecâive quartz replacement of echindcrm fhgments are 
comma. Whok and hgmcnted shells. 

- . -- - - - - - - -- --- - - - -- 

W dl Locrtion: 06-221026-1 6W4 Fnmework: 75% 
Dtpth (m): 1 174.85 Cernent: 20% 
Formation: Banff Wtrir: 05% 
Rock ClassiTiution: CRINOIDAL GRAINSTONE 

Carbonate Minenls: - % Terripenous & Otber Minerais: ./. 
Cilci te 
Fe-ulcite 
Dolomite 
Fe-doiomitt 

8 5 Clays 
00 Opaques 
00 Quartz 
00 

05 F i h  Scales 
1 O Ostrrcods 
00 Pelecypods 
80 Pellets 

Cernent: 
2 genaatiom of calcite cement ue prcscnt. l k  6rst grnedon is essentially inclusion 
h e  and consists of pyramidal, isopachous cement (5% of the total cements). The second 
gaieration cernent is dcnrtely to heavily included and consists of coarsely crystalline 
oemea (95% of the totsl cuncnts). 

Pomsiw: 
Fncture porosity is 1%. Porosity fbr the entin slide ~onsists of one 3 3 0 ~  wide 
hcwre which nins the kngth of the dide. R a t  secoedaty leaching of echinodam 



Microcrystalline quartz seledvely replaces portions of echinodenn m e n t s  (10-80% 
of the grain is replaad). Locaüy, a black opaque mineral (pyrite?) partially replaces 
ecWm and other skdetai hgmcnts. Syntaxiai ovefgfowths and micritic envelopes 
am cornmon arwnd eciiinodem hgmcnts. Several calcite cemcltted fhcmrcs cross-cut 
&eletal 6ragmcnts. 

Wdl h t i o n :  06-22-026-16W4 Fraanmork: 03% 
Deptb (m): 1 178.78 Cernent: 62% 
Formation: Banff Matrix: 35% 
Rock Chssificstion: SILTY DOLOMITE 

Mincdogy 
Carbonate Mintrals: - % Tematnous & 0th- Minerais: ./o 
Calcite 15 Clays 05 
Fe-catcitc 00 Opaques O1 
Dolomite 44 Quartz 3 5 
Ftdolomi te 00 

02 Fih  Scales 
00 Ostrricods 
00 Pclecypods 
00 Pellets 

Cernent: 
Euhedral dolomite rhombs and subhedral calcite grains cement up a quartzose ma&. 

Porosity: 
Sd&e secondary leaching creaîes approximately 5% porosity. 

Comments: 
Moderately well sorted rock consists of suban&r quam grains (typicaily 40pm 10%) 
and subhedral calcite and dolomite rhombs (typically 3 5 ~  long). Section is highly 
biohrrbated. Two brachiopod h p e n t s  are present. 

Wdl U t i o n :  06-22-026- 1 6W4 Fmework: W ?  
Depth (m): 1 183.30 Cernent: 60% 
Fonnrtion: B a s  h b l x :  4% 
Rock ChsiTication: SILTY DOLOMITE 



a d n a t e  Minenls: - % Tcrri_~tenous & Otber Minerrls: - % 
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Caicite 12 Chys 05 
Fc-olcite 00 opaques 00 
Dolomite 45 Quartz 3 8 
Fdolomitt  00 

Frrmework Commnents: 
Brrcbiopods TR Fuh Sules  
Bryozorns 00 Ostrrcods 
C o d s  00 Pdecypods 
Ecbibodvms 00 Pellets 

Cernent: 
FukAral dolomite rbombs and subhedral calcite grains ament up a quartzose mat& 

Porosity: 
Porosity is highiy variable over the slide. Sdective secoadary leaching yields a typical 
porosity of 1 % but may be as bigh as ?% in certain spots. 

Commen ts: 
Rock consists of subsngular quartz gains (typically 5 0 ~  long) and aihedral dolomite 
ihombs ( 4 0 p  long). Somc of the caiciite Imks iron nch. Section is bioturbated. One 

- - - - - - - - 

Weil Lacation: O6-22-026-16W4 Fmnmork: 02-10% 
Dcpth (m): 1188.00 Cernent: 300A 
Formation: Banff lhtrir: 65% 
Rock CLSS Wutioa: SILTY WACKESTONE 

Min e n l o ~ v  
-nate Minenls: - '96 Tdncnous & Otber Miner&: 2 
Cdcite 13 Clrys 10 
F d c i t e  
Dolomite 
F ~ o l o m i t t  

Wh Scales 



Ccment: 
Coarsely crystabe calcite cernent developed on some siceletal hgments. 

Pomsitv: 
Inhomogeneously distributeci secondary Ieached porosity typicdy 1% but up to 5% in 
some patchy areas of the dide. 

Comments: 
Rock consists of sutrangular quartz grains (2û-5Opm Long) and calcite in granuiar masses. 
Pd& and brachiopod hgments range fiom 2-1 û?? of the total bulk rock composition 
Framework grains are wncerrtrated in certain portions of the siide, and are extremely 
sparse in others. Section is hi@y biotuhated. 

- . . - - - - - - - - - - 

W d l  Location: 06-22426- 2 6W4 Frrunework: 05% 
Depth (m): 1 19 1 -90 Cernent: 70% 
Formation: Banff Ma* 25% 
Rock CI.ssitication: SILTY SKELETAL PEUETED PACKSTONE 

M i n e d m  
thhanate Mincds:  - '!'O Temgcnons & Othcr Minerais: 
Cdcite - 05 Clays 15 
Fe-caicite O 0  Opaques O0 
Dolomite 70 Quartz 10 
Fe-dolomite 00 

Framework Components: - % 
Brachiopods 85 F i h  ScaIes 
Bryozoans 00 Ostracods 
Conls  O0 PeIecypods 
Echinoderms 1 O Pellets 

Cernent: 
Coarsely c r y d h e  calcite cement developed both externaUy on grain surfaces and 
internally where skeletal hgments have been mostly leached away. Grain size increases 
towards the center of sheli interiors. 

Poros* 
Sdective secondary leacbg and fhchres yields 1% porosity. 

Comments: 
Moderately sorteci rock cunsists of subanguiar quartz grains (typically 3 0 p  long), 
pellets, and skeletal hgments in a doIomitic groutlLlmass. 



- - 
Wdl Lacation: OU10-29-02& lm4 FramcworL: 68% 
Depth (m): 1215.75 Cernent: 27% 
Formation: B M  Mabru: 05% 
Rock Ciassification: CRINOIDAL GRAINSTONE 

Minerdow 
Carùoaate Mine&: - YI Tcrrigenons & Other Minerais: 
Caicitt 95 Ctays O5 
Focalcite 
Dolomite 
Fodolomite 

00 Opaques 
00 Quartz 
00 

Framcwork Components: - % 
04 Fish Scriles 
08 Ostrricods 
00 Pdecypods 
8 5 Pellets 

Cernent: 
2 genedons of  calcite cement. F i  generation accuunts for 2% of the total cements and 
consists of prismatic isopachous cement which deveiops on selected siceletal fhgments. 
Coarsely crystalline second generation cement is variably included (slight to heavily) and 
crystaibs in intergranuIar spaces as weli as dong skeietai fhgment edgedges. 

Porosity: 
Secondary selective leactiing of echinoderm h p e n t s  and rare f k t w k g  yields a porosity 
of approxkately 1%. 

Comments: 
Syntaxial overgrowths and selective quartz replacemeni of echmoderrn frtigments. 

Wdl Location: 02/1&29-026-16W4 Framework: 02% 
Depth (m): 1221.45 Cernent: 45% 
Formation: B d  Mktrir: 53% 
Rack classification: CALCAREOUS SILTSTONE 

Carbonate Mineds: - ./. Tcmgenons & Other Minerais: % 
- - 

25 Clays 
00 Opaques 



Dolomite 
Fodolomite 

18 Quartz 
O0 Fcldspars 

Framcwork Components: O/. 
Bracûiopods 00 Fih  ScaIes 
Bryozolns 00 Ostncods 
Corais 00 Pdecypods 
Ekhinodcrms 00 Pellets 

Cernent: 
Subhedral calcite and euhedtal dolomite rhombs cernent up a quartzose matnx 

Porositp.: 
Very sparsely distributeci secondary leached porosity is c l% for the siide as a wiiole- 
Small pores (<lOpm Long) are concezltrated in paîches. 

Comments: 
Quartz grains are scattered individuaiiy as wd as grouped into clusters with suturecl 
contacts. Average quartz gragi size is 7 0 ~  long Opaque mineral is probably pyrite. 
Fractures bleeding bitunen. 

Wdl Location: 0211 0-29-026- 16W4 Framework: 02% 
Depth (m): 1225.80 Cernent: 13% 
Formation: Badf Matriz 85% 
Rock Classification: SILTY LIMESTONE 

Mineralogv 
Carbonate Miaerals: - ./O Terripenous & Other Minerais: 
Cdcite 55 Clnys 09 
Focalci te 00 Opaqaes 01 
Dolomite 20 Quartz 15 
Fe-dolomite 00 

00 Fish Scilts 
00 Ostmcods 
00 Pelecgpods 
00 Pellets 

Cernent: 
Euhedral dolomite rhombs and anhedral calcite crystals cement up a quartzose m a t r k  
Rhombs oveqpw or have undulatoxy contacts with quartz gains. 



Ponw*: 
Selective secondary leacting yields a porosity 1-2%. 

Commcnts: 
Well sorte4 fairly homogeneous section. Som calcite grains look iron rich Fier grained 
than ovdying section Typical grain size is cl O p  

Wdl Location: OUlû-3 1-26-1 7W4 Framcwork: 12% 
Depth (m): 1277.70 Cement: 25% 
Formation: Banff Mntrir: 63% 
Rock Chassification: SILTY PELLETIED PACKSTONE 

Cubanite Minerais: - 96 Terrigenous & Other Minerais: 
Calcite 
Focalcite 
Dolomite 
Fcldolomite 

5 3 Chys 
00 Opaques 
00 Quartz 
00 

Framework Components: ./. 
Bracbiopods 00 Fish Sciles 
B ryozoans IO Ojtmcods 
CorPIs 00 Peieeypods 
Echinoderms O0 Pellets 

Cernent: 
Aatiedrai dcite grains cement up a quartzose maIrix 

Porusity: 
No visible porosity. 

Comments: 
Wd sorted rock consists of subanguiar quartz grains (30-90pm long), calcite grains 
typidy 30pm but up to 1.25mm long and pellets 50-1ûûp long. 

Wdl Location: 02/1û-3 I -26-17W4 Framcwork: 01% 
k p t h  (m): 1280.80 Cernent: 55% 
Formation: Banff Mattir: 44% 
Rock Ciassification: SILTY DOLOMITE 



Carbonate Minemls: - ./O Temgcnous & Other Mine&: - % 
Calcite 
Fe-caicite 
Dolomite 
Fodolomite 

1 O CIays 
00 Opaques 
46 Quartz 
00 

Fmmework Components: ./. 
Brachiopods 
Bryozoans 
C o d s  
Echinoderms 

70 F i h  Scales 
00 OsttPcods 
00 Peiqpods 
25 Pellets 

Cernent: 
Eubedral dolomite and anhedral calcite rhombs cernent up a quartzose matrix 

Poros*: 
1-2% secondary leached porosity. Up to 15% in some portions of the slide. 

Comments: 
Section consists of subangular quartz grains 5 0 - 5 5 p  long, caicite graias 4 0 p  long and 
dolomite rhombs 5 0 6 0 p  long. F i  @ed than overiying section and petlets are a 
much smaller component. 

Well Location: 02/10-3 1-26-1 7W4 Framework: 01% 
Depth (m): 1288.00 Cement: 65% 
Formation: Banff Ma*. 44% 
Rock Ciassification: SILTY DOLOMITE 

Mineirlopv 
Carbonate Minerais: - ./O Temgenous & Other Minerais: ./. 
Calcite 02 Clays 1 O 
Fe-calcitc 00 Opaques O1 
Dolomite 65 Quartz 22 
Fe-dolomite 00 

Frunework Components: ./. 
Brachiopods 00 
Bryozo.iu 00 
Conls 00 
Echinodams 00 

F i h  Scales 
Ostracods 
Pelecypods 
Pellets 

Cernent: 



Subhedrai dolomite rbombs cernent up a quartzose mark. 

Poiosity: 
No visiile porosity. 

Comments: 
Rock consists of subanguiar quartz grains typically 5 0 ~  long and dolomite rhombs 
SSpm long. Muddy wisps. 

Wdl Location: 02/10-3 1-26- 17W4 Framework: W ?  
Depth (m): 1293.30 Ccment: 60% 
Formation: Banff M.* 40% 
Rock Ciassification: SILTY DOLOMITE 

Carbonate Minerais: 
Cdcite 
Focaicite 
Dolomite 
Fe-dolomite 

15 Chys 
00 Opaques 
48 Quartz 
00 

Brachiopods 
Bryozoans 
C o d s  
Echinoderms 

00 Fish Sales  
O0 Osb-acods 
O 0  Pelecypods 
O0 Pellets 

Cernent: 
Fxhedd dolomite rfiombs and subhedrd calcite grains cement up a quartzose nmrk 

Porosity: 
N o  visiile porosity. 

Commenb: 
Rock consists of 4û-50p long dolomite rhombs, 3 0 p  long subangular quartz graius 
and 2G30pn long caicite rhombs. Muddy wisps. F m  gramed section than ovedying 
three. 

Wdl Wtion: 06-25426-18W4 
Depth (m): 1392.44 
Formation: Banff 
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Rock Classification: CRINOIDAL PELLETED G W S T O N E  

Mïnemiop~ 
Carbonate Minerals: - ?4 Tcmgenous & Other Minerais: ./o 
Caicite 90 Clays OS 
Fecaicite 00 Opaques 00 
Dolomite O0 Quartz OS 
Fc-dolomitt 00 

Framework Components: % 
Bracùiopods 19 F i h  Scalts 

04 Ostracods 
O0 Pelecypods 
63 Pellets 

Cernent: 
2 gemmtions of calcite cement are present. The fkt gendoa consists of inclusion 
pyramidal, isopachous cernent which developed dong skeletal hgment exiges. The 
second generaîion consisis of heavily included, coarseiy crysîahe cernent which 
crystallizes in intergranular spaces (calcite crystais typidy  1 9 0 p  long but range from 
20~-1.40mm long). The k t  and second generation cements account for 12% and 88% 
of the total cements respectively. 

Porosity : 
No visible porosity. 

Comments: 
Floatiag subrounded quartz grains (typicdy 40-60pm Iong) are occasionally scatterd in 
the second generaîion cement. Sdeetive quartz replacement of echinoderm and 
brachiopod fhgments. Larger (typicaily 216pm long) rounded grains of chalcedony 
selectively replaces portions of echmoderm hgments. Syntaxiai overgrowths on 
echinoderm £'ragments. 

Wdi Lacation: 06-25-0261 8W4 Framework: 100h 
Depth (m): 1400.10 Cernent: 62% 
Formation: Banff Matrix: 28% 
Rock Classification: PELL.ETED SILTY PACKSTONE 

Tcrrigenous & Other Minerals: ./o 
Clcite 60 Clay s O5 



Fe-calcite 
Dolomite 
Fc-dolomitc 

00 Opaques 
10 Qua- 
00 

Framework Componcnts: - ./. 
Brirchiopods 
Bryozoins 
C o d s  
Ecb inodenus 

00 F i h  Seiles 
00 OItrrcads 
00 Pekcypods 
00 Pellets 

Cernent: 
AnhedraI calcite and euhedrai dolomite rhombs cemcnt up a quartzose mauix 

Porosity: 
No visîle porosity. 

Comments: 
Moderately well sorted rock consists of pellets and subangdar quartz gr air^^ (typically 
45 p long) cementeci by euhedrai dolomite rhombs (typicalI y 4ûm long) and subhedral 
calcite rhombs (typically 30pm long). Il3 of the thin secbon is stratified into a peiieted 
silty packstone as descrii above and a fine graina poorly soned, doIomitic packstone 
which lacks both the calcite and peIIeted material. Grain size in this second minor 
lithology ranges fiom l û - 5 0 ~  long Patches of wackestone iithoIogy. Bioturbated 
section. 

Well Location: 06-25-026-1 8W4 Framework: 12% 
~ c ~ t h  (m): 1404.44 Cernent: 60% 
Formation: Banff Matrir: 28% 
Rock Classification: SILTY PELLETED WACKESTONE 

Minerdopll 
Carbonate Minerals: - % Terrigenous & Other Minenls: ./o 
Cdcite 46 CIays 14 
Fe-cdcite 00 Opaques 01 
Dolomite 2 1 Quartz 18 
Fc-dolomite 00 

Fmmework Com~onents: 
Brrcbiopods 00 Fhh Scales 
Bryozorns 00 Ostrricods 
C o d s  00 Pelecypods 
Echiaodems 00 Pellets 



Cernent: 
Anhedral calcite and euhedral dolomite rhombs cement up a quartzose matrix 

Porosi@: 
No visile porosity. 

Comments: 
Rock consists of subhedral cdcite grains (typically 4 0 p  long), subhedral dolomite 
rhombs (typically 50- long), and subanguiar quartz grains typically 3 0 - 4 0 ~  long in a 

muddy micritic mtrk Subhorizontai, discontinuous muddy wisps ( typidy 4 0 0 p  
wide) make up 15% of the bulk rock composition. Bioturbaîed section. 

- - 

Wdl M o n :  16-35426-18W4 Frnmeworkr ûû% 
Ikpth (m): 1328.00 Cernent: 35% 
Formation: Banff Ma* 65% 
Rock Classification: DOLOMiTIC SILTSTONE 

Mineraiogy 
Cubanite Mineds: - ./O Terrigenous & Oser Minerals: % 
Calcite 02 Clay s 06 
Fe-caicite O0 Opaques 01 
Dolomite 3 3 Q u m  58 
Fodolomite O0 

F ~ c w o r k  Components: 
Bracbiopods O0 Fish Scales 
B r g o z o ~  00 OstrPcods 
Corals 00 Pelecypods 
Echiuadcrms 00 Pellets 

Cernent: 
Euhedd dolomite rhombs 60pn long. 

Ponwite: 
Homogenwusly distributai secondary leached porosity is 20%. No porosity 
development m stiale horizons and muddier areas. 

Commeats: 
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Weii sorted siltstone consisting of subangular quartz grains (typically 40-SOw long) 
and aibedral dolomite rhombs (typically 60- long). Discontinuous shale horizons 
typicaily 3 5 0 ~  wide comprise 8% of the bulk rock composition. Section is bioturbated. 

- - 

Wdl Leution: 16-35426-1 8W4 Framework: 00?4 
h p t b  (ni): 1330.44 Cernent: 400/a 
Fornation: Banff Ma&: 60% 
Rock Ciassifiution: DOLOMITIC SILTSTONE 

Minedom 
Chbonite Min erals: - ./. Terrinenous & Othtr Mintmls: ./. 
Cdcite 02 Cla ys O0 
Fe-ukite 00 Opaques O 1 
Dolomite 36 Quartz 60 
Fe-dolomite 00 Feidspars O 1 

Fnmework Componcnts: - ./O 

Braehiopods 
Bryozoins 
CoraIs 
Echinodcrms 

O0 Fish Scales 
00 Ostracods 
O0 Pelecypods 
O0 Pellets 

Cernent: 
Euhedral dolomite rfrombs cernent up a quartzose & 

Prrrosity: 
Homogeneousiy distributed secondary leached porosity is 25%. 

Commtnts: 
Well sorted siltstone consisting of subangular quartz grains (typically 3 0 - 4 0 ~  Iong) and 
euhedraI dolomite rhombs (typically 50-70pm Iong). Section is biotrirbated. A Icm wide 
band has s cIay content of approximaîely 100/o and cl% porosity. 

- - -  - ~- - -- - -  - 

Wdl Loution: 16-35-026-18W4 Framework: ûû?! 
Depth (m): 1332.08 Cernent: 44% 
Formation: Banff Matrix: 66% 
Rock Clrssificrition: DOLOMITIC SILTSTONE 

Minedow 
Carbonate Minerais: - % Terri~enous & Othtr Minerrls: ./o 
Calcite 05 Clays 08 



Dolomite 
Fe-dolomite 

Opaques 
30 Quam 
O0 

Bmchiopods 
B yozoans 
C o d s  
Echinoderms 

00 Fish Scales 
00 Ostriicods 
00 Pelecypods 
00 PtIIets 

Cement: 
EuhedraI dolomite rhombs cernent up a quartzose matrix. Dolomite variably overgrou 
and bas undulatory contacts with quartz grains. 

Pomsity: 
Secondary leaching yields a porosity o f  12%. 

Commcnts: 
Weii sorted siltstone consisting of subangular quartz grains (typically 4 0 ~  long) an 
whedral dolomite rhombs (typically 55vm long). Cdcite grains are anhedraI an 
individual grains are hard to distinguish i?om one another. Porosiry appears to be due ti 
leaching of calcite gains ancilor caicite cements up akbg  porosity. In one part of th 
section, calcite is 2% of the Iniaedogicd composition and porosity is 1%. Shaiie 
horizons, typically 3 0 0 ~  wide account for approximarely 10% of the bulk roc] 
composition. 

-- -- - - -- - -- -- 

Weil Location: 16-3 5.-026-18W4 Framework: 03% 
Dcpth (m): 1333.48 Cernent: 30% 
Formation: Banff Ma*: 67% 
Rodc Ciassification: SILTY LIMESTONE 

Minerrilogy 
Carbonrtt Minerals: - 74 Ttrrigenous &Other Minerils: ./s 
Calcite 5 7 Cla YS 10 
Fe-calcite 
Dolomite 
Fedolomite 

00 Opaques 
1 O Quartz 
00 

Frrmework Components: - % 
Bmchiopods 
Bryozoans 
Conls 

00 Fisb Scalts 
00 ûstricods 
00 Ptlecypods 



Echinderms 00 Pellets 

Cernent: 
Anhedral calcite cements up 8 quartzose d x  

Porosity: 
No visible porosity. 

Commen ts: 
Moderatdy well soned Iimestone consists of anhedral calcite gains srpicalf y 3 5 prn long 
subanguiar quartz grains typically 4Spm long and a h i r a i  doloaite rhombs 6 0 ~  Iong 
Discontinuous subvertical and subhorizontai shale horizons typically 3 0 0 ~  wide maki 
up 10-15% of the bulk composition One 0.7cm long black opaque grain (pyrite) wid 
quartz inclusions is present. 

Wdl Locrition: 16-06-027- 1 7W4 Frimework: 18% 
Depth (m): 1269.30 Cernent: 02% 
Formation: Banff Ma*. 80% 
Rock Classification: CRINOIDAL WACKESTONE 

Minerdogy 
Carbonate Minerals: - ./O Terrigenous & Other Minerals: - '/O 

Calcite 8 5 Clays 15 
Fe-calcite O0 Opaques O0 
Dolomite O0 Quartz O0 
Fe-dolomite O0 

Framework Components: ./. 
Brachiopods 15 Fish Scalcs 
Bryozoans 12 Ostracods 
C o d s  00 Pdecypods 
Echinodtrms 68 Pellets 

Cernent: 
Coarsely crystalline calcite cement infiIis leached pockets in S e l d  fhgments. 

Porosity: 
No visible porosity. 

Comments: 
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Rock consists of siceletal h g m e n t s  scattered in a micritic mud ma&. Echinodem 
and other broken hgmenîs range in size fiom 5-1 O O m  more typicdly 23 m. Severd 
large bryozoan hgments 2-9mm long are present, as is one large ( 9 4 5 ~  Iong) crinoid 
plate. 

- - -- - - - - 

Wdf Location: 16-M-027-17W4 Fmmework= 12% 
Dcptb (m): 1274.30 Cernent: 01% 
Formation: Banff Matrir: 87% 
Rock Classification: CRINODAL WACKESTONE 

Minerdogv 
Carbonste Mintrals: - % Terrigenous & Other Mintrals: - ./a 
Calcite 82 Cla ys 15 
F e d c i t c  O0 Opaques 0 1 
Dolomite 00 Quartz 02 
Fe-dolomite O0 

Bmchiopods 
B yozoans 
Co rais 
Eçbinodenns 

07 Fish Scatcs 
O8 Ostracods 
00 Pelecypods 
7 5 Pellets 

Cernent: 
Very rare marsely crystalIine dcite cement h f X s  sheU cavities. 

PomsÏw: 
No visible porosity 

Commtnts: 
Scattered broken skeletal f h g n e n t s  in a micritic mud mat& ChaIcedony repIacement of 
the interior of one large (3 -5mm long) shdl. 

Wdl Lacation: 16-06-027-17W4 Framcwork: ûO% 
Depth (m): 1279.40 Cernent: 25% 
Formation: Banff Matrir: 75% 
Rock ClusiTiution: SILTY DOLOMITE 

Terrinenous & Other Mincrals: ./o 
05 Cla ys 
20 Opaques 



Dolomitt 
Fodolomitc 

44 Quartz 
00 

Framcwork Componen ts: - ./a 

Brrchiopods 
Bryozuans 
Corals 
Echiaodtrms 

00 F i h  Scaies 
00 Ostmcods 
00 Peiecypods 
O 0  f ellets 

Cernent: 
C~11aiting minera! grains have ovcrgrown some quartz grains and have undulatory 
contacts with others. EuhedraI doIomite rliombs>Fe-calcite>dcite in terms of 
compositiocd perceaage and grain size. 

Porosity: 
Sdective secondary leachg yieIds 1-3% porosity (up to 100/o in selected parts of the 
secbon). Muddier patches have OO/o porosity . 

Commen ts: 
Moderately weli sorted rock consists of subhedrai dolomite and caicite rhombs (40-50pm 
long) and subangdar quartz grains (50-7Opm long). Rare green quartz grains. 

Wdl LocPtion: 16-06-027-17W4 Fnmework: 00% 
Depth (m): 1284.50 Cernent: 65% 
Formation: Banff Ma&: 35% 
Rack Ciassification: SILTY DOLOMITE 

Mintraiogy 
Carbonate Mintrals: - Y' Terripenous & Other Minerais: - 9% 
Calcite 08 Clrys 04 
Fe-calcite 15 Opaques O 1 
Dolomitt 42 Quirb 30 
Fc-dolomite 00 

Frrmmork Components: ./. 

Bryozorns 
Conis 
Ecbinderms 

00 Ostrrtods 
00 PeIecypods 
00 Pellets 

Cernent: 
Euhedral dolomite rhombs cement up a quartzose matrk. 



Porosity: 
Porosity ranges h m  1-15%, typically 4% due to seiective secondary Uitergranuiar 
kaching. 

Comments: 
Moderatdy w d  sorted rock consisis of subbedral calcite and dolomite rhombs (typically 
30-3544111 long with dolomite typicdy biggerthan calcite rhombs) with subanguiar quartz 

grains (typicslly 40-50pm long). 

Well W t i o n :  W04-15429-10W4 Framework; 68V0 
Depth (m): 1086.22 Cernent: 3û?! 
Fornation: Banff Matrix: 02% 
Rock Ciassification: CRINOIDAL PACKSTONE 

Mintrdopv 
Carbonate Min crals: - % Terripenaus & Other Mintrals: ./. 
Calcite 86 Clrys 1 O 
Fe-calcite 00 Opaques 00 
Dolomite 00 Quartz 04 
Fe-dolomite 00 

Frrmework Components: ./o 
Bmchiopods 09 F i h  Scnles 
Biyourrns 06 Ostracods 
Corals 00 Pclecypods 
&biaodtms 85 Pellets 

Cernent: 
2 geaerations of calcite cement are developed. The ikt grneration wnsists of pyramidal, 
isopachous mes on skeletal grains (02% total cements). ïhe  second geaeration consists 
of ccmseiy cqstalline cernent which infills inmpdar spaces and sheU interiors (98% 
of totd cemcnts). 

Ponisity: 
Fracture pomsity is cl %. 

Comments: 
SyntaJcial o v ~ p w t h s  are developed on some eehbaderm fragments. Microcrystalline 
quartz selectively replaces portions of skdetal hgments. 

--- 

Wdl Location: 02/& 1 5-029-10W4 Fnmcwork: 65% 



Depth (m): 1086.59 Cernent: 30% 
Formation: Banff MaW.  05% 
Rock Classifiution: CRINOIDAL PACKSTONE 

Carbonate Minemls: - 94 Terripenous & Other Mintrals: - ./O 

Calcite 
Fe-calcite 
Dolomite 
Fe-dolomite 

82 Clays 
00 Opaques 
O0 Quartz 
00 

Framework Commnents: ./. 
Brachiopods 06 Fish Seales 
Bryozoans 
Corals 
Echinoderms 

09 Ostracods 
O0 Pelecypods 
80 Pellets 

Cernent: 
2 generations of calcite cernent are developed. Pyramidal, isopachous &cite grains fonn 
fkges on skeletal m e n t s  (03% total cements). The second generation cernent consists 
of coarsely crystaiiine calcite grains which crystaiiize in intergrawIar spaces and sheIl 
intexiors. 

Porosity : 
No visible porosity. 

~omments: 
Inhomogeneous slide. iKixing of grainstone, packstone, and wackestone üthologies due to 
bioturbation. Micritic mud content is highiy variable from 045%. Microcryaalline 
quartz selectively replaces portions of echinoderm and bracbiopod hgments. SyntaxiaI 
overgrowths on some echinodenn fragments. A sutured contact is observexi between 
some ectiinodenn ftagrnents. 

Weil ba t ion:  06-32429-14W4 Framework: OP! 
Dcpth (m): 11 17.65 Cernent: W h  
Formation: Detrital Wtrix: 1000/o 
Rock Classification: QUARTZ BRECCIA 

Carbonate Min erils: - % Terrigenous & Otbcr Mintrnls: - ./O 

Calcite 
Fe-calcite 

00 Clays 
00 Opaques 



Dolomite 
Fdolomite 

Fnmework Commnents: ./. 
BrPchiopods O0 
Bryozoins 00 
Corals 00 
Ecbinoderms 00 

Quartz 

Fish Scalts 
Ostracods 
Pelecypods 
Pellets 

Cernent: 
None observed. 

Porosity : 
Fracnire porosity is 1%. 

Comments: 
Very h e  to very coarse grained (30-1200p1n long typicaIIy 1 3 0 ~ )  anguiar to 
subrounded (larger clasts) quartz grains in a very fine grained clay rnatrix. Quartz is 
present both as megaquartz and as chert . Severai muddy wisps. 

Wcll Location: 06-32-029-1 4W4 Framework: 45% 
Deptb (m): 1 120.50 Cernent: 55% 
Formation: Banff Matris: 00% 
Rock C lr ssifieation: CRINOIDAL GRAINSTONE 

Minerdom 
Carbonate Minerais: - ./a Terrigenous & Other Minerals: ./o 
Calcite 95 Clays 05 
Fe-micite O0 Oprq ues O0 
Dolomite O0 Quartz O0 
Fe-dolomite O0 

Fmmework Cornponents: ./. 
Brrchiopods 
B ryozoans 
Conls 
Erhinoderms 

09 F i h  Scilts 
O5 Ostmeods 
00 Ptlecppods 
80 PeHets 

Cernent: 
2 gencrations of caicite cernent are present. The first g e d o n  consists of pyramidal 
isopachous cernent which developed dong some skeletal edges and makes up 5% of the 
totd cements. The second gaieration rnakes up 95% of the total cements and consists of 
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eoarsely crystalline, equant, weii cleaved cernent which infïlls intergranular spaces. 
Some skeletal fbgments have been leached out and infilled with one of or h t h  gaierations 
of cernent. 

Pomsity: 
Secondary laichcd porosity is 7%. Pinpoint dissolution of bryoroans. inhomogeneous 
distnhtion of porosity in the section. 

Cornmen ts: 
Syntaxial ovc~growths on echinodenn fhpents  are very common. Second generation 
cernent is moderately to heavily included. 

Wdl Loation: 06-32-029-14W4 Fruaework: 20041 
Dtpth (m): 1124.55 Cernent: 05% 
Formation: Banff Matrix: 75% 
Rock Classification: CRINOIDAL WACKESTONE 

Carbonate Minerais: - '!/O Temgenous & Other Minerals: ./o 
Calcite 
Focalcite 
Dolomite 
Fe-dolomite 

39 Clrys 
00 Opaques 
12 Quartz 
O0 

Framework Components: % 
Brachiopods 12 Fish Scales 
Bryozoans 00 Ostracods 
Corals O0 Pelecypods 
Echinod erms 80 Pellets 

Cement: 
2 generations of highly included calcite cement are developed where skeletal fhgments are 
conccntrated. The first generatîion consists of pyramidal, isopachous cement (5% of total 
ccments). Equant, coarsely crystalline canent infills intergranular spaces (95% of total 
cements. 

Porositv: 
No visible porosity. 

Comments: 
Heterogeneous section. Distribution of skeletal components is highly variable, fiom O- 
6û% over the section. Microcrystalline quartz and chalcedony selectively replace 



3 5, 
portions of echinodcrm hgmems. Syntaxial overgrowths on some echinoderm 
fragments. Eubedrai dolomite rhornbs typically 90- long float in a dense clay matrir 
S e v d  stylolites cross-cut the section. 

Wdl Location: 06-32-029- 14W4 F r u n c n o ~  2% 
h p t b  (m): 1128.80 Canent: 08% 
Formation: Banff Math: 72% 
Rock Ckssifiution: CRINOIDAL WACKESTONE 

Carbonate Minenls: - ./. 
Calcite 57 

Tempenous & Otbtr Mintrals: - ./O 

CIays 22 
Fe-calcite 
Dolomite 
Fe-dolomite 

00 Opaques 
15 Quartz 
00 

Framework Componeats: - ./a 

Bracbiapods 08 Fish Scales 
Bryozoans O0 Ostrrcods 
Conls 00 Pelecypods 
Echinoderms 80 Pellets 

Cernent: 
Two gaiaations of calcite cernent. F i  generation consists of pyramidal, isopachous 
cernent (2%). Second generation consists of coarsely crystalhe, variably incIuded (dean 
to heavily included), usually weli cleaved calcite cernent (98% of total cements). 

Porosity: 
Intiomogeneously distributeci secondary leached and Gracture porosity is 2%. 

Comments: 
Fragmented shciis arc scattered throughout the section but whole shells are canccntrated 
in certain horizons. Microcrystaliine quartz selectively replaces parts of some 
echinoderm and brachiopod hgments. Severai black opaque crystals, typicaily 1.30mm 
long (pyrite?). 

WdI Lacation: û6-14430-lm4 Firmcwork: 55% 
Ikptb (m): 1292.97 Cernent: 25% 
Formation: Bairff Matrix: 2OOh 
Rock Clrissification: CRINOIDAL PACKSTONE 



Carbonate Min erals: - % Temnenous & Other Minerals: ./o 
Cdcite 75 C1ays 15 
Fe-calcite 
Dolomite 
Ft-dolomite 

00 Opaques 
00 Quartz 
00 

Fruaework Components: - ./. 
Brrchiopods 03 F i h  Scales 
Bryozoans 00 Ostracods 
Conls  00 Pdecypods 
Echinodems 90 Pellets 

Cernent: 
2 generations of caicite cement are present. The first generation wnsists of pyramidal, 
isopachous cernent which developed dong siceletal fbgment edges (5% of total cements). 
The second grneration cemtnt consists of coarsely aystahe cernent with weii developed 
deavage. This cernent is restricted to intergmnular spaces (95% of total cements). 

Porosity: 
No visible porosity . 

Commcn ts: 
Extremely inhomogeneous thin section. Microcrystalline quartz and chalcedony both 
sdectively replaces portions of echinodm fragments. Either car~ ocau in isolation or in 
combination with the other (Le. cbaicedony replacement with a microcrystalline quartz 
rim). Quartz replacement takes the fonn of both rims and patches. 

Weil Lmcrtion: 06-14-030-16W4 Frarnework: 60% 
Depth (m): 1297.89 Cernent; 40% 
Formation: Banff Matris: W! 
Rock Ciassifi cation: CRINOIDAL GRAINSTONE 

Minedoq)o 
Carbonate Minenls: - 5% Terrinenous & Other Mintrals: ./. 
Cdcite 93 CIays 06 
Fouleite 00 Opaques 0 1 
Dolomite 00 Quartz 00 
Fe-dolomite 00 

Fnmework Components: 
Fish Scales 
Ostncods 



00 Pelccypods 
79 Pellets 

Cernent: 
One genedon of coarsely crystalline calcite cement. Cernent is variably incIuded ranging 
fiom inclusion fk to heady included. 

Porosity: 
No visible porosity. 

Commcnts: 
Syntrucial overgrowths on echinodenn h p e n t s .  Coarsely crystalline calcite cement 
replaces the interior of some skeletai lhgments. 

Wdl Location: 16-3 1436-lm4 Frpimework: Oû% 
Dtptb (m): 1292.76 Cernent: Wh 
Fornation: Detrital Matrix: 00% 
Rock Ciassification: QUARTZ BRECCIA 

MineraIogy 
Carbonite Minerais: - ./O Temgenous & Other Mintrals: % 
Calcite O0 Clay s 70 
Fe-calci te 
Dolomite 
Fodolomite 

O0 Opaques 
04 Quartz 
00 

FiPmework Components: - ./a 
Brachiopods 00 
Bryozoans 00 
Corals 00 
Echinoderms 00 

Cernent: 
None obsaved. 

Pomsity: 
Fracture porosity is 1%. 

Fish Scrles 
Ostracods 
Pelecypods 
Pellets 

Commea ts: 
Poorly sorted paieosol consisting of subanguiar quartz grains (range 10-270- long, 
typically 6 5 ~ )  in a muddy matrix Quartz present as mega-quartz ody. 
Discontinuous, subborizontal fhctures are present. 



- 
Wdl Locition: 1631430-16W4 Firmework: 70% 
Depth (m): 1297.68 Cement: 30% 
Formation: Banff hzrtrh: W! 
Rock Clrssiiiution: CRINOIDAL G W S T O N E  

Minenlonv 
Carbonate Minerais: - ./. Ttmgenous & Other Minerais: ./. 
Calcite 94 Ch y s 06 
Fe-calcite 00 Opaques 00 
Dolomite 00 Quartz O0 
Fe-âolomite 00 

Fnmcwork Corn ponents: - ./O 

Brachiopods 16 Fish Scdes  
Bryozoans 00 Ost r icds  
Corals 00 Pdecypods 
Echinoderrns 70 Pellets 

Cernent: 
2 generations of calcite cement are present. The firsî generation consists of pyramidal, 
isopachous cernent that is poorly deveioped on oniy a few skeletal grains. The second 
generation cernent is beavily included and consists of coafseIy crydiine calcite in 
intergranular spaces. ïhe fim and second generation caicite cements make up 5% and 
95.% of the total cements present respectively. 

Porositv: 
Fracture porosity is 1%. 

Comments: 
Syntaxd overgrowths on some skdd hgments. Several obliquely ofiented bifhcating 
hctmres cross-ait the section. 

Wdl Lacation: 1 6 3  1430-16W4 Fmmewark: 65% 
Dtpth (m): 1301.60 Cement: 35% 
Formstion: B d  Matrir: Wh 
Rock Clrissification: CRINOIDAL GRAINSTONE 

Minerrlow 
C.rbonrtt Minerals: - % Terrigenous & Othtr Miatrals: ./o 
Cdcite 70 Clrys 05 



Fe-calcite 
Dolomite 
Fe-dolomite 

00 Opaques 
00 Quartz 
00 

Framework Components: - ./. 
Brachiopods 07 F i h  Scales 
Bryozoans 05 Osbrcods 
Conls 00 Pdecypoâs 
Echinoderms 80 Ptliets 

Cemcnt: 
2 generations of calcite canent are present. ïhe finit generation is well developed on 
skeletal grain surfaces and consists of heaviiy included, pyramidal, isopachous cernent. 
Tiie second generation consists of coarsely nystalline, biocky calcite which fills in 
intergranular spaces. The pyramidal and quant d c i t e  cements account for 15% and 85% 
of the total cernents respectively. MicrocrystafIine and megaquartz cement up shell 
interiors as well as in between gains. 

Cornmeats: 
Micritic envelopes are present on IO?! of the siceletal fhgnents. Silica is present in both 
replacement and cementation phases. Microcrystall'me quartz replacement of entire 
grains is obsewed in 65% of the echinoderm f iasments. Very fine grained quartz cements 
around grains and in interstitiai spaces. Shell, dissolution, and silicification rims are ail 
prisent. Syntaxial overgrowtfis on some skeietal fhgments. 

Well Location: 16-3 1-030-16W4 Frurrework: 70% 
Dtptb (m): 1303.10 Cernent: 30% 
Formation: Banff Matru.. 00% 
Rock Ciassification: CRINOIDAL GRAINSTONE 

Minerdom 
Carbonate Mioerals: - % Temiacnous & Other Minerais: ./a 
Calcite 93 Chys O5 
Fecalcite 00 Opaques 00 
Dolomitt 00 Quartz 02 
Fe-dolomite 00 

Frimework Commnents: - Y. 
Brrcbiopods O5 Fish Scrles 



Conls 
Echinoderms 

O0 Pelecrpods 
80 Pellets 

Cernent: 
2 genaations of inclusion rich calcite cement are demloped. The 6rst generation consists 
of bladed isopachous cements which deveIoped dong skeletai mrghs. The second 
g d o n  consists of coarseiy crystalline quant grains that f3.i intefgranuiar spaces. The 
first and second generation m e m s  m u n t  for 2% and 98% of the total cements 
respectively . 

Porositv: 
Bifiireating k c r u r e  porosity and rare secondary leaching in patches yields a porosity of 
1%. 

Commen ts: 
Synîaxial ovcrgrowths on echinoderm hgments. Microcrystallllie quartz selectiveIy 
replaces parts of echinoderm hgments. No quartz cementation as there was at a depth 
of 1301.6rn Som shells are broken due to compaction. 

Weil Location: 16-3 1430-16W4 Framework: 52% 
Depth (m): 1309.10 Cement: 48% 
Formation: Banff Ma-: 00Y0 
Rock Ciassification: CRINOIDAL GRAINSTONE 

Minedopy 
Carbonate Minerals: - ./O Terrigenous & Other Minerals: - ?4 
Calcite 92 Clays 05 
Focalcite O0 Opaques 00 
Dolomite O0 Quartz 03 
Fc-dolomite 00 

Fnmmork Compontnts: ./. 
Bmchiopods 1 O Fish Sciles 
Bryozolns 06 Ostrreods 
C o d s  00 pdecyp- 
Echinoderms 7 1 Pellets 

Cernent: 
2 gewrations of calcite cernent are developed. F i  gend o n  consists of heavily 
included, pyramidai, isopachous cement which is present dong skeletal grain boundaries. 
The second generation of cement consists of sf ghtly included, coarsely crystalline equant 



360 
calcite which crynallizes in intergranular spaces. First and second gneration canents 
account for 4% and 96% of the total cement content respectively. 

Porosity: 
Fniaure porosity is 1%. 

Comments: 
Syntaxiai overgrowths on echinoderm h p e û t s .  Sevaal siceletal grains have had their 
intenon dissolveci and subsequently infilleci with the two cements; isopachous, 
pyramidal calcite canent lines the grain cavity and the intenor ïs Wed with coarsely 
crystaliine m e n t .  MicrocrystalIine quartz selectively replaces pans of some 
echinoderm fragments. 

Wcll Luation: 16-3 1-03O-16W4 Frrmework: 55% 
Dtpth (m): 13 15.12 Cernent: 45% 
Formation: Banff Matrir: W?% 
Rock Classification: CRINOIDAL GRAINSTONE 

Minenlogy 
Carbonate Miner~ls: - VO Temgenous & Otber Minerafs: /. 
Cilcite 90 Clays 05 
Fe-calcite 00 Opaques 00 
Dolomite 00 Quartz 05 
Fe-dolomite 00 

Frnmework Components: 
Bric hiopods IO Fish Scales 
Bryozoans 04 Ostracods 
Corais O0 Peiecy pods 
Echinodcnns 80 Pellets 

Cernent: 
2 generations of calcite cernent are developed. The fint grnefation consists of inciusion 
nch bladed isopachous cement. The second generation cousists of coarsely crystalline 
equant cement with wdl deveioped cieavage. ï h e  6rst g e n d o n  cement accounts for 
100/o of the total cements and it developed dong skeietai higruent *es. 90% of the total 
cements is acaunted for by the second generation canent aihich idils mtergranuiar 
spaces. Second gencration cement mges from inclusion fiee to heaviiy included. 
Laclusion density dcc~eases with distance fiom skeletaI hgmnt. 

Porosity: 
No visible porosity. 



Comment.: 
Microcrystaiiine quartz selectiveiy replaces parts of echinoderm fiagrnem. Ghost 
fkbrics are gencrated by the rtpiacunent of echinoderm hgments by second generation 
blocky cements. Symmial: overgrowths on skeletal hgments. Several shells are filied 
with micritic muds. Severai wackestonefpackstone patches. 

- - - - - - - - - - - - 

W dl Locrition: 16-04-03 1 - 1 1 W4 Frrimework= Wh 
Dtpth (m): 1097.20 Cernent: 6û?! 
Formation: Banff Matrix: 40% 
Rock CiassiTication: SLTY DOLOMITE 

Carbonate Minernls: - 74 Tematnous & Other Minerals: % 
Calcite 02 Clays 00 
Fe-calcite 
Dolomite 
Fe-dolomite 

00 Opaques 
54 Quartz 
O0 

Framework Compoaents: ./o 
Brichiopods 
Bryozoans 
Corals 
Erhinoderms 

00 Fish Scales 
00 ûstracods 
00 Pelecypods 
O0 Pellets 

Cernent: 
Euhedral dolomite rhornbs cement up a quartzose matrix. 

Porosity : 
Homogeneousfy distributed secondaxy leached porosity is 25%. 

Comments: 
Moderately wcll sorted rock consists of euhedral dolomite rhombs (typicalIy 4 0 ~  long), 
subrounded quartz grains (typically 50pm long) aud rare anhedral calcite crystals. 
Porosity is lower where the percemage of calcite is higher. 
- ~ ~ - -  - 

Wdl Inution: 16-04-031-1 IW4 Framework: 03% 
Depth (m): 1099.75 Cement: 00% 
Formation: Banff Matrix: 97?? 
Rock Ciassification: MUDSTONE 



3 6: 
C.rbanrtc Mincrals: - O !  Tematnous & Otbtr Minerais: - % 
Cdcitc 70 Clrys 25 
F e d c i t c  00 Opaques O 1 
Dolomite 00 Quartz 04 
Fe-dolomite 00 

Frimmork Components: - 5% 
Braebiopods 15 Fish Scales 
B yozoans 00 Ostncods 
Conls 00 Pdecypods 
Echinoderms 8 5 Pellets 

Cernent: 
Noue observeci. 

Porositv: 
No visible porosity. 

Comments: 
Fioating broken skeletal fragments and subanguiar quartz grains in a micritic mud m a r k  
Highiy bioturbated section. 

W el1 Lacation: 06- 15-03 1 - 16W4 Fnmework: Iû% 
Deptb (m): 1236.22 Cernent: 90% 
Formation: BanfF Matri.: W! 
Rock Classification: QUARTZ BRECCIA 

Carbonate Minerals: - ./O Terrigenous & Other Minerais: ./o 
Cdcite 
Fc-dcite 
Dolomite 
Fc-dolomite 

Fmrnework Components: ./. 

Clay s 
Opaques 
Quartz 

E"wh Scales 
~ r a c o d s  
Ptkcypuds 
Pellets 

Cernent: 
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Domhant cementation is by quartz Mcrocrystalhe and megaquartz both replace 
portions of skeletal firagments and cement up the space in between them. Finely 
crystaIline calcite cernent W also present in a minor capacity . 

Porosiîy: 
Fracture porosity is 1%. 

Commtn ts: 
Haerog-us section. Hard to disûnguish individual siceletal fkgmnts fiom each other 
because they are partiaily or wholly replaceci by calcite and quartz cements. There are 
s e v d  ge~ltrations of quartz replacement and cememation. 

Wdl L d o n :  06-15-03 1-16W4 Frunework: 18% 
Dtpth (m): 1237.40 Cernent: 01% 
Formation: Banff Ma*: 81Y0 
Rock Ctrssification: SKELETAL WACKESTONE 

Minerilapv 
Carbonate Minerals: - ./a Terrigenous & Other Minerais: - % 
Calcite 78 CIays 20 
Fe-calcite O0 Opaques O 1 
Dolomite 00 Quartz O 1 
Fedolom itc O0 

Fnmework Compoaents: ./. 
Bracbiopods 
~ j o z o a n s  
Corrils 
Echinoderms 

1 O Fish Scdes 
O8 Ostracods 
00 Pelecypods 
7 5 Pellets 

Cernent: 
Coarsdy crystahne calcite ccments up the interior of predominantiy ostracod &eus as 
well as  other skcletal fragments. Hard to detemine mineral composition percentages 
because dide is not stained. 

Porosity: 
No visiile p orosity. 

Comments: 
Microcrystalline quartz replacement of portions of skeletaI hgmems. Broken and whole 
shells are present, some echinoderm plates up to 3mrn long. Broken skeletal firagments 
are aligned. 



- 
Wdl Laution: 06-1 5-03 1-1 6W4 Fiunework: 12% 
Dcpth (m): 125 1.30 Cernent: 02Y0 
Formation: Banff MaWh 86% 
Rodc Ciassification: SKELETAL WACKESTONE 

Mineriloa 
Carbonate Minerals: - ?% Temgenous & Other Minerais: - 94 
Cdcite 75 Chys 20 
Fe-crikite 00 Opaques O0 
Dolomite 00 Quartz O5 
Fe-dolomite 00 

Framework Components: ./o 
Braehiopods 
Bryozoans 
Corals 
Echinodenns 

I l  Fish Scdes 
08 Ostracods 
00 Pdecy pods 
62 Pellets 

Cement: 
One generation of coarsely crystailine calcite m e n t  is present. 

Porosity: 
No visiiIe porosity. 

Cornmtnts: 
Inhomogeneous section cansists of scattered skeletal fragments and subanguiar quartz 
grains (typicaily 40- long) in a micritic mud rnatrix. Micritic muddy pods contain 
scattered calcite and quartt grains. 
---- -- - - - --- 

Wdl Location: 16-31-31-16W4 FrrmeworZr. 55% 
Depth (m): 1306.25 Cernent: 45% 
Formation: Banff Matrir: W h  
Rock ClassiTication: CRINOIDAL GRALNSTONE 

M i n e d o w  
Carbonate Minenls: - '!A Terrigenous & Other Mintrals: ./. 
Cdcitc 93 Clays 05 
Feulcite 00 Opaques 00 
Dolomite 00 Quartz 02 
Fe-dolomite 00 



Fnmework Cornmnents: ./. 
Brachiopods 15 Fish Scrles 
Bryozoans 1 O Ostricads 
Co rals 00 Pdccypods 
Ecbinoderms 70 Pdlets 

Cernent: 
Two gemmtions of cdcàe cement are present. The fmt generation mnsists of pyramidal, 
isopachous canent dong grain edges (5%). The sccond gaieration consists of coarselj 
crystalline, weil cteaved, heady inciuded calcite cernent (95% of total cements). 

Porosity : 
Secondary leaching of skeletai hgments and hctwbg yieid 2-5% porosity. Pinpoint 
dissolution of bryozoans . 

Comments: 
Syn&al overgrowths, micritic enveiopes and microcrystabe quartz replacement of 
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WELL LOCATlûN YEAR BNF TOP(M1 EXAMINED INTERVAL(M1 







CYCLE 1 CYCLE 2 
00/16-05-023-14W4/00 00 /11 -3  1-023-09W4/00 
OO/ 1 6-04-03 1-1 1 WWOO O 0 1  1 6-05-023-1 4 W 4 / 0 0  

00/16-16-025-08W4/00 

mU.2 CYCLE 6 
OO/ 1 4-05-027-08W4/00 OO/O4- 1 8 -02  1 -O8W4/OO 
02/06-15-029-1 OW4/00 00/13-23-022-12W4/00 
OO/O 5-O3-O3O-O9W4/OO OO/ 1 4-34-02 3-O9W4/OO 

00/16-05-023-14W4/00 
02/16-14-025-12W4/00 
02/16-22-025-12W4/00 
00/14-35-025-15W4/00 
00 /06 -2  2-026-1 6 W 4 / 0 0  
02/10-29-026-16W4/00 
00/ 1 6-20-026-1 7 W 4 / 0 0  
02 /10 -3  1-026-1 7 W 4 / 0 0  
00/06-25-026-  18W4/00  
OO/ 1 6-35-026-1 8 W 4 / 0 0  
OO/O6- 1 8-027- 1 5W4/00  
OO/ll-3S-O27-l6W4/OO 
OO/ 1 6-06-027-1 7 W 4 / 0 0  
00/ 1 4- 1 6-027- 1 8 W 4 / 0 0  
OO/ 10-32-028-1 6 W 4 / 0 0  
00/06-32-029-14W4/00 

CYCLE 3 CYCLE 4 
00/ 1 6-05-023- 14W4/00  00/01-06-022- 1 3 W 4 / 0 0  
O 0 1  1 6-1 6-O25-O8W4/OO 00/ I6-O5-O23-14W4/OO 
0 0 / 0 2 - 3  1-026-1 2 W 4 / 0 0  0 0 / 0 7 - 3  1-028-1 1 W4/OO 
00 /16 -3  l -O3l - l6W4/OO 00/07-33-029-12W4/00 

00/16-31-031-16W4/00 

CYCLE 6 lCONTINUED) 
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