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ABSTRACT 

The Lower Triassic Montney Formation in the Cindy Graben area of the 

Peace River Basin forms a westward thickening wedge of coastal plain, 

shoreface, offshore marine, turbidite and tempestite deposits. The Montney 

succession was divided into nineteen regionally correlatable parasequence sets, 

which were grouped into three 3rd order sequences. The first consists of 

transgressive and highstand systems tracts of Griesbachian to Dienerian age 

based on conodont biostratigraphy. The second sequence is Smithian in age 

and includes towstand, transgressive and highstand systems tracts, respectively. 

The Dienerian and Smithian strata are separated by a sequence boundary, the 

result of a major structural inversion and a global eustatic sea-level fall. This 

tectonic event created upwarped 'barrier islands" and downwarped 'estuarine 

valleys", which affected sedimentation patterns during the earliest Smithian 

lowstand and subsequent transgression. The mid-Montney lowstand turbidites 

were characterized as a shoreface-fed turbidite ramp with multiple sediment 

sources. They were initiated and localized as a result of paleotopography 

created by the Early Srnithian structural inversion. The uppermost sequence 

was not biostratigraphically dated within the study area, but is most likely 

Spathian in age on the basis of regional correlations. It consists of shelf margin 

and transgressive system tracts. The Montney is a primary hydrocarbon 

exploration target and the reservoir potential was evaluated. 
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CHAPTER 1 : INTRODUCTION 

(1 .l) Objectives and Introductory Statement 

The Triassic strata of the Western Canada Sedimentary Basin (WCSB) 

contain important reservoirs of oil and gas. It is estimated that about 5% of the 

discovered in-place gas reserves and approximately 4% of the in-place and 

recoverable conventional oil reserves of the WCSB are found within the Triassic 

succession (Bird et al., 1994; Podruski et al., 1988). The subsurface Montney 

Formation of northwestern Alberta and northeastern British Columbia has been a 

hydrocarbon exploration target since 1955 with the first discovery at Sturgeon 

Lake South. However, limited thickness, erratic distribution and relatively poor 

seismic definition of Montney reservoir units have hampered exploration 

(Podruski et al., 1988). A comprehensive sedimentologic, sequence 

stratigraphic and sequence biostratigraphic study of the Montney in the Cindy 

Graben area of the Peace River Basin has not yet been undertaken to this level 

of detail. This integration of data will help to refine current reservoir models and 

highlight future hydrocarbon exploration trends. 

The purpose of this project was threefold: to describe the 1) 

sedirnentology; 2) sequence stratigraphy; and 3) sequence biostratigraphy of the 

Lower Triassic Montney Formation in the Cindy Graben region of northwestern 

Alberta. Montney depositional environments and controls on sedimentation 

patterns were evaluated and placed into a sequence stratigraphic context. 

Regional stratigraphic cross-sections were constructed to constrain the internal 

Montney stratigraphy. The Montney sediments were also placed into an 

international biozone framework using conodonts as index fossils. An integration 

of sedirnentology, sequence stratigraphy and biostratigraphy has yielded a series 

of paleoenvironmental reconstructions. which should enhance Montney 

hydrocarbon exploration strategies. 
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(1.1 .l) Map Area 

This project centres on an area of northwestern Alberta with a 

considerable history of petroleum exploration. The study area is a northeast- 

southwest trending rectangle centred over the Cindy Graben of the Peace River 

Basin (PRB) in northwestern Alberta. The comers are located within Township 

69 - Range 8 West of the 6* Meridian (69-8\1\16), 82-19\1\15, 88-21 W5 and 74- 

13W6, respectively. Figure 1.1 shows a map of the study area, including 

Montney penetrations, logged core, the major oil and gas producing fields as well 

as the location of the regional stratigraphic cross-sections produced as part of 

this study. 

The Montney can be roughly divided into a distal succession consisting of 

turbidites and associated offshore marine deposits and proximal shoreface 

deposits characterized by dolomitic coqu inas and laminated silty sandstones. 

The primary focus of the project was on the depositional origin of the distal 

Montney succession, basinward of the Rycroft Fault. Hence, most of the core 

logged for this project was in the southwestern portion of the study area. 

(1.2) Regional Tectonics and Stratigraphic History 

(1.2.1) The Peace River Embayrnent 

The Peace River Embayment (PRE) developed during the Early 

Carboniferous to Permian (Edwards et al., 1994). It was a large graben and half- 

graben complex (the Dawson Creek Graben Complex. DCGC) centred over the 

Precambrian to Devonian Peace River Arch (Gibson and Barclay, 1989; Gibson 

and Edwards, 1990; Edwards et al., 1994). The changes in structural style and 

subsidence of the Peace River Arch correspond broadly to large-scale 

subsidence changes in the Cordilleran miogeocline. The Arch and its 

subsequent inversion were likely the result of unusual localized crustal properties 
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and an anomalous thermal history relating to extensional tectonics during the 

Devonian (Stephenson et al., 1989; Eaton et al., 1999). 

Figure 1.2a shows the major stratotectonic elements of the Peace River 

Embayment as it existed during the Carboniferous and Permian. The PRE 

consisted of a network of high-angle normal faults and subsided due to syn- and 

postsedimentary growth-type block faulting (Barclay et al., 1990). The 

embayment deepens westward and consists of a main graben; the Fort St. John 

Graben; and three satellite grabens; the Hines Creek, Whitefaw and Cindy 

Grabens. Carboniferous (Stoddart Group) and Permian (Belloy Formation) 

strata successively filled the DCGC (Figure 1.2b) (Barclay et al., 1990). The 

Lower Permian Belloy Formation records the final stages of significant DCGC 

subsidence. The PRE during the Permian was a broad, low relief feature, which 

continued as a depositional low, into the Triassic. The Belloy blankets the 

DCGC and associated Carboniferous strata (shown on Figure 1.2) and extends 

far beyond the Stoddart Group edge (Barclay et al., 1990). 

During the Triassic, sedimentation, paleoslope and basin geometry were 

influenced by broad downwarp and block fault rejuvenation of the DCGC 

inherited from the Late Paleozoic. Triassic strata drape over the underlying 

Paleozoic sediments and fault system and extend much farther beyond the 

confines of the DCGC than the Permian Beltoy Formation (Barclay et al., 1990). 

The Peace River Embayment was renamed the Peace River Basin (PRB) by 

Davies (1 997a). Triassic sedimentation was centred on the DCGC of Barclay et 

al. (1990), but extended in a west-facing arcuate trend for several hundred 

kilometres north and south of the original embayment. The Hines Creek and 

Cindy Grabens' acted as funnels, directing sediment off the continent, towards 

the southwest. West to southwest trending lobate thicks correlate with each of 

these paleolows (Davies, 1997a). 
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(1.2.2) Stratigraphic History of the Peace River Basin 

The Montney Formation records the lowest of three 2"4 order Triassic 

transgressive-regressive (T-R) cycles in the Western Canada Sedimentary Basin 

(WCSB) (Embry, 1997; Gibson and Barclay, 1989; Edwards et al., 1994). The 

stratigraphic framework for the Triassic succession of the Peace River Basin is 

shown in Figure 1.3 while the sequence stratigraphic framework is shown in 

Figure 1.4. The Lower Triassic began with a major, eastward marine 

transgression over a subaerially exposed surface of Carboniferous and Permian 

aged strata. This was subsequently followed by regression in the late lower 

Triassic. The Montney, Grayling, lower Toad and lower Sulphur Mountain 

formations were laid down during this interval of time (Figure 1.3) (Gibson and 

Barclay, 1989; Edwards et al., 1994). 

Triassic sediments unconforrnably overly the Permian Belloy Formation 

within the Peace River Basin (PRB). In the west, the Montney is conformably to 

unconformably overlain by the Middle Triassic Doig phosphate zone (Figure 1.4). 

The Montney is truncated in the east, down to the subcrop edge, by erosion 

below the Coplin Unconforrnity (Davies et al., 1997a). Late Triassic Upper 

Charlie Lake (Worsley Member) sediments unconformably overlie the Montney 

Formation. Where the Worsley is absent, the Montney is truncated and 

unconforrnably overlain by the black shales of the Jurassic Femie Formation 

("Nordegg Member") (Figures 1.3 and 1.4) (Davies et al., 1 997a). 

Triassic deposition occurred in a westward-deepening, open-shelf marine 

setting (Gibson and Barclay, 1989; Edwards et al., 1994), which has been re- 

interpreted as a shallowly-dipping continental ramp (Moslow and Davies, 1997). 

Based on pafeocurrent data, facies patterns and westward-thickening 

successions, the dominant sediment transport direction was from the northeast 

and east towards the west (Ross et al., 1 997; Gibson and Barclay, 1 989). The 

lowermost Triassic T-R cycle (Figure 1.3 - Assemblage I) was interpreted as a 



Figure 1.3 - Triassic stratigraphic framework for the Peace River Basin of the WCSB (modified from Davies, 1997a; 
compiled from Gibson, 1974, 1975, and Gibson and Barclay, 1989). The Montney Fm. in the second-last column has 
been modified to reflect the sequence stratigraphy of this study. 
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tidally influenced deltaic coast with deep marine and distal shelf deposits further 

offshore (Gibson and Barclay, 1989; Edwards et al., 1994). The Montney, lower 

Toad and lower Sulphur Mountain formations of British Columbia and Alberta 

consist predominantly of relatively deep-water, mid- to distal-shelf and slope 

shales and siltstones. Proximal facies near the Montney subcrop edge were 

interpreted as deltaic and/or inner shelf sandstones and dolomitic coquinas 

(Edwards et al., 1994; Miall, 1976). More recently, the Montney has been 

interpreted as a wave-dominated coastal shoreline consisting of shoreface 

sandstone and coquina which grade offshore into finely laminated siltstone 

(Figure 1.4) (Davies et al., 1997a). 

The depositional environment of the second T-R cycle (Figure 1.3 - 
Assemblage II) has been interpreted as a barrier islandltidal coastline with 

equivalent offshore-shelf marine siliciclastics towards the west (Edwards et al., 

1994; Gibson and Barclay, 1989; Gibson, 1993a). The Middle Triassic epoch 

has an overall coarsening-upwards profile. A regional, basal Anisian 

transgression deposited sediments of the Whistler Member, middle Toad 

Formation and lower Doig Formation. This interval, known as the "Phosphate 

Zone", is characterized by phosphatic pebble conglomerate and granular 

phosphate (Gibson and Barcfay, 1989; Gibson, 1993a). Edwards et al. (1994) 

suggests that the combination of phosphatic conglomerates and the abrupt basal 

contact with underlying Lower Triassic Vega-Phroso and Montney sediments 

indicates a brief interval of nondeposition or submarine erosion prior to 

Assemblage II transgression and deposition. The following regression over the 

shelf deposited the upper Toad, Liard, upper Sulphur Mountain, upper Doig and 

Halfway formations (Figure 1.3). The seas continued to shallow and the Charlie 

Lake Formation and Starlight Evaporite Member are dominated by restricted to 

nearshore marine sedimentation. Sabkhas, coastal dunes, nearshore bars and 

playas characterize strata of this interval (Edwards et al., 1994). 
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The third T-R cycle (Figure 1.3 - Assemblage Ill) was characterized by 

shallow water carbonates, which grade westward into deep-water distal 

shelf/slope siliciclastics, and carbonates. This final Triassic depositional cycle 

was deposited during the Late Triassic (Baldonnel and Pardonet formations) 

(Gibson and Barclay, 1989; Edwards et al., 1994). Following deposition of 

Assemblage Ill, the seas continued to transgress over the shelf. Triassic 

sediments of the Peace River Basin are overlain by deep-water siliciclastics and 

carbonates of the Jurassic Fernie Formation (Edwards et al., 1994). 

(1.2.3) The Montney Formation 

Using ammonites, the Montney Formation has been biostratigraphically 

dated as Early Triassic in age and has been divided into four stages: the 

Griesbachian, Dienerian, Smithian and Spathian, respectively (Figure 1.3) 

(Tozer, 1965; 1967). Based on lithology and paleontology, the Montney 

Formation is the subsurface equivalent to the Lower Triassic rocks that outcrop 

in the Rocky Mountain Foothills. The Toad and Grayling Formations and the 

Vega-Phroso Siltstone Member of the Sulphur Mountain Formation are the 

comparable surface rock formations (Figure 1.3) (Gibson and Barclay, 1989; 

Gibson and Edwards, 1990). The Montney was named by Armitage (1 962) and 

was defined as an argillaceous siltstone unit. The base of the Montney was 

placed at the top of the Paleozoic and the contact between the Montney and the 

overlying Doig Formation was placed at the base of the prominent phosphate 

bed, which is marked by a high spike on the gamma curve (Armitage, 1962). 

The base of the Montney records a major 2"6 order transgression event 

over the Permian Belloy Formation (Embry, 1997). Montney sediments form a 

westward-thickening wedge with a maximum thickness of about 350 m occurring 

in a paleolow associated with the Fort St. John Graben (Edwards et al., 1994). 

The Montney is truncated down to the subcrop edge by erosion beneath Upper 

Triassic and subJurassic unconforrnities (Davies et al., 1997a). However, 
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preserved coquina shoreface trends within and to the south of the PRE mirror 

the subcrop edge, indicating that the Early Triassic paleoshoreline probably 

followed a similar trend as the preserved edge, albeit displaced further eastward 

of the subcrop edge (Edwards et al., 1994; Davies, 1997a). 

Montney sediments consist predominantly of dark grey, calcareous and 

dolomitic siltstones and minor shales. They have been interpreted as a mid- to 

distal shelf and/or slope environment (Gibson and Edwards, 1990). Locally, very 

fine-grained sandstone units were deposited near the top of the formation. 

Localized interbedded coquina and sandstone facies characterize the proximal 

facies towards the subcrop edge. These facies have been interpreted as a 

deltaic and/or inner shelf depositional environments (Miall, 1 976). Grain size 

tends to increase towards the east (Gibson and Edwards, 1990; Edwards et al., 

1994). Davies et al. (1997a) recently re-evaluated the sedimentology of the 

Montney. A variety of facies were identified such as mid to upper shoreface 

sandstone, middle and lower shoreface HCS sandstone and coarse siltstone, 

finely laminated lower shoreface sand, offshore siltstone and turbidites. As well, 

dolomitized coquina facies were recognized at seven stratigraphic intervals in the 

Montney (Davies et al., 1997a). 

Davies et al. (1997a) also placed the Montney into a sequence 

stratigraphic framework. The Montney was divided into three informal members, 

dated by palynology and compared with global Early Triassic sequences (Figure 

1.4). The Lower member consisted of strata of Griesbachian and Dienerian age 

and was correlated to a 3rd order cycle. The Coquinal Dolomite Middle member 

was of mixed Dienerian and Smithian age while the Upper member was Smithian 

to Spathian in age. The Upper member was correlated with two 3" order cycles 

(Figures 1.3 and 1.4) (Davies et al., 1 997a). 

Montney sedimentation was topographically controlled by fault blocks of 

the DCGC, Leduc Reef Margins, Swan Hills Margin, Sukunka Uplift and Beatton 

High (Figure 1.5). Lower Triassic sedimentation thins over the crest of the 
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Peace River Leduc reef rim and thickens in paleolows associated with graben 

reactivation (Davies et al., 1997a). The location of these structural elements in 

relation to the study area is shown in Figure 1.5. The Montney sedimentary 

package was likely deposited on a continental ramp setting with no appreciable 

shelf-slope break (Moslow and Davies, 1997). 

(1.2.4) The Toad and Grayling Formations 

The Toad and Grayling formations are lithologically similar to the Montney 

Formation and represent the surface equivalents (Hunt and Ratcliffe, 1959; 

Armitage, 1962). They were first described by Kindle (1944). The Grayling 

Formation consists of a uniformly dark grey, recessive, shaly to flaggy weathered 

sequence of dolomitic siltstone, silty shale, and minor amounts of calcareous 

siltstone, silty limestone, dolostone and very fine-grained sandstone. The 

formation is thin-bedded and parallel laminated. Some laminations contain pyrite 

mineralization (Kindle, 1 944; Gibson, 1 975; Gibson and Edwards, 1 990). The 

Grayling was probably deposited in a relatively deep, partly anoxic distal shelf 

environment. The formation has been dated as Griesbachian to Dienerian 

(Figure 1.3) (Tozer, 1961 ; 1965). 

The Toad Formation comprises a sequence of dark grey, thin-to-medium 

bedded, shaly to flaggy weathered, very calcareous siltstone, silty limestone, silty 

shale, and lesser amounts of silty dolostone and calcareous sandstone. The 

formation consists of interbedded recessive and resistant beds. Sedimentary 

structures include parallel to wavy laminations with rare hummocky and ripple 

cross-stratification (Kindle, 1944; Gibson, 1 975; Gibson and Edwards, 1 990). 

The depositional environment of the Toad Formation has been interpreted as a 

distal shelf. However, it is a shallower environment than the underlying Grayling 

Formation due to basinward progradation. The Toad probably represents 

deposition by turbidite or storm-generated offshore currents below the storm 



---- Leduc Reef Margru 
_----. 

Figure 1.5 - Distribution of the Lower Triassic Montney Formation in the Peace 
River Basin of Alberta and Brlish Columbia, showing the location of major 
structural elements and study area (modified from Davies etal., 1997a; Edwards 
etal., 1994; Henderson etal., 1994). 



14 
wave base (Gibson and Edwards, 1990; Gibson, 1993a). The Toad Formation is 

Smithian to Ladinian in age (Figure 1.3) (Toer, 1961 ; 1965; 1967). 

(1.2.5) Paleogeography and Paleoanvironment 

A global paleogeographic reconstruction of Pangea during the Early 

Triassic is shown in Figure 1.6. Triassic sediments accumulated in an arcuate 

extensional basin (Figure 1.5) (PRB) on the northwestern margin of the 

supercontinent Pangea, facing the Panthalassa Ocean. At least one volcanic 

arc lay to the west (Quesnellia), although there is potential for large latitudinal 

displacements (Monger, 1 989). Triassic basin development and sediment 

accumulation predate the onset of extensive terrane accretion and subsequent 

foreland basin evolution in western Canada (Davies, 1997a). 

The Triassic was a time of maximum continental aggregation in the 

paleogeographic history of the earth (Dubiel et al., 1991). Exposed, continental 

landmass extended from about Latitude 8S0N to 90"s and consisted, with a few 

exceptions, of a single continent (Ziegler et al., 1983). This Pangean 

Supercontinent cut across and disrupted nearly every atmospheric circulation 

zone of the Earth. As a result, globally the Triassic is characterized by extensive 

evaporite, redbed, and aeolian sediment deposition (Davies, 1 997a). As Pangea 

moved north to become more equally distributed across the equator, Perrno- 

Triassic climates became warmer and more arid with strong seasonality, 

particularly in the low to mid latitudes (Francis, 1994). 

The Triassic was a time of extreme paleoclimatic conditions characterized 

by a umegamonsoon" climate primarily in the tropics and subtropics (Davies, 

1997a; Dubiel et al., 1991). A large landmass such as Pangea would have 

reacted strongly to heating and cooling. With high intensity pressure cells 

building up over land during the winter and summer, cross-equatorial flow of air 

would result, changing direction seasonally. Air currents would have circulated 

back and forth across Pangea without a chance to pick up moisture from the 
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adjacent oceans, creating an extremely arid continental interior (Francis, 1994; 

Parrish, 1 993). 

The Peace River Basin developed in a west-facing, midlatitudinal setting 

at about 30°N paleolatitude (Davies, 1997a). As well, the North American craton 

was rotated about 30" in a clockwise direction relative to present day Alberta 

boarders (Golonka et al., 1994). Due to the midlatitudinal position of the PRB 

during the Triassic, the influence of the Pangean megamonsoonal system was 

interpreted by Davies (1997a) to have a peripheral or minimal effect on climate. 

The wind belts that primarily affected the WCSB were the northeast trades, 

although they may have been deflected or latitudinally displaced by the 

megamonsoonal system (Davies, 1997a). 

In this setting, the PRB was characterized by onshore deserts, high 

aridity, summer northeast trade wind influence, onshore winter storm conditions 

and offshore coastal upwelling (Figure 1.7). These conditions produced a 

sedimentary environment with minimal to ephemeral fluvial influence, common 

aeolian sedimentation, as well as common s ynsedimentary or very early 

diagenetic evaporites and dolomites (Davies, 1997a). The combination of 

aeolian traction and suspension transport, produced buildups of relatively well- 

sorted very fine-grained sands and silts on shelves and slopes, resulting in 

sediment instability and the formation of extensive sediment gravity flows 

(Davies, 1 997a). 

(1.3) Previous Work 

Stratigraphic and paleontological studies of Triassic rocks in the WCSB 

began in the earliest part of this century with studies in the Rocky Mountain 

Foothills. A substantial portion of this work was done by McLeam from 1918 

onwards and was summarized by McLeam and Kindle (1950). Important 

subsequent surface investigations include Pelletier (1 961, 1963, 1964), Tozer 

(1 961 , 1 967) and Gibson (1 974, 1 975). 



Figure 1.7 - Paleogeographic and paleoclimatic interpretations of the Peace River Basin in the Early Triassic. a) 
Summer atmospheric and oceanic circulation patterns (from Golonka el a/,, 1994); the position and influence of the jet 
stream is hypothetical but based on present-day Saharan circulation models; the transport of very fine-grained sand 
and silt into the basin by aeolian processes may be greater than previously recognized. Marine and longshore 
sediment transport has an inferred southerly direction under these conditions. This created sand buildup on the north 
side of structural highs and downslope sediment bypass towards the southwest. b) Wnter atmospheric and oceanic 
circulation patterns (from Golonka et el., 1994). A southward shift in the offshore high-pressure system results in 
onshore winter storm conditions; shallow coastal areas may have experienced coastal setup and storm surge. 
Proximal Montney sediments contain hummocky cross-stratification (HCS) and other storm-related fabrics as well as 
possible storm-reworked coquinas (modified from Davies, 1 997a). a -J 
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The description of subsurface Triassic rocks in the Peace River region 

was prompted by oil and gas discoveries in the 1950's. Important subsurface 

studies include Hunt and Ratcliffe (1959)' Armitage (1962) and Miall (1976). 

Hunt and Ratcliffe (1959) were the first to subdivide the subsurface Triassic into 

the Toad-Grayling. Halfway and Charlie Lake formations. Arrnitage (1962) 

renamed the subsurface equivalents of the surface Toad-Grayling into the 

Montney and Doig formations (Daiber Group). 

The Triassic chapter in the original geological atlas of Western Canada 

provides an important synthesis of surface and subsurface information (Barss et 

al., 1964). The Triassic chapter was updated by Edwards et al. (1994) for the 

current geological atlas. Other important lithostratigraphic syntheses of the 

Triassic of Western Canada include Gibson and Barclay (1989), Gibson and 

Edwards (1990) and Gibson (1993a). Gibson and Barclay (1989) were the first 

to divide the Triassic succession into three transgressive-regressive cycles. 

Subsequent studies by Embry (1988, 1997) and Davies (1997a) have defined 

the Triassic sequence stratigraphy and placed the WCSB sediments into a 

global framework. Regional tectonics affecting the PRE were described by 

Monger (1 989), Gibson and Barclay (1989), Barclay et al. (1 990) and Gibson and 

Edwards (1 990). They suggest that Triassic deposition was controlled by 

grabedhorst reactivation of the Dawson Creek Graben Complex. 

Three previous graduate theses are of particular importance to this study. 

Mederos (1 995) investigated the sedimentology, sequence stratigraphy and 

petrology of the Montney Formation in the Sturgeon Lake Field. She recognized 

two facies associations: 1) a coarsening-upward siliciclastic sequence interpreted 

as a progradational lower shoreface or distal delta front of a wave-dominated 

delta; and 2) a shallowing-upward carbonate sequence deposited in a wave 

dominated progradational shoreface. Markhasin (1997) addressed the 

sedimentology, sequence stratigraphy and biostratigraphy of the Montney 

Formation in the Sturgeon Lake area. He recognized 1 0 regionally correlatable 
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parasequence sets. Conodont biofacies and sedimentology suggested a west to 

east transition from offshore marine to coastal, to intertidal environmental 

settings. Zonneveld (1 999) discussed the sedimentology and sequence 

biostratigraphic framework of a mixed siliciclastic-carbonate depositional system 

in the Middle Triassic of northeastern British Columbia. 

The recent Triassic volume of the CSPG Bulletin (Vol. 45, No. 4) provides 

many excellent articles about the Triassic succession of the Peace River Basin 

area. Davies (1 997a) provides an in-depth overview of the Triassic in the WCSB 

from a tectonic, stratigraphic, paleogeographic and paleoclimatic perspective. 

Davies et al. (1 997a) evaluate the Montney sedimentology and stratigraphy while 

Moslow and Davies (1997) focused on the origin and depositional setting of the 

Montney turbidite facies. The stratigraphic framwork developed by Davies et al. 

(1997a) for the Triassic is shown in Figure 1.4. The Montney was divided into 

three informal members, the Lower member, the Coquinal Dolomite Middle 

member and the Upper member. Several summaries of Triassic biostratigraphy 

are also included in the Triassic volume. Orchard and T ozer (1 997) compare the 

conodont biochronology to the ammonoid standard while Henderson (1 997) and 

Paull et al. (1997) present biostratigraphic studies of the Permian-Triassic 

boundary and the mid-Montney Mackenzie Dolomite Lentil, respectively. 

Creaney and Allan (1990) have listed ten potential source rocks for 

hydrocarbons in the WCSB, ranging in age from mid-Devonian to Late 

Cretaceous. Riediger et al. (1990a, b) suggest that some Triassic hydrocarbon 

accumulations are sourced from the Doig Phosphate Zone (Group 1AIB oils) 

while other accumulations were sourced by downward expulsion from the 

"Nordegg" shales of the Femie Formation (Group 2) (Riediger et al., 1990~). 

Recently, the Montney has been re-evaluated as a potential hydrocarbon source, 

especially for plays associated wlh mid-Montney turbidite deposition as they are 

in the wrong setting for either a phosphate zone or 'Nordeggn source (Riediger, 

1997). Riediger et al. (1990a, b, c) suggested that Montney sediments are 
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characteristically mature to overmature with respect to oil generation but may 

have sourced hydrocarbons earlier in their thermal history. The Montney is 

typically poor in organic material with TOC values up to 5 wt%. 

Podruski et al. (1988) evaluated the conventional oil potential of the 

Western Canada Sedimentary Basin. A single exploratory play type was defined 

for the Montney shoreface sandstones and coquinas. It was estimated in 1988 
6 3 that the five Montney pools contain 44.4 x 10 m OIP (oil in-place) and an 

6 3 undiscovered potential ranging between 22 to 54 x 10 m . Bird et al., (1994) 

evaluated the gas potential of the Triassic succession in the WCSB. The 

Montney Formation was divided into three play types: 1) The Montney subcrop 

south-Fir; 2) Montney distal shelf-Glacier; and 3) Montney subcrop north-Ring. 

In 1994, the Montney strata of the WCSB were estimated to contain an initial gas 
6 3 in-place (GIP) volume of 23 258 x 10 m in the Montney subcrop south play 

6 3 6 3 types, 12 191 x 10 m for distal shelf plays and 15 971 x 10 m for the subcrop 

north plays. This has been exceeded about 10-fold according to recent AEUB 

(1 997) reports. 

(1.4) Methodology 

(1.4.1) Core Analysis 

In the study area, approximately 2500 wells penetrate the Montney 

succession, 205 of which contain Montney core. The original goal of this project 

was to look at Montney core from each stratigraphic interval throughout the study 

area. However, since petroleum exploration companies usually tend to core 

hydrocarbon-producing zones, much of this core occurs from plays associated 

with the Dienerian-Smithian boundary, the basal Montney-Paleozoic and the 

Montney-"Nordeggn. Due to this inherent bias in cored intervals, a total of 45 

detailed core descriptions were completed throughout the study area as this 

provided a reasonable coverage of the different Montney lithof acies. Wells were 

chosen for the stratigraphic cross-sections such that a maximum number of 
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cores were included on each section. All of the cored intervals present on the 

dip sections were logged as well as several key cores from the strike sections, 

which were logged to highlight facies from specific stratigraphic intervals. All 

core logging was done at the AEUB Core Research Centre in Calgary, Alberta. 

All cores were measured and drafted in metric regardless of the original 

units of measurement used to drill and log the well. The core lithologs are 

included in Appendix A and are sorted according to Township and Range. The 

stated core intervals on the litholog sheets are uncorrected drilling depths. The 

assigned interval rarely corresponded to the actual interval from which the core 

was cut, often resulting in a discrepancy of up to a few metres up- or downhole. 

The core position was accurately fixed by comparing the downhole geophysical 

gamma-porosity log signature to the core lithology. Core photos were taken of 

the Montney lithofacies, important sedimentary structures and contacts. 

Selected photographs are pictured throughout the text of the paper. The cores 

were also sampled for thin section and biostratigraphic analysis. 

(1.4.2) Downhole Geophysical Log Evaluation and Cross-section 

Correlation 

Ten regional cross-sections, incorporating over 250 wells including the 45 

cored wells, were correlated to produce an accurate regional stratigraphic 

framework of the Montney Formation in the Peace River Basin (Appendix D - in 

pocket). The cross-sections were based on geophysical log correlation and were 

interpreted based on sequence stratigraphic concepts. It was determined that 

gamma ray-neutron porosity logs were the most common log type in the study 

area, and an effort was made to use this type for correlation consistency. Wells 

that penetrated the entire Montney package were preferred over those that just 

penetrated the upper half of the succession. For the most part, these wells were 

omitted from correlation unless a key, cored well was included for completeness. 

Typically, this was a problem for miscorrelation in the southwestern portion of the 
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study area where drilling tends to extend to just below the hydrocarbon 

producing mid-Montney turbidite depositional system. 

(1.4.3) Conodont Biostratigraphy 

Many of the logged cores were sampled for conodonts. In total, 155 

samples were processed for conodonts, of which 31 produced 

biostratigraphically useful material. Therefore, only about 20% of the collected 

samples yielded conodont faunas. This data is included in Appendix B. 

Biostratigraphic analysis involved processing the shaly siltstone/shale and 

coquina samples for conodonts. The samples were crushed and weighed. Then 

the coquina samples were soaked in a 10% acetic acid solution for several days 

to break down the rock sample, while the shale samples were boiled for several 

days in Quaternary-0, an industrial bleach. Both coquina and shale samples 

were then sieved to remove the coarsest fraction of residue (greater than 

1.19mm, sieve No. 16). Clay sized particles were also removed from the 

sample. The remaining residue (greater than 75 pm, sieve No. 200) was boiled 

in bleach to remove any bitumen, dried in a 75°C oven and subjected to heavy 

liquid separation. This process is based on density contrasts within the sample 

and between the sample and the heavy liquid (tetrabromoethane, specific gravity 

= 2.85). It consists of floating off the lighter fraction of residue. The final heavy 

residue (which sinks in the heavy liquid), contains a concentration of the heaviest 

particles in the sample. Any conodonts; if present; would be found in this heavy 

fraction. The residue was then "picked over" using a binocular microscope. Any 

conodonts were then picked out, put on a museum slide, described and 

identified. this biostratigraphic control was also incorporated into the cross- 

sections and provided an extra degree of confidence in the correlations. 

(1.4.4) Petrography 

The thin section data collection involved making, describing and 

photographing standard thin sections of important lithofacies and major contacts. 
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A list of thin section data is included in Appendix B. The thin sections were 

stained for porosity and the petrographic data was combined with the core data 

to describe the major Montney lithofacies. Petrography was not a major focus of 

this project. Thin sections were examined to augment the core descriptions, 

facies analysis and interpretation. A more in-depth study of the petrology of the 

Triassic succession in the Foothills and Front Ranges of the Rocky Mountains is 

presented by Gibson (1 974, 1 975). 

It was determined during the course of this project that feldspar was a 

relatively major constituent of Montney sandstones and siltstones, accounting for 

about 15-2096 of detrital mineral composition. However, the feldspar grains 

commonly displayed many of the textural and diagenetic properties of quartz 

making thin section identification difficult. Staining the thin sections with sodium 

cobaltinitrite would have facilitated feldspar identification, but it was decided that 

this was beyond the scope of this project. Since provenance was not a focus of 

this project, determining a more accurate feldspar concentration was not really 

necessary. The most common feldspar in Montney sediments was orthoclase, 

some of which displayed good Carlsbad twinning. Plagioclase was the second 

most abundant feldspar, identified based on polysynthetic and albite twinning. 

(1.4.5) Software 
Accumap 4.50 was used to generate the basemap of the study area. This 

mapping package was useful in producing maps and lists of Montney 

penetrations, cored intervals, production and drill stem test data. The contouring 

was done by hand using the wells on the stratigraphic cross-sections as control 

points. The maps were then digitized using CorelDRAW 8.0. This software 

package was used for creating the figures as well as the large regional cross- 

sections (Appendix D) for this thesis. 
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CHAPTER 2: MONTNEY LITHOFACIES AND DEPOSITIONAL 
ENVIRONMENTS 

(2.1) Introduction 

The Triassic in Western Canada records the tectonic, climatic and 

sedimentological transition from the carbonate- and evaporite-dominant facies of 

the Paleozoic to the siliciclastic-dominant facies of the Jurassic and Cretaceous. 

Hence, the Early Triassic was a time of dramatic paleogeographic and 

paleoclimatic change and traditional sedimentological models, based for 

instance on the Cretaceous of the WCSB, will not necessarily apply to the 

Montney Formation (Davies, 1 997a). 

Paleoenvironmental reconstruction of the Montney is made more difficult 

due to the wide variety and complexity of facies and facies associations. It was 

determined that the Montney Formation in the study area was comprised of ten 

lithofacies, occurring both laterally and vertically adjacent to each other. They 

often grade into each other making their differentiation a challenge. They are: 1) 

massive appearing sandstone; 2) massive appearing siltstone to shale; 3) 

parallel to low angle inclined cross-laminated sandstone; 4) ripple laminated 

sandstone/siltstone; 5) laminated siltstonelsandstone and shale; 6) bioturbated 

to chaotically disturbed sandstone/siltstone; 7) soft sediment deformed 

sandstonelsiltstone; 8) "destratified" sandstone/siltstone to rooted sandstone; 9) 

dolomitic coquina; and 10) bioclastic sandstone. Individual lithofacies were 

described and possible depositional processes and environments were 

identified. 

The ten lithofacies were used to define ten facies associations, belonging 

to five depositional systems. The five Montney depositional systems defined in 

this study are the 1) turbidite depositional system; 2) basinward continental ramp 

system; 3) shoreface to foreshore system; 4) peritidal coastal plain system; and 
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the 5) downwarpedlblock-fad valley or estuary system. Paleoenvironmental 

interpretation was based on the lateral and vertical relationship of facies 

associations and depositional systems. The Montney sequence stratigraphy is 

more fully discussed in Chapter 3 and is only introduced here in a general way 

such that the relationships between facies associations and depositional systems 

can be interpreted within the correct context. Figure 2.1 shows the location of 

the 45 logged core within the study area. The complete core lithologs are 

included in Appendix A. 

(2.2) Lithofacies Descriptions 

For the purposes of this study, a lithofacies is defined as a vertical 

succession of rock distinguished by a particular combination of lithology, 

composition and textural characteristics such as sedimentary structures and 

biological structures (Walker, 1 992b). The following lithofacies descriptions are 

based on a synthesis of core and petrography data and are mostly descriptive in 

scope. However, the inferred processes of deposition for each lithofacies and 

possible environmental interpretations are also included. A summary table for 

the Montney lithofacies is shown in Table 2.1. The visible porosity was 

described qualitatively, but was not measured quantitatively. Key sedimentology 

and petrology reference texts used to describe the Montney lithofacies include: 

Conybeare and Crook (1 968), Allen (1 982a, 1982b), Reineck and Singh (1 980), 

Miall (1 990), Blatt (1 992). Boggs Jr. (1 992) and Adams et al. (1 995). 

(2.2.1) Lithofacies 1 : Massive Appearing Sandstone (F1) 

This facies is characterized by mature, well-sorted, massive appearing 

(lack of physical sedimentary structures), medium-light grey or light yellowish 

brown, very fine- to fine-grained, sandstone (Figure 2.2). Shale clasts and 

phosphatic (fishlammonoid?) fragments rarely occur as a lag deposit at the base 

of massive sandstone beds. Detrital minerals include monocrystalline quartz 

with minor to trace amounts of feldspar (orthoclase and more rarely plagioclase), 
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opaque minerals and detrital micas (most commonly muscovite). The mica 

occurs as lath-shaped crystals to massive blebs. Quartz overgrowths are rarely 

present. Dolomite and/or sparry calcite cement tend to fill in the pore spaces 

between detrital grains. The calcareous cement forms euhedral to subhedral 

crystals. The massive appearing sandstone facies typically has low to 

moderately high visible porosity. Detrital grains are subangular to rounded. 

There is no apparent grading or internal lamination. 

The massive appearing sandstone facies likely results from two different 

mechanisms. Rapid deposition and "freezingn of the sediment results in the 

formation of massive appearing beds. Deposition from suspension occurs 

rapidly before grain movement by traction on the substrate forms visible 

lamination. This process commonly occurs in the basal unit of sediment gravity 

flows (Lowe, 1982; Middleton, 1993). Turbidite deposits are common in the 

lower shoreface and deeper environments in the Montney. The second 

mechanism that generates massive appearing sandstone beds is complete 

churning of the sediment by burrowing organisms. This would disrupt the 

primary lamination, resulting in a mixing of the sediment (Reineck and Singh, 

1980). Generally this mechanism gives a mottled texture to the bed and in this 

study, a mottled sandstone which is otherwise structureless, has been separated 

into a distinct lithofacies: cryptic bioturbated/chaoticaIly disturbed 

sandstone/siltstone lithofacies (F6a) (section 2.2.6.1). This mechanism is most 

common in the shoreface environments. 

Many cores exhibit the massive appearing sandstone lithofacies, including 

7-29-72-8W6, 5-20-74-6W6, 14-1 3-74-7W6, 1 4-25-74-7W6, 7-23-74-1 1 W6, 1 6- 

34-74-1 1 W6 and 3/8-19-75-8W6. 

(2.2.2) Lithofacies 2: Massive Appearing Siltstone to Shale (F2) 

This facies (Figure 2.3) is typified by medium-dark to dark black, massive 

appearing, micaceous, well sorted, shaly siltstone to shale. The black shale 
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tends to be fissile. This facies is typically structureless and unlaminated 

although soft sediment deformation such as flame structures and millimetre- 

scale load structures are common. Grains are typically subangular to 

subrounded. Monocrystalline quartz is the major detrital mineral in the silt sized 

fraction. Also present is a mud sized, mica-dominated matrix. Feldspars and 

opaque minerals are also present in minor amounts. This facies has low visible 

porosity and is texturally immature to submature with respect to clay content. 

Minor authigenic pyrite nodules also occur in this facies. 

The deposition of massive appearing siltstone and shale is likely the result 

of hemipelagic or pelagic suspension sedimentation (Reineck and Singh, 1 980; 

Davies et al., 1997a). The fissile black shale likely represents the lithofacies with 

the slowest rate of deposition within the Montney. This facies is common in the 

offshore marine to offshore transition environments. 

Some of the cores displaying this facies are 5-20-74-6\1116, 14-19-74- 

10W6, 1 1-1 8-75-7W6 and 12-1 7-75-9W6. 

(2.2.3) Lithofacies 3: Parallel to Low Angle Inclined Cross-laminated 

Sandstone (F3) 

This facies is characterized by mature, well to moderately well sorted, 

medium-light grey or light yellowish brown, very f ine-grained, sandstone 

displaying parallel to low angle inclined cross-lamination (Figure 2.4). The 

laminations or foresets are typically defined by dark black shale to shaly siltstone 

(less than 25 ~01%). The mineralogy consists of detrital monocrystalline quartz, 

minor detrital feldspar (orthoclase and plagioclase), opaque minerals and minor 

micas (muscovite andlor clays). Detrital grains are predominantly subangular to 

subrounded except for the detrital micas, which form laths, oriented parallel to 

the internal lamination. Diagenetic dolomitization overprints the original fabric 

with dolomite and/or sparry calcite cement. This facies has moderate to low 

visible porosity. 



Figure 2.2 - Lithofacies 1: 
M a s s i v e  A p p e a r i n g  
Sandstone (FI). a) 14-25- 
74-7W6 at 2096.3m. Very 
fine-grained, massive 
appearing sandstone under 
plane polarized light; 
magnification is 62.5X. Q: 
quartz; 0: dolomite cement; 
OM: opaque minerals, b) 14- 
19-74-1 O M  at 2502.3m. 
Massive, very fine-grained 
sandstone overlain by 
parallel laminated siltstone 
(F5a ) ;  soft sediment 
deformation of contact; B&P: 
ball and pillow structures; 
sediment gravity flow 
deposit. 
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Figure 2.3 - Lithofacies 2: Massive Appearing Siltstone to Shale (F2). a) 14-1 9-74- 
1 OW at 2498.1 m. Massive siltstone overlying microlenticular disturbed interval 
(F7,). b) 12-1 7-75-9VM at 2272.5m. The massive appearing siltstone facies 
typically shows soft sediment deformation; S: sand injection; MC: mud clasts. 





Figure 2.4 - Lithofacies 3: Parallel to Low Angle 
Inclined Cross-laminated Sandstone (F3). a) 6-1- 
76-9\1\16 at 2 153.5m. Trough cross-lamination (T) 
truncates low angle inclined planar cross-laminated 
sandstone (F3); C: wavy to climbing ripple 
laminated sandstone, b) 11 -20-73-7W at 
2051.0m. Low angle planar cross-laminated 
sandstone with minor ripple laminated sand at top 
(F4a). c) 14-1 9-74-1 O M  at 2501.3m. Parallel 
laminated sandstone overlying soft sediment 
deformed silty sandstone (F7); P: pillows; MC: mud 
clast. d) 11-20-73-7W6 at 2051.3m. 
Photomicrograph of Lithofacies 3 in plane polarized 
light; magnification is 62.5X. Alternating laminae of 
sand and silt are seen. 

TOP 
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The parallel to low angle inclined cross-laminated lithofacies was 

deposited due to traction sedimentation in the lower or upper flow regime 

(Reineck and Singh, 1980). Parallel to low angle cross-laminated sandstone is 

found in the foreshore through deeper environments, making it the most 

widespread occurring facies in the Montney. However, it is most common in the 

foreshore to upper shoreface but is also common locally within sand-dominated 

turbidites in the offshore region (Bouma B subdivision) (Walker and Plint, 1992; 

Bouma, 1962). 

This facies is encountered in many cores including: 5-1 3-77-26\1115, 10-1 3- 

72-6W6, 7-29-72-8W6, 1 1 -20-73-7W6, 6-20-74-7W6, 1 2-24-74-1 1 W6, 1 1 -1 8-75- 

7W6, 6-1 -76-9W6 and 6-28-77-3W6. 

(2.2.4) Lithofacies 4: Ripple Laminated SandstoneBiltstone 

(2.2.4.1) Current Ripple Laminated Sandstone and Siltstone (F4a) 

This subfacies is defined by mature, well to moderately well sorted, 

medium-light grey or light yellowish brown, very fine-grained sandstone with thin- 

to thickly laminated, unidirectional current ripple to wavy lamination (Figure 2.5). 

Wave ripple and climbing ripple lamination with mud drapes occur in minor 

amounts throughout the study area and are also included in this subfacies due to 

the possible difficulty of distinguishing between unidirectional current and 

asymmetric wave ripples in core due to differential compaction during lithification. 

Ripple wavelengths are typically on the order of 3-10 cm long, while amplitude 

ranges from 5 mm to 4 cm. Ripple foresets are usually outlined by shaly 

siltstone or shale (less than 25 ~01%). Minor double mud drapes are seen 

overlying ripple crests (Figure 2.5). This feature is usually associated with 

climbing ripple andlor wavy parallel lamination. Detrital grains consist of 

monocrystalline quartz and minor feldspar (orthoclase and plagioclase) and 

opaque minerals. Grains are subangular to subrounded. Dolomite and/or sparry 

calcite cement is commonly present. 



35 
Ripple laminated sand forms as a result of grain movement by traction on 

the bed in the lower flow regime (Reineck and Singh. 1980). Ripple lamination is 

the result of rapid sediment fallout alternating with suspension deposition as 

evidenced by mud drapes overlying ripple crests. Ripple lamination is probably 

the most common sedimentary structure in the sand facies of the Montney 

Formation. This facies occurs in the upper shoreface through deeper 

environments and is a product of both unidirectional current flow and oscillatory 

wave action. 

The current ripple laminated sandstone subfacies occurs fairly commonly 

in Montney core. Representative cores include: 5-9-73-7W6, 5-20-74-6W6, 14- 

13-74-7W6, 16-27-75-9W6 and 6-1 -76-9W6. 

(2.2.4.2) Flaser to Lenticular Laminated Sandstone and Shale (F4b) 

Flaser to lenticular laminated, thin to thickly laminated, light brown, 

moderate to moderately well sorted, very fine-grained, sandstone and 

interlaminated medium-dark black, shale to shaly siltstone characterize this 

subfacies (Figure 2.6). The proportion of siltstone ranges from less than 25 vol% 

associated with flaser lamination and increases up to 25-50 vol% with lenticular 

lamination. Minor flaser ripple sets were identified as tidal couplets showing 

bidirectional lamination. Ripple foresets are usually outlined with siltstone and/or 

shale. As well, ripples tend to show double mud drapes over the ripple crests. 

The subfacies is typically texturally mature to submature depending on the 

shale/siltstone content. Visible porosity is moderate to moderately high. Detrital 

mineralogy consists predominantly of monocrystalline quartz with minor amounts 

of feldspar, opaque minerals and detrital micas. Grains are typically subangular 

to subrounded. Moderate diagenetic dofomitization is also present in this 

subfacies. 

Flaser to lenticular laminated sandstone occur as a result of the oscillatory 

action of tides. There is a net decrease in current speed and increased 

deposition and presewation of mud drapes from flaser to lenticular lamination 
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(Reineck and Singh, 1980). This facies was likely deposited in a tidal sand flat 

environment on the coastal plain (Dalrymple, 1992). 

Since this project was focusing primarily on the basinward Montney 

succession, this subfacies was only a minor component of the logged core, 

occurring in: 5-1 3-77-26W5 and 6-30-80-22W5. 

(2.2.5) Lithofacies 5: Laminated SiltstonefSandstone and Shale 
(2.2.5.1) Planar Laminated Siltstone and Shale (FSa) 

This subfacies (Figure 2.7a) consists of texturally immature, thin, planar 

laminated, moderately well sorted, sandy to shaly siltstone and shale. It contains 

minor light white, miltimetre-scale, very fine-grained sandy stringers to starved 

ripple tracks parallel to the lamination (less than 25 ~01% sand). Grains are 

subangular to subrounded. This subfacies is typically micaceous and contains 

minor amounts of phosphatic fragments, which are sometimes identifiable as fish 

bones and/or scales (Figure 2.7~). Quartz is typically the major detrital mineral. 

Also present is a muddy, mica or clay matrix. Feldspar and opaque minerals are 

also present in minor amounts. The subfacies displays very low visible porosity. 

Minor to rare, millimetre-scale load structures (microloading) were also 

identified. These typically include ball and pillow and flame structures. Minor to 

common authigenic fine-grained, pyrite stringers and/or masses were also 

identified in this subfacies. Typically, the pyrite was localized parallel to the 

internal lamination and preferentially occurred within the sandstone stringers or 

starved ripple tracks. 

The planar laminated siltstone and shale facies was likely deposited due 

to a combination of suspension fall-out and traction sedimentation. Starved 

ripple tracks, ripple laminated stringers and planar lamination may be the result 

of deposition by low-density turbidity currents. This facies comprises much of 

the offshore marine succession of the Montney and is also found in the offshore 

transition (Davies et al., 1 997a). 
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This subfacies was very common in distal Montney environments. Typical 

cores that exhibit the planar laminated siltstone subfacies are: 5-9-73-7W6, 4-8- 

74-5W6, 6-20-74-7W6, 8-28-74-7W6, 14-1 9-74-1 OW6, 7-23-7401 1 W6, 1 2-24-74- 

1 1 W6, 1 1 -1 4-75-8W6 and 16-27-75-9W6. 

(2.2.5.2) Wavy, Low Angle Inclined to Ripple-Laminated 

This subfacies is defined by a wavy, low angle inclined, current or wave 

ripple laminated very fine-grained sandstone (medium-light grey) and 

interlaminated sandy to shaly siltstone (medium-dark black) (Figure 2.7b), which 

usually form fining-upward cycles. This subfacies is less than 50 vol% 

sandstone. The ripple lamination typically occurs in the sandstone with siltstone 

or shale outlining the ripple foresets and overlying the ripple crests. The 

lamination in this subfacies forms a continuum from wavy lamination through 

starved ripple tracks to well developed ripple lamination. Minor climbing ripples 

were also identified. The mineralogy consists predominantly of detrital quartz 

and dolomitelsparry calcite cement but also includes minor amounts of detrital 

feldspar, mica and opaque minerals. This subfacies has low visible porosity, is 

moderately to moderately well sorted, thin to thickly laminated and immature to 

submature. Grains are subangular to subrounded. 

Minor millimetre-scale load structures (microloading) were also observed. 

Due to the nature of the sediment, the very fine-grained ripple laminated sand is 

frequently distorted due to differential compaction and/or sinking into the 

surrounding siltstone or shale. This subfacies is predominantly composed of 

sandy siltstone and as such, is very micaceous, much like the parallel laminated 

siltstone subfacies (F5a). Other similarities include the rare to common 

occurrence of phosphatic fragments and fish remains as well as the presence of 

minor to common authigenic pyrite masses. 

The wavy, low angle inclined to ripple-laminated siltstone and sandstone 

facies is gradational between the F3/F4a and F5a lithofacies. The lamination in 



Figure 2.5 - Lithofacies 4a: Current 
Ripple Laminated Sandstone and 
Siltstone (F4a). Foresets are outlined 
with siltstonelshale; mud drapes 
usually overlie ripple sets. a) 6-1-76- 
9W6 at 2149.8m. C: climbing ripple 
lamination with mud drapes; F3: low 
angle cross-laminated sandstone. b) 
6-1-76-9W at 2148.3m. F2: massive 
appearing sil tstonelshale. c) 16-27-75- 
9W at 2190.0m. T trough cross- 
laminated sandstone. d) 14-1 9-74- 
1 0 M  at 2499.2m. MC: mud clasts; 

I DM: double mud drapes. 



Figure 2.6 - Lithofacies 4b: Flaser 
to Lent icu lar  Lamina ted  
Sandstone and Shale (F4b). a) 6- 
30-80-22W at 861.7m. R: flaser 
to ripple laminated sandstone. b) 
6-30-80-22M at 858.5m. 



Figure 2.7 - Lithofacies 5: Laminated SiltstoneISandstone and Shale. a) 14-1 9-74- 
10W at 2507.6m. Planar Laminated Siltstone (F5a) overlying microlenticular 
disturbed siltstone (Firh). b) 4-20-75-7VM at 21 74.3m. W v y ,  Low Angle Inclined 
to Ripple-Laminated SiltstoneISandstone (F5b). c) 14-1 9-74-1 OW at 251 0.5m; 
penny for scale. Phosphatic fish remains on core break. 
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the sandy portion is likely the result of traction of the grains on the bed within the 

lower flow regime (Reineck and Singh, 1980). Suspension sedimentation 

processes increase with the increased silt content. This facies is present in the 

shoreface and deeper environments, and may be the result of turbidity currents 

in the distal Montney. 

This subfacies is shown particularly well in the following cores: 14-1 3-74- 

7W6, 4-20-75-7W6, 1 2-1 7-75-9W6, 1 6-27-75-9W6 and 6-1 -76-9W6. 

(2.2.6) Lithofacies 6: Bioturbated to Chaotic Sandstone/Siltstone 

(2.2.6.1) Cryptic BioturbatdChaoticaIly Disturbed SandstoneBiltstone 

(F6a) 
This subfacies is characterized by medium grey, moderate to well sorted, 

very fine- to fine-grained, disturbed sandstone to sandy siltstone (Figure 2.8). 

Primary lamination is typically absent or very poorly presewed. Sediments have 

a mottled appearance due to the differentiation of light and dark grains. This 

could be due to either microbioturbation or dewatering during rapid deposition 

and burial. 

Anconichnus (Kern, 1978) is a small, U-shaped burrow in which the limbs 

of the tube lie horizontally, with one limb of the U lying above the other in the 

vertical plane. The burrows are typically less than 2 mm long. The burrow filling 

is finer grained than the matrix and is usually darker coloured resulting in a light 

discoloured zone surrounding the burrow (Kern, 1978). This description is 

compatible with this subfacies. Individual burrows were not identified, but this 

could be the result of their close spacing in the rock and the destruction of older 

burrows by younger ones. Sediment compaction may also have contributed to 

the obscuring of identifiable burrows. 

Alternatively, the chaotic mottling texture seen in this subfacies may be 

indicative of syn- to postdepositional dewatering. The Montney sandstone- 



42 
dominated facies, which display an internal fabric, are defined most easily by the 

presence of siltstone or shale outlining the laminae. Dewatering due to rapid 

deposition and/or fluidization may completely disturb the primary lamination 

resulting in a mottled appearance as the very fine-grained sand and micaceous 

silt or shale sized grains are mixed together (Allen, 1982b). 

Therefore, this subfacies may be the result of either biologic activity or 

dewatering during rapid sedimentation. It is likely that both mechanisms were 

involved depending upon the depositional environment in which the sediment 

was deposited. Microbioturbation was probably more common in the shoreface 

areas, while rapid dewatering likely characterized the turbidite deposition further 

offshore. Due to the absence of clear identification of the depositional process, 

this subfacies has been separated from the massive appearing sandstone facies 

(F1 ), which is structureless and appears undisturbed and the bioturbated 

sandstone (F6b). which is clearly disturbed as a result of biologic activity. 

Sometimes it can be difficult to distinguish between these three, due to the 

quality of the preserved core and/or the lack of slabbing. The mineralogy and 

grain shapes encountered in this subfacies are the same as in the massive 

sandstone facies. 

This subfacies is encountered in the following cores: 10-1 3-72-6W6, 7-29- 

72-8W6, 14-1 9-74-1 OW6,4-27-74-1 OW6, 4-8-76-3\1\16 and 6-1 -76-9W6. 

(2.2.6.2) Bioturbated SandstonelSiltstone (F6b) 

This subfacies is characterized by medium-light yellowish brown, 

bioturbated, very fine- to fine-grained sandstone and minor interlaminated sandy 

to shaly siltstone (Figure 2.9). Sediment churning encompasses a range from 

completely bioturbated to moderately burrowed. Sandstones which have been 

completely churned are characterized by a mottled to almost massive or 

structureless appearance. The primary lamination has been completely 

disturbed, however rare burrows may be identified. In the more moderately 

bioturbated sandstone, burrowing is dominated by Fugichnia (bivalve 
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adjustment/escape traces) (Figure 2.9d). Lingulichnus and rarely Teichichnus 

(Figure 2.9b). The Montney typically consists of low diversity ichnofaunal 

assemblages. Light green swelling clays may or may not occur in this subfacies. 

This clay expands significantly when wet and may either outline the burrows or 

the primary lamination. Minor dispersed authigenic pyrite is also found in this 

subfacies. The pyrite occurs as irregular masses or more commonly, as parallel 

to primary laminae or burrow traces. 

The sedimentary structures present in moderately bioturbated sandstone 

includes wave ripple, wavy and low angle inclined planar lamination, indicating 

traction sedimentation in the lower flow regime (Reineck and Singh, 1980). The 

interlamination of sand and siltlshale indicates fluctuating energy levels on a 

loose or shifting substrate. Montney ichnofauna are dominated by escape traces 

(Fugichnia) indicating rapid sedimentation rates (Frey and Pemberton, 1 985), 

which is common on a prograding or aggrading shoreface environment. This 

environment is typically characterized by the Skolithos ichnofacies, however 

none of the diagnostic ichnofauna (Skolithos, Diplocraterion, Monocraterion, 

Arenicolites and Ophiomorpha) were identified by this author (Frey and 

Pemberton, 1985; Pemberton et al., 1992). Markhasin (1997) described a 

Skolithos ichnofacies consisting of the following ichnofauna: Ophiomorpha, 

Skolithos, Conichnus, Bergaueria, Palaeophycus and Arenicolites in the Montney 

of the Sturgeon Lake area. A middle shoreface environment was interpreted for 

this ichnofacies assemblage and it graded basinward into the Cruziana 

ichnofacies (Markhasin, 1 997). 

Silty sandstone and shale dominated by Lingulichnus burrows are not 

usually associated with the Fugichnia-burrowed sandstone assemblage 

described above. The presence of Lingulichnus commonly indicates stressed or 

hypersaline marine conditions (Davies et al., 1997a). As well, the finer grain size 

indicates deposlion in lower energy conditions. perhaps in a lagoonal setting 

behind a barrier island or on tidal flats. 
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The bioturbated sandstone subfacies is exhibited in the following cores: 6- 

1 9-78-25W5, 5-1 3-77-26W5, 1 1 -1 -76-3W6, 6-28-77-3W6 and 4-8-76-3W6. 

Diagnostic bioturbation was not a major component of the logged Montney cores 

in this study. Therefore, the description of Montney ichnofacies was not 

attempted, as the value was considered questionable. 

(2.2.7) Lithofacies 7: Soft Sediment Deformed SiltstoneISandstone (W) 

This facies is composed of soft sediment deformed (SSD), medium-dark 

black to medium grey, sandy to shaly siltstone and very fine-grained sandstone 

(Figure 2.10). The SSD lithofacies includes centimetre- to decimetre-scale 

slumping, load structures (ball and pillow, flame structures), convolute/contorted 

laminae and deformed mud rip-up intraclasts. The mineralogy of this facies is 

predominantly detrital quartz with minor to rare amounts of feldspar (orthoclase 

and plagioclase), detrital micas and opaque minerals. Also present is a 

diagenetic cement consisting of dolomite and/or calcite. Grains are subrounded 

to rounded and moderately to moderately well sorted. This facies is texturally 

immature to submature with low visible porosity. 

Microlenticular laminated sandstones are also included in this facies 

(Figure 2.1 Oc). They are characterized by stacked, millimetre-scale, irregular- to 

ovoid or lens-shaped, very finegrained sandstone nodules. They are most likely 

deformed ripple tracks caused by postdepositional dewatering and/or 

compaction. Internal foresets are rarely seen due to the small scale of the ripple 

tracks as well as the process of deformation obscuring the primary lamination. 

Soft sediment deformation occurs as a result of sediment instability either 

during deposition or shortly after burial started (Allen, 1982b). Soft sediment 

deformation structures are the result of liquefaction, fluidization and/or 

sedimentation processes and are mostly a reflection of the early consolidation 

history of the sediments rather than of a particular depositional environment. 

These structures occur in shoreface and deeper environments within the 



Figure 2.8 - Lithofacies 6b: Cryptic 
Sandstone/Siltstone (F6a): Note the mottled 
coloured grains in this lithofacies. a) 6-1-76- 
2494.9m. F6a overlain by parallel laminated 

Bioturbated/ChaoticaIly Disturbed 
texture and separation of light and dark 
*9Mat2142.8m. b) 14-19-74-10Mat 
1 siltstone (F5a). 



Figure 2.9 - Lithofacies 6b: Bioturbated SandstonefSiltstone (F6b): a) 6-1 9-78- 
25W5 at 1030.0m. b) 6-1 9-78-25\1\15 at 1026.8m. F3: parallel to low angle inclined 
cross-laminated sandstone; Ling Lingulichnus burrows. c) 6-28-77-3VM at 
1 3 1 3. Om. d) 4-8-76-3VB at 1444.2m. F: Fugichnia (bivalve adjustrnentlescape 
trace). 
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Figure 2.10 - Lithofacies 7: Soft Sediment Deformed SiltstonelSandstone (F7). a) 
6-1 -76-9W at 2145.2m. CL: Slumping/convolute lamination indicative of sediment 
instability. b) 1 1-1 8 - 7 5 - M  at 21 53.1 m. ML: Microloading of ripple tracks. c) 14- 
19-74-1 OW at 2498.7m. F7,: Microlenticular disturbed silty sandstone. d) 12-1 7- 
75-9M at 2262.0m. CL: convolute lamination; B&P: ball and pillow structures. 
Overlain by ripple to parallel laminated sandstone and siltstone (F5b). e) 14-1 9-74- 
1 OW at 2502.0m. MC: rip-up and deformation of partially lithified shaly substrate 
creating irregular mud intraclasts. 9 12-17-75-9\1\16 at 2273.0m. F7 overlain by 
parallel laminated siltstone (F5a). B&P: dispersed ball and pillow structures. 
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Montney and result from high sedimentation rates, particularly with respect to 

turbidity currents, tempestites and storm-influenced shallow marine 

environments (Allen, 198219). 

This facies is common within the Montney Formation. It is seen in cores 

such as: 5-9-73-7W6, 14-1 3-74-7W6, 14-25-74-7W6, 14-1 9-74-1 0W6, 1 1-1 8-75- 

7W6, 6-9-75-8W6, 1 2-1 7-75-9W6, 1 6-27-75-9W6 and 6-1 -76-9W6. 

(2.2.8) Lithofacies 8: "Destratified" SandstoneEiltstone to Rooted 

Sandstone (F8) 

This facies is characterized by mottled, medium-light brownish grey, very 

fine-grained sandstone. It typically displays highly reworked, chaotic or fluidized 

"beddingn with dispersed, pyritized rootlets, pyrite nodules and/or irregular 

masses as well as the development of white, calcareous nodules (Figure 2.1 la, 

b, e). Pyritized rootlets are usually surrounded by light buff coloured halos. 

Coarsening- and shalfowing-upward cycles tend to consist of blackish grey, 

laminated shale grading into mottled, "destratifiedn very fine-grained silty 

sandstone. Common to pervasive root traces increase in abundance upward, 

occurring predominantly at the tops of cycles. An erosion and/or subaerial 

exposure surface typically caps each cycle, which is subsequently overlain by 

laminated shale (associated with flooding) and the base of a new cycle. Primary 

lamination is usually completely disrupted by rootlets and mottling attributed to 

dewatering, but occasional primary flaser to ripple laminated sandstone or 

siltstone was identified. This facies is moderately well to well sorted, texturally 

mature to submature with relatively high visible, intergranular porosity. The 

mineralogy is dominantly composed of detrital monocrystalline quartz, feldspar 

and minor to common opaque minerals. Grain shape is typically subangular to 

subrounded. 

A paleosol is an ancient soil, which is distinguished from the enclosing 

rocks by the presence of root traces, soil horizons and soil structures (Retallack, 
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1988). Incipient pedogenic alteration of Montney sediments was observed as 

evidenced by the rootlets, sand grain remobilization and sediment mottling, but a 

well-defined paleosol with soil horizons was not identified. The combination of 

rootlets and flaser to ripple laminated sandstone likely indicates deposition in a 

backshore to tidally-influenced coastal plain environment (Dalrymple, 1992; 

Walker and Plint, 1992). This environment would be characterized by sand 

deposition modified by tidal and/or wave processes. Intermittent flooding of the 

backshore region resulted in shale deposition, which is overlain by coarsening- 

upward tidal and wave influenced sandstone during progradation of the 

strandline. Vegetation would be relatively common in the subaerially exposed 

backshore or restricted marine coastal plain environments due to the lower 

energy of deposition as compared to the high-energy wave-dominated foreshore. 

The rooted sandstone facies was rare in the Montney. It was present only in the 

following cores: 1-30-85-23\1\15 and 4-1 5-76-2W6. 

Also included in the "destratified" sandstone/siltstone to rooted sandstone 

lithofacies is a mottled to chaotically disturbed, medium-light brown or grey, very 

fine-grained sandstone. It typically displays highly reworked, chaotic or fluidized 

"bedding" with dispersed, pyrite nodules andlor irregular masses (Figure 2.1 lc,  

d) . The major difference between rooted sandstone cycles described above and 

these fluidized sandstones are the absence of pyritized rootlets. The chaotic 

texture is interpreted as rapid syn- to post-depositional dewatering in the 

shoreface environment. The following wells display this facies: 6-8-75-2\1116. 14- 

20-75-2W6 and 1 1-1 -76-3W6. 

(2.2.9) Lithofacies 9: Dolomitic Coquina 

(2.2.9.1) Lingulid Brachiopod Coquina (F9a) 

This subfacies consists of a moderately sorted, dolomitized, lingulid 

brachiopod, very coarse calcarenite to medium calcirudite coquina packstone to 

grainstone (Figure 2.12). The lingulid coquina typically consists of a shell hash 
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with lower visible porosity than the mixed bivalve-lingulid coquina (section 

2.2.9.2). This is due to the finer grain size and tighter packing of the lingulid shell 

fragments. Minor pyrite mineralization is localized within vugs. The shell 

material is usually aligned horizontally, parallel to bedding. 

The bioclasts were not localized and bound together during deposition as 

occurs with a boundstone (Dunham, 1962). Instead, the brachiopod shell 

fragments are highly abraded and packed together parallel to bedding. This 

likely indicates a high-energy environment in which the bioclasts were 

remobilized and reworked as sedimentary particles such as a beach (Kidwell et 

al., 1986). 

The lingulid coquina subfacies was recognized in the following cores: 6- 

1 9-78-25W5, 1 -30-85-23W5, 1 1 -1 -76-3W6, 1 5-34-77-1 W6 and 1 1 -26-81 -1 W6. 

(2.2.9.2) Bivalve to Mixed Bivalve-Lingulid Brachiopod Coquina (F9b) 

This subfacies is defined by a poorly sorted, mixed bivalve-lingulid 

brachiopod, dolomitized, vuggy, vely coarse-grained calcarenite to coarse- 

grained calcirudite coquina packstone (Figure 2.13). This subfacies has the 

coarsest grain size in the study area. Bioclasts are typically about 1 crn long with 

a range of 2 mrn to 2 cm. This subfacies has well-developed primary moldic 

porosity and secondary dissolution porosity. Minor to common bitumen plugging 

of porosity was identified in 6-1 9-78-25W5 and 1 1 -26-81 -1 W6. The bitumen was 

primarily hard and brittle but also occurred as soft plugs. Inarticulate lingulid 

brachiopods usually occur at the base of the coquina package and decrease 

upward into a bivalve-dominated shelly fauna. Bioclasts are usually highly 

abraded or leached, making taxonomic identification very difficult. This 

subfacies is bioclast-supported with a fine- to medium-grained sandstone matrix. 

Since the mixed bivalve-lingulid brachiopod coquina also consists of highly 

abraded bioclasts, which tend to be oriented subparallel to bedding, it is likely 

that this facies was also deposited on a beach (Kidwell et al., 1986). 
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Figure 2.11 - Lithofacies 8: "Destratified" SandstonelSiltstone to Rooted Sandstone 
(F8). a) 1-30-85-23\1\15 at 785.3m. N: calcareous nodule development. b) 1-30-85- 
2 3 W  at 788.3m. Chaotic disturbed very fine-grained sandstone with pyritized 
rootlets (Py). c) 14-20-75-2\1116 at 1472.3m. Fluidized very fine-grained sandstone 
with a mottled to streaky appearance. d) 14-20-75-2W at 1473.8m. PyM: Irregular 
pyrite masses. e) 1-30-85-23W5 at 790.2m. Silty very fine-grained sandstone with 
pyritized rootlets (Py). 
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Figure 2.12 - Lithofacies 9a: Lingulid Brachiopod Coquina (F9a). Por: Coquina 
shows primary moldic and secondary dissolution porosity. Larger molds are likely 
bivalves. a) 6-1 9-78-25M at 1023.5m. Interbedded lingulid shell hash coquina 
and bioclastic sandstone (F1 0). b) 11-26-81-1M at 983.0m. c) 15-34-77-1\1\16 at 
11 61.5m. Ling: bluish-black lingulid shell fragments. 
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Figure 2.13 - Lithofacies 9b: Bivalve to Mixed Bivalve-Lingulid Brachiopod Coquina 
(F9b). Por: Coquina shows primary moldic and secondary dissolution porosity. Bt: 
Bitumen impregnation of porosity. a) 6-1 9-78-25\1\15 at 1019.5m. b) 1 I-26-81-1VW 
at 980.4rn. 
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Figure 2.14 - Lithofacies 10: Bioclastic 
Sandstone (F10). a) 6-19-78-25M at 
1024.9m. Interbedded bioclastic sandstone 
and bioturbated, wavy laminated sandstone 
(F6b). Ling: dissolution of lingulid brachiopods 
results in moldic porosity. B: burrow. b) 6-1 9- 
78-25M at 1024.5m. Bioclastic sandstone is 
interbedded with lingulid coquina (F9a) and 
bivalve coquina (F9b). c) 11-26-81-1W at 
983.5m. Ling: bluish-black lingulid 
brachiopods. 



56 
This subfacies occurs in 6-1 9-78-25W5, 1 1-26-81-1 W6, 12-34-81 -1 W6 

and 4-1 5-76-2W6. 

(2.2.1 0) Lithofacies 10: Bioclastic Sandstone (F10) 
This facies consists of medium-dark grey, moderately to moderately well 

sorted, fine- to medium-grained, massive to thickly laminated, bioclastic 

sandstone. As shown in Figure 2.14, this facies is matrix supported with minor, 

dispersed and abraded bivalve and/or lingulid shell fragments. The bioclasts are 

occasionally leached out leaving moldic porosity. The sandstone matrix is 

variable with low to moderate visible porosity. This facies is always associated 

with the dolomitic coquinas and represents a gradation between the bioclast- 

supported coquinas and the non-fossiliferous, laminated-to massive sandstone 

facies. This facies was likely deposited in a shoreface environment. The 

bioclastic detritus indicates that this facies was deposited within close proximity 

to the coquina beach deposits. 

The bioclastic sandstone facies was identified in 1 1 -26-81 -1 W6 and 6-1 9- 

78-25W5. 

(2.3) Facies Associations, Depositional Environments and Depositional 

Systems 

The Lower Triassic as represented by the Montney Formation, was a 

unique period of deposition in the WCSB. Sedimentation, paleogeography and 

paleoclimatic conditions were very different from the Paleozoic and later 

Mesozoic (Davies, 1997a). The Paleozoic was dominated by carbonates and 

the Mesozoic by silts, shales and coarse-grained elastics, whereas the Montney 

was dominated by silt, very fine-grained sand and bioclastic accumulations. 

During the Late Paleozoic, all of the continental landmasses combined to form 

the supercontinent Pangea, reaching a maximum extent during the Early Triassic 

(Ziegler, 1 989; Davies, 1 997a). This amalgamation resulted in drastic changes 
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in oceanic and atmospheric circulation patterns. The Lower Triassic in the 

WCSB was characterized by arid onshore deserts (Davies, t997a). As well, the 

Triassic was deposited during the final phase of "passive marginn sedimentation 

before the transition to a foreland basin setting during the mid-Jurassic (Davies, 

1997a: Poulton, 1989). Thus, the interpretation and reconstruction of 

paleoenvironments is made more difficult due to the paucity of direct present-day 

analogues. Geology is based on the principle of uniformitarianism: "processes 

acting today also operated in the geologic past although at different rates." 

However, present Holocene environments are deposited under transgressive to 

highstand conditions, which makes identification and interpretation of lowstand 

environments particularly challenging (Moslow and Davies, 1997; Moslow and 

Bouma, 1997). A single modem analogue for Montney deposition in the Peace 

River Basin was not found. Rather, the following interpretation and discussion is 

based on a compilation of different ideas and concepts from a variety of sources. 

One of the most important considerations affecting paleoenvironmental 

interpretation is the grain size of the Montney sediments. The Montney is 

primarily composed of fine to coarse silt or very fine-grained sand. This has 

important hydrodynamic consequences for the presewed rocks, since the 

stability fields of various bedfoms are controlled by flow velocity and mean grain 

size (Reineck and Singh, 1980). Even under high flow velocities there will be no 

(or rare) development of megaripples and crossbedding in sediments composed 

of silt- to very fine-grained sand. Bedforms in the Montney should mainly consist 

of small ripples, grading into plane beds. In coarser-grained sandy sediments, 

trough crossbedding and larger-scale crossbedding have been used to 

characterize upper shoreface environments or channelized deposits. These 

bedforms will not occur in the Montney or will be very rare (Davies et al., 1997a). 

This is an important consequence, especially considering that many marine 

facies models are based on studies of medium or coarser-grained sand or 

conglomerate successions. This makes identification and interpretation of 

Montney paleoenvironments that much more difficult. Both distal and proximal 
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marine depositional systems in the Montney may not contain the bedforrns 

typical of many "classic" facies models. 

The ten Montney lithofacies were combined into ten facies associations, 

which were used for paleoenvironmental reconstruction. Five depositional 

systems were identified based on Montney core and sequence stratigraphic 

relationships. This study focused primarily on the basinward Montney 

succession southwest of the Rycroft fault (Figure 1.5), but enough cores were 

logged in the proximal shoreface areas to yield some interpretations and 

conclusions about these environments as well. The interpretation of Montney 

depositional environments and systems relied on the compilation of core data 

from throughout the study area as well as comparisons to previous studies. The 

comparison of gamma log values to lithology in order to predict the lithology of 

uncored intervals resulted in varying degrees of success and failure. This is 

likely the result of thinly interbedded shale and the presence of radioactive 

minerals within the rock. Using a gamma API cut-off in Montney sediments is 

rather risky and instead, should be used in conjunction with density and porosity 

logs to determine lithology. However, it was found that in general, a gamma 

signature of less than about 100 API was sand-dominated. The average gamma 

signature typically fell within the range of 60-90 API for sand-dominated facies. 

Silt or shale facies usually had a gamma signature of greater than about 100 

API. Dolomitic coquina facies were characterized by a gamma signature of less 

than about 30 API. 

The following terms were used throughout the following discussion of 

Montney sedimentology: 

A facies association is a group of facies, which are genetically related to 

each other and have some environmental significance (Collinson, 1969 in: 

Walker, 1992b). 

A depositional environment is a restricted geographic and/or geomorphic 

area where sediment accumulates. It is characterized by certain physical, 
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chemical and biological conditions (Bates and Jackson, 1980; Walker, 

1 992 b) . 
A depositional system is a three-dimensional assemblage of lithofacies. 

which are genetically linked by active or inferred processes and environments 

(Posamentier et al., 1988). It comprises the depositional environments and 

the processes acting within them (Walker, 1992b). 

The Montney succession was deposited in a marine, continental ramp 

setting. The depositional paleoshoreline is oriented approximately northwest- 

southeast within the study area. Landward was towards the northeast and the 

ramp deepened offshore in a southwesterly direction. The ten facies 

associations which characterize the Montney Formation are: 1) sheet sand and 

channel (FA1 a); 2) overbanWchannel margin (FA1 b); 3) coarsening-upward lobe 

(FA1 c); 4) laminated siltstone and interbedded sandstone (FA1 d); 5) planar 

laminated siltstone/shale (FA2a); 6) wave ripple laminated (HCS?) 

sandstone/siltstone (FA2b); 7) laminated sandstone and coquina (FA3); 8) 

mottled and rooted sandstone/siltstone (FA4a); 9) flaser laminated 

sandstone/siltstone (FA4b); and 10) Lingulichnus-burrowed sandstone/siltstone 

(FA5). 

A variety of depositional environments were identified in this study, 

encompassing a complete marine offshore-onshore transect. The depositional 

environments from southwest to northeast include: 1) offshore marine; 2) 

offshore transition; 3) lower shoreface; 4) upper shoreface; 5) foreshore; 6) 

intertidal sandflat; 7) backshore; 8) tidally influenced coastal plain; and 9) lagoon 

or restricted embayment. The Montney continental ramp setting was 

characterized by the following depositional systems: 1) turbidite depositional 

system; 2) basinward continental ramp system; 3) shoreface to foreshore 

system; 4) peritidal coastal plain system; and 5) downwarped/block-faulted valley 

or estuary system. A summary table for the Montney depositional systems and 



Table 2.2 - Summary table for the Montney depositional systems and facies associations. 

Dsposi tional 
System 

Turbidite Depositional 
System 

Basinward Continental Ramp System 

Shoreface to Foreshore System 

Peritidal Coastal Plain System 

Downwarped/Block-Faulted Valley or 
Estuary System 

Depositional 
Environment($) 

Downslope Lower Shoreface 
or deeper, under 

lowstand conditions 

Offshore Marine to 
Offshore Transition 

Lower Shoreface to Foreshore 

BackShore to Tida'ly-'nnuencad 
Coastal Plain 

Intertidal Sandflat 
Lagoon to Restricted Coastal 

Ernbayrnent 

Facies Association 
sheet sand and channel (FAla) 

ouerbanklchannel margin (FAI b) 

coarsening-upward lobe (FAlc) ----- 
laminated siltstone and intmbdded sandstone (FAld) 

planar laminated siHstonelshale (FA2a) 

planar laminaled sMstonelshde (FA2a) 

warn ripple laminated {HCS?) sandstone/si~tstons (FAP~) 

laminated sandstone and coquina (FA3) 

mo(tM and rooted sandstmslsiHstms (FA4a) 

flaser laminated sandstaWsiltstone (FA4b) 

nus-b urnmad sa~s,mds,~s,me (FAS, 

Facies 
F1, F3, F4a, F5aI F5b, F6a and F7 

F1, F2, F3, F4a, F5a, F5b, F6a and F7 
F1, F4a, F5a, FSb, F6a and F7 - 
F1, F3, F4a, FSa, F5b, F6a, F6b and F7 

F1, F2, F3, N a ,  FSa, F5b, F6a and F7 

F1, F2, F3, F4a, FSa, FSb, F8a and F7 
FI, F2, F3, F4a, FSa, F S ~ ,  F8a and F7 
F1, F3, F4a, F4b, F5a, F5b, F6a, F6b, 
F7, F8, FQa and F9b 

F3, F4a, F4b, FSb, F6a and F8 

F3, Fla, F4b 

F3, F4a and F6b 
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associated depositional environments, facies associations and facies is shown in 

Table 2.2. 

(2.3.1) Depositional System 1 : Turbidite Depositional System 

Although much of the offshore to offshore transition succession of the Montney 

was likely deposited from dilute, low density or waning energy, silt-dominated 

turbidite and/or tempestite processes (section 2.3.2), the turbidite depositional 

system refers specifically to deposits resulting from the mid-Montney lowstand 

event in the earliest Smithian. 

A global eustatic fall in conjunction with a structural inversion along the 

major faults of the Peace River Basin produced a significant relative sea level fall 

at the close of the Dienerian (Chapter 3; Henderson and Zonneveld, 1998). The 

paleoshoreline shifted southwestward, resulting in an increase in the very fine- to 

f ine-grained sand fraction deposited further basinward. Sediment bypass over 

much of the exposed proximal continental ramp was inferred based on cross- 

section correlations as this interval was not cored. It appears that there was no 

significant deposition of sediments on the shoreface during lowstand conditions, 

however these deposits would have a very low preservation potential due to 

ravinement during the succeeding transgression. The most widespread sand- 

dominated turbidite development (and highest reservoir potential) in the distal 

Montney succession, is associated with turbidites deposited during the Early 

Smithian lowstand event. The turbidite depositional system includes both 

proximal and waning energy turbidite deposits associated with a tectonically 

induced (Chapter 3), relative sea level fall at the close of the Dienerian and into 

the earliest Smithian. 

(2.3.1.1) Turbidites - Sedimentation and Facies Models 

The first grouping of sedimentary structures and lithologies into a turbidite 

facies model was published by Bouma (1962). The features of classical 

turbidites are summarized in Figure 2.15a. The Bouma sequence consists of a 
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fining upward package of sandstone to shale. The base of the cycle typically has 

abundant sole markings (tool, scour or organic marks). The basal A subdivision 

is commonly massive and structureless, grading upwards into a sandy, parallel 

laminated 6 subdivision. This in turn grades into a current rippled subdivision C. 

The B and C subdivisions may also contain convolute lamination. The D 

subdivision consists of parallel laminated silt and mud, while the uppermost E 

subdivision consists of petitic shale (Bouma, 1962). The sequence has been 

further subdivided into E(t), deposited by the turbidity current and E(h) deposited 

the slow accumulation of hemipelagic muds from the ocean (Bouma, 1962; 

Kuenen, 1964; Walker, 1992a). 

A second turbidite model (Figure 2.15b) has been used to classify thin- 

bedded turbidites, a subjective term, but which generally applies to events of 

only a few decimetres thickness. Thin-bedded turbidites have been separated 

into two types. The first is characterized by a single row of current ripples with 

rare convolute laminae and rip-up clasts (Walker, 1985; Walker, 1992a). This 

association of lithofacies indicates a turbidity current that has almost run out of 

suspended sand. The lack of convolution suggest slow deposition from 

suspension, while the absence of rip-up clasts implies a turbidity current without 

the energy needed for significant erosion of the bed. These features indicate a 

distal, basin floor depositional environment (Walker, 1985; Walker, 1992a). The 

second type of thin-bedded turbidite is characterized by climbing ripples, 

abundant convolute laminae and ripped-up mud clasts. It has been termed 

"CCCn turbidites for Clasts, Convolution and Climbing ripples (Walker, 1985). 

The climbing ripples and convolution suggest high rates of sedimentation and the 

rip-up clasts indicate erosive turbidity currents. Therefore, the "CCCn turbidites 

have been interpreted as deposition on levees or high on the channel margins 

(Walker, 1 985; Walker, 1 992a). 

The classic deep-water turbidite fan models of Mutti and Ricci Lucchi 

(1 978), Norrnark and Piper (1 972), Normark (1 970), Norrnark (1 978) and Walker 
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(1978) have been refined and expanded into a predictive facies model (Normark 

et al., 1993; Walker, 1992a). Figure 2.16 shows a model of the classic 

submarine fan. This depositional model consists of discrete inner, middle and 

outer fan environments, each of which consists of distinctive turbidite facies 

associations such as channel-fill, overbank, interchannel and lobe deposits 

(Figure 2.16b). The turbidite fan is typically deposited at the mouth of a 

submarine canyon during periods of relative sea level lowstand. The continental 

shelf is exposed and subject to sediment bypass creating the opportunity for 

basin floor deposits (Normark et al., 1993; Walker, 1992a). The submarine fan 

model has a single point source for sediment origin since the sediment spreads 

out into a fan shape once the flow is unconfined from the submarine canyon. 

Moslow and Davies (1997) have interpreted the Montney turbidite 

lowstand succession using the submarine fan model described above (after Mutti 

and Ricchi Lucci, 1978; Einsele, 1991 ; and Walker, 1992a). In the model of 

Moslow and Davies (1 997), mass-wasting events on a continental ramp break-in- 

slope generated turbidity currents and downslope turbidite deposition. Turbidite 

deposition was located basinward of a prograding depositional thick, termed the 

Cindy Lobe (Moslow and Davies, 1997). This lobe was located in a fairly broad 

paleolow at the terminus of the Cindy Graben which acted as a funnel, directing 

sediment off the shelf (Moslow and Davies, 1997; Davies et al., 1997a). 

However, it is hypothesized by this author, that the classic submarine fan 

model is inadequate to describe the Montney turbidite facies associations for 

three reasons. Firstly, the classic, point-sourced submarine fan models are 

based on coarse-grained examples. However, the Montney is a fine-grained 

system on a continental ramp. This is an important difference, since the 

geometry of the deposit and the bedforms contained therein are dependent on 

the grain size of the sediment. Secondly, the mid-Montney turbidite system is 

not located at the mouth of a deep-sea canyon. It is interpreted by this author, 

that the paleolow associated with the Cindy Graben was cut off from the offshore 
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Figure 2.15 - a) Bouma sequence; division A is massive or structureless. B is sandy 
parallel laminated. C is rippled andlor convoluted, D consists of parallel laminated 
silt and mud. The pelitic interval E consists of (1): mud introduced by the turbidity 
current; and (h): the hemipelagic background mud of the basin (Bouma. 1962; 
unmodified from Wlker, 1984). b) Comparison of distal or basin plain thin-bedded 
turbidites with a "CCCn turbidite interpreted to be a levee deposit. Arrow indicates 
climbing ripples (unmodified from Walker, 1992a). 
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Figure 2.16 - Submarine Fan Model a) model in which fan deposition begins with a 
Mass Transport Complex (erosionally based, poorly sorted, poorly stratified debris 
flow deposits) overlain by channel-levee systems (unmodified from Wlker, 1992a). 
b) Generic fan model incorporating common features (terraces, inner fan 
meandering channel, levees, etc.) which may not be present on all fans. Facies 
defined in ancient fan systems are shown in their inferred positions on the fan. Also 
shown is an incised channel, indicating a period of downcutting, fan extension and 
new lobe development (unmodified from Mlker, 1978). 
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region by an upwarped "barrier islandw (Figure 2.24b) resulting in two distinct 

sedimentary environments during the Early Smithian lowstand. The regional 

stratigraphic cross-sections (Appendix D - in pocket) do not appear to show a 

significant change in slope between the proximal shoreface deposits and the 

offshore succession, which could be interpreted as a continental slope. The 

gently dipping clinoforms, as well as the stacking patterns, thickness and 

geometry of parasequence sets and systems tracts support the interpretation of 

a gently dipping continental ramp setting (Van Wagoner et al., 1988, 1990). 

Moslow and Davies (1997) have also postulated that the Montney as a whole, 

was deposited in a continental ramp setting, with no appreciable shelf-slope 

break. A ramp setting is consistent with Lower Triassic deposition within a broad 

embayment on the western continental margin of Pangea (Moslow and Davies, 

1997). Thirdly, the lowstand turbidite deposits do not appear to be segregated 

into distinct inner, middle and outer fan environments. Instead, they are defined 

by proximal and distal ramp environments consisting of laterally expansive, 

amalgamated sheet sands that are correlatable over large distances along both 

depositional strike and dip (Appendix D - in pocket). Based on field 

observations in the Rocky Mountains from west-central Alberta to northeastern 

British Columbia, sand-dominated turbidite deposits are very widespread from 

this stratigraphic interval (J.P. Zonneveld, 1999, pers. comm.). The downslope 

transport of sediment appears to follow multiple paths with mass wasting 

occurring at any point along the ramp-slope break. This created a linear source 

of sediment throughout the Peace River Basin. It is hypothesized that slope 

failure and turbidite deposition was the result of sediment loading, tectonic 

destabilization and localization due to basin paleotopography. Therefore, a 

different turbidite depositional model was needed for the interpretation and 

prediction of Montney lowstand turbidite facies associations. 

Reading and Richards (1 994) classified deep-water depositional systems 

according to grain size and feeder type. The average grain size of turbidite 

systems was organized into four end member classes: mud-rich, mudsand-rich, 
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sand-rich and gravel-rich. Feeder systems form a continuum from point sourced 

fans, through multiple sourced ramps to linear sourced slope aprons. The 

positioning of a depositional system within this scheme is not always precise and 

may be affected by tectonics, climate, sediment supply and sea level. 

Understanding the sediment feeder type and delivery processes are important in 

predicting the facies variability and reservoir architecture of these deposits. The 

com bination of grain size and feeder type significantly affects the petroleum 

prospectivity and reservoir patterns of submarine turbidite deposits (Reading and 

Richards, 1 994). 

Heller and Dickinson (1 985) developed the concept of a submarine ramp, 

which was used to interpret facies relationships within two delta-fed basins: the 

middle Eocene Tyee Formation in Oregon and the Eocene Matilija Sandstone 

from California. The turbidite ramp is a special type of sandy submarine fan, 

which lacks persistent major channels because turbidite transport follows 

multiple paths at all stages, from the shoreline to the basin floor. Submarine 

ramps are built at basinal depths where sandy deltas prograde to the shelf-slope 

break and deliver coarse or coarser-grained sediment directly to the basin floor 

from multiple points along the delta front. As a result of this method of sediment 

remobilization, the depositional front of the ramp builds out into the basin along a 

broad front, with little of the facies segregation seen in a typical canyon-fed 

submarine fan (Heller and Dickinson, 1985). 

Heller and Dickinson (1 985) divided their submarine ramp depositional 

system into three sedimentological elements (shown in Figure 2.1 7a): 

1) Proximal ramp deposits bank up against the prograding delta slope. They 

are locally channelled at the base of the slope but are dominantly 

characterized by sheet flows spreading out onto the ramp surface. These 

deposits are typically characterized by thick massive beds. Asymmetric 

cycles are rare but include both thinning-upward and thickening-upward 
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cycles. It was suggested that both channelling and progradational buildup of 

depositional lobes occurs locally at the base of the slope. 

2) Distal ramp deposits merge outward with the basin plain. They were 

deposited as turbidites by sheet flows of lower density and gradually waning 

energy similar to those processes that act on the outer environments of other 

types of submarine fans. The distal ramp environment is characterized by 

thinner sand beds, which are slightly finer grained than the proximal ramp 

deposits. Also, traction facies (Bouma 6 and C subdivisions) are present and 

the sandstone-shale ratio is lower. 

3) The basin plain, which is bordered by ramp-fringe deposits, is similar to other 

fan-fringe deposits. 

Although the environment of deposition for the submarine ramp facies 

model of Heller and Dickinson (1985) is very different than that of the mid- 

Montney lowstand turbidite system, the three-dimensional geometry of the 

resulting deposit provides a good analogue. The Montney turbidite depositional 

system was not deposited basinward of a delta or on the basin plain, however it 

is postulated that the succession was the result of a linear source of sediment 

acting along a fault reactivated scarp at the base of the lower shoreface. 

Therefore, the model of Heller and Dickinson (1 985) was modified somewhat to 

reflect the Montney turbidite system. 

Surlyk (1987) showed that the Upper Jurassic Hareelv Formation of East 

Greenland has some important similarities to the delta-fed, sand-rich turbidite 

ramp facies model of Heller and Dickinson (1985). However, the turbidite 

deposits were fed by a fault-controlled shelf rather than a delta (Figure 2.17b). 

Flows were triggered along the entire slope length by movements on intrabasinal 

and basin-margin faults (Surlyk, 1987). The slope is cut by a system of highly 

erosive gullies, which transported sediment from the shelf to the basin plain. 

Laterally extensive lobe deposits form at the mouths of the gullies. This model 



Figure 2.17 - Depositional model for a) a delta-fed submarine ramp (modified 
from Heller and Dickinson, 1985), and b) a fault-controlled submarine ramp 
(modified from Surlyk, 1987). 



70 
also has some similarities to the Montney turbidite system as well as some 

important differences. 

The Permian Tanqua Karoo subbasin in South Africa is the best place in 

the world to study fine-grained submarine fan deposits due to an essentially non- 

tilted surface exposure (Bouma and Wickens, 1994; Bouma and Moslow, 1997). 

The Tanqua fan complex consists of six canyon-fed submarine fans, which are 

composed of an updip sand-rich channel complex with associated channel- 

levee-overbank deposits. Field studies indicate that the channel complex was 

formed at the base of slope where the conduit on the slope changed into a non- 

confined basinal channel-levee system. This changes downdip into stacked 

sheet sands associated with depositional lobes (Bouma and W ickens, 1 994; 

Bouma et al., 1995a, 1995b). 

A model for a fine-grained submarine fan, based in part on the Tanqua 

Karoo subbasin is shown in Figure 2.18a (Bouma et al., 1995b). This basin floor 

fan consists of a base-of-slope channel complex, the middle fan and updip 

portion of the lower fan composed of channel-levee-overbank deposits and the 

downdip part of the lower fan with sheet sands (Bouma et al., 1995b). There are 

two distinct differences between this submarine fan model and the lowstand 

turbidites of the Montney: 1) turbidity currents are funnelled through a confined 

upper fan canyon system from the edge of the shelf to the basin floor. Hence, all 

mass wasting events are funnelled in the same direction creating a well- 

developed leveed channel consisting of amalgamated sandstone channel fill in 

the mid-fan environment. The overbank area is composed of thin bedded clean 

sandstone with a decreasing sandkhale ratio away from the channels. 

Basinward, the channels gradually become smaller and loose their influence to 

direct the head of the turbidity flow, resulting in widening of the flow and 

deposition of sheet sands or depositional lobes (Bouma et al., 1995b). 2) Mass- 

wasting events originate on the shelf and sediment is delivered to the basin plain 

in the model of Bouma et al. (1995b). This change in slope is much greater than 
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Figure 2.18 - a) Model of a fine-grained submarine fan based on studies of modem fans and 
outcrop. Three depositional areas of the fan include: 1) base-of-slope with the channel 
complex; 2) middle fan and updip portion of the lower fan consisting of channel-levee-overbank 
deposits; and 3) the downdip part of the lower fan with sheet sands (unmodified from Bouma ef 
a/., 1995b). b) The shoreface-fed turbidite ramp model based on the Montney Formation (with 
significant vertical exaggeration). Mass wasting occurs along a fault-generated break in slope, 
resulting in multiple sediment sources and development of incipient feeder channels. Turbidite 
deposition is predominantly characterized by unconfined sheet sands which spread out over the 
surface of the ramp and grade basinward into thin-bedded sandstone and silt-dominated ramp 
fringe deposits. The sheet sand lobes are meant to represent the thickest sand deposits rather 
than the complete lateral extent of individua t turbidite events. 
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the ramp-slope break encountered in the Montney. Hence, the Tanqua flows 

would likely have had a higher initial energy than the Montney events. This 

combination of factors would increase the probability of successive turbidity 

currents following similar paths until compensation of sea floor topography 

results in channel andfor lobe avulsion. 

Four facies associations characterized the turbidite depositional system 

and were described based on the distal Montney succession (Table 2.2). They 

are: 1) the sheet sand and channel (FAla); 2) overbanldchannel margin (FA1 b); 

3) coarsening-upward lobe (FAlc); and 4) laminated siltstone and interbedded 

sandstone (FA1 d). The planar laminated siltstone/shale facies association 

(FA2a) also occurred within the lowstand turbidite depositional system (Appendix 

D). However, it is discussed in section 2.3.2.1 since this facies association forms 

the bulk of the offshore Montney succession. 

(2.3.1.2) Sheet Sand and Channel Facies Association (FAla): Downslope 

Lower Shoreface or deeper environments, primarily under lowstand 

conditions 

The lithofacies, which comprise this facies association, are F1, F3, F4a, 

F5a, F5b, F6a and F7 (Tables 2.1, 2.2). Sheet sand turbidite deposits consist 

predominantly of cyclic decimetre-to metre-scale very fine-grained, massive 

appearing sandstone (F1 - Bouma A subdivision) overlain by centimetre-scale 

laminated siltstone and/or massive, black shale (F5dF2 - Bouma D/E). Parallel 

laminated very fine-grained sandstone (Bouma B) and centimetre-scale rippled 

sand to low-angle laminated sand and silt (Bouma C) are seen less commonly 

between the massive sand and the laminated siltstone/shale facies. 

Amalgamated beds are moderate to common creating thick packages of 

massive appearing sandstone. A representative example of this facies 

association is shown in Figure 2.19a. Shale rip-up clasts and phosphatic (fish?) 

fragments occasionally occur as lag deposits at the base of massive sandstone 

beds. The rip-up clasts indicate erosive turbidity currents (Walker, 1985). Rare 
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tool marks are seen at the base of massive appearing sandstone beds, however, 

soft sediment deformation is much more common (Figure 2.19b). A variety of 

load structures were seen in core, including ball and pillow structures and flame 

structures (Appendix A). Load casts record the gravitational instability of 

liquidized sand and mud layers. They indicate rapid deposition with only a 

relatively short time between events as the interbedded silt and mud were not 

lithified prior to deposition of the succeeding sand event (Allen, 1982b). 

The gamma log signature for this facies association typically shows a well- 

defined "blocky" sand unit when associated with the thickest packages of 

amalgamated, massive sandstone beds. This is shown particularly well in 16-34- 

74-1 1 W6 (cross-section F-P, Appendix D). The signature becomes much more 

erratic due to thinner sand beds and the presence of interbedded, laminated 

siltstone or shale (Appendix D). A constant, low gamma signature typically 

indicates a clean, shale-free sandstone, although high gamma responses may 

also be produced if the sandstone contains potassium feldspars, micas or 

phosphatic grains (Asquith and Gibson, 1982). Each is associated with Montney 

sediments and affects the resulting gamma signatures to varying degrees 

(Moslow and Oavies, 1997). 

Hill and Wood (1980) examined the geology of the Forties Field in the 

North Sea and correlated core data to characteristic log shapes and patterns. 

The Forties Field is an oil field, producing from a middle and lower submarine fan 

environment. Their results may be used as a general guide for the interpretation 

of Montney gamma log signatures as well as a method of exhibiting how the 

depositional sub-environments of a classic submarine fan differ from those of the 

Montney turbidite system. The constant, low gamma log pattern represents a 

fairly uniform sandstone sequence. In this study, amalgamation of sandstone 

beds is common with only thin intervals of siltstone or shale to break up the thick 

sequences of sandstone (Appendix A). This log pattern typically represents 

channel deposition in the Forties Field, with sands forming thick, amalgamated 
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units. The sequence was terminated where channels were suddenly choked and 

deposition switched to a new channel (Hill and Wood, 1980). 

Moslow and Davies (1 997) interpreted the very fine-grained, massive 

sandstone beds in the Montney, as amalgamated turbidite channels. They 

studied the reservoir facies in the Valhalla and La Glace fields and estimated 

that sandstone channels were 250 m to 500 m in width along depositional strike 

(NNW-SSE) and laterally continuous along depositional dip for a few to several 

kilometres (NNE-SSW). However on a regional scale, the stratigraphic cross- 

sections (Appendix D - in pocket) appear to show laterally extensive sandstone 

packages, which are correlatable over large distances along both depositional 

strike and dip (up to about 50 km). Two sandstone units in the Valhalla area 

may be classified as channels (wells 16-27-75-9W6 and 2/8-24-75-9\1\16 on 

cross-section G-G'), but these appear to be exceptions. These channels are 

located along the northwestern periphery of the turbidite depositional system, 

which may account for the lack of amalgamation with successive turbidite 

events. However, it should be noted that 500 m wide channels are likely not 

recognizable for this study considering that the average well spacing is on the 

order of several kilometres. This may give an over-estimation of the presence of 

sheet sands along the trend of the Valhalla-La Glace-Grande Prairie fields. 

Distinctive large-scale confined channel buildups, laterally associated levee 

deposits and interchannel areas were not readily identified within the mid- 

Montney turbidite system as recognised in the classic coarse-grained submarine 

fan models (Appendix A, 0; Normark, 1978; Walker, 1978; and others). 

An important correlation to the Montney turbidites is found within the 

architecture of the Tanqua sheet sands (Figure 2.20). Sheet sands were 

deposited at the distal ends of channels where the flow became unconfined due 

to a decrease in the energy of the flow (Bouma and Wickens, 1994; Bouma et 

al., 1 995b). Individual beds were deposited by turbidity currents that followed 

essentially the same path, forming flat lenticular bundles consisting of six to eight 





Figure 2.19 - Core photographs of representative Montney turbidite lithofacies 
associations. a) 14-19-74-10W at 2499.2m; Sheet Sand and Channel Facies 
Association: amalgamated turbidite cycles (Bouma A-B?-CID? subdivisions); Phos 
= phosphate fragments; MC = mud clasts. b) 16-27-75-9M at 2194.0m; 
OverbankIChannel Margin Facies Association (overlain by a Bouma A turbidite 
event): "CCC" turbidites shown here are defined by slumping/contorted/convolute 
laminae - interpreted as a proximal turbidite, overbank deposit; F = flame structures 
of mud into overlying massive, very fine-grained sand. c) 12-17-75-9W at 
2260.5m; Coarsening-Upward Lobe Facies Association: laminated very fine- 
grained sandstone to siltstone; base-absent turbidite cycles (Bouma B-C-DIE). 



Figure 2.20 - Schematic diagram explaining the deposition of sheet sands. a) a 
succession of individual sandstone layen deposited by turbidity currents that 
basically followed the same path. Each sand deposit will be covered by fine-grained 
material from the tail of the turbidity current and hemipelagic deposition. The centre 
part of each flow has sufficient strength to erode the finest material away, resulting in 
an amalgamated contact. The current force gradually decreases to the sides, 
resulting in less and less erosion and a thickening of the shale. About 6 to 8 layers 
maximum will be aggrading, resulting in a wide. flat lenticular body. b) The bundle 
discussed above creates sufficient relief to force the next flow to switch laterally. A 
new stack will be formed that may overlap onto the previous bundle. The flatness of 
the individual bundles and their large widthhhickness ratio results in deposits that 
are laid down in nearly plan parallel units (unmodified from Bouma and Wckens, 
1 994). 
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amalgamated layers. The force of the turbidity current decreased to the sides of 

the bundle resulting in amalgamated sandstone contacts within the centre of the 

deposit and an increase in shale outwards. This was followed by lateral 

switching and deposition of a new bundle to accommodate compensation of sea 

floor topography. The bundles have a large widthhhickness ratio, which results 

in deposits that are laid down in nearly plane parallel units (Bouma and Wickens, 

1994). A depositional model for the Montney turbidites is shown in Figure 2.18b. 

In the Montney, sand-dominated turbidite deposits form a conspicuous NW-SE 

oriented trend paralleling the Webster Fault. This sediment distribution pattern 

has been used to support the multiple sediment source hypothesis for the mid- 

Montney turbidites. The Montney sheet sands were likely deposited in a similar 

manner to the Tanqua sheet sands. The major difference is that in the Tanqua 

subbasin, successive turbidity currents followed the same channel followed by 

lateral switching and deposition of a new lobe or bundle as a result of 

compensation for seafloor topography. In the Montney, slope failure and mass 

wasting could occur at any point along the ramp slope break. Therefore, the site 

of deposition for a particular event was a result of the existence of a large 

sediment load on the shoreface and a mechanism for creating gravitational 

instability of this sediment, rather than a channel system directing the head of 

the turbidity current to the active depositional lobe. As a result, turbidite deposits 

would not likely build up a single lobe followed by lateral switching to a new 

depositional site, however compensation of seafloor topography would still have 

affected the direction of flow. 

In the areas most proximal to the point of origin of mass wasting in the 

Montney, localized channel and levee buildups may have occurred and cut into 

underlying sheet sand deposits (Figure 2.18b). This is evidenced by the 

presence of mud rip-up clasts at the base of massive appearing sandstone beds, 

indicating erosive turbidity currents. These feeder channels would have acted as 

a source for the basinward deposition of sheet sands. However, due to the 

multiple sediment sources of the Montney turbidite system, these channels 
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would form much less prominent features than on a point sourced submarine fan 

and would be interbedded within sheet sand deposits resulting from sediment 

gravity flows originating from some distance along strike. This is observed along 

the trend of the Valhalla-La Glace-Grande Prairie fields. The mid-Montney 

turbidite deposits within the Knopcik field were characterized as sheet sand 

lobes, developing downdip from the feeder channewsheet sand complex of 

Valhalla-La Glace (Figure 2.18b). There is a general basinward decrease in 

grain size toward the southwest as turbidite events thin due to decreasing energy 

conditions within the current as well as lateral deflection by paleohighs. The 

Knopcik sheet sands were likely localized due to sea floor paleotopography. 

In the Tanqua fan complex, the surface area of a channel is small 

compared to that of the overbank area (Bouma and Wickens, 1994). Lateral 

channel switching has resulted in the deposition of thin-bedded turbidites 

(overbank to interchannel area deposits) above and below many channel fills 

(Bouma and Wickens, 1994). In the Montney, the extent of the presence and 

incision of feeder channels may become more apparent on a smaller scale study 

at the field and reservoir level and is an important consideration for fluid 

migration studies since it affects reservoir heterogeneity. However, much of the 

sheet-like geometry seen in this regional study can not intuitively be classified as 

a channel by the strict definition. Therefore, the sheet sand and channel facies 

association has been interpreted as a product of predominantly unconfined sheet 

flow with localized up-dip channels feeding the sheet sands (Figure 2.1 8b) 

(Heller and Dickinson, 1985). This is supported by the three-dimensional 

geometry as correlated on the regional stratigraphic cross-sections (Appendix 0)  

and the sedimentology. The individual events comprising this facies association 

contain the same succession of lithofacies throughout the lowstand turbidite 

system (Knopcik, Valhalla, La Glace and Grande Prairie fields and others), 

varying only in the thickness of individual beds and the thickness of the 

amalgamated sand package as a whole. There appears to be very little lateral 
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facies segregation or variation of the deposit into distinct areas of channel and 

overbank deposits (Appendix A) (Heller and Dickinson, 1985). 

The sheet sand and channel facies association is the primary 

hydrocarbon reservoir in the distal Montney environment. The greatest volume 

of oil and gas within the study area are located in stratigraphic traps associated 

with this facies association (Chapter 5). 

(2.3.1.3) OverbanWChannel Margin Facies Association (FA1 b): Downslope 

Lower Shoreface or deeper environments, under lowstand and early 

transgressive conditions 

The facies, which define the overbank/channel margin facies association, 

include F1, F2, F3, F4a, F5a, FSb, F6a and F7 (Tables 2.1, 2.2). This facies 

association is typically found overlying or laterally adjacent to the sheet sand and 

channel facies association. It is typically composed of cyclic decimetre-scale 

cycles of ripple laminated, very fine-grained sandstone (Bouma C subdivision), 

parallel to ripple laminated siltstone (Bouma D) and minor, fissile, black shale 

(Bouma E). Amalgamated events containing partial, base-absent Bouma cycles 

are typical of the overbank/channel margin facies association. Soft sediment 

deformation such as ball and pillow structures, flames structures, slumping and 

convoluted/contorted laminae are moderate to common. As well, climbing ripple 

lamination was also present. The overbanklchannel margin facies association 

was typically defined by the presence of "CCC" turbidites and/or thin-bedded 

turbidites (Figures 2.1 5b. 2.1 9b) (Walker, 1985, 1992a). In the classic 

submarine fan model, convoluted, contorted and oversteepened laminae are 

common in the overbank wedge due to sediment instability along the flanks of 

turbidite channels (Normark et al., 1993). 

The gamma log signature for this facies association frequently has a more 

serrated or erratic appearance than the sheet sand and channel facies 

association due to the higher silt and shale content. This log signature is typical 

of thinly interbedded sandstone and shale. Hill and Wood (1 980) determined 
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that this pattern was common in many environments in a submarine fan including 

levee, channel margin, abandoned channel fill, and interchannel areas of the 

upper, middle and lower fan areas. They indicated that it was important to take 

both the lateral and vertical facies associations into account in order to correctly 

interpret the erratic log motif. In the context of the Forties Field, an erratic 

gamma signature represented interchannevlevee deposits when associated with 

thick, channelized sandstones and a lower fan environment when affiliated with 

thin-bedded, base-absent Bouma sequences and hemipelagic shales. 

Moslow and Davies (1997) interpreted this facies association as the 

channel margin. The soft sediment deformed, convoluted and oversteepened 

laminae were used to indicate sediment instability along the flanks of turbidite 

channels. This silt-dominated facies association disrupts reservoir continuity, 

when interbedded with packages of amalgamated, channel deposits (Moslow 

and Davies, 1997). For the most part, the overbank/channel margin facies 

association within the Montney does not appear to form significantly thick or 

laterally widespread deposits (Appendix A, C). It would be expected that in a 

submarine fan deposit with significant facies segregation and large-scale 

channelized buildup, that the interchannel areas and overbank/levees would 

form a prominent wedge of sediment (Figure 2.1 6) (Bouma and Wickens, 1994). 

Sands are deposited in the channel thalweg and grain size decreases away from 

the channel (Normark, 1978; Walker, 1978; Einsele, 1991 ; Walker, 1992a; 

Bouma and Wickens, 1994; Bouma et al., 1995b). Instead, packages of this 

facies association are typically less than a few metres in thickness and are rarely 

correlatable on a regional scale within the lowstand turbidite depositional system 

(Appendix D). This supports the multiple-source hypothesis for the Montney 

turbidite system as slope failure from multiple points along the ramp-slope break 

would not produce persistent major channels and consequently, well-developed 

interchannel areas would also fail to form (Heller and Dickinson, 1985). The lack 

of regionally correlatable packages of this facies association may be attributed to 
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erosion by successive, laterally offsetting channels as well as sheet sands 

overlaying and isolating the channel margin deposits. 

The combination of the sand-dominated sheet sand/channel and siltstone- 

dominated overbanklchannel margin facies associations may form asymmetric, 

fining-upwards packages. This facies association is most common along the 

trend of the Valhalla-La Glace-Grande Prairie fields, which indicates a 

connection with the development of feeder channels along the ramp-slope break 

(Figure 2.18b). '%CCW turbidites may have formed as a result of sediment 

instability coupled with local paleotopography along the edges of these feeder 

channels. 

In the classic submarine fan model, overbank/channel margin deposits 

are useful for prediction of the lateral presence of channels. In some cases 

where a thick siltstone interval overlying the turbidite depositional system has 

been cored, highly slumped and convolute siltstone units are found up to 6 

metres above the sand-dominated lowstand turbidite interval (4-27-74-1 OW6 on 

cross-section 6-B'; 14-1 3-74-7W6 on cross-section D-D'). These slumped 

siltstone units (occurring within parasequence sets S1 and 52) appear similar to 

the channel margin ZCC" turbidites interbedded within amalgamated sheet sand 

and channel sandstone packages (parasequence set SO). However, in the case 

of the 4-27 well, the slumping occurs within the offshore environment far out into 

the basin (Knopcik Field). The major difference lies in the lack of a laterally 

associated sand-dominated channel complex with these slumped units. 

Slumping and convolute laminae were observed in the S1 parasequence set, 

closely overlying the turbidite depositional system. Sediment instability in this 

case may be attributed to abandonment of the sand-dominated lowstand 

turbidite depositional system during the subsequent transgression. Silt- 

dominated turbidite processes were active in the offshore to offshore transition 

environments throughout the Lower Triassic (section 2.3.2.1). Therefore, "CCCn 

turbidites within these environments may reflect sediment instability and 
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channelling associated with silt-dominated turbidite events. Therefore, the 

presence of "CCCw channel margin deposits may not necessarily indicate the 

proximity of sand-dominated channels, which is reflected in the 4-27 well and 

nearby stratigraphy (Appendix 0). 

(2.3.1.4) Coarsening-Upward Lobe Facies Association (FA1 c): Downslope 

Lower Shoreface or deeper environments, under lowstand conditions 

The facies comprising this association are F1, F4a, F5a, F5b, F6a and F7 

(Tables 2.1, 2.2). The coarsening-upward lobe facies association typically 

consists of cyclic, interbedded, decimetre-scale parallel (Bouma 8 subdivision) to 

ripple (Bouma C) laminated very fine-grained sandstones, wavy to parallel to 

ripple laminated siltstones (Bouma D) and shales (Bouma E). A representative 

example of this lithofacies association is shown in Figure 2.1 9c. Soft sediment 

deformation is less common than in the overbank/channel margin facies 

association. Lithologically, the coarsening-upward lobe facies association is 

similar to the planar laminated siltstone/shale facies association (FA2a) and 

sheet sand and channel facies association (FAla). The difference lies mainly in 

the geometry of the deposit. Basal lobe deposits typically consist of silt- 

dominated, base-absent, thin-bedded turbidites, in which "CCCn turbidites are 

usually (although not always) absent. This grades upward into massive 

appearing, very fine-grained sheet sand turbidites. The lobe facies association 

forms prograding, coarsening- and thickening-upward packages. The sand 

content of these turbidite cycles tends to increase upward as the more proximal 

sandier turbidite facies prograde over the distal siltstone part of the lobe. Hence, 

the lower portion of a lobe deposit is characterized by thin-bedded, silt- 

dominated turbidites, which grade upward into thicker-bedded, sand-dom inated 

turbidite events. 

As a result of this upward change in lithology, the gamma log signature 

yields an overall "funnel" shape characterized by an upward decreasing gamma 

pattern. This pattern reflects the decreasing shaliness and increasing porosity 
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and permeability of the succession. Hill and Wood (1980) interpreted this 

sequence in the submarine fan environment as prograding depositional lobes at 

the mouths of distributary channels. In the classic submarine fan model, lobes 

characterize the nonchannelized area of the middle fan (Figure 2.1 6b) (Normark, 

1 978; Walker, 1978), which was the interpretation of this facies association put 

foward by Moslow and Davies (1997). In the Tanqua subbasin, the sheet sand 

deposits are equivalent to depositional lobes, forming by unconfined sheet flow 

at the distal end of channels (Figure 2.1 8a) (Bouma and Wickens, 1994; Bourna 

et al., 1995b). In the Montney, the coarsening-upward lobe facies association 

forms by the same mechanism as the sheet sands - unconfined sheet flow. 

Therefore, ideally they should belong to the same facies association. They have 

been broken out into separate facies associations for this project due to the 

distinctive coarsening-upward profile as compared to the uniform blocky sandy 

signature of thick packages of amalgamated sheet sands. As well, the 

distinction between sheet sand and feeder channel deposits was not clearly 

identified in the proximal area of the turbidite ramp due in part to the regional 

scope of this project (section 2.3.1.2). Since both the sheet sand and channel 

deposits were already combined into a single facies association, it is likely better 

to split the facies associations into two rather than combine the coarsening- 

upward lobes, aggradational sheet sands and feeder channel turbidites into a 

single association. 

The coarsening-upward lobe facies association and its characteristic log 

pattern are seen less frequently than the sheet sand and channel facies 

association. Coarsening-upward, lobe deposits are found in both the proximal 

(NE) and distal (SW) areas of the lowstand turbidite depositional system. 

Bedding thicknesses of Montney turbidite events are typically random. Both 

thinning- and thickening-upward cycles occur locally in turbidite deposits 

proximal to the sediment source area, which suggests that both channeling and 

the progradational buildup of depositional lobes occur at the base of the ramp- 

slope break (Appendix A, B) (Heller and Dickinson, 1985). These two processes 
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would have been approximately age-equivalent depending on the timing and 

location of mass wasting. 

(2.3.1.5) Laminated Siltstone and Interbedded Sandstone Facies 

Association (FA1 d): Downslope Lower Shoreface or deeper environments 

The laminated siltstone and interbedded sandstone facies association 

consists predominantly of the F1, F3, F5a, F5b and F6a lithofacies although F4a, 

F6b and F7 occur in minor amounts (Tables 2.1, 2.2). This facies association is 

composed of interbedded laminated siltstone and sheet sandstone events and 

forms a continuum between the sheet sand and channel (FAla) and planar 

laminated siltstonelshale facies associations (FA2a). Deposition is primarily the 

result of traction and suspension sedimentation associated with decreasing 

energy of the turbidity current. There is no distinctive upward-variation in either 

bedding thickness or the sandkhale ratio. Packages of this facies association 

tend to form monotonously interbedded units of siltstone- and sandstone- 

dominated turbidite events. Individual events are typically decimetre-to metre- 

scale and vary from planar laminated siltstone/shale turbidites (Figure 2.7a) to 

base-absent sandstonelsiltstone turbidites (Figure 2.1 9c) to thin-bedded, 

massive appearing sheet sands (Figure 2.1 9a). 

The unconfined sheet-like geometry of the sheet sand turbidites (section 

2.3.1.2) also applies to the laminated siltstone and interbedded sandstone facies 

association (FA1 d) and the planar laminated siltstonelshale facies association 

(FA2a). Deposits of this facies association typically develop on the outer fringe 

(laterally and basinward) of sand-dominated turbidite events due to a decrease in 

energy of the turbidity current during deceleration of the flow (Figure 2.1 8b). The 

interbedded sand and silt events are characteristic of varying current strengths 

during deposition. For example, the laminated siltstone and interbedded 

sandstone facies association is common in the southeastern area of the turbidite 

system. Cross-section E-E' (Appendix D) show a widespread package of these 

deposits. The Peace River Leduc Reef Margin parallels the southeastern 
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boundary of the study area (Figure 1.5) and it is hypothesized that this 

morphological element was a paleohigh which acted to deflect much of the 

lowstand turbidity current deposition towards the northwest (Davies, 1997a). 

Hence, deposits associated with waning energy occur over the crest of the reef 

margin due to deceleration of the turbidity current. 

This facies association typically has an erratic or serrated gamma 

signature due to the interbedded sand and siltkhale, which is similar to the 

overbank/channef margin facies association. The presence of thin-bedded, 

base-absent Bouma sequences and hemipelagic shales, would indicate a lower 

fan environment in the Forties Field (Hill and Wood, 1980). It is interpreted that 

the laminated siltstone and interbedded sandstone facies association is 

characteristic of the distal ramp environment (Figure 2.1 8b) and forms primarily 

as a result of differing flow energies during deposition. This is affected by basin 

topography and the point of slope failure. 

(2.3.1.6) Discussion and Interpretation of the Turbidite Depositional System 

Sediment gravity flows have been classified based on the rheology of the 

sediment-fluid mixtures, which exhibit either fluid or plastic behaviour. The 

corresponding flows are termed fluidal and debris flows, respectively (Lowe, 

1982). However, the state of the flow (i.e. laminar or turbulent) is also important 

(Shanmugam, 1996). Four end-member mechanisms of flow have been 

recognized: turbidity currents, fluidized sediment flows, grain flows and cohesive 

debris flows. Turbidity currents are mass wasting, sediment gravity flows in 

which the grains are suspended by fluid turbulence. The sediment in fluidized 

flows is fully supported by upward moving pore fluid; grain flows involve sediment 

supported by dispersive pressure due to particle collisions; and debris flows 

occur when the sediment is supported by a cohesive matrix (Middleton and 

Hampton, 1973, 1976; Lowe, 1982). These four sediment gravity processes are 

end members of a continuum with poorly defined boundaries. Therefore, the 
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rocks may display combinations of processes, which makes genetic 

interpretations illogical (Bouma, 1 996; Moslow and Bouma, 1 997). 

Sediment gravlty flows evolve and transform throughout the transportation 

process. Hence, the preserved features of a deposit are only useful to decipher 

the final stages of deposition (Shanrnugam, 1996). In a true turbidity current, all 

the sand is supported by fluid turbulence. As the flow decelerates, the upward 

component of turbulence is unable to support the larger grains, which settle 

towards the base of the flow. Within this dispersed grain layer, the grains may 

collide with each other and with the bed. The grain dispersion is maintained due 

to the shear stress applied to the main body of the turbidite flow. When the 

shear stress becomes less than the friction between the grains, the layer will 

rapidly stop moving and freeze, forming a thick massive sandstone bed (Bouma 

A subdivision). The Bouma B and C subdivisions reflect the change from 

suspended to bed load with deposition due to traction sedimentation. The D 

subdivision typically reflects suspension sedimentation with some traction 

effects, producing the characteristic fine lamination and textural sorting. Direct 

suspension sedimentation of the finest material forms the Bouma E subdivision 

(Walker, 1 992a; Lowe, 1 982; Middleton, 1 993). 

The turbidite depositional system was probably deposited in water depths 

of approximately 100 metres, based on the Montney paleoenvironmental 

reconstructions (section 2.4; Moslow and Bouma, 1997; Moslow and Davies, 

1997). The lowstand turbidite system is overlain in part, by waning energy 

tempestites deposited during transgressive to progradational conditions (offshore 

transition environment) (Figure 2.25). Therefore, at least part of the lowstand 

turbidite system must have been deposited in water depths above storm wave 

base. 

These sand-dominated deposits, located within the offshore marine region 

of the Montney, are interpreted as originating from distinct events of turbidite 

origin during a tectonically controlled relative sea level fall acting in combination 
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with a eustatic fall (Chapter 3). However, an alternative hypothesis for these 

deposits may be found within the forced regressive shoreface model of Hunt and 

Tucker (1992) and the sharp based shoreface model of Plint (1988). Hunt and 

Tucker (1992) proposed a number of modifications to the idealized Exxon 

sequence stratigraphic model including the definition of stranded lowstand 

shoreface deposits, perched on the shelf. The stranding of parasequences far 

out on the shelf during eustatic falling baselevel may result in proximal, sandy 

shoreface deposits encased in offshore marine deposits (typically silts and 

shales). This discussion would not be complete without evaluating the validity of 

the turbidite interpretation for these deposits, which alternatively, may represent 

a forced regressive shoreface succession, especially considering that the unit 

was likely deposited in relatively shallow water depths. 

There are four arguments, which support a sediment gravity flow 

interpretation for these lowstand deposits. Firstly, the fining-upward, vertical 

succession of sandstone to shale appears to match the Bouma sequence for 

turbidite generated deposits (Bouma, 1 962, 1996; Middleton and Hampton, 

1 973: Einsele, 1 991, Walker, 1 992a). Complete cycles were rarely observed, 

but this is typical even in the classic submarine fan model due to differing energy 

conditions on the fan (Mutti and Ricci Lucchi, 1978; Norrnark, 1970, 1978; 

Walker, 1978). In the strictest sense, the classification of the Montney 

subaqueous sediment gravity flows as turbidity currents is not exactly correct 

since the term implies deposition from a fluidal flow in which the sediment was 

supported by fluid turbulence (Shanmugam. 1 996). Determining the flow 

hydraulics and rheological properties during deposition of these sand deposits 

was beyond the scope of this project, however the turbidity current end-member 

appears to most closely reflect the lateral and vertical facies variations within 

these deposits (Middleton and Hampton, 1973; Bouma, 1996; Einsele, 1991 ). 

Nelson (1 982) identified a shallow-water storm sequence of graded sand 

and interbedded mud, which mimicked the Bouma sequences in turbidite 
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systems. The graded vertical sequence from bottom to top consisted of plane- 

parallel laminated sand, cross-laminated sand, plane-parallel laminated silt and 

mud analogous to the Bouma T,, turbidite sequence. These shallow-water 

graded layers were differentiated from similar deep-water turbidites by the 

predominance of trough cross-lamination (due to wave oscillation effects). 

onshore gradation of common shallow marine fossils and bioturbation as well as 

storm lag layers at the base of each event. These four criteria were absent in 

the Montney lowstand deposits, indicating that the succession was not likely the 

resu It of shallow-water storm processes. 

The presence of tool marks and soft sediment deformation on the bases 

of massive sandstone beds form the basis for the second argument. Both load 

casting and scouring indicate rapid sedimentation rates. These structures do 

occur in shallow marine strata, but are most common in turbidite deposits (Allen, 

1982b). The massive sandstone-siltstone cycles appear to be the result of 

distinct event stratification as evidenced by the sharp base and abundant soft 

sediment deformation (Middleton and Hampton, 1 973). 

Thirdly, there is a distinct lack of bioturbation in these deposits. In fact, 

the Montney as a whole is characterized by a low diversity ichnofaunal 

assemblage, although bioturbation may be very abundant in certain shoreface 

environments. This distinctive lack of bioturbation may be a result of the slow 

recovery of biota after the end-Permian mass extinction event (Davies, 1997a). 

As well, the early Triassic may have been a period of widespread oceanic 

anoxia. This has been tested geochemically based on cerium anomalies and 

carbonlsulphur ratios (Hallam, 1994; Wright et al., 1987). Anoxic conditions are 

supported at least regionally during the Triassic, by the presence of extensive 

anaerobic and dysaerobic facies, the absence of reefs and associated high 

diversity benthic communities (Hallam, 1994; Davies, 1997a). In the Montney, 

pervasive, authigenic pyrite is a strong indicator of bottom-water anoxia and 

sulphate-reducing conditions (Davies et al., 1997a; Appendix A). Therefore, this 
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distal environment may not be heavily bioturbated due to a combination of the 

organisms going extinct and the presence of an extremely inhospitable 

environment for the burrowing organisms, which survived the extinction. The 

most common lithofacies found in this depositional system are massive 

appearing sandstones and laminated siltstones. Massive sandstone can occur 

in the shoreface, but it is typically the result of strong biologic activity destroying 

the primary bedding structures (Rieneck and Singh, 1980). If the massive sands 

in this distal Montney environments were heavily bioturbated then the 

interbedded silt would likely be churned as well, but it is not. As well, unchuned 

shoreface deposits would retain the primary lamination characteristic of 

oscillating wave action. This would seem to eliminate the forced regressive 

shoreface model (Hunt and Tucker, 1992). Massive bedding also forms due to 

rapid sedimentation dumping the sediment as a homogenous mass, which is 

characteristic of the Bouma A subdivision (Lowe, 1 982; Middleton, 1993; 

Shanmugam, 1996). Bioturbation is typically absent during this phase of 

turbidite sedimentation, but may be present during the quiescent periods 

between events. The absence of such bioturbation in the silt-dominated facies is 

most easily explained by the slow recovery and the possible lack of bottom-water 

oxygen in the ocean. The Montney massive appearing sand deposits typically 

appear unchumed and seem to be the result of a rapid depositional event rather 

than background shoreface sedimentation. 

The final argument supporting a turbidite interpretation for these deposits 

is the lack of sedimentary structures indicative of oscillating wave action such as 

wave ripple lamination and hummocky or swaly cross-stratification. The 

laminated sand facies within these deposits consists primarily of low angle cross- 

lamination and unidirectional current ripples. Both types of lamination are 

common in turbidites (Bouma B and C subdivisions) due to traction 

sedimentation during waning flow (Lowe, 1982). These four arguments support 

the hypothesis that these deposits resulted from decelerating turbidity currents 

rather than shoreface sedimentation. In this case, the forced regressive 
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shoreface model of Hunt and Tucker (1992) and Plint (1988) is not a valid 

interpretation for the distal Montney lowstand deposits. 

The development of a turbidite system is controlled by the interaction of 

many processes including, basin size and configuration, amount and type of 

sediment available for mass wasting processes, rates of deposition (frequency 

and volume of sediment gravity flows), local tectonic control, bottom current 

activity and most importantly, sea level fluctuations (Nonark et al., 1993). 

Localization of turbidite deposits during the mid-Montney lowstand appears to be 

primarily a function of paleotopography and the point of slope failure. Davies et 

al. (1997a) determined that the thickness and facies variations within the 

Montney were strongly influenced by paleostructure above Leduc reef trends and 

fault-bounded grabens. The Montney lowstand turbidite deposits were 

correlated to paleolows above the Paleozoic surface (Davies et al., 1997a). 

The mid-Montney turbidite system has been interpreted as a shoreface- 

fed turbidite ramp by this author. The major difference between the classic, 

submarine fan facies model and the ramp model is the lack of channelized inner- 

and mid-fan environments in the ramp (Heller and Dickinson, 1985). The 

Montney turbidite ramp deposits rarely contain the asymmetric cycles seen in 

classic fan systems. The turbidite depositional system is instead composed of 

laterally continuous sheets of sandstone (Appendix D). The average bed 

thickness tends to decrease downramp as the sandstone-shale ratio gradually 

decreases. Turbidite ramp deposits are characterized by an overall thickening- 

upward and coarsening-upward progradational sequence of turbidite sandstone 

beds (Appendix D). As well, there is little evidence in the Montney for true lateral 

facies segregation as is seen in the classic submarine fan models (Heller and 

Dickinson, 1985). 

The three-dimensional geometry of the Montney turbidites supports the 

interpretation of multiple sources of mass wasting. The sediment was likely 

supplied directly from loading on the lower shoreface. Wittenburg (1993) 
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investigated the localization of several elongate anomalously thick sandstone 

bodies (ATSB) within the Doig Formation. He interpreted these ASTB's as being 

the product of shoreface sourced mass wasting events, which deposited 

relatively coarse-grained clastic and carbonate material in the outer shelf to shelf 

margin setting. Sediment was supplied from distant Halfway Fonation 

shorelines. The mechanism of slope failure was supplied by Schwab and Lee 

(1988). They identified slumps and sediment gravity flows in Holocene 

glaciornarine sediments on the Gulf of Alaska continental shelf. Mass wasting 

occurred on slopes less than 1.3" and the processes responsible for slope failure 

were earthquakes and storm-wave loading on the shoreface. 

It is postulated that a similar mechanism may have emplaced the Montney 

iowstand turbidites. Fault reactivation in the latest Dienerian-earliest Smithian 

resulted in a relative sea level fall and the basinward shift in the shoreline. This 

structural inversion along the Webster Fault in particular would likely have 

created sediment instability. These lowstand deposits form a thickening wedge 

of sediments to the southwest of this fault, indicating that fault reactivation is a 

likely explanation for the generation of turbidites. The downthrow of the 

southwest fault block would have created an increase in accommodation space 

as well as a mechanism for sediment instability and turbidite generation (Figure 

2.18b). 

Earthquakes were the most important control on turbidity current 

generation in the Upper Jurassic Hareelv Formation (Surlyk, 1 987). This 

formation consists of sandstone deposited in a system of highly erosive, 

unorganized gullies that traversed the slope out to the basin. Downdip, laterally 

extensive sandstone beds were deposited at the mouths of gullies as the flows 

lost their erosive power and abruptly dumped their load in an unconfined setting. 

Each flow was independent, starting anywhere along the linear source region 

and was triggered by fault movement (Surlyk, 1987). Fault control and 

unconfined sheet flow are important similarities between turbidite deposition in 
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the Hareelv and Montney formations. The most significant difference is the 

distinct lack of deeply scoured gully sandstones in the Montney. It is postulated 

that this is a direct result of a much lower depositional slope of the continental 

ramp in the Peace River Basin. The relatively narrow fault zone that controlled 

deposition of the Hareelv Formation formed a relatively steep shelf-slope break 

and the unconfined sandstones were deposited on the basin floor (Surlyk, 1987). 

In contrast, Montney turbidites were likely emplaced on a gently dipping ramp 

(about 1 O) without a distinct shelf-slope break (Moslow and Davies, 1997). The 

higher slope and greater gravitational unstability of the Hareelv sands likely 

yielded more highly erosive turbidity currents which resulted in the ubiquitous 

formation of gullies. 

Sediment loading on the shoreface was likely also a factor in the 

generation of the mid-Montney turbidite system. The paleoclimate for the region, 

during the Lower Triassic was arid and there was an important aeolian influence 

on sedimentation (Davies, 1997a, 1997b). Arid coastal and inland desert or 

semidesert conditions may have been an important source for silt and very fine- 

grained sand during the Montney. Ocean basins adjacent to and downwind from 

arid landmasses receive considerable sediment contributions from atmospheric 

transport (Windom, 1975; Windom and Chamberlain, 1978). The expected 

prevailing wind system during the summer arid season would have been the 

northeast trades, indicating that there was a high potential for offshore transport 

of sediment by wind (Figure 1.7a) (Davies, 1997a, 1997b). The fine grain size, 

high concentrations of detrital dolomite and feldspar, and high degree of sorting 

is consistent with an aeolian source for Montney very fine-grained sands and 

silts. Davies (1997b) indicated that basinward bypassing of well sorted aeolian 

silts and sands may have contributed to extensive fluidized/downslope-displaced 

sandstones and siltstones in the Montney. As well, longshore currents would 

have transported sediment towards the south (Davies, 1997a) through the study 

area. This mobilization of sand on the shoreface would have added to the 

sediment source for the lowstand turbidites. Therefore, extensive loading on the 
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shoreface by aeolian-derived silts and sands coupled with tectonically induced 

instability was a likely mechanism for the origin of the mid-Montney turbidite 

depositional system. This mechanism also fits the multiple source area 

hypothesis (Heller and Dickinson, 1985), since sediment loading and failure may 

occur at any point along the ramp-slope break, resulting in unconfined sheet 

flow. As well, basin paleotopography, which was primarily fault related in the 

study area, acted to focus and localize the turbidity currents and subsequent 

deposition. 

(2.3.2) Depositional System 2: Basinward Continental Ramp System 

The Montney offshore marine to offshore transition depositional 

environments were deposited in a distal continental ramp setting with no 

appreciable shelf-slope break (Moslow and Davies, 1997). During transgressive 

and highstand phases, much of the coarsest detrital material (typically very fine- 

to fine-grained sand) was trapped in proximal shoreface environments. 

Therefore, much of the offshore to offshore transition depositional environments 

are dominated by laminated siltstone. Two facies associations characterize the 

offshore to offshore transition environments. They are: I )  the planar laminated 

siltstone/shale facies association; and 2) the wave ripple laminated (HCS?) 

sandstone/siltstone facies association. 

(2.3.2.1) Planar Laminated SiltstoneEhale Facies Association (FA2a): 

Offshore Transition and Offshore Marine environments 

The planar laminated siltstone/shale facies association is typically 

characterized by cycles of decimet re-to metre-scale, thinly laminated, sandy 

and/or shaly siltstone to centimetre-scale, fissile, black shale (F5a and F2 

facies). Cycles may also contain minor F1, F3, F4a, FSb, F6a and F7 (Tables 

2.1, 2.2). Sediments are predominantly parallel laminated with minor very fine 

grained, sandy starved ripple tracks (Figure 2.7a). The laminated siltstone facies 

is very micaceous with minor amounts of phosphatic fish fragments. Lesser 
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amounts (C 10 vol. %) of dark black, fissile, pelagic shale are also present and 

usually cap each event. Millimetre-scale soft sediment deformation including ball 

and pillow, flame structures and convolute laminae are common. This facies 

association is probably of turbidite origin (Bouma D-E subdivisions). 

Fine-grained s i t  and shale-dominated sediments are common in the 

offshore marine environment, however, they have been less well studied than 

the coarser-grained sandy deposits because of their poor preservation potential 

and monotonous or structurally homogenous appearance (Stow and 

Shanmugam, 1980). They are deposited by a variety of processes such as low- 

concentration thick turbidity currents, thin turbid layer flows, contour currents, 

and hemipelagic and pelagic deposition (Stow and Shanmugam, 1980). They 

recognized a set of structures in both ancient and modern siltlshale-dominated 

sequences resulting from deposition during the passage of a large, muddy 

turbidity flow. Stow and Bowen (1980) developed a physical model for the 

transport and sorting of fine-grained turbidity flows. Downslope lateral sorting 

occurs with the preferential initial deposition of the coarser silt grains and larger 

mud flocs. The mud layer forms a very rapidly deposited blanket over the silt 

laminae. This deposit result from thick, dilute, low-velocity flows. The complete 

sequence of Stow and Shanmugam (1 980) has 9 subdivisions, which correlate to 

the topmost C and D/E subdivisions of Bouma (1962). As in coarser-grained 

turbidite deposits, the entire sequence is rarely found. Different parts of the 

sequence were correlated to different environments of the submarine fan (Stow 

and Shanmugan, 1980). The lower parts of the sequence tend to occur closer to 

the channels and on fan lobes (Stow and Shanmugan, 1980). The standard 

facies model for an 'ideal" fine-grained turbidite unit is shown in Figure 2.21. The 

Montney deposits typically consist of the lowermost subdivisions (Tw) (Stow and 

Shanmugan, 1980). 

This facies association is characterized by a constant, high gamma log 

signature. The gamma response typically increases as shale content increases 



Figure 2.21 - Standard sequence of structures in an 'ideal" fine-grained (silt- 
dominated) turbidite unit. Nine structural divisions are identified as To through T, 
and compared with the structural schemes of other authors (unmodified from Stow 
and Shanmugam, 1980). 
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because of the radioactive material in the shale (Asquith and Gibson, 1982). Hill 

and Wood (1980) determined that this pattern was a response to deposition on 

the lower fan or on the basin plain. Deposition in the Forties Field was 

characterized by hemipelagic sedimentation, interrupted periodically by low 

energy turbidity flows. 

Moslow and Davies (1 997) interpreted this facies association as a product 

of suspension sedimentation, pelagic sedimentation and dilute turbidity currents 

in a distal shelf/ramp environment. This interpretation appears consistent with 

the core and sequence stratigraphic data collected during this study. The planar 

laminated siltstone/shale facies association occurs within the turbidite 

depositional system (section 2.3.2) as siltstone-dominated sediment gravity flows 

but also forms in the offshore areas during the remainder of Montney time. 

(2.3.2.2) Storm Oeposition and the Tempestite Facies Model 

Turbidites and tempestites have a number of features in common 

especially within their distal expressions, which makes their distinction 

challenging. The correct interpretation of these two bed types is of prime 

importance for paleogeographic and paleoenvironmental reconstructions 

(Einsele and Seilacher, 1991). Similar features of many sandy tempestite and 

turbidite deposits include an erosional base with different types of sole marks, 

graded bedding, small-scale ripple bedding and amalgamation. However, they 

also differ in several key features. Tempestites often display hummocky or 

swaley cross-stratification and wave ripple lamination, while turbidites frequently 

show traction current lamination (Einsele and Seilacher, 1991). 

Hummocky cross-stratification is an important indicator of oscillating wave 

effects and occurs in both progradational and transgressive strata. It commonly 

forms on the shoreface or shelf in silt to fine-grained sand (Dott and Bourgeois, 

1982). Hummocky stratification is formed most commonly by redeposition of 

fine-grained sand below normal fair-weather wave base (Figure 2.22a). The 

sand is typically delivered offshore by flooding rivers and scouring of the 
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Figure 2.22 - a) Diagram showing the inferred storm origin of hummocky 
stratification and graded sand laminae on continental shelves. Storm surge erodes 
sand at the shore; hummocky stratification is deposited and preserved in stormy 
seas between fair-weather and storm wave bases; graded laminae may be 
deposited and preserved at greater depths by simple settling andlor turbidity 
currents. b) The idealized hummocky sequence (tempestite) showing the notation 
for the component zones. Burrowing may overprint the top or even the entire 
sequence (unmodified from Dott and Bourgeois, 1982). 
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shoreface by large waves. Deposition is characterized by fallout from 

suspension and lateral tractive flow due to wave oscillation (Dott and Bourgeois, 

1982). An idealized hummocky stratification sequence (Figure 2.22b) analogous 

to the Bouma sequence for turbidites, was identified by Dott and Bourgeois 

(1 982). The base is typically sharp, erosional and may show scour marks. The 

hummocky zone (H subdivision) is characterized by continuous deposition of 

hummocky laminated sandstone, showing very low angle truncations separating 

the laminae sets. This is overlain by a flat-laminated (F) zone, which may not be 

very distinct. The zone of rippled and cross-laminated fine-grained sand and silt 

(X subdivision) represents temporary reworking of the top of hummocky beds by 

wave oscillation as a storm wanes. The upper mudstone or siltstone (M) zone 

may represent both waning-storm and normal fair-weather sedimentation with or 

without burrowing. Variations to this ideal sequence typically involve omissions 

and/or expansions of one or more of the zones. The most common variations 

involve amalgamation by successive stacking of hummocky zones or by intense 

bioturbation which obliterates the boundaries between the depositional units 

(Dott and Bourgeois, 1982). 

(2.3.2.3) Wave Ripple Laminated (HCS?) Sandstone/Siltstone Facies 

Association (FA2b): Offshore Transition environment 

This facies association is typically characterized by the F2, F3, F4a and 

F5b lithofacies. However, minor F1, F5a, F6a and F7 also occur (Tables 2.1, 

2.2). The identification of hummocky cross-lamination in core is a hotly debated 

issue. Hummocks typically have wavelengths on the order of several to tens of 

metres. It is the opinion of this author that hummocky cross-stratification (HCS) 

can not be positively identified in a 3.5" wide core. Low angle cross-laminated 

sandstone with very low angle truncation was occasionally observed, which may 

in fact represent hummocky cross-lamination if seen on a larger scale. 

Therefore, tempestite cycles were identified based on the entire association of 

facies put forward by Dott and Bourgeois (1982) rather than relying on a single 

fabric to recognize storrn-generated deposits. 
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Storms frequently remobilize and deposit very fine-grained sand further 

out onto the continental ramp. Representative examples of this facies 

association are shown in Figure 2.23. A complete tempestite cycle consisted of 

low angle cross-laminated sandstone (WF subdivisions), trough or wave ripple 

laminated sandstone (X subdivision), ripple to parallel laminated siltstone and 

fissile black shale (M subdivision). The base of each event was usually scoured 

and mud rip-up clasts were incorporated into the basal sand unit (Appendix A; 

Dott and Bourgeois, 1982; Davies et al., 1997a). As with the turbidite deposits, 

bioturbation was not an important factor in reworking this facies association. 

Frequently, these events consist of partial sequences such as base-absent 

(waning energy) or amalgamated "hummocky" to rippled sand sequences. This 

reflects distal versus proximal event stratification. These decimetre-scale, storm- 

generated (sandy tempestites) and/or influenced deposits characterize the 

offshore transition region of the Montney and are usually interbedded with events 

of the silt-dominated turbidite facies association (section 2.3.2.1; Appendix A), 

yielding an erratic gamma log signature. 

(2.3.3) Depositional System 3: Shoreface to Foreshore System 

The Montney shoreface to foreshore depositional system consists 

predominantly of laminated, very fine- to fine-grained sands, silts and dolomitic 

coquinas. As the focus of this project was on the depositional origin of the 

offshore region, the proximal environments to the northeast of the Rycroft Fault 

(Figure 1.5) were not studied in detail. The coastal shoreline areas in the 

Montney paleoenvironmental reconstructions (section 2.4) have been divided 

into foreshore and upper and lower shoreface environments, respectively. 

However, the lower shoreface environment was rarely cored in the study area 

and the description of a facies association corresponding to this environment 

would be rather speculative. It is interpreted that the foreshore to lower 

shoreface environments were present during Montney deposition and should 

therefore, be characterized by several different facies associations (Davies et al., 
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Figure 2.23 - Representative core photographs of the W v e  Ripple (HCS?) 
Sandstone/Siltstone Facies Association. Sc: erosional scour surface; MC: mud 
clasts; Tr: trough cross-laminated sandstone (wave influenced ripples). a) 11-1 8- 
75-7\1\16 at 2161.5m. Wning energy tempestite event showing scoured base with 
mud clasts, trough cross-laminated sandstone (X subdivision) and laminated sandy 
siltstone (M). b) 6-1-76-9W at 2141.3m. Wning energy tempestites (X-M 
cycles). 
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1997a), however, since this geographical area was not the focus of this project, a 

single facies association was used to describe the foreshore to lower shoreface 

succession. 

(2.3.3.1) Biocbstic Accumulations and Facies Models 

A fossil concentration consists of any dense accumulation of biogenic 

hard parts, irrespective of taxonomic composition, state of preservation or the 

degree of post-mortem modification (Kidwell, et al., 1986). The origin of skeletal 

accumulations is based on the relative importance of biogenic, sedimentologic 

and diagenetic processes (Kidwell, et al., 1986). This ternary classification 

scheme constitutes a continuum with the biogenic, sedimentologic and 

diagenetic processes forming the end-members. Deposits of mixed origin are 

more complex and indicate overprinting, reworking or secondary enhancement of 

the initial concentration (Kidwell, et al., 1 986). Biogenic skeletal concentrations 

are generated by the organisms that create the skeletal hardparts or are 

produced by other organisms interacting with discarded skeletal material. They 

result from organism behaviour and therefore, yield life or death assemblages of 

hardparts. Sedimentologic concentrations result from physical processes 

(usually hydrodynamic) of accumulation. Skeletal elements behave as 

sedimentary particles and the nonbioclastic matrix is either reworked or fails to 

accumulate meaning that the deposit is composed entirely of bioclastic material. 

Diagenetic skeletal accumulations are created or significantly enhanced by 

physical or chemical processes acting after burial. Fossil density is significantly 

increased by such processes as compaction and selective pressure solution of 

the matrix in bioclastic limestones (Kidwell, et al., 1986). 

Kidwell (1986a) suggests that the primary control on the abundance of 

fossil concentrations is the relative rate of sedimentation rather than hardpart 

input. Therefore a fossil accumulation occurs when: 1 ) hardpart input increases 

against a net constant rate of sedimentation; 2) hardpart input remains constant 

while the sedimentation rate decreases; 3) both rates vary such that skeletal 
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hardparts increase with respect to the sedimentation rate. Hardpart input is 

defined as the volume of skeletal material per unit time that survives to final 

burial. It is a function of accumulation, destruction, erosion, dissolution and 

repeated burial and exhumation (Kidwell, 1986a). Sedimentation rate indicates 

the volume of sediment deposited per unit time, which enters the permanent 

stratigraphic record. The degree of preservation for a surf icial fossil 

concentration depends on the threshold at which the destructive properties of 

retarded burial outweigh the dilution effects of high rates of sedimentation 

(Kidwell, 1 986a). 

An erosional regime (negative net sedimentation) generates hardpart 

accumulations in two different ways. The selective winnowing of fine-grained 

sediments leaves a hardpart-rich lag deposit at the sediment-fluid interface. 

Hydraulic reworking actively sorts the hardparts and matrix and locally redeposits 

the hardparts (Kidwell, 1986a). Omission (zero net sedimentation) concentrates 

skeletal material passively by the failure of sediment to accumulate and dilute 

them. This occurs as a result of total sediment bypassing (transported as 

suspended load), dynamic bypassing of sediment in bedload (alternating 

deposition and erosion with net sedimentation equal to zero) and by total 

sediment starvation of the system (Kidwell, 1986a). 

The relative abundance of hardpart concentrations changes in response to 

environmental conditions. A biostratinomic facies model was constructed by 

Kidwell et al. (1 986), which predicts the relative origin of bioclastic accumulations 

along an onshore-offshore transect through a terrigenous, non-deltaic 

depositional setting (Figure 2.24). They suggest two major offshore trends: 

biogenic concentrations increase offshore while sedimentologic accumulations 

decrease basinward. This is attributed to the decrease in energy for physical 

reworking in the deeper, offshore areas (below storm wave base). Above the 

storm wave base, sedimentologic concentrations dominate the depositional 
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Figure 2.24 - Expected relative abundances of skeletal concentrations along an 
onshore-offshore transect in a marine setting dominated by terrigenous 
sedimentation. Rates of sediment accumulation are assumed to be constant 
across the transect. In this biostratinomic facies model, sedimentologic 
concentrations decrease in abundance from the beach to outer shelf because of 
diminishing water energy at the sea floor, and biogenic concentrations increase in 
relative abundance (unmodified from Kidwell et a/., 1986). 
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environments (Kidwell et al., 1986). This facies model assumes onshore and 

offshore environments have the same rate of net sedimentation. 

Both biogenic and sedimentological concentrations typify intertidal and 

supratidal environments (Figure 2.24). Biogenic accumulations include channel 

margin bars, beds of burrowing bivalves, winnowed lags of shallow-burrowing 

opportunists and biogenic graded and stratified shell beds (Kidwell et al., 1986). 

Two methods of producing sedimentologicaf concentrations are lateral channel 

migration and storm surges, which result in a variety of shell pavements and 

spits within the intertidal environment (Kidwell et al., 1986). Lagoons and bays 

are predominantly characterized by biogenic concentrations (Figure 2.24) which 

includes colonization of opportunistic species, mass death assemblages 

(resulting from fluctuations in salinity, temperature, oxygen or stranding due to a 

relative sea level drop), and colonization by encrusting epifauna. Sedimentologic 

concentrations in lagoons or bays are typically associated with storm lags, flood 

deposits or distal washover deposits from barrier islands (Kidwell, et al., 1986). 

Beaches are a very unstable depositional environment. The ref ore, 

biogenic concentrations and hydraulically overprinted biogenic concentrations 

are usually nonexistent (Figure 2.24). The most typical skeletal accumulations 

are sedimentologic concentrations consisting of bedding plane lags of 

allochthonous and parautochthonous shells, shell lags in scour structures, 

aeolian shell pavements and shell beds formed through the lateral migration of 

tidal inlets and storm-surge channels (Kidwell, et al., 1986). Subtidal shoals 

(Figure 2.24) are a relatively high-energy environment and thus, all biogenic 

concentrations are reworked to some degree. Sedimentologic concentrations 

result from storm reworking and fair-weather winnowing of the sediment. 

Therefore, a colonized substrate results in a facies of mixed biogenic and 

sedimentologic origin (Kidwell, et al., 1986). Further offshore, the facies pattern 

is dominated by biogenic concentrations (biostromes, bioherrns, clumps and 

fecal concentrations). Sedimentologic and overprinted-biogenic concentrations 
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occur very infrequently in this environment due to the low energy regime (below 

storm wave base) (Figure 2.24). High rates of bioturbation tend to obscure any 

evidence of physical reworking. Sedimentologic concentrations on the distal 

shelf would result from rare storm events and under reduced rates of net 

sedimentation, promoting colonization of shell gravel fauna (Kidwell, et al., 

1 986). 

Biostratinomic facies trends vary predictably across the shelf and the 

ternary classification scheme does not specify a specific taxonomic composition, 

physical scale or time scale of formation of the skeletal concentration. Skeletal 

concentrations reflect changes in hydraulic energy, the ecology of skeletonized 

organisms, rates and styles of bioturbation, rates of sediment accumulation and 

diagenetic regimes (Kidwell, 1986a; Kidwell, et al., 1986). Different post-mortem 

preservational bias will exist along the onshore-offshore transect. Each facies 

also exhibits different biotic recolonization opportunities. This will further alter 

the composition of successive fossil assemblages. These biostratinomic trends 

are also useful for paleobathymetric reconstructions (Kidwell, et al., 1986). 

(2.3.3.2) Laminated Sandstone and Coquina Facies Association (FA3): 

Shoreface to Foreshore environments 

Shoreface deposits typically consist of planar to ripple laminated very fine- 

grained sands as well as dolomitic coquinas. The laminated sandstone and 

coquina facies association is composed primarily of the F3, F4a, F6b, F9a, and 

F9b lithofacies. However, F1, F4b, F5a, F5b, F6a, F7 and F8 are also present in 

minor to moderate amounts (Tables 2.1, 2.2). Representative photographs of 

the major constituent lithofacies from this association are shown in Figures 2.4b, 

2.4d, 2.9c, 2.9d, 2.12 and 2.13. 

The dolomitic coquina facies consist of highly abraded and leached 

bioclastic material, which is most characteristic of a beach and/or storm swash 

processes sorting and winnowing away the finer-grained matrix material (Kidwell 

et al., 1 986; Davies et al., 1997a). Based on core and stratigraphic correlation, 
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coquina occurs in at least six distinct stratigraphic levels within the study area. 

However, the Coquinal Dolomite Middle member (parasequence set S1) is the 

most laterally extensive (Davies et al., 1997a). The lateral distribution of the mid- 

Montney coquina-sand package is shown in Figure 3.1 1. Davies et al. (1 997a) 

and Davies (1 997b) interpreted this mid-Montney coquina interval as a lowstand 

deposit bounded at its base by a regressive surface of erosion (RSE) and 

overlain by a transgressive surface of erosion (TSE) created by ravinement 

associated with the Early Smithian transgression. The coquina was preferentially 

located in NE-SW oriented paleolows and a southwest prograding thick (the 

Cindy Lobe) fed coeval, offshore turbidite deposits. The top of the coquina was 

a zone of aeolian sediment bypass, which is marked by the presence of coarse- 

grained deflation lags (Davies, 1997b). This model corresponds rather poorly to 

the data gathered for this study. Instead, it is hypothesized that a major tectonic 

event in the earliest Smithian resulted in a relative sea level lowstand and 

created paleotopography, which effectively isolated the proximal landward part of 

the continental ramp from the basinward section (Chapter 3). This tectonic event 

was characterized by synsedimentary block faulting, either at the surface 

resulting in horst and graben topography or at depth, creating "upwarpedn highs 

and "downwarped" valleys (Chapter 3). The proximal lowstand succession 

(downwarped valley/graben fill - parasequence set SO) was deposited landward 

of an upwarped or upfaulted "barrier islandw (Figure 2.24b). This barrier island 

would have been a zone of subaerial exposure and/or sediment bypass in the 

earliest Smithian. In this model, the mid-Montney coquina was deposited after 

the earliest Smithian lowstand as a transgressive lag. In this model the Smithian 

coquina (parasequence set S1) is underlain by a TSE. As the transgression 

progressed towards the northeast, the coquina beach deposits were 

successively drowned, producing a laterally extensive coquina lag deposit. This 

was likely a fairly rapid inundation of the continental ramp and the coquina would 

have been deposited penecontemporaneous to abandonment of the turbidite 

system. Sedimentologically, there are two important criteria which support this 
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interpretation over that of Davies et al. (1997a) and Davies (1997b). Firstly, the 

lack of bioclastic detritus in the turbidite system is problematic if the coquina was 

deposited during lowstand and is feeding basinward mass wasting events. 

Moslow and Davies (1997) identified a moldic bioclastic bed overlying the mid- 

Montney turbidite package in 2/64 8-75-8\1\16 (Valhalla Field). They correlated 

this bed with the northeastern coquina deposition or TSE. This is an important 

observation, which supports this author's interpretation. If the coquina 

developed at the same time as the turbidite ramp, it would be expected that 

bioclastic beds would be observed within the mid-Montney turbidite deposits. 

Rather, the only recorded bioclastic bed overlies the turbidites within a silt- 

dominated deposit associated with abandonment of the sand-dominated turbidite 

ramp. Secondly, the lowstand coquina is overlain by a TSE in the Davies model 

(Davies et al., 1997a; Davies, 1997b). Therefore, it would seem likely that an 

aeolian deflation lag which formed during sediment bypass over the top of the 

coquina, would be eroded during ravinement resulting from the successive 

transgression. However, if the coquina were a transgressive deposit, the contact 

with the overlying sandy shoreface deposits would be more conformable, 

resulting in the preservation of aeolian deflation lags. These lags would have 

formed in the foreshore environment by wind blown winnowing of the 

intermediate grain sizes into dunes, leaving a cohesive lag of both finer and 

larger grains (Davies, 1 997b). 

The remainder of the laminated sandstone and coquina facies association 

consists predominantly of sand- to silty sand-dominated shoreface deposits. 

which show evidence of wave oscillation (wave ripple lamination) as well as 

planar laminae characteristic of the swash zone (De Raaf et al.. 1977; Clifton et 

al., 1971). Bioturbation occurs as rare to highly pervasive traces. This typically 

indicates well oxygenated conditions (Frey and Pemberton, 1985; Pemberton et 

al., 1992), in contrast to the bottom-water anoxia which may have been present 

further offshore (Wright et al., 1987; Hatlam, 1994; Davies, 1997a). Most 

bioturbation tends to consist of escape traces (Fugichnia), indicating high rates 
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of sediment input and aggradation (Frey and Pemberton, 1985; Pemberton et al., 

1992). The siltlshale fraction increases offshore (towards the southwest) as the 

upper shoreface sands grade basinward into the silt-dominated lower shoreface 

environment. Lenticular ripple laminae increase in a basinward direction 

(southwest). However, this change in lithology was not encountered often 

enough in core to determine an accurate position for the transition to the lower 

shoreface (Walker and Plint, 1992; Davies et al., 1997a). 

(2.3.4) Depositional System 4: Peritidal Coastal Plain System 

Peritidal coastal plain deposits are predominantly restricted to the early 

Griesbachian parasequence sets in the study area. However, a significant 

amount of the most landward Montney succession has been erosionally 

truncated beneath Upper (?) Triassic and sub-Jurassic unconforrnities, yielding a 

limited view of the original extent of this depositional system. 

(2.3.4.1) Mottled and Rooted SandstonelSiltstone Facies Association 

(FA&): Backshore to Tidally-Influenced Coastal Plain 

The mottled and rooted sandstone/siltstone facies association is primarily 

characterized by the F8 lithofacies with F3, F4a, F4b, F5b and F6a occurring in 

minor amounts (Tables 2.1, 2.2). Rooted sandstone cycles as well as flaser to 

ripple laminated sandstone are common. Deposition likely occurred within a 

backshore to tidally influenced coastal plain, characterized by restricted marine 

to subaerial conditions. Tidal influence is noted due to the occasional 

identification of primary tidal couplets and flaser laminae (Dalrymple, 1992; 

Davies et al., 1997a). Incipient pedogenic alteration is typically identified by 

chaotic dewatering textures and pervasive to common pyritized rootlets, which 

usually destroy much of the primary lamination (Figure 2.1 la, b, d) (Retallack, 

1976, 1988; Wright, 1989). 

Since pedogenic alteration is a secondary development, it is imposed 

upon a horizon after deposition. The only way to date a particular alteration 



I10 
event is if it is actually interbedded within a package of conformably deposited 

sediment. If the pedogenic alteration is truncated by a sequence boundary, it is 

impossible to determine the age since the alteration may have occurred at any 

time during the diastem (Wright, 1989). Within the well 1 -30-85-23W5 (Appendix 

A), is a rooted sandstone succession attributed to Montney sedimentation. The 

core consists of a series of coarsening-upward sandstone cycles overlain by an 

Early Griesbachian (Chapter 4) coquina and sand interval deposited in a 

shoreface to foreshore environment. The shoreface deposits are subsequently 

truncated by the "Nordeggn sequence boundary. m e  presence of the Montney 

shoreface deposits constrains the interval of incipient pedogenic development to 

the Lower Triassic. Vegetation growing in a backshore depositional environment 

which is occasionally submerged and under the influence of tidal processes is a 

favourable interpretation for the mottled and rooted sandstone/siltstone facies 

association. 

(2.3.4.2) Flaser Laminated Sandstone/Siltstone Facies Association (FA4b): 

Intertidal Sandflat environment 

The flaser laminated sandstone/siltstone facies association consists 

predominantly of the flaser to lenticular laminated sandstone and shale 

lithofacies (F4b), but is also composed of planar and ripple laminated sandstone 

(F3, F4a) (Tables 2.t, 2.2). It is most common in the Lower Montney 

(Griesbachian-Dienerian) succession. A representative example of this facies 

association is shown in Figure 2.6. This facies association shows evidence of 

tidal influence and was likely deposited in a shallow, updip shoreface 

environment such as an intertidal sandflat (Davies et al., 1997a). Evidence for 

tidal influence is seen by the occurrence of tidal couplets and bidirectional sand 

ripples (5-1 3-77-26W5, 6-30-80-22W5 - Appendix A). Tidal lamination is 

produced by an oscillating current flow, which results in traction-generated very 

fine-grained sand ripples and interlaminated siltstone/shale originating from 

suspension fallout (Dalrymple, 1992). Davies et al. (1 997a) noted that these tidal 

indicators are common in the shallowest part of the Lower Montney succession 
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preceding the Smithian sea level fall and the deposition of the Coquinal Dolomite 

Middle member. They interpreted the depositional environment of a similar 

tidally-influenced facies association as a shallow, restricted "inner shelf'. Since 

Davies et al. (1997a) did not identify the downwarped/block-faulted valley or 

estuary system (Figure 3 . 4 ~ )  (section 2.3.5), which underlies the Early Smithian 

coquina interval (Sl), it is possible that these tidally influenced environments 

were most prevalent during the early Smithian lowstand (SO). Intertidal sandflats 

would have been deposited in a 'lagoonn or restricted coastal embayment setting 

within the downwarped/block-faulted valley (Figure 2.26b). This also 

corresponds to the interpretation of the Lingulichnus-burrowed 

sandstonelsiltstone facies association, which was deposited in restricted marine 

to hypersaline conditions (section 2.3.5.1 ) 

(2.3.5) Depositional System 5: Downwarped/Block-Faulted Valley or 

Estuary System 

The downwarped/block-faulted valley or estuary depositional system is 

temporally restricted to the earliest Smithian lowstand. A major, regional 

structural inversion along the high-angle normal faults of the PRE resulted in 

buckling and/or block faulting of the Lower Montney succession at the close of 

the Dienerian. This created horst and graben topography if the faults 

propagated to the surface or an "upwarpedW barrier island and adjacent 

"downwarpedw valley system if the faulting occurred at depth (section 2.4; 

Chapter 3). This structural inversion resulted in a relative sea level fall at the 

close of the Dienerian. Therefore, the downwarpedmlock-faulted valley fill is 

composed of lowstand deposits. The valley fill was deposited 

penecontemporaneous to the lowstand turbidite depositional system (section 

2.3.1 ; Henderson and Zonneveld, 1999). 
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(2.3.5.1) Lingulichnus-burrowed SandstonelSiltstone Facies Association 

(FAS): Lagoon to Restricted Coastal Embayment 

The Lingulichnus-burrowed sandstone/siltstone facies association is 

composed of the F6b. F3 and F4a lithofacies in decreasing order of abundance 

(Tables 2.1, 2.2). Deposits of this facies association are typically finer grained 

than the underlying Dienerian shoreface sands into which they incise. 

Interlaminated siltstones, shales and very fine-grained silty sandstones are 

commonly high to moderately bioturbated. lchnofauna consist of a low diversity 

assemblage of Lingulichnus and Teichichnus burrows (Appendix A). A 

representative example of this facies association is shown in Figure 2.9b. 

Fluctuating salinity levels associated with hypersaline to restricted marine 

conditions constrained the diversity, presence and size of the burrowing 

community (Henderson and Zonneveld, 1999). 

The Pangean continental mainland to the east was characterized by high 

aridity and low relief deserts during the Early Triassic (Davies, 1997a). As a 

result, fluvial input was likely intermittent to ephemeral following seasonal 

rainstorms (Davies, 1997a; Henderson and Zonneveld, 1999). This arid setting 

was characterized by high evaporation rates and when combined with low fluvial 

input, likely produced elevated salinity levels in restricted embayments along the 

coastline (Henderson and Zonneveld, 1999). Early Smithian lowstand deposition 

in the Sturgeon Lake area consisted of a complex series of bifurcating, incised 

estuarine valleys associated with ephemeral fluvial systems (Markhasin, 1997; 

Henderson and Zonneveld, 1999). These estuaries were dominated by tidally 

controlled deposition and hypersaline to brackish water conditions (Markhasin. 

1 997; Henderson and Zonneveld, 1999). 

In the study area, tectonic reactivation of high-angle normal faults 

inherited from the Paleozoic PRE caused faulting and/or buckling of the 

sedimentary succession in the latest Dienerian to earliest Smithian. This was the 

primary cause of valley formation (Chapter 3). Incision likely occurred locally as 
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a secondary phenomena associated with uplift, subaerial exposure and erosion. 

The estuarine valley deposition which characterizes the Sturgeon Lake area was 

probably more restricted and hypersaline than similar, coeval deposits seen in 

this author's study area. The tectonically generated, graben/downwarped valley 

and horsvupwarped barrier island complex likely formed an environment similar 

to a sedimentologically derived barrier island-lagoon system (Reinson, 1992). At 

its widest point, the downwarped valley was at least 60 km wide, based on 

preserved deposits (Figure 3.1 0). This is substantially larger than the incised 

valleys of Markhasin (1997) and Henderson and Zonneveld (1999), which may 

imply a change in the mechanism of origin along strike. During the earliest 

Smithian there was probably a lack of depositional communication between the 

downwarped/block-faulted valley deposits and the coeval turbidite system as 

seen by the lack of bioclastic detritus in the turbidites. As well, the valley fill 

contains an ichnofacies assemblage consistent with restricted marine or brackish 

water conditions. Therefore, it is likely that the downwarped valley environment 

in the Peace River Basin was cut off from the open marine conditions to the west 

of the upwarped barrier island forming a "lagoonn or restricted coastal 

embayment. 

(2.4) Paleoenvironmental Reconstruction of the Montney 

The above depositional systems were placed into a sequence 

stratigraphic framework, resulting in a series of paleoenvironmental 

reconstructions during the Lower Triassic. A schematic stratigraphic dip section 

of the Montney succession is shown in Figure 2.25. This stratigraphic 

reconstruction was compiled based on the core data (Appendix A) and regional 

sequence stratigraphy throughout the study area (Chapter 3) and transferred into 

a single NE-SW cross-section. A series of block diagrams were also constructed 

to show the inferred three-dimensional geometry of the depositio~~al 

environments at three key horizons during deposition of the Montney Formation 
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(Figure 2.26). Both of these figures will be referred to more fully in the 

discussion that follows. 

The Montney in the Peace River Basin consists of three 3d order 

sequences (Chapter 3; Davies et al., 1997a; Kendall, 1999). The sequence 

stratigraphic elements described below are labelled on Figure 2.25. 

1) The Griesbachian parasequence sets (GI-03) record the Early Triassic 

transgression over the su baerially exposed Permian Belloy Formation. The 

Dienerian strata (Dl-D8) form a series of highstand, prograding 

parasequence sets that downlap basinward onto the maximum flooding 

surface of the Lower Montney (top of parasequence G3). 

2) A tectonically influenced, sea level lowstand event characterized the close of 

the Dienerian. Fault reactivation within the Peace River Basin caused 

structural inversions, resulting in gentle warping and/or block faulting of the 

Lower Montney sedimentary package. Lowstand deposits (SO) consist of 

proximal, downwarped or graben valley fill as well as an offshore turbidite 

depositional system. The subsequent Early Smithian transgression (S1-S2) 

was followed by progradation of Late Smithian, highstand parasequence sets 

(S3-S5). 

3) The top of S5 is tentatively dated as Upper Smithian (Chapter 4). Spathian 

parasequence sets consist of shelf margin (Spl) and transgressive (Sp2) 

systems tracts, respectively. A highstand systems tract is apparently missing 

from this sequence. The Spathian-Doig contact appears to display significant 

erosional truncation of the Upper Montney parasequence sets. The basal 

Doig Formation consists of a transgressive, phosphatic condensed horizon, 

which may completely erosionally truncate the highstand systems tract of the 

third Montney sequence. Alternatively, the Doig phosphate zone may 

represent the maximum flooding surface for this sequence. In this model, the 

uppermost Montney 3" order sequence spans the Spathian-Anisian 

boundary and the highstand deposits are contained within the lower Doig 
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Formation (Chapter 3). The Montney succession is progressively truncated 

down to the subcrop edge in the east, by erosion beneath Upper (?) Triassic 

and sub-Jurassic unconformities. 

(2.4.1) The Late Permian Transgression Surface 

The Late Permian in the Peace River Embayment was characterized by 

widespread sea level regression, a local manifestation of a global event (Embry, 

1988; Gibson and Barclay, 1989; Edwards et al., 1994; Henderson, 1989; 

Henderson et al., 1994). The Belloy Formation unconformably underlies the 

Montney Formation throughout the study area. It was subaerially exposed during 

the latest Permian, as evidenced by pervasive karsting and infilling by pebble to 

cobble conglomerate (4-8-74-5\1\16 - Appendix A). 

The localized absence of Upper Permian strata in the Sverdrup Basin of 

Arctic Canada is indicative of broad uplift and erosion in latest Permian-earliest 

Triassic time (Beauchamp et al., 1995; Henderson and Baud, 1997). It is likely 

that uplift and erosion also characterized the generation of the Upper Perrnian- 

Lower Triassic sequence boundary in the Peace River Embayment region 

(Chapter 3). In the study area, significant paleotopography on the Late Permian 

transgression surface has been interpreted due to the limited geographical 

distribution of the basal Montney parasequence set (GI) (Chapter 3; Henderson, 

1997). The Pouce Coupe High was a large paleohigh in the southwestern region 

of the study area (Figure 3.7), which restricted the earliest Griesbachian 

sediment distribution. 

It is postulated that the basal Triassic transgression consisted of two 

phases within the study area. The stratigraphic cross-sections indicate the local 

presence of a sharp-based sandstone unit, occurring a few to several metres 

above the Belloy (Appendix D). This unit is Griesbachian in age and is 

potentially interpreted as a sharp-based shoreface sand (SBSS on Figure 2.25) 

(R. Panek and C.M. Henderson, 1999, pen. comm.). This sand unit is 
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preferentially located near paleohighs at the southwestern (Pouce Coupe High) 

and northeastern (continental mainland) ends of the study area, respectively. 

These two subaerially exposed paleohighs would have formed a restricted basin 

with a topographic high on either side (to the southwest and northeast). Hence, 

the SBSS may represent the first phase of transgressive shoreface deposition 

within a two-sided basin, rather than one which is open to the marine realm and 

progressively deepens offshore. It is likely that most of the Peace River region 

was completely subaerially exposed in the Late Permian (Henderson, 1999, 

pers. comm.). It is hypothesized that the first phase of transgression was 

characterized by an eustatic sea level rise in the earliest Triassic. The SBSS 

would be deposited at this time. Paleotopography was an important control in 

localizing these deposits. 

The second phase of transgression was characterized by an initially rapid 

and widespread inundation of the continental shelf, which slowed as it continued 

throughout the Griesbachian. It is postulated that a significant tectonic event or 

structural inversion along the faults of the PRE, resulted in rapid subsidence of 

the Peace River Basin producing a change from the original two-sided, restricted 

basin into an open marine, continental ramp setting. 

(2.4.2) Reconstruction of the Lower Montney Sequence 

Following the re-establishment of fully marine conditions in the Peace 

River Basin, deposition during the lower Montney was characterized by a NNW- 

SSE oriented, typical non-barred coastline (Figure 2.26a). The southwest- 

northeast transect shows a transition from offshore marine to shoreface to 

backshore and coastal plain environments, respectively. The Griesbachian 

strata (parasequences G I  -G3) show a transgressive onlap pattern as 

depositional environments progressively step inland due to relative sea level rise, 

while the Dienerian (Dl -08) consisted of highstand progradation of the same set 

of environments (Figure 2.25). Fluvial input was likely ephemeral to seasonal 
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and longshore sediment transport was towards the southeast (Davies, 1 997a). 

Localized lingulid-dominated coquinas were deposited in the upper shoreface to 

foreshore region. These shell banks were not as thick or widespread as the 

Early Smithian coquina accumulation (parasequence set S1). The offshore to 

offshore transition was characterized primarily by silt-dominated turbidites and 

intermittent sand-dominated tempestite and turbidite deposits. 

(2.4.3) Mid-Montney Lowstand Deposition 

A sequence boundary separates Dienerian and Smithian aged strata 

(Chapters 3, 4). A basin-wide structural inversion in the latest Dienerian buckled 

and/or faulted the Lower Montney sedimentary package creating a downwarped 

valley (graben) and upwarped barrier island (horst) system (Figure 2.26b). The 

barrier island trends approximately NNW-SSE (796W6 to 74-3\1\16). The 

creation of significant paleotopography resulted in two distinct, but coeval 

deposits: the turbidite depositional system (basinward of the barrier island) and 

the downwarped to block faulted valley fill (landward of the barrier island). 

It is hypothesized that there was very little marine depositional 

communication between these two systems. This is supported by the lack of 

bioclastic detritus in the lowstand turbidites (Appendix A). Sediment transport 

within the lowstand turbidite system was towards the southwest. It is likely that 

sand buildup on the lower shoreface was the result of aeolian (wind blown) 

processes (Davies, 1997b) transporting sand and silt basinward of the barrier 

island (Figure 2.26b). Tectonically reactivated faults "destabilizedw the 

sedimentary pile resulting in mass wasting and deposition of unconfined sheet- 

like turbidite deposits. The base of the turbidite depositional system is erosional 

and the unit typically displays an overall progradational, coarsening-upwards 

profile (Appendix D). The offshore silt-dominated substrate was probably non- 

lithified at the time of structural inversion within the basin, due to the ongoing 

progradation of Upper Dienerian parasequence sets. This silt was likely 
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remobilized at the time of inversion, creating the silt-dominated turbidites within 

the basal part of the lowstand turbidite system. This is evidenced by cross- 

section correlations, which indicate truncation of the Dienerian succession and 

erosional scour surfaces seen in core, which correlate to this basal unconformity 

(Appendix A, D). 

The downwarped/block-faulted valley system likely involved sediment 

transport towards the northwest, following the paleotopography and drainage 

pattern inherited from the Paleozoic Peace River Embayment. There was 

probably very little southwestern transport of proximal valley fill sediments during 

the earliest Smithian. Faulting and erosion of the Lower Montney succession 

lead to cannibalism of Dienerian lingulid-dominated coquinas and subsequent 

transport to the northwest. Significant thicknesses of bivalve-dominated coquina 

began to accumulate in the late lowstand and continued into the early 

transgression (S1). This bioclastic detritus may also have also been transported 

northwestward and may have been carried into the offshore environment through 

the Fort St. John Graben, a paleolow, which would have localized and funnelled 

the sediment in a westward direction, to the north of the study area. 

(2.4.5) The Early Smithian Transgression 

The Early Smithian transgression was characterized by rapid inundation of 

the ramp (S1) which slowed during deposition of the S2 parasequence set 

(Figure 2.25). The thickest accumulation of Montney coquina is associated with 

the Early Smithian lowstand and early transgression (Henderson and Zonneveld, 

1999). This bivalve-dominated deposit likely developed as a shoreface lag 

deposit, which covered the most proximal part of the ramp as transgression 

proceeded towards the northeast (Figure 2.26~). Coeval offshore deposits 

consisted of waning energy silt-dominated turbidites, as the sand-rich lowstand 

turbidite system was eventually flooded and abandoned. A period of relative 

sediment starvation characterized the offshore environment at this time since 
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much of the sediment was being trapped in the proximal shoreface 

environments. The paleotopography resulting from latest Dienerian structural 

inversion still influenced sedimentation patterns in the Early Smithian, as 

evidenced by a remaining upwarped/block-faulted paleohigh (a possible remnant 

Dienerian shell bank), which was not covered until deposition of the S2 

parasequence set (Chapter 3). 

(2.4.6) Reconstruction of the Upper Smithian Succession 

Upper Smithian deposition records a return to highstand conditions as 

nearshore environments prograde towards the southwest. The offshore-onshore 

transect resembles the non-barred coastal reconstruction of the Dienerian except 

that the paleoshoreline had prograded further basinward (Figures 2.25, 2.26a). 

(2.4.7) Reconstruction of the Spathian Succession 

The Spathian sequence (Spl-Sp2, Figure 2.25) was rarely cored within 

the study area. Hence, any paleoenvironmental reconstruction would be rather 

speculative at best. The interpretation of this sequence was based primarily on 

geophysical log and inter-regional correlation (section 3.3.2.4). It was inferred 

that the basin deepened in a southwestern direction and that a non-barred 

coastline characterized the Spathian. 

(2.5) Contributions and Conclusions 

The Montney Formation in the Peace River Basin area was divided into 

ten lithofacies, which often grade into each other laterally and vertically. They 

are: 1) massive appearing sandstone; 2) massive appearing siltstone to shale; 3) 

parallel to low angle inclined cross-laminated sandstone; 4) ripple laminated 

sandstone/siltstone; 5) laminated siltstone/sandstone and shale; 6) bioturbated 

to chaotically disturbed sandstone/siltstone; 7) soft sediment deformed 

sandstone/siltstone; 8) "destratifiedw sandstone/siltstone to rooted sandstone; 9) 



122 
dolomitic coquina; and t 0 )  bioclastic sandstone. Montney shoreface sediments 

are typically composed of very fine- to fine-grained sand, which grade offshore 

(southwest) into silt-rich facies. Dolomitic lingulid and/or bivalve coquinas form a 

volumetrically restricted facies in the proximal shoreface environments 

throughout deposition of the Montney. Sedimentation during the Montney was 

inf iuenced by tectonics acting in conjunction with eustatic sea level variation. 

This project has yielded several important contributions to our knowledge 

of the sedirnentology of the Montney Formation. The lithofacies descriptions as 

defined by this author, resemble previous studies of this formation, which is to be 

expected (Davies et al., 1997a; Moslow and Davies, 1997; Markhasin, 1997; and 

others). The most important contributions arise from the interpretations resulting 

from this study, specifically as to lowstand deposition after the generation of the 

Dienerian-Srnithian sequence boundary. The focus of this project was on the 

depositional origin of the mid-Montney turbidite system, which was interpreted as 

a shoreface-fed turbidite ramp. Mass wasting occurred from multiple sediment 

sources along a fault-generated break in slope. Fault reactivation and sediment 

loading in the earliest Smithian were likely the two most important factors 

producing sediment instability and mass wasting. Paleotopography helped 

localize and deflect the turbidity currents, which affected subsequent deposition. 

The downwarped/block-faulted valley system has not been previously 

identified in the Peace River area. This distinct sedimentary system was 

deposited peneconternporaneous with the lowstand turbidite system, although a 

tectonically generated barrier island prevented depositional communication 

between them during the earliest Smithian. Therefore, two sediment transport 

directions characterized marine deposition during the early Smithian lowstand. 

Turbidite sedimentation was directed towards the southwest, while the 

downwarped/block-faulted valley system likely transported sediment northwest, 

following the drainage pattern inherited from the Paleozoic Peace River 

Embayrnent. 



CHAPTER 3: SEQUENCE STRATIGRAPHY 

(3.1) Introduction 

Defining the Montney sequence stratigraphy involved correlating 5 

regional stratigraphic dip-sections and 4 regional strike-sections through the 

study area as well as comparisons to previous studies and global cycle charts. 

Subsurface exploration of the Montney dates back to the early 1950's, and 

correlations involved interpretation based on a variety of different log types as 

well as differing degrees of physical preservation of each log. Correlations were 

preferentially based on gamma-neutron or gamma-sonic logs where available 

and spontaneous potential-resistivity or electric logs in the older wells. Only 

wells that penetrated the complete Montney sedimentary package were used on 

the cross-sections unless a key, cored well was included for completeness. The 

regional, stratigraphic sections are included in Appendix D (in pocket). The 

geographic locations of the cross-sections are shown in Figure 3.1. 

The dip-sections were oriented perpendicular to the Montney subcrop 

edge and hence, the paleoshoreline, and such that they included a majority of 

the cored wells and transected the major producing fields. The strike-sections 

were constructed for accurate correlation between dip-sections. Detailed core 

descriptions (Appendix A) were logged from the cored intervals and helped to 

constrain the regional sequence stratigraphy (Chapter 2). Many of the cored 

intervals were processed for conodonts. Biostratigraph ic control was 

incorporated into the cross-sections to enhance the accuracy of log correlations 

by placing the Montney stratigraphy into an internationally recognized conodont 

biozonation scheme (Chapter 4). 

Schematic stratigraphic sections were also constructed based on the 

large regional sections (Appendix D). Figure 3.2 shows the schematic dip- 

sections, while the strike-sections are displayed in Figure 3.3. The most 
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widespread datum used in the schematic sections is the top of parasequence S2 

(Early Smithian). This surface was chosen as the datum since it is a major 

marine flooding surface, which occurs just above a transgressive systems tract. 

As well, this surface is present throughout much of the study area and best 

highlights events at the mid-Montney. As the Montney Formation is successively 

truncated beneath Upper Triassic and Lower Jurassic unconformities, the datum 

switches to various parasequence sets of the Lower Montney. The schematic 

sections were constructed by measuring the respective parasequence set 

thickness from the larger stratigraphic sections (Appendix D) and plotting 

thickness versus the distance between wells. The datum (top of S2) was drawn 

as a clinoform so as to emphasize the original depositional geometry of the 

parasequence sets. This has created significant vertical exaggeration of 

depositional dip. The actual dip of the continental ramp during deposition of the 

Montney probably didn't exceed 2-3' and was most likely less than 1" (Moslow 

and Davies, 1997). As well, a series of maps of key horizons within the Montney 

were also produced. These maps and schematic sections will be referred to 

more fully in the discussion that follows. 

(3.2) Sequence Stratigraphy: Arguments and Definitions 

This study of Montney sequence stratigraphy has predominantly utilized 

the Exxon models of depositional cycles defined on the basis of bounding 

unconformities and their correlative conformities (Posamentier et a!. , 1 988; 

Posarnentier and Vail, 1988; Van Wagoner et al., 1988; 1990). The original 

model has resulted in considerable debate as inconsistencies are disputed 

between different groups. Three of the major arguments debated in the literature 

include: 1) how to define sequences; 2) the placement of sequence boundaries 

with respect to deposits associated with falling baselevel and lowstand (either 

above or below) i.e. the position of the so called basinward correlative 

conformity; and 3) the mechanism for global sequence boundary generation 

(eustatic versus tectonic controls). 
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The relationships between systems tracts, sequence boundaries and 

relative sea level change is complex and a complete summary of the literature on 

this subject will not be attempted as part of this project. Miall (1997) provides an 

in-depth summary of sequence stratigraphic concepts, origins and arguments for 

the interpretation of depositional successions in a broad range of tectonic 

regimes. Useful papers, which elaborate on the original Exxon sequence model, 

include Van Wagoner et al. (1990), Walker (1 992b). Plint et al. (1992), Plint 

(1 988), Hunt and Tucker (1 992, 1995), Kofla et al. (1 995), and others. 

Within the discipline of sequence stratigraphy, there are three main 

methods used to delineate a succession of strata: 1) depositional sequences; 2) 

transgressive-regressive (T-R) sequences; and 3) genetic stratigraphic 

sequences. Both the Exxon depositional sequence (Van Wagoner et al., 1988; 

1990; Vail et al., 1977) and the T-R sequence (Embry, 1993; 1997; Embry and 

Gibson, 1995) rnodels rely on the identification of subaerial unconforrnities to 

form the boundaries between successive sequences. Depositional sequences 

are composed of conformable successions of genetically related strata bounded 

by regionally extensive unconforrnities and their basinward correlative 

conformities, while T-R sequences are packages of sedimentary rocks deposited 

during the interval between one deepening event and the beginning of the next. 

Therefore, the proximal, shelf areas, which are subaerially exposed during times 

of relative sea level lowstand, are equivalent by either methodology. Differences 

between these models occur in the basinward direction. In the Exxon model, 

lowstand deposits are underlain by the sequence boundary whereas in the 

Embry T-R model, lowstand deposits are overlain by the sequence boundary. 

Each method is correct from a chronostratigraphic perspective. Alternatively, 

Galloway (1 989a, 1989b) defined a genetic stratigraphic sequence between 

maximum flooding surfaces since they are more easily defined in the 

stratigraphic record than unconformity surfaces. Under some circumstances, 

unconforrnities may be poorly defined or absent, especially in the case of type 2 

unconforrnities where deposition may be virtually continuous across the 
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boundary. Subaerial unconfonities are often incorporated within these genetic 

sequences creating a diachronous package of sediment. The geometry of the 

resulting packages are generally the same as those of other models, however, 

the sequence succession is very different. It was determined during the course 

of this study of Montney stratigraphy, that unconformities were fairly easy to 

identify due to either a significant geophysical log signature and/or evidence of 

erosional truncation of underlying strata. The maximum flooding surfaces were 

typically less obvious throughout the study area. Therefore it was necessary to 

determine which model, either the depositional or T-R sequence models, that is 

most appropriate for the Montney stratigraphy. The Montney is rather unique in 

that the mid-Montney lowstand is composed of two distinct deposits, a proximal 

downwarped/block-faulted valley fil l and a basinward turbidite system. Both were 

underlain by an erosional unconforrnity as evidenced by truncation of underlying 

strata (Appendix 0). The Exxon model was chosen so that the mid-Montney 

sequence boundary would be defined based on the unconfomities which 

underlie the lowstand deposits (Van Wagoner et al., 1988; 1990). This 

methodology results in the definition of a sequence without an internal 

diachronous unconformity surface, which would occur if the T-R method were 

used. 

Also important to sequence stratigraphy is the relative importance of 

eustatic versus tectonic control on sequence boundary generation. Debate has 

raged beginning with Vail et al. (1977) about whether eustacy is the driving force 

behind sequence boundary generation. Posamentier et al. (1988) and 

Posamentier and Vail (1988) base their framework of depositional stratal 

patterns on eustatic changes in relative sea level. Alternatively, Cloetingh et al. 

(1 985), Cloetingh (1988). Embry (1 986, 1990, and 1997) and Beauchamp (1997) 

have promoted the hypothesis of tectonic control over sequence boundary and 

system tract generation. In reality, it is likely a combination of both tectonic and 

eustatic forces and the question becomes one of determining which signal is 

stronger. 
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Triassic global sequence boundaries commonly indicate tectonic uplift and 

therefore, a solely eustatic explanation is not acceptable for their origin. Embry 

(1997) proposed that the higher order, global sequence boundaries were the 

result of episodic global stress regime changes driven by plate tectonic 

reorganizations. This study has determined that the origin of sequence 

boundaries in the Peace River Basin had a strong tectonic control due to fault 

reactivation, which overprinted a higher order eustatic influence. 

The Exxon model appears reasonable for delineating Montney 

stratigraphy. It is important to point out that the geometric definitions and 

relationships of depositional stratal patterns put fonnrard by the Exxon group were 

used in this project (Van Wagoner et al., 1988; 1990). However, the Exxon 

model is based on the hypothesis of eustatic control resulting in a succession of 

systems tracts (Posamentier et al., 1988; Posamentier and Vail, 1988). It was 

determined that the Exxon mechanisms of sequence generation do not fit with 

Montney deposition in the Peace River Basin area. Since the resulting 

geometric packages of strata will look similar whether tectonics or eustacy is the 

major control on sequence deposition, the Exxon terminology was used for this 

project. This will be explained further in the discussion that follows (section 3.3). 

The following definitions were used throughout the following discussion of 

Montney sequence stratigraphy (Posamentier et al., 1988; Posamentier and Vail, 

1 988; Van Wagoner et al., 1988; 1990): 

A sequence is a relatively conformable succession of genetically related 

strata bounded by unconformities or their correlative conformities. 

A parasequence is a relatively conformable succession of genetically related 

beds or bedsets bounded by marine flooding surfaces and their correlative 

surfaces. The silty to fine-grained sandy nature of the Montney sediments 

typically yielded a log signature, which lacked many regionally correlatable 

surfaces throughout the study area. 
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A parasequence set is a succession of genetically related parasequences, 

which form distinctive stacking pattems. They are bounded by major marine- 

flooding surfaces and their correlative surfaces. 

A type 1 sequence boundary is characterized by subaerial exposure and 

concurrent subaerial erosion, a basinward shift in facies, a downward shift in 

coastal onlap and onlap of overlying strata. 

A type 2 sequence boundary is identified by subaerial exposure and a 

downward shift in coastal onlap landward of the depositional-shoreline break; 

however it lacks a significant basinward shift in facies. 

Systems tracts are a linkage of coeval depositional systems and are defined 

on the basis of types of bounding surfaces, their position within a sequence. 

parasequence stacking patterns, geometry and facies associations. 

The 19 Montney parasequence sets as defined by this study are more 

accurately termed parasequence sets andlor parasequences (Appendix D). 

However, it is necessary to recognize the importance of scale when using these 

terms. On the township scale, many more flooding surfaces may be correlated 

between wells than on the regional scale of this project. The basinward 

downlapping of the 03 parasequence set provides a suitable demonstration of 

this concept (1 5-1 9-76-4W6 to 2/64 7-80-1 W6, Cross-section C-C', Appendix D). 

In the 2/6-17 well, at least four smaller parasequences may be defined based on 

flooding surfaces within the regionally correlatable D3 parasequence set. These 

four parasequences downlap onto the top of 02 and/or become beyond log 

resolution towards the southwest. Only 3 parasequences may be identified in 

10-29-79-2\1116, which changes to two and finally a single parasequence in the 

15-19 well. At this point, the entire parasequence set downlaps onto the 

maximum flooding surface for the Lower Montney sequence (the top of the G3). 

This was a regional project so the correlated surfaces were basinwide in extent 

(Appendix D). Major flooding surfaces were chosen to delineate basinwide, 

regionally correlatable packages of sediment. This is the most consistent level of 

correlation throughout the study area and although some parasequence sets 
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may be internally correlated, difficulty invariably arises in trying to regionally 

correlate these surfaces. These packages were termed parasequence sets 

throughout much of this discussion since the more correct phrase, parasequence 

sets and/or parasequences, would prove to be very cumbersome. 

Since the Montney was deposited in a basin with a ramp margin and no 

appreciable shelf-slope break (Moslow and Davies, 1997), the following systems 

tract definitions only refer to this type of setting: 

The lowermost systems tract is the lowstand systems tract (LST) if it lies 

directly over a type 1 sequence boundary. It consists of a relatively thin 

lowstand wedge. The top of the LST is a transgressive surface and the base 

is the lower sequence boundary. The wedge may consist of two parts: 1) 

stream incision and sediment bypass on the coastal plain resulting in distal 

basin-floor deposition; and 2) updip incised valley-fill. 

The shelf margin systems tract (SMST) is the lowermost systems tract 

associated with a type 2 sequence boundary. It is underlain by a type 2 

sequence boundary and overlain by a transgressive surface (the base of the 

overlying TST). The SMST is characterized by weakly progradational to 

aggradational parasequence sets which onlap onto the sequence boundary in 

a landward direction and downlap in a basinward direction. 

The transgressive systems tract (TST) is the middle systems tract of either 

a type 1 or type 2 sequence and consists of retrogradational parasequences 

which onlap onto the sequence boundary in a landward direction and 

downlap onto the transgressive surface basinward. The top of the TST is the 

maximum flooding surface for the sequence. It marks the change from a 

retrogradational to aggradational parasequence set stacking pattern. This 

surface is also the downlap surface onto which the toes of prograding 

clinoforms in the overlying highstand systems tract downlap. 

The highstand systems tract (HST) is the uppermost systems tract in either 

a type 1 or type 2 sequence. It is characterized by aggradational to 
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progradational parasequence sets with prograding clinoform geometries. 

Highstand parasequences onlap onto the sequence boundary in a landward 

direction and downlap onto the top of the TST (i-e. the maximum flooding 

surface) or LST in a basinward direction. 

(3.3) Major Stratigraphic Units and Boundaries 

The Montney Formation in the study area has a wedge-shaped profile, 

which thickens towards the southwest. Montney sediments unconfomably 

overly the Permian Belloy Formation which was subaerially exposed towards the 

close of the Permian. In the western region of the study area, the Montney is 

conformably to unconforrnably overlain by the transgressive Doig Formation. 

This is the approximate contact between the lower and Middle Triassic and is 

characterized by a phosphate zone at the base of the Doig. Phosphatic shale, 

conglomerate and sandstone facies typify the Doig Formation (Gibson and 

Barclay, 1989; Gibson and Edwards, 1990). In the east, Montney sediments are 

truncated down to the subcrop edge by erosion beneath Upper Triassic and sub- 

Jurassic unconforrnities. Deposition above these unconformities includes the 

Upper Triassic Charlie Lake Formation (Worsley Member) and the Jurassic 

Fernie Formation ('Nordegg Membef) (Davies et al., 1997a). 

A number of sequence stratigraphic studies of Triassic strata have been 

undertaken in order to determine if global sequence boundaries can be identified 

within this succession. The data set includes a variety of different tectonic- 

stratigraphic settings such as the Sverdrup Basin in Arctic Canada, the Western 

Canadian Sedimentary Basin, the southwestern U.S.A., the Svalbard and 

Barents Sea, eastern Siberia, the northern Himalayas, Germany and Italy 

(Embry, 1988, 1997). The ages and orders of global sequence boundaries for 

the Lower Triassic ars 1) near Permian-Triassic boundary (2"6 order), 2) late 

Dienerian (3* order), 3) late Smithian (3* order), and 4) near Early-Middle 

Triassic boundary (2* order) (Davies, 1997a; Embry, 1988, 1997; Haq et al., 
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1 988). Figure 3.4 summarizes the regional sequence stratigraphy as defined by 

this study and compares the transgressive-regressive cycles of the Montney to 

other regions around the world (modified from Embry, 1988). The Montney 

sequence stratigraphy in the Peace River Basin was incorporated into the global 

Lower Triassic sequence stratigraphic framework. The four proposed global 

sequence boundaries of the Lower Triassic were identified in this study of the 

Montney Formation in the Peace River Basin. As well, the stratigraphic 

framework was also compared and contrasted to that of Davies et al. (1997a) 

(Figure 3 .4~ ) .  

(3.3.1) Permian Belloy Formation 

Sediments of the Permian Belloy Formation unconforrnably underlie the 

Montney Formation in the study area. The Belloy consists of a mixed siliciclastic 

and carbonate succession and has been divided into three informal members: 

the lower carbonate, middle sandstone and upper carbonate units respectively 

(Halbertsma. 1959; Henderson et al., 1994). In the Peace River Basin region. 

the lower carbonate member (Lower Belloy member) consists of very fine- 

grained glauconitic sandstone, fossiliferous white chert and dolomitic limestone. 

The middle sandstone member (Middle Belloy) is composed of coarsening- 

upward sandstone with glauconite and abundant phosphatic fish debris. The 

upper carbonate member (Upper Belloy) consists of dolomitic limestone, 

calcareous dolostone with minor, glauconitic, quartrose sandstone and bedded 

chert (Henderson et al., 1994; Henderson, 1989). 

The Montney-Belloy contact was not extensively cored in the study area. 

However, previous studies within the WCSB have indicated that the lithology is 

extremely variable (Henderson et al., 1994; Henderson, 1989). This is a 

reflection of the preservation of different stratigraphic units as well as 

paleotopography on the Permian-Triassic unconformity surface (Henderson, 

1997). In the study area, the Belloy consists in part of Moscovian dolomitic 
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limestone overlain by Upper Permian sandstone. Various units are extensively 

karsted with conglomerate filling in the karsted intervals. The conglomerate likely 

represents a transgressive lag deposit. The Permian-Triassic unconforrnity is 

shown in Figure 3.5. 

The Belloy in the study area was not dated biostratigraphically and the 

upper member has been given a tentative age of Wordian to Capitanian (Middle 

Permian) (C.M. Henderson, 1999, pers. comm.). For the purposes of 

stratigraphic correlation, the top of the Belloy was picked based on the reference 

well section for the central Peace River Embayment (1 6-1 9-77-1 0W6) 

(Henderson et al., 1994). A low, clean gamma signature (about 20 API) typically 

characterizes the Belloy (Figure 3.6). The Belloy-Montney contact usually 

consists of a rapid increase in gamma radiation to approximately 200 API over 

an interval of a few metres. The remainder of the Montney typically has a 

gamma signature of about 100 to 130 API. 

The upper Belloy Formation probably represents deposition during a 

relative sea level highstand during the Capitanian (Figure 3.4a). This was 

followed by a major sea level regression, creating the Cordilleran-wide sub- 

Triassic unconforrnity (Henderson, 1989; Henderson st al., 1994). Lowstand 

deposits associated with this sequence boundary were not identified in the study 

area. Due to extensive subaerial exposure in the Peace River Basin, the 

shoreface and related offshore deposits were probably shifted significantly 

further westward than this author's study area. The Lower Triassic Montney 

Formation and the equivalent outcrop succession subsequently overlie this 

unconformity surface. 

The basal Triassic sequence boundary is typically expressed as a 

widespread unconforrnity and has been interpreted as a type 1 sequence 

boundary associated with a 2"6 order relative sea level cycle (Embry, 1997; 

Davies et al., 1997a). Previous studies have demonstrated strong tectonic 

control on the origin of the Permian-Triassic sequence boundary in the Arctic of 
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Canada, which is seen as broad folds directly underlying the boundary 

(Beauchamp et al., 1995; Henderson and Baud, 1997). Pervasive karsting of 

Belloy sediments as well as a transgressive pebble-to-boulder conglomerate lag 

deposit were logged in this author's study area. This has been interpreted as 

indicating an extended period of subaerial exposure (Henderson, 1997). As well, 

the basal Montney parasequences show an onlap pattern onto the underlying 

Belloy. This fits the definition of a type 1 sequence boundary (Van Wagoner et 

al., 1988; 1990). 

(3.3.2) Lower Triassic Montney Formation 

The Montney in the Peace River Basin consists of three 3* order 

sequences (Figure 3.4a): the Lower Montney (GI-G3 and 01-08), the Smithian 

(SO-S5) and the Spathian (Spl -Sp2), respectively. These sequences are simiiar 

to those defined by Davies et al. (1997a) (Figure 3.4~).  

(3.3.2.1) Lower Montney Formation - 3rd Order Sequence 1 

The first 3d order sequence is composed of transgressive and highstand 

systems tracts, respectively. The age of the transgressive basal shales of the 

Sulphur Mountain, Montney and Grayling formations of the WCSB show 

considerable diachroneity in age. The transgression began in the late 

Changhsingian (latest Permian) and continued into the Griesbachian and is 

possibly as young as Dienerian. This diachroneity was the result of 

paleotopography on the transgressed surfaced as well as the long duration of the 

transgression (Henderson, 1 997). Based on conodont data, the transgression 

began in the Early Griesbachian in the Peace River Basin study area (Chapter 

4). 

Figure 3.7 shows an isopach map of the GI  parasequence. 

Paleotopography on the transgressed surface is interpreted based on highs that 

the basal GI parasequence fails to cover during the initial stages of the 

transgression. The GI parasequence thins to a "zero" edge along these 
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paleohighs. Several smaller 'islands" are indicated on Figure 3.7 as well as a 

large Belloy paleohigh located in the southwestern section of the study area (the 

Pouce Coupe High). The Pouce Coupe High was a large regional structure that 

was connected with the Sukunka Uplift (Figure 1.5) and was alternately flooded 

and exposed throughout the Carboniferous and Permian (Richards et al., 1994; 

C. M. Henderson, 1 999, pers. comm.). It represents a possible offshore sediment 

source as well as provided control on Griesbachian sediment distribution 

patterns. 

The Griesbachian parasequence sets (GI -G3) record the Early Triassic 

transgression over the su baerially exposed Permian Belloy Formation (Type 1 

sequence boundary). The schematic stratigraphic dip sections shown in Figure 

3.2 indicate a southwestward thinning of Griesbachian parasequences (GI -G3) 

over the Pouce Coupe High as well as a significant landward thickening. For 

example, over the Pouce Coupe High, Dienerian conodont fauna were recovered 

approximately 1 1 m above the Belloy Formation, indicating an extremely thin 

Griesbachian section (6-3-76-1 2W6 at 2622m). 

The G IG3  parasequence sets have been interpreted as a transgressive 

systems tract (TST). Transgressive systems tracts should show a 

retrogradational stacking pattern as parasequence sets progressively backstep 

landward (Van Wagoner et al., 1988; 1990). In the study area, landward was 

towards the northeast and basinward was towards the southwest. As seen on 

the dip sections (Figure 3.2), there is a slight landward thinning of GI, especially 

on A-A' and B-B'. However, the basinward thinning and onlap pattern of the G I  - 
03 parasequence sets in the southwest and the 01-03 thickening towards the 

northeast are much more noticeable trends. Hence, the stratigraphy apparently 

shows the opposite pattern than what is expected. This is likely a result of 

Paleozoic paleotopography influencing sediment distribution patterns as well as 

erosional truncation basinward of the paleoshoreline. In the Griesbachian, 

deposition likely occurred in a two-sided basin with the primary landward 
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shoreline to the northeast of the study area and the Pouce Coupe High forming 

the second boundary in the southwest. Downcutting by Upper Triassic and sub- 

Jurassic unconforrnities have truncated the progressive onlapping pattern in the 

northeast. Since, the Lower Montney TST is not fully preserved, the complete 

geometric pattem of a transgressive systems tract should not be expected. 

The gamma signature of the GIG3 parasequence set typically shows a 

retrogradational to aggradational pattern with minor sandy pulses (Figure 3.6 and 

Appendix D - in pocket). This supports the interpretation that the GIG3 

parasequence set is a TST (Van Wagoner et al., 1988; 1990). The maximum 

flooding surface (MFS) for the first 3* order sequence is the top of G3 (Figure 

3.4a), which typically displays a prominent shale kick on gamma logs. It is a 

major downlap surface for the Lower Montney (Appendix D). This MFS 

correlates to the top of the G1 parasequence of Markhasin (1997). which was 

also interpreted as a TST. 

The Dienerian strata (Dl -D8) (Chapter 4) were interpreted as a highstand 

systems tract (HST). This interval forms a series of coarsening-upward, 

prograding to aggradational parasequence sets that downlap basinward onto the 

maximum flooding surface of the Lower Montney (top of parasequence set G3) 

(Appendix D). The basinward downlap pattern is shown on the schematic dip 

sections in Figure 3.2. It should be noted that the Dienerian parasequences, D1- 

D3, appear to downlap, but in actuality they probably exist further basinward but 

are beyond geophysical log resolution. There is significant basinward 

condensation of distal Dienerian highstand strata onto the maximum flooding 

surface. For example, over the Pouce Coupe High, Dienerian conodont fauna 

were recovered approximately 1 lm above the Belloy Formation, indicating an 

extremely thin G riesbachian section (6-3-76-1 2W6 at 2622m). This is also true 

for Meosin Mountain on the margin of the Sukunka Uplift in which Dienerian- 

aged conodont fauna were recovered 7m above the Permian Mowitch Formation 

(C.M. Henderson, 1999, pers. comm.). 
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Figure 3.8 shows the subcrop edges of the Lower Montney parasequence 

sets. In the northeast, Lower Montney sediments are successively truncated by 

erosion beneath Upper Triassic and sub-Jurassic unconforrnities. Towards the 

southwest of the study area, the Lower Montney succession is truncated by 

downcutting associated with the Dienerian-Smithian sequence boundary. 

Incision occurs predominantly beneath the SO parasequence (Figure 3.8). The 

S1 and S2 parasequences disconformably overly the Lower Montney as the 

Early Smithian transgression becomes more established over the ramp. This 

zone (white and blue areas on Figure 3.8) may also represent a zone of 

sediment bypass during the mid-Montney lowstand. 

The basal highstand parasequence set (Dl) appears to have a limited 

areal extent or becomes beyond log resolution towards the south and southeast. 

The Peace River Leduc reef margin trends southwest-northeast along the 

southern boundary of the study area (parallel to cross-section E-E'). This 

paleohigh seems to affect depositional patterns during the Lower Triassic 

(Davies, 1997a). The Dl appears to be restricted to a paleolow to the north of 

the Peace River Leduc reef margin, within the Cindy Graben of the Peace River 

Basin. This is shown in Figures 3.2, 3.3 (cross-sections D-D', E-E' and J-J') and 

Figure 3.8. 

The Griesbachian (01 -63) and Dienerian (Dl -D8) succession consisted 

of two systems tracts, a TST and HST, respectively. In general, the 

interpretation of this study is consistent with the sequence stratigraphic 

interpretation put forward by Davies et al. (1997a). They also interpreted the 

Lower Montney (Griesbachian and Dienerian stages) as a 3* order sequence 

consisting of transgressive and highstand systems tracts overlying the Paleozoic 

succession. However, the position of the maximum flooding surface within the 

sequence is different. Davies et al. (1997a) placed their MFS at the top of their 

unit A (Figure 3.4~). while the top of unit B1 is correlatable to the top of the G3 

parasequence set in this study. Since either surface was not observed in core 
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by this author, the problem comes down to the degree of confidence in cross- 

section correlations. Although geophysical log correlation in the Montney is 

made more challenging due to the silty nature of the succession, the 

downlapping of overlying strata onto the top of G3 seems to be a rational log 

interpretation (Appendix D) and therefore, the position of the MFS appears 

reasonable. 

(3.3.2.2) Middle Montney Lowstand Surface and Deposition - 3d Order 

Sequence 2A 

The second Montney 3rd order sequence is Smithian in age (Chapter 4) 

and has been divided into two separate sections for ease of discussion: 1) the 

Dienerian-Smithian sequence boundary generation and lowstand deposition (3rd 

Order Sequence 2A); and 2) transgressive and highstand deposition (3rd Order 

Sequence 2B - section 3.3.2.3). 

The Dienerian-Smithian sequence boundary is global in extent (Embry, 

1997). The relative importance of tectonic versus eustatic control on the origin of 

this sequence boundary has been hotly debated for many years (Davies et al., 

1997a). Eustatic sea level fall is a possible mechanism for sequence boundary 

generation, but in the Peace River Basin fault reactivation appears to be the 

dominant control over relative sea level and the resulting sedimentation patterns. 

Previous studies have identified twelve Triassic global sequence boundaries and 

it has been proposed that they were the result of episodic, major plate tectonic 

reorganizations (Embry, 1997). Changes in spreading rates and/or directions 

would generate changes in the horizontal stress fields of oceanic and continental 

plates, resulting in initial eustatic fall and tectonic uplifts along basin margins. 

Subsequent transgression would result due to relaxation of these horizontal 

stress regimes, causing eustatic rise and tectonic subsidence along basin 

margins (Embry, 1997). This idea corresponds with the data gathered in this 

study. 
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Beauchamp (1997), studying the Paleozoic of the Sverdrup Basin, 

postulated that large stress release events lead to short-lived, basin-wide uplift 

as well as structural inversion along growth faults and localized folding and 

buckling of the sedimentary succession. The rapid uplift created a sharp-based 

erosional surface (the snap-back unconformity of Beauchamp, 1997). After 

snap-back, the crust underwent an equally rapid collapse stage, drowning the 

shelf. This transgressive phase was capped by the maximum flooding surface 

and followed by a period of relative tectonic quiescence when sediments 

prograded out over the shelf (highstand systems tract) (Beauchamp, 1997). 

The Upper Dienerian succession is truncated by incision associated with 

the Dienerian-Smithian sequence boundary (red area on Figure 3.8; Figures 3.2, 

3.3). During the latest Dienerian to earliest Smithian, differential uplift and 

erosion of the underlying Lower Montney sequence, created depositional relief, 

which accounts for the irregular contact of the Dienerian-Smithian sequence 

boundary (Figures 3.2, 3.3). It appears that the entire lower Montney 

sedimentary package was deformed, along both depositional dip and strike, 

since it displays a gentle "warping" as seen on Figures 3.2 and 3.3. This warping 

or buckling is evident when an Upper Montney flooding surface is chosen as the 

datum. In contrast, the Upper Montney parasequence sets form basinward- 

dipping clinofonns which overly the Lower Montney succession. This buckling or 

folding coincides with fault systems of the Peace River Embayment (Henderson 

and Zonneveld, 1998; Henderson et al., 1994; Moslow and Davies, 1997). The 

Peace River Embayment consisted of a group of high-angle extensional (normal) 

faults, oriented parallel to depositional strike (NW-SE) and dip (NE-SW) (shown 

on Figure 3.9). The Tangent, Dunvegan, Rycroft, Webster and Berwyn are the 

major faults, which affected deposition within the study area. Each are labelled 

on Figures 3.2 and 3.3 along with several unnamed faults. The Lower Montney 

warping is coincident with these faults, which has been used to infer their 

reactivation at the close of the Dienerian (Chapter 4). The locations of earliest 

Smithian lowstand deposits are also shown on Figure 3.9. Both the turbidite and 
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downwarped/block-faulted valley fill deposits are located within fault-bounded 

paleolows or grabens, which indicates that sequence boundary generation and 

lowstand deposition was primarily of tectonic origin. 

The Peace River Embayment was tectonically active throughout the 

Carboniferous and Permian (Gibson and Barclay, 1 989; Gibson and Edwards, 

1990; Edwards et al., 1994). There is significant evidence that these faults were 

actively affecting sedimentation patterns during the Lower Triassic (Eaton et al., 

1999). ft is hypothesized that fault reactivation in the latest Dienetian to Early 

Smithian caused a structural inversion, which resulted in sequence boundary 

generation and erosional truncation of Upper Dienerian parasequence sets. 

There are three potential models for this tectonic activity: 1) the faults acted at 

depth creating a series of downwarped valleys and upwarped barrier islands at 

the surface; 2) the faults propagated to the surface creating a series of grabens 

and horsts; or 3) a combination of these two mechanisms. The southwestern 

margin of the downwarpedhlock-faulted valley fill shows a foot-shaped 

paleohigh area centred over the Berwyn and Dunvegan faults (Figure 3.9). This 

is perhaps most easily interpreted as horst and graben development due to 

surface fault movement with deposition preferentially occurring in the graben. 

This mechanism of fault-controlled sedimentation was common in the PRE 

during deposition of the Carboniferous Stoddart Group (Figure 1.2b) (Barclay et 

al., 1990), although these graben deposits were significantly thicker with much 

larger fault displacements than what is recognized in the Early Smithian. 

However, growth-type block faulting was active over a longer geologic time span 

during the Carboniferous, thereby resulting in thicker graben deposits (Barclay et 

al., 1990). Alternatively, the apparent buckling of the Lower Montney succession 

(Figures 3.2, 3.3) may indicate fault movement at depth with concomitant folding 

of the sedimentary succession at the paleosurface, resulting in the creation of 

downwarped valleys in the Montney. Laboratory experiments investigating the 

effect of extensional stress regimes acting on rheologically stratified models has 

shown that the basement material fails in a brittle manner whereas the overlying 
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ductile sedimentary cover tends to deform by folding and subtle fracturing along 

the basement normal fault (Withjack et al., 1990). Based on Lithoprobe seismic 

transects, many of the normal faults within the PRE appear to demonstrate this 

"extensional forced foldingn since offsets along reflectors in the Devonian and 

Carboniferous appear to give way to flexure and folding of shallower reflectors in 

the Permian and Triassic (Hope et al., 1999; Eaton et al., 1999). In the Montney, 

it is likely that both surface folding and faulting was occurring locally and the 

mechanism creating uplift and adjacent subsidence, may even have changed 

along strike of the normal fault. In spite of whichever mechanism was dominant, 

a strong tectonic control on sequence boundary generation and lowstand 

sedimentation patterns is evident from Figures 3.2, 3.3, 3.9 and Appendix D. 

Differential uplift and subsidence led to increased accommodation space 

resulting in two distinct lowstand depositional systems: the mid-Montney turbidite 

system and the downwarped/block-faulted valley system (Chapter 2). 

Embry (1997) has indicated that a purely eustatic explanation for Triassic 

sequence boundary generation is inaccurate. Many Triassic global sequence 

boundaries also display evidence of tectonic influence. The stress buildup and 

rapid release model of Beauchamp (1997) agrees with the data gathered from 

this study, including structural inversion and folding of the sedimentary 

succession. The faulting and/or buckling of Lower Montney sediments and the 

Dienerian-Smithian sequence boundary is evident from the regional schematic 

cross-sections (Figures 3.2 and 3.3). Therefore, a tectonically controlled, sea 

level lowstand event coupled with an eustatic fall most likely characterized the 

close of the Dienerian (Type 1 sequence boundary). The most proximal areas of 

the ramp and the upwarped paleohighs (horsts) were probably subaerially 

exposed (Chapter 2). Evidence of erosional truncation of Lower Montney 

parasequence sets has been demonstrated based on the regional stratigraphic 

sections (Appendix D). As well, there was a basinward shift in facies (Chapter 

2). Therefore, the Dienerian-Smithian sequence boundary fits the definition of a 

type 1 sequence boundary by Van Wagoner et al. (1 988, 1990) (Figure 3.4a). 
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As seen in Figure 3.9, the mid-Montney lowstand deposits (parasequence 

SO) are localized within fault-bounded paleolows of the PRE. The downwarped 

to block-faulted valley system coincides with faulting and/or buckling associated 

with the Dunvegan and Rycroft faults. During the earliest Smithian, the valley 

formed a restricted, shore-parallel embayment and likely acted as a funnel 

directing sediment towards the northeast, through a paleolow associated with 

subsidence of the Ft. St. John Graben. The turbidite depositional system is 

predominantly localized downdip from the Webster fault. Tectonic reactivation of 

this fault combined with sediment loading on the lower shoreface likely created 

sediment instability, resulting in sediment gravity flows in the earliest Smithian 

(Chapter 2; Moslow and Davies, 1997). 

The lowstand systems tract (LST, parasequence set SO) has been dated 

biostratigraphically (Chapter 4) as earliest Smithian and consists of two 

approximately coeval components: a proximal, downwarped or block-faulted 

valley system as well as a basinal turbidite depositional system. The lateral 

distribution of the SO parasequence set is shown in Figure 3.10. The extent of 

the downwarped valley fill is unusual for a type 1 sequence boundary where the 

"shelf' would generally consist of a sediment bypass zone. Here it is only 

partially bypassed because of the tectonic influence creating the downwarped 

valley or graben. A typical incised valley fill would normally be deposited 

perpendicular to the shoreline during the transgressive systems tract rather than 

during lowstand (Zaitlin et al., 1994). 

The proximal sediments deposited in restricted downwarped valleys or 

grabens tend to be infilled with finer grained material than the Dienerian 

shoreface sands into which they incise (Figure 3.6b). This type of deposit is 

associated with downwarped valleys in the Cindy Graben region of this author's 

study area (Chapter 2). Valley generation is primarily tectonic in origin while 

incision is a secondary process. This is due to the large tectonic component of 

mid-Montney sequence boundary generation. Incision and complex bifurcation 
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patterns dominate further south in the Sturgeon Lake area, which is not affected 

to the same degree by tectonism associated with faults of the Dawson Creek 

Graben Complex, however, there may still be some tectonic influence. These 

deposits have been interpreted as estuaries associated with ephemeral fluvial 

systems (Markhasin, 1997; Henderson and Zonneveld, 1999). 

The basinward component of these lowstand deposits consist of 

interlaminated siltstone and very fine to fine-grained sandstone. It has been 

interpreted as a turbidite depositional system (Chapter 2). The timing of the 

turbidity-current events were dependent on sea level changes, the nature of 

available sediments, tectonic setting, size and gradient of the basin (Kolla and 

Macurda Jr., 1988). The turbidites were deposited basinward of the Webster 

Fault (Figure 3.9). The turbidite depositional system (basinal SO) was the result 

of sediment instability caused by a tectonicaily induced relative sea level fall at 

the close of the Dienerian. The Dienerian-Smithian lowstand event resulted in 

sediment gravity flows that created a series of sheet-like turbidites within the 

Peace River Basin. Classic deep-water turbidites are point sourced at the 

mouths of deep-sea canyons (Mutti and Ricci Lucchi, 1978; Normark and Piper, 

1 972; Normark, 1970; Norrnark, 1978; and Walker, 1978) and Montney turbidites 

do not appear to have a single point source. Rather, their location is the result of 

the interplay between paleotopography at the time of deposition and sediment 

"funnel1 ingn through tectonically reactivated grabens of the Dawson Creek 

Graben Complex. Multiple sediment sources were activated along the ramp, 

creating sheet-like turbidites rather than a single classic turbidite fan (Chapter 2). 

Thickness variations within the turbidite depositional system are the result of 

proximity to the sediment source, infilling of topographic lows and channel 

avulsions. 

(3.3.2.3) Upper Montney Formation (Smithian) - 3" Order Sequence 28 

Parasequence sets S1 and S2 have been interpreted as the Early 

Smithian transgressive systems tract (TST, Figure 3.4a). A subcrop and isopach 
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map for the distribution of the S1 is shown in Figure 3.1 1. Transgression was 

relatively rapid and facies associations show onlap onto the subaerially exposed 

portions of the ramp (Chapter 2). 

The S1 parasequence set records deposition during the earliest part of 

the Smithian transgression. It represents a period of relative sediment starvation 

on the more distal portions of the ramp as well as coeval transgressive mixed 

bivalve-lingulid coquina development in the proximal, shoreface area. The 

shoreface coquina-sand facies passes basinward into the distal S1, which is 

typically composed of laminated to slumped shaly siltstone and has a 

retrogradational log signature (Figure 3.6a). The distal S1 blankets the SO 

tu rbidite depositional system. 

Davies et al. (1997a) determined that the dotomitized coquina facies 

occurred at seven stratigraphic levels including the Coquinal Dolomite Middle 

member (S1 - Early Smithian), while six coquina levels were observed in core for 

this study (Figure 2.25; Appendix A). In the study area, there are at least two 

major dolomitized coquina-sand levels. The lateral extent of each unit is shown 

on Figure 3.1 1. An Upper Dienerian coquina level (parasequence set 08) has 

been interpreted based on gamma log signature and regional correlations. 

Montney coquina typically has a gamma signature of less than 30 API and is 

sharply overlain by a flooding surface (Figure 3.6b). There is no core through 

the mapped 08 coquina-sand unit so the coquina interpretation is rather 

speculative. In the latest Dienerian, the coquina is usually composed of a 

moderately-to-well sorted, lingulid brachiopod, very coarse calcarenite to fine 

calcirudite shell hash (Markhasin, 1997; Kendall et al., 1998). Lingulid 

brachiopods typically indicate restricted and/or stressed marine conditions. This 

is consistent with deposition on a gently dipping continental ramp during a late 

Dienerian highstand. Fault reactivation at the close of the Dienerian resulted in 

uplift and subaerial exposure of these Dienerian shell banks (Figure 2.26b). A 

large Dienerian paleohigh is evident during the Early Smithian, separating the 
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Figure 3.11 - Subcrop and isopach map of the S1 parasequence set. The extent of 
the Smithian and Dienerian coquina-sand units are shown. The yellow and green areas 
indicate where the Montney is truncated and overlain by the Jurassic "Nordegg Mbr." and 
the U. (?) Triassic erosional wedge, respectively. An ultimate updip subcrop edge for the 
U. (?) Triassic and "Nordegg" successions is present east of the Montney subcrop edge, 
but is not mapped. 
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downwarped/block-faulted valley fill from the turbidite depositional system 

(Figure 3.10) (Chapter 2). Two smaller paleohighs are also seen within the 

downwarped valley/graben. 

The most widespread dolomitized coquina unit occurs above the 

Dienerian-Smithian sequence boundary (S1 in Figures 3.2 and 3.3). The lateral 

extent of the Smithian coquina-sand unit is shown in Figure 3.1 1. This coquina- 

sand unit typically consists of a poorly sorted, mixed lingulid brachiopod and 

bivalve, fine-to-coarse calcirudite grainstone with primary moldic and secondary 

dissolution porosity. The presence of bivalves indicates more open marine 

conditions as the transgression becomes more established over the ramp. The 

lingulid brachiopods were likely pirated from Upper Dienerian shell banks as well 

as restricted valley fi l l  deposits, which were scoured during transgressive 

ravinement and incorporated into the Lower Smithian coquina. As the 

transgression progressively covers the ramp, the Dienerian paleohigh is 

restricted to township 77, range 3W6 to township 79. range 2W6 during S1 time. 

The D8 coquina-sand shell bank is located in the northeastern half of this 

paleohigh. This northeast-southwest trending paleohigh is very evident on cross- 

section C-C' and H-H' (Figures 3.2 and 3.3). It is associated with the Dienerian- 

Smithian structural inversion. It is finally overlain by the S2 parasequence set, 

as the Early Smithian transgression slows and nears completion (Chapter 2). 

The top of S2 is the maximum flooding surface for the second 3d order 

sequence (Figures 3.2, 3.3 and 3.4a). The S1-S2 parasequence set typically 

shows an overall retrogradational stacking pattern (Appendix D). As well, the 

evidence for Smithian stratal onlap onto uplifted Lower Montney sediments fits 

the definition for a transgressive systems tract (Van Wagoner et al., 1 988; 1 990). 

The Early Smithian transgression (S1 -S2) was followed by progradation of 

Late Smithian, highstand parasequence sets (S3-S5, Figure 3.4a). Subcrop 

edges for the Upper Smithian parasequence sets are shown in Figure 3.12. 

Gamma log signatures typically show a progradational to aggradational stacking 
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Triassic and "Nordeggn successions is present east of the Montney subcrop edge, but is 
not mapped. 
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pattern and the parasequence sets form typical clinoforms with no significant 

downlap on the maximum flooding surface (top of S2) although this could reflect 

the lack of significant correlatable surfaces in the Upper Montney (Figure 3.6a 

and Appendix D). Parasequence sets tend to maintain a constant thickness 

across the study area (Figures 3.2 and 3.3). This is consistent with a highstand 

systems tract interpretation of the S3-SS parasequence set (Van Wagoner et al., 

1988; 1990). The S5 isopach shown in Figure 3.12, displays a preferred WSW 

distribution of sediment and a thinning of the isopach to the south. These 

parasequences were not extensively cored but tend to consist of lenticular to 

ripple laminated silty shoreface sandstones. Most Montney cores from this 

stratigraphic interval were located beneath the Upper (?) Triassic or 'Nordegg" 

sequence boundary. The shoreface was progressively prograding further 

basinward (towards the southwest) during the Latest Smithian, however the most 

proximal upper shoreface sands have been truncated by the Upper (?) Triassic 

erosional wedge and the Jurassic 'Nordegg Member". 

It is at the Dienerian-Smithian sequence boundary where the sequence 

stratigraphic model of this study varies most dramatically from that of Davies et 

al. (1997a). Both studies recognized that the Smithian strata represent 

deposition during a 3* order sequence. However, Davies et al. (1997a) did not 

recognize a lowstand valley deposit (SO) (Figure 3.4~) and the Coquinal Dolomite 

Middle member (correlated to S1 - this study) was interpreted as a lowstand 

deposit, which rested unconforrnably on Upper Dienerian strata. It was 

considered coeval to the basinward turbidite deposits, underlain by a regressive 

surface of erosion (RSE) and overlain by a transgressive surface of erosion 

(TSE) created as a result of transgressive ravinement (Davies et al., 1997a). In 

contrast, the model developed in this study, places the Dienerian-Smithian 

sequence boundary at the base of the downwarped valley fill and the mid- 

Montney coquina interval (S1) was interpreted as a transgressive deposit, 

underlain by a TSE. A specific transgressive systems tract was not identified by 

Davies et al. (1997a), however. much of the Upper Montney (units Dl-D4 - 
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Figure 3 . 4 ~ )  was interpreted as prograding highstand shoreface deposits similar 

to this study. 

(3.3.2.4) Uppermost Montney Formation (Spathian) - 3d Order Sequence 3 

The lack of core and biostratigraphic control through this sequence makes 

interpretation difficult. Therefore, in the absence of other corroborating data, the 

following discussion is based primarily (although not exclusively) on geophysical 

log correlation and interpretation (Appendix D - in pocket). 

The top of S5 represents a type 2 sequence boundary, tentatively dated 

as Upper Smithian (Figure 3.4a) (Chapter 4). A moderate tectonic influence may 

have been the major control on the generation of this sequence boundary. 

Based on the gamma signature, the Spl typically exhibits an aggradational 

pattern and is therefore sometimes difficult to distinguish from the Upper 

Smithian highstand systems tract (Figure 3.6a - S3-S5). This is similar to the 

attached LST/HST of the Cretaceous Kenilworth Member (Book Cliffs, Utah) and 

the Bearpaw-Horseshoe Canyon formations (DrumheHer, Alberta) (Ainsworth 

and Pattison, 1994). An attached lowstand shoreface may develop due to 1) 

high sediment supply; 2) there is only a moderate basinward shift in depositional 

regime such that sufficient accommodation space to deposit the shoreface is 

maintained; and 3) ravinement during the ensuing transgression does not isolate 

the two shorefaces, resulting in an apparent zone of sediment bypass (Ainsworth 

and Pattison, 1994). Locally, the SS-Spl contact is manifested as a marked 

conformable transgressive flooding surface with a moderate shift in depositional 

regime. This is shown particularly well on cross-section B-B' (wells 6-21 -77-7W 6 

to 10-15-78-6\1116). The Spl parasequence set has been interpreted as a shelf 

margin systems tract (SMST) and fits the definition of Van Wagoner et al. (1 988. 

1 990). Where cored, the Spl typically consists of parallel to ripple laminated 

silty, (lower?) shoreface, sandstones, which may be highly bioturbated (1 1 -20- 

73-7\1116 and 4-8-76-3W6 - Appendix A). 



1 60 
A subcrop and isopach map of the Spl parasequence set is shown in 

Figure 3.13. The Upper (?) Triassic erosional wedge truncates the Spl in the 

northeast. The thickness variations of this parasequence appear to be primarily 

related to erosional truncation beneath the Middle Triassic Doig Formation 

especially in the southern portion of the study area. However, deposition in the 

north appears to form a WSW-oriented thick similar to the pattern in the 55 

isopach (Figure 3.12). The isopach shows a thick where there was once an 

isopach thin or no deposition at all (earliest Griesbachian - Figure 3.7 and 

earliest Smithian - Figure 3.10). This may indicate another structural inversion 

in the study area. 

The Sp2 parasequence set has been interpreted as a transgressive 

systems tract (TST). The Spl-Sp2 contact has a highly phosphatic gamma- 

signature and is the first significant flooding surface overlying the Srnithian- 

Spathian sequence boundary (Figure 3.6a). The Sp2 parasequence shows a 

predominantly retrogradational gamma signature, corresponding with the 

definition of Van Wagoner et al. (1 988, 1990). 

Figure 3.14 displays a subcrop and isopach map for the Sp2 parasequence set. 

Erosion of the Sp2 beneath the Middle Triassic Doig Formation occurs in the 

northeast and south-southeast. This was probably the result of tectonic 

readjustments associated with the Spathian-Middle Triassic (Anisian) sequence 

boundary. Although this parasequence set was uncored in the study area, 

erosional truncation has likely removed the most proximal shoreface deposits. 

The log signature indicates a shaly to silty lithology (Figure 3.6a) (Asquith and 

Gibson, 1982). The southern thinning pattem of parasequence sets and the 

WSW-oriented depositional thick is continued during deposition of the Sp2, 

however, in this case, the parasequence set thinned to "zero" in the south. This 

indicates: 1) the development of a paleohigh located in the southern region of 

the study area, or 2) erosional truncation of the Montney beneath the Doig 

Formation (Figure 3.1 4). 
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Figure 3.13 - Subcrop and isopach map for the Spl parasequence set. The Spl is 
truncated by the U. (?) Triassic erosional wedge in the northeast and the M. Triassic in the 
south. The yellow and green areas indicate where the Montney is truncated and overlain by 
the Jurassic "Nordegg Mbr." and the U. (?) Triassic erosional wedge, respectively. An 
ultimate updip subcrop edge for the U. (?) Triassic and "NordeggW successions is present 
east of the Montney subcrop edge, but is not mapped. The isopach shows a depositional 
thick to the WSW, which thins towards the south. This thick corresponds to previous 
isopach thins or areas of no strata (subaerial exposure or sediment bypass) (Figures 3.7, 
3.1 0) and could indicate structural inversion. 
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The Spathian-Doig contact has been defined as a type 1 sequence 

boundary for the purposes of this project (Figure 3.4a). However, there are two 

possible interpretations for this contact: 1) a type 1 sequence boundary, or 2) a 

conformable to near conformable surface and the development of a paleohigh in 

the south of the study area. In the southern comer of the study area, there is 

apparently significant erosional truncation of Upper Montney parasequences 

(Figures 3.2 and 3.3) and the sequence boundary definition appears justified 

(Van Wagoner et al., 1988; 1990). Further to the north, the contact appears 

more conformable based on cross-section correlations. A possible scenario is 

that uplift to the south resulted in an increase in accommodation space and 

localized deposition to the north (Figure 3.14). In this case, the base of the Doig 

phosphate zone would represent the more conformable maximum flooding 

surface for the final Montney 3" order sequence. The highstand systems tract 

for this sequence would then be found within the lower Doig Formation (Anisian). 

Preliminary correlations within the Doig phosphate zone indicate a series of 

unconformable surfaces. One of which may represent the major early Anisian 

global sequence boundary. However, the stratigraphy of the Doig is not well 

documented. A future project should include a detailed sedimentological and 

stratigraphic study of the Doig Formation in order to resolve the Montney-Doig 

boundary problem. 

This final Montney 3rd order sequence of potentially Spathian aged 

sediments was also poorly characterized by Davies et al. (1997a) (unit D5 - 
Figure 3 .4~ )  for the same reasons as this study: 1) a lack of cored intervals and 

hence, biostratigraphic data; and 2) limited geographical extent. They decided 

that the section was too thin to allow recognition of stacking patterns. Hence, the 

SMSTKST interpretation of the Spl and Sp2 was untested by Davies et al. 

(1 997a). 
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(3.3.3) Undifferentiated Middle Triassic (Doig. Halfway, Lower Charlie Lake 

Formations) 

In order to place the Montney into its correct stratigraphic context, the 

undifferentiated Middle Triassic was briefly described. The undifferentiated 

Middle Triassic forms an eastward thinning erosional wedge, which is truncated 

beneath the undifferentiated Upper (?) Triassic. In the southwestern portion of 

the study area, the Doig phosphate zone characterizes the Middle Triassic- 

Montney boundary. The basal Doig Formation consists of a transgressive, 

phosphatic condensed section (Figure 3.4a). This passes shoreward into 

sandier facies (Appendix D). The basal Doig was picked and correlated based 

on the type well for the Montney (6-26-87-21 W6) and the Doig/Halhrvay interval 

(4-26-84-23\1\16) (Edwards et al., 1994). The Montney-Doig contact consists of a 

characteristically abrupt increase in gamma radiation (Figure 3.6a). This 

becomes less pronounced in a landward direction (northeast) due to a Middle 

Triassic facies change and/or erosional truncation of the most highly phosphatic, 

lower Doig deposits. Figure 3.15 shows the Montney-Doig contact in core and 

thin section. The Montney Formation is composed of mature, very fine -grained 

quartz sandstone with secondary dolomitization. The basal Doig Forrnation is 

composed of a centimetre-scale transgressive lag consisting of phosphorite 

ooids (Adams et al., 1995). This lag is overlain by the dark brown shales, 

characteristic of the Doig phosphate zone (Edwards et al., 1994). 

(3.3.4) Undifferentiated Upper (7)  Triassic (?Upper Charlie Lake Formation. 

?Worsley Member) 

The undifferentiated Upper (?) Triassic forms two unconforrnity-bounded 

wedges, which truncate the undifferentiated Middle Triassic sediments and the 

Lower Triassic, Montney Formation. The undifferentiated Upper (?) Triassic is in 

turn erosionally truncated by the Jurassic "Nordegg Member" (Figures 3.2 and 

3.3). In the study area, this erosional wedge is divided into two sections as a 

result of differential erosion beneath the sub-Jurassic unconformity downcutting 
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to different stratigraphic levels. The lateral distribution of the Upper (?) Triassic 

erosional wedge and the Jurassic 'Nordegg" are shown on Figure 3.14 where 

they truncate Montney sediments. An ultimate updip subcrop edge for the 

undifferentiated Upper (?) Triassic and Jurassic 'Nordegg Member" are located 

east of the Montney subcrop edge, but are not mapped (Figure 3.14). 

The Upper (?) Triassic erosional wedges typically consist of a decimetre 

to metre-scale, basal granule-to-boulder conglomerate erosional lag deposit 

overlain by very fine-grained rooted sandstone cycles with pyritized rootlets and 

calcareous nodules. As well, the rooted sandstone cycles tend to be capped 

with algal mats and/or localized bivalve coquina lags. Algal mats are 

characterized by millimetre-scale, wavy to irregularly lamination with well- 

developed laminoid fenestrae porosity. The fenestrae are usually elongated 

parallel to the lamination and result from the decay of organic material 

associated with algal stromatolites (Figure 3.1 6d) (Adams et al., 1995). The high 

visible porosity and pervasive oil staining of this facies made identification 

difficult. The Upper (?) Triassic rooted sandstone lithofacies are shown in Figure 

3.16a-c. Erosional wedge sediments were characterized by shallowing-upwards 

lithofacies associations overlain by a marine flooding surface. The depositional 

environment has been interpreted as a restricted marine coastal plain or sabkha 

deposit (Dalrymple, 1992). 

The erosional wedges were barren of conodonts and contained no 

diagnostic macrofauna. Therefore, the assignment of this unit to the Upper 

Triassic is highly subjective. It stratigraphically overlies the Middle Triassic Doig- 

Halfway interval based on the regional stratigraphic sections. This is shown 

particularly well on cross-sections A-A' and H-H' (Appendix D - in pocket). A 

characteristic gamma trace of the U. (?) Triassic wedge is shown in Figure 3 .6~ .  

It has been interpreted as the Upper Triassic Worsley Member by Davies 

(1 997a), Davies et al. (1 997a) and Edwards et al. (1 994). 
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Figure 3.1 5 - 11 -20-73-7\1116 at 2047.5m. Erosional contact between the Doig and 
Montney formations. The Doig consists of a phosphorite ooid transgressive lag 
overlain by phosphatic, dark brown shale. The Montney is a well sorted. very fine- 
grained sandstone with secondary dolomitiration. Dg: Doig Formation; M: Montney 
Formation. a) photomicrograph in plane polarized light; magnification is 625x3 
Phos: phosphatic ooids; Qtz: quartz occurs as a secondary cement in the Doig. b) 
core showing the basal Doig phosphatic lag and overlying shale. 
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The Triassic as a whole is characterized by limited fluvial input, fine- 

grained siliciclastic sedimentation, significant aeolian processes, low-productivity 

carbonate shelves and ramps and extensive evaporite deposits (Davies, 1997a). 

The Charlie Lake Formation is dominated by restricted to nearshore marine 

sedimentation. Depositional environments included sabkhas, coastal dunes, 

nearshore bars and playas (Edwards et al., 1994). Internally, the Charlie Lake 

Formation is cut by several significant erosional unconforrnities: the Coplin, 

Boundary, and Siphon (Edwards et al., 1994; Davies, 1997a; Embry, 1997). The 

Charlie Lake is unconformably overlain by the bioclastic to peloidal carbonates of 

the Baldonnel Formation (Edwards et al., 1994; Davies, 1997~). 

The Worsley Dolomite Member is a stratigraphic outlier, consisting of algal 

dolomites (locally coquinoid), shale and sandstone. The depositional 

environment was possibly inner shelf or restricted marine (Edwards et al., 1994). 

It overlies the Charlie Lake formation where the Baldonnel and Pardonet 

formations are absent, in the Worsley region of northwestern Alberta. Podruski 

et al. (1988) indicated that the Worsley might correlate with the Pardonet, 

Bocock or the lowest part of the Jurassic Femie Formation. The facies are 

similar to those found within the Charlie Lake Formation and has therefore been 

included in the uppermost Charlie Lake Formation by Edwards et al. (1994) and 

Davies (1 997a, c) (Figure 1.4). 

The general lithology of the documented Worsley Member seems to be 

equivalent to the core logged for this project. The regional stratigraphic sections 

(Figures 3.2 and 3.3) indicate a significant amount of erosional downcutting 

associated with the basal unconforrnity underlying the Upper (?) Triassic 

erosional wedges. An interpretation that is consistent with the available data is 

that one of the major unconfonities from the upper Charlie Lake Formation 

underly the erosional wedges. Alternatively, the basal unconforrnity may be 

more closely related to subJurassic truncation (Podruski et al., f988). Due to 

the lack of firm stratigraphic, biostratigraphic and lithologic control, the erosional 
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wedge has been termed undifferentiated Upper (?) Triassic. The most important 

consideration for the purposes of this study is that it is stratigraphically and 

lithologically distinct from the underlying Montney sediments (Appendix A, D). 

(3.3.5) Sub-Jurassic "Nordegg" Unconformity 

The subJu rassic unconfonity erosionally truncates the entire Triassic 

succession. The basal "Nordegg Membef typically consists of a decimetre-scale 

pebble-to-boulder conglomerate erosional lag deposit (Figure 3.17a-c) overlain 

by thinly parallel laminated, black-to-brown shales. The shales commonly contain 

pelagic pelycepod sp. fragments, aligned parallel to bedding (Figure 3.1 76). The 

"Nordegg" has been dated biostratigraphically as latest Hettangian to early 

Sinemurian (R. Hall, 1999, pers. comm.). The basal "Nordegg" was picked and 

correlated based on several reference wells (6-9-85-1 9W6, 7-5-82-1 1 W6, b-19- 

A.193-P-5 and d-97-1/93-P-7) (Edwards et al., 1994; Poulton et al., 1994). The 

"Nordegg" has a characteristically high gamma kick due to the highly radioactive 

nature of the shale (Figure 3.6b, c). 

(3.4) Contributions and Conclusions 
The sequence stratigraphy of the Montney Formation in the Peace River 

Basin was determined based on geophysical log correlation as well as 

comparisons to other studies. The Montney was divided into three 3'* order 

sequences and 19 parasequence sets. The first sequence (the Lower Montney) 

was divided into 1 1 parasequence sets consisting of transgressive (GI -G3) and 

highstand (01-08) systems tracts. The top of G3 is the maximum flooding 

surface for the Lower Montney. Dienerian highstand parasequence sets are 

erosionally truncated by downcutting associated with the Dienerian-Smithian 

(Middle Montney) sequence boundary. The second 3'* order sequence records 

deposition during the Smithian. The 6 Smithian parasequence sets include 

lowstand (SO), transgressive (S1-S2) and highstand (S3-S5) systems tracts, 

respectively. The third sequence was undated biostratigraphically, but was likely 
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deposited during the Spathian. These final 2 parasequence sets consist of shelf 

margin (Spl ) and transgressive (Sp2) systems tracts, respectively. 

The Dienerian-Smithian sequence boundary was tectonically controlled 

acting in conjunction with an eustatic fall. Fault reactivation is interpreted based 

on the gentle warping and/or block faulting of the Lower Montney sedimentary 

package and the creation of downwarped/block-faulted valleys and upwarped 

barrier islands (horsts). This buckling and/or high-angle normal faulting 

coincides with the extensional faults of the Paleozoic Dawson Creek Graben 

Complex. The average thickness of the downwarped valley fill was 10-15m. 

These valleys were likely connected to the ocean and infilled during lowstand 

and initial rising baselevel, which created long, broad estuary-type embayments 

during the earliest Smithian. This is in contrast to typical estuarine deposits, 

which form during transgression. 



CHAPTER 4: SEQUENCE BIOSTRATIGRAPHY 

(4.1) Introduction 

Lower Triassic strata record deposition after the latest Permian to earliest 

Triassic mass extinction event. This was the most devastating mass extinction in 

Earth's history in which 88 to 96% of all marine species and families became 

extinct, as well as the complete eradication of several major faunal groups (Raup 

and Sepkoski, 1 982; Flessa, 1 990). The fusulinacean foraminifers, trilobites, 

rugose and tabulate corals and goniatite cephalopods were completely 

eliminated. The ammonoids, brachiopods, bryozoans and stalked echinoderms 

suffered heavy losses while the bivalves, gastropod molluscs and conodonts 

were only moderately affected (Davies, 1 997a). 

This decrease in species diversity in Lower Triassic seas has important 

repercussions on sequence biostratigraphy. Many of the important index fossil 

groups of the Paleozoic, such as the fusulinaceans, rugose and tabulate corals 

and certain brachiopod species became extinct at the end of the Paleozoic. 

Other groups such as the ammonoids and conodonts had their diversities 

severely decreased by the close of the Permian, but rebounded within the 

Triassic (Stanley, S.M., 1 993). 

(4.2) Biostratigraphy 
The principal chronobiostratigraphic fossil groups of use in Lower Triassic 

strata are the ceratitic ammonoids and the conodonts (Tozer, 1967; Sweet et al., 

1 971 ). Table 4.1 shows the ammonoid and conodont biozones for the Triassic. 

The Lower Triassic has been divided into 10 ammonoid biozones and 13 

conodont biozones (Sweet et al., 1971 ) although modifications are continuously 

ongoing. 



Table 4.1 - Triassic ammonoid and conodont biozones (Sweet et a/., 1 97 1). 
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(4.2.1) Ammonoid Biozonation of the Lower Triassic 

The cored intervals in the study area have yielded minor, poorly preserved 

amrnonoid fossil impressions on core breaks. These impressions were 

preferentially located in the planar laminated siltstone facies (F5a) in the offshore 

to offshore transition region of the Montney succession. Also, rare phosphatic 

fragments found at the base of massive sandstone beds (F1) were potentially 

identifiable as ammonoids. Ammonoids were found in the Upper Dienerian and 

Lower Smithian parasequences, but due to the poor preservation, they were not 

identified and can not be correlated with a particular ammonoid biozone. Plate 1 

(Appendix C) shows several of these ammonoid impressions. 

(4.2.2) Conodont Biozonation of the Lower Triassic 

Since 1956, Triassic conodonts have been reported and described from 

Europe, Asia, New Zealand and North America. Studies by Mosher (1968a. 

1968b) and Sweet (1 970) determined that most of the known Triassic conodonts 

belong to genera that are restricted to the Triassic and the species of greatest 

biostratigraphic utility seem to have developed from different stocks than those 

which gave rise to the characteristic Upper Paleozoic faunas. This burst of 

evolutionary development persisted until near the end of the Triassic when 

conodonts became extinct (Sweet et al., 1 971 ). 

The most nearly complete Lower Triassic (Scythian) section is located in 

the Salt Range and Trans-lndus Ranges of West Pakistan (Sweet et al., 1971) 

where conodont biozones and the type sections for the Lower Scythian are 

located. A new conodont zonation from the lowermost Triassic strata of the 

Himalaya region was introduced by Orchard and Krystyn (1998). The work of 

Sweet was expanded and refined based upon Upper Scythian strata in the 

western United States (Clark, 1959; and others). All but the topmost upper 

Lower Triassic (Spathian) conodont biozones are recognized here. Henderson 

(1 997) and Orchard and Tozer (1 997) provide further modifications based on 
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work in the Western Canada Sedimentary Basin. Using conodonts as index 

fossils, the Montney Formation in the Peace River Basin has been placed into an 

internationally recognized biostratigraphic framework. This study presents some 

modifications to the scheme presented by Henderson (1 997). 

(4.2.3) Biozonation of the Lower Jurassic 

Determining the biostratigraphy of the Lower Jurassic 'Nordegg Member" 

was not attempted as a part of this project, but a well-preserved ammonite 

specimen was recovered in 6-19-78-25W5 at 1018.5m. The full litholog 

description for this well is included in Appendix A. The ammonoid was recovered 

from the laminated black shales of the "Nordegg Member", 25cm above the 

Montney-"Nordegg" contact. In the northeastern part of the study area, the black 

shales of the 'Nordegg" unconforrnably overlie the Lower Triassic Montney 

Formation. The Triassic succession was erosionally truncated down to the mid- 

Montney coquina level (Early Smithian - parasequence S1) by the sub-Jurassic 

unconformity. The ammonite was identified as Discamphiceras cf. silberlingi and 

has an age of Middle to Late Hettangian (the first stage of the Early Jurassic) (R. 

Hall, D. Taylor, 1999, pers. comm.). This forms an upper age bracket for 

truncation of the Montney sedimentary package, as erosion on the sub-Jurassic 

unconformity must be older than Middle Hettangian. 

A low diversity biotic assemblage of coccoliths was also recovered from 

the same "Nordegg" sample. Coccoliths belong to the kingdom Protista and the 

class Coccolithophorida. These spherical marine flagellates possess an outer 

calcareous shell composed of minute calcareous plate-like bodies called 

coccoliths, which may be preserved as microfossils (Jones, 1956). The faunal 

assemblage found in 6-1 9-78-25\1\15 consists of: Parhabdolithus liasicus 

distinctus, Crepidolithus crassus, Turbirhabdus patulus and Mitrolithus jansae 

(J.H. Craig, 1999, pers. comm.). Elsewhere, M. jansae ranges from the 

lowermost Sinemurian to the Lower Toarcian (Lozar, 1995), however, the 
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absence of any associated younger Sinemurian taxa indicates that it is not 

younger than Middle Sinemurian (J.H. Craig, 1999, pers. comm.). Based on the 

occurrence of Discamphiceras silberlingi, the base of the M. jansae biozone 

likely extends down into the Hettangian. This correlates to an age of latest 

Hettangian to earliest Sinemurian for the black shales of the "Nordegg Membef. 

Both macro- and microfauna analyses give an Early Jurassic age for deposition 

of at least part of the "Nordegg Membef of the Femie Formation. 

(4.3) Conodont Paleoecology and Biofacies 

(4.3.1) Paleoecology of Conodont Fauna 

Careful studies of the relationship between conodonts and the 

sedimentary rocks in which they occur can yield important inferences about the 

original living distributions of the animal (Sweet, 1988). These interpretations 

must combine features of the depth-stratification model of Seddon and Sweet 

(1 971 ), the lateral-segregation model of Barnes and FAhraeus (1 975) as well as 

the mode of life of the conodont animal (ie. truly pelagic or nektobenthic). 

Original conodont distributions were based on physical, chemical and biologic 

factors that are rarely possible to fully identify from the rock record (Sweet, 

1 988). 

Rock textures, sedimentary structures and other fossils in sedimentary 

rocks may yield information about relative water depth. Water depth was 

probably not a primary control on conodont distribution, however, factors such as 

water temperature, light penetration, light intensity, turbidity, energy, salinity and 

water density (which vary directly or inversely with water depth) may have 

exerted a control on the distribution of the conodont animal (Sweet, 1988). 
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(4.3.2) Nearshore and Offshore Faunas 

There is a reasonably clear distinction between offshore and nearshore 

conodont groups. The offshore environment is characterized by stable 

temperatures, "normal" marine salinities and limited turbidity while the harsher 

nearshore environments are defined by fluctuating temperature, water salinity 

and turbidity (Sweet, 1988). 

In general, the apparatus of nearshore faunas have relatively large 

elements with a reduced number of discrete denticles. The denticles are 

deficient in white matter and usually have a circular cross-section (Sweet, 1988). 

Morphological detail and composition appear more variable in the nearshore 

species than in the offshore ones. Species diversity appears to be lower in the 

nearshore environment than further offshore. Actual conodont populations may 

have been relatively small in the proximal environment. 

Conodonts adapted to the offshore region display numerous relatively 

small elements with abundant white matter. The ramiform elements tend to have 

delicate processes set with many compressed, laterally confluent denticles. 

Pectiniform elements have a much greater variety than in characteristic 

nearshore faunas (Sweet, 1 988). Species diversity and populations appear to be 

greater than in nearshore environments. 

It should be noted that these are only general morphologic trends that 

tend to characterize conodont faunas from nearshore and offshore environments 

throughout the Paleozoic and Triassic. They are not invariable indices to be 

used in evaluating nearshore-offshore environments (Sweet, 1 988). Exceptions 

do occur. The associated sedimentology must be used in conjunction with 

conodont paleoecology to determine depositional environments. 
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(4.3.3) Lower Triassic Conodont Biotacies 

As conodont biostratigraphic data accumulated from studies over wide 

geographical areas, it became apparent that conodonts were not evenly 

distributed in the rocks and some taxa were restricted to specific depositional 

environments. The concept of a conodont biofacies was first proposed by 

Seddon and Sweet in 1971. 

Carr et al. (1984) and Clark and Carr (1 984) studied the Lower Triassic 

Thaynes Formation in Nevada and Utah and determined that conodonts were 

not randomly distributed throughout the Cordilleran miogeocline. The facies of 

the Thaynes Formation were combined into four broad facies belts: 1) a basinat 

mudstone and siltstone facies; 2) an open marine carbonate outer shelf facies; 

3) a restricted marine carbonate and terrigenous clastic inner shelf facies; and 4) 

a very shallow marine to continental red bed facies. The four facies belts were 

arranged along a generalized depth-salinity related gradient. Figure 4.1 shows 

how the most important genera of Lower Triassic conodonts were laterally 

distributed with respect to the continental shelf. The highest conodont diversity 

occurred on the stable, offshore, outer shelf and decreased basinward and 

shelfward. The red bed facies belt was devoid of conodonts. 

Not all conodont taxa were facies dependent. Neospathodus was found 

to be environmentally and geographically widespread (Figure 4.1) and thus, is 

useful as a facies independent form for Early Triassic conodont biozonation 

(Carr et al., 1984). Facies dependent conodont biozonations are only useful for 

correlation in localized areas where the facies architecture is well known. 

However, the correlation of facies dependent conodont assemblages is useful to 

determine paleoenvironmental conditions and paleogeography (Carr et al., 

1 984). 

The most prolific conodont genera found in this study were Neospathodus 

and Neogondolella. Based on the correlation between conodont fauna and 



Figure 4.1 - Lithofacies and Lower Triassic conodont distribution along a depth- 
salinity related gradient for the Thaynes Formation, Utah, but is also applicable to 
the Montney of Vkstern Canada. Sea level and depth of photic zone are 
indicated. The shelf is divided into an inner facies (very nearshore) and an outer 
facies (offshore to basinal) (modified from Clark and Can, 1984). 
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depositional environments by Clark et al. (1 984) and Clark and Carr (1984), this 

is to be expected considering that most of the cores logged for this project were 

from an offshore to offshore transition environment (Chapter 2). Onshore 

conodont fauna such as Ellisonia and Pachycladina increase in abundance 

towards the northeast (landward), while Neogondolella species were restricted to 

offshore to offshore transition environments. 

(4.4) Montney Conodont Sequence Biostratigraphy 
The Lower Triassic has been divided into 13 conodont biozones; based 

primarily on species of Neogondolella and Neospathodus (Sweet et al., 1 971 ). 

The Montney Formation in this study was divided into 19 parasequence sets; 

three of Griesbachian age (GI-G3), eight from the Dienerian (Dl-DS), six from 

the Srnithian (SO-S5) and two of potentially Spathian age (Spl-Sp2). Nine 

conodont biozones were defined in this study. Productive conodont samples 

were obtained from the following parasequence sets: GI, G2, 04, 05 ,  D6, 07, 

SO, S1, S2, S3 and SS. Figure 4.2 (modified from Henderson, 1997) shows the 

conodont biozones of the Upper Permian and Lower Triassic. Also shown are 

the relative ages of the Montney parasequence sets as defined in this study. 

Table 4.2 shows the recovered conodont fauna from this study and the 

parasequence sets in which they were found. 

(4.4.1) Griesbachian Biozones 

Hindeodus parvus - Neogondolella taylorae Zone (pre carinawplanata) 

Hindeodus parvus was not recovered from the sampled cores within the 

study area, however, it was recovered within the basal Montney successian in 

the Ring BorderIKahntah fields as well as the basal Sulphur Mountain Formation 

at Opal Creek, Kananaskis (C.M. Henderson, 1999, pers. comm.; Henderson, 

1997). In the study area, Neogondolella taylorae was always recovered within a 

faunal assemblage consisting of Neogondolella carinata - N. planata (GI and G2 



Figure 4.2 - Upper Permian to lower Middle Triassic stratigraphic time scale and 
correlative conodont biozones for the Wstern Canadian Sedimentary Basin. 
Modified to show the Montney Formation biostratigraphy. A '?" indicates that no 
biostratig raphic data was recovered from a particular parasequence set (modified 
from Henderson, 1997). 
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Table 4.2 - Montney parasequence sets and the associated conodont faunal assemblages. 
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parasequence sets). Therefore, the earliest Griesbachian succession is missing 

in the study area (Figure 4.2). 

Neogondolella carinata - N. pbnata Zone (overlap with parms/taylorae) 

Parasequence sets GI and G2 yielded a conodont fauna consisting of 

Neogondolella carinata, Neogondolella sp. cf. N. planata as well as 

Neogondolella taylorae. This biozone is based on the presence of the named 

species. The presence of N. carinata and N. planata as well as the overlap with 

the Hindeodus parvus - Neogondolella taylorae Zone, correlates with an Early 

Griesbachian age for the G I  and G2 parasequence sets (Figure 4.2). 

(4.4.1 .I) Discussion 

The position of the Permian-Triassic boundary and thus, the timing of the 

overlying transgression is still under debate, but based on work in Meishan, 

China, it will probably be defined based on the first appearance of the conodont 

Hindeodus parvus (Yin Hongfu et al., 1996). Therefore this global transgression 

actually began in the latest Permian rather than the earliest Triassic and the 

Neogondolella meishanensis and Hindeodus parvus - Neogondolella taylorae 

zones record the earliest part of this transgression (Henderson, 1997; Davies, 

1997a). Although this global transgression began in the latest Permian, it is not 

represented in the study area until the earliest Triassic. Neogondolella 

rneishanensis and Hindeodus parvus were not recovered in this study, but both 

have been recovered in Opal Creek, Kananaskis. H. parvus was found at the 

base of the Montney in the Ring Border area (C.M. Henderson, 1999, pers. 

comm.). Neogondolella taylorae was found associated with Neogondolella 

carinata, which correlates to an Early Griesbachian age for the beginning of 

transgression (and the base of the Triassic) in the study area (Figure 4.2). 
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(4.4.2) Dienerian Biozones 

Neospathodus cristagalli Zone 

The 04 to D7 parasequence sets contain a faunal assemblage consistent 

with the Neospathodus cristagalli Zone. The named species was found in 04, 

DS and D7. Neospathodus dieneri (D5-D7). Neogondolella n. sp. A (04 only), 

Neogondolella sp. aff. N. nevadensis (05 only) and Ellisonia triassica (D7 only) 

were also found in this biozone. N. cristagalli correlates to a Late Dienerian age 

for this set of parasequences. Neogondolella n. sp. A is very similar to N. 

krystyni, but has a more upturned platform margin and greater fusing of the 

posterior carina. This species is either a late N. krystyni or the descendant of N. 

krystyni. N. krystyni ranges from the Late Griesbachian to the Early Dienerian. 

Neospathodus dieneri Zone 

Parasequences D5 to D7 yielded conodonts correlating to the 

Neospathodus dieneri Zone and include named species as well as: Ellisonia 

triassica (D7 only), Neospathodus cristagalli (D5 and D7 only) and Neogondolella 

sp. aff. N. nevadensis (D5 only). Neospathodus dieneri correlates to an age of 

Dienerian. but the overlap with the Neospathodus cristagalli Zone suggests an 

age of Late Dienerian. 

Ellisonia Zone 

Parasequence 07 and SO produced elements of Ellisonia triassica. This 

fauna correlates to an age of Griesbachian to earliest Smithian. The Ellisonia 

Zone, which is characteristic of shallow marine environments, overlaps in the 

study area with the N. cristagalli, N. dieneri, N. waageni and the N. pakistanensis 

zones. This indicates that the D7 to SO interval is Late Dienerian to Early 

Smithian in age. N. pakistanensis is the index for the basal Smithian. The 

overlap of Ellisonia and N. pakistanensis within the SO indicates that this 

parasequence set is earliest Smithian or spans the DienerianiSmithian boundary. 

Sediment remobilization during lowstand may have also been an important factor 

in the mixing of these two faunas. 
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(4.4.2.1 ) Discussion 

The parasequences G3, Dl ,  D2 and 03 were not biostratigraphically 

dated (Table 4.2). This was due to a combination of factors including a tack of 

core through this stratigraphic interval and/or unproductive conodont samples. 

As a result, the age of maximum flooding (top of parasequence G3) in the Lower 

Montney was not delineated in the study area. However, in the Sturgeon Lake 

area to the south, conodonts were recovered from the correlative Late 

Griesbachian-Early Dienerian stratigraphic interval (Neospathodus kummeli Zone 

- Figure 4.2) (Markhasin, 1997). 

The fauna recovered from 04 to 07 was consistent with deposition during 

the Late Dienerian. The D8 parasequence set was not biostratigraphically dated 

since it was the last to be deposited during Dienerian highstand and hence the 

first to be eroded and/or re-deposited during the mid-hllontney lowstand event. 

The combination of a low preservation potential and a lack of core made this a 

difficult parasequence set to date. However, the amount of time between latest 

Dienerian highstand deposition and earliest Srnithian lowstand deposition was 

likely very short, in geological terms. 

(4.4.3) Smithian Biozones 

Neospathodus pakistanensis Zone 

Parasequence sets SO to S3 produced the following fauna: Neospathodus 

pakistanensis (SO and S3 only) and Neospathodus waageni (SO to S3). The 

presence of N. pakistanensis correlates to an Early Smithian age for these 

parasequence sets (Figure 4.2). 
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Neospathodus waageni Zone 

This zone is characterized by the presence of N. waageni, which ranged 

throughout the entire Smithian. Parasequences SO to S3 and S5 yielded this 

fauna. The presence of Neospathodus pakistanensis and Neogondolella milleri 

were used to further refine the Smithian biostratigraphy. 

Neogondolella milleri Zone 

Parasequence S5 yielded a faunal assemblage consisting of 

Neogondolella sp. cf. N. milleri, Neospathodus waageni, Gladigondolella sp. cf. 

G. meeki and Neospathodus sp. cf. N. curtatus. The presence of Neogondolella 

sp. cf. N. milleri and Neospathodus sp. cf. N. curtatus (a fauna that may be 

ancestral to N. triangularis) correlates to a Late Smithian age for the S5 

parasequence set (Figure 4.2). 

Pachycladina Zone 

Parasequences SO and S5 (and possibly S1 and S2) produced the fauna 

Pachycladina. This biozone, which is generally characteristic of shallow water. 

overlaps the N. pakistanensis, N. waageni and N. rnilleri zones. The 

parasequence sets SO to S5 have an age of Smithian based on the presence of 

Pachycladina. Parasequence SO also produced a single element of Ellisonia 

triassica, which supports the theory that the fauna Pachycladina replaced 

Ellisonia triassica in the earliest Smithian since they don't coexist for very long 

(Sweet, 1 988). 

(4.4.3.1 ) Discussion 

The turbidite depositional system (parasequence SO) was 

biostratigraphically dated as earliest Smithian based primarily on the presence of 

N. pakistanensis. Typically, the turbidite depositional system consists of 

turbidite-generated, laminated siltstone overlain by amalgamated sandstone 

cycles. Based on the presence of Smithian fauna and cross-section correlations, 

the base of these lowstand deposits is interpreted to be within the siltstone 
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underlying the amalgamated sandstone beds. It is postulated that at the close of 

the Dienerian, the siltstone in the offshore region was unlithified and became 

gravitationally unstable as a result of structural inversion within the Peace River 

Basin. Hence, the silt was remobilized and re-deposited as silty turbidites, which 

was later overlain by very fine-grained sandy turbidites, sourced predominantly 

from the shoreface (Chapter 2). A remobilized N. pakistanensis in the lowstand 

turbidite system still gives an age of early Smithian for its deposition since the 

underlying highstand systems tract must have been deposited during the earliest 

Smith ian. Overlying parasequence sets have been biostratigraphically dated 

(Table 4.2) as early Smithian, effectively bracketing the turbidite system. 

There was a paucity of core through the downwarped/incised valley fill 

(parasequence SO) in this study area and was undated biostratigraphically. The 

overlying S1 (mid-Montney coquina interval) was dated as Early Smithian. 

However, in the greater Sturgeon Lake area, similar valley fill deposits were 

dated as Early Smithian (Markhasin, 1997; Henderson and Zonneveld, 1999). 

These proximal downwarped/block-faulted valley complexes were deposited 

penecontemporaneously with distal lowstand wedge turbidites. 

(4.4.4) Spathian Succession 

The Spathian parasequences were not dated biostratigraphically due to a 

lack of core through this stratigraphic interval and the limited geographical 

distribution due to erosion at the base of the Doig phosphate zone or younger 

unconforrnities. A conodont fauna indicative of ancestral Spath ian forms was 

recovered from the Upper Smithian (Neospathodus sp. cf. N. curtatus - 
parasequence S5), however, no definitive Spathian conodont fauna was 

recovered from the Spl and Sp2 parasequence sets (Figure 4.2). N. curtatus 

has a short range near the base of the Spathian in Oman (Orchard, 1995). 

however this species was recovered within a Late Srnithian assemblage 

consisting of N. milleri , G. meeki and N. waageni. It is likely that the base of the 
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N. curtatus biozone is stratigraphically lower than the fauna recovered by 

Orchard (1 995). 

(4.5) Contributions and Conclusions 
The sequence stratigraphic framework for the Montney in the Peace River 

Basin (Chapter 3) was refined using conodont sequence biostratigraphy. Nine 

conodont biozones were identified within the Lower Triassic Montney Formation: 

1 ) Hindeodus parvus - Neogondolella taylorae Zone; 2) Neogondolella carinata - 
N. planata Zone; 3) Neospathodus cristagalli Zone; 4) Neospathodus dieneri 

Zone; 5) Ellisonia Zone; 6) Neospathodus pakistanensis Zone; 7) Neospathodus 

waageni Zone; 8) Neogondolella milleri Zone; and 9) Pachycladina Zone. The 

succession was dated as Early Griesbachian to Late Smithian. 

The sequences and important surfaces as defined in Chapter 3 were 

placed into the global conodont biozone framework. The biostratigraphy was 

constrained by the availability of cored intervals as well as the presence of 

conodont-prone lithofacies (typically shale and dolomitic coquina). Hence, not 

every parasequence set was dated biostratigraphically. 

This study expanded on the work of Markhasin (1997) who determined 

that the Dienerian-Srnithian sequence boundary in the Sturgeon Lake area, was 

overlain by a complex series of bifurcating, incised estuaries which incised into a 

Dienerian-aged highstand succession (Chapter 2). These estuaries were 

characterized by an Early Smithian conodont faunal assemblage. The most 

important contributions of this study involved the combination of applied 

paleontology to sequence stratigraphy - specifically, biostratigraphically dating 

the Dienerian-Smithian sequence boundary. It was determined that the 

downwarped valley deposits in the area around the Rycroft and Dunvegan faults 

(Chapters 2, 3) and the incised estuaries in the Sturgeon Lake area (Markhasin, 

1997) were coeval during the earliest Smithian and incised into Dienerian 

sediments (Kendall et al., 1998). Differences in the scale of these lowstand 
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deposits were associated with the strong tectonic control on basin development 

in the Peace River area (Chapters 2, 3). A structural inversion coupled with an 

eustatic fall, marked the transition from highstand (D8) to lowstand conditions 

(SO), occurring in the latest Dienerian to earliest Smithian, based on conodont 

biostratigraphy. It was also determined that the mid-Montney lowstand deposits 

(parasequence set SO) in the Peace River area (turbidite and downwarped/block- 

faulted valley) were penecontemporaneous in the Early Smithian. This is 

important for accurate paleoenvironmental reconstructions (Chapter 2). 



CHAPTER 5: MONTNEY RESERVOIR POTENTIAL 

(5.1) Introduction 
6 3 The Triassic succession in Alberta contains in excess of 58 x 10 m (365 

9 3 million barrels) of initial established reserves of conventional oil and 109 x 10 m 

(4 Tcf - trillion cubic feet) of initial established reserves of marketable gas 

(AEUB, 1997). Hence, the Triassic is a significant exploration prospect. Since 

1992, most of the Montney petroleum exploration in the study area has centred 

on plays associated with the Dienerian-Smithian relative sea level lowstand 

event. Primary Montney production occurs from the lowstand turbidite 

depositional system. Secondary production also occurs from shoreface coquina 

plays. Montney prospects typically involve a combination of stratigraphic and 

structural trapping. 

(5.1 .I) Provenance of Lower Triassic Sediments 

Paleocurrent studies, westward thickening of sediments and facies 

patterns of Lower Triassic sediments within the WCSB suggests a source area in 

the present-day Canadian Shield. Transport was from the east-northeast 

towards the west (Gibson and Barclay, 1989). Petrographic studies of Triassic 

sediments (Gibson, 1974; 1975) have determined that the sand-sized fraction is 

predominantly composed of monocrystalline quartz, chert and potassium 

feldspar. 

Currently, sophisticated methods for determining sediment source areas 

involve geochemical and isotopic fingerprinting, rather than petrographic analysis 

and point counting. Neodymium (Nd) isotopes have been used in clastic 

sedimentary successions from the WCSB to constrain the relative importance of 

proximal and distal North American basement and juvenile Cordilleran 

sedimentary sources (Boghossian et al., 1996; Ross et al., 1997). 

Conventionally, sediments of the Canadian Cordillera have been assumed to be 
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sourced from Archean and Proterozoic rocks of the Canadian Shield. Based on 

Nd isotope data, Boghossian et al. (1996) determined that the Devonian through 

Mid-Jurassic sediments were derived from more juvenile sources than the 

western Canadian platform. These data were augmented and confirmed for 

Triassic sediments of the Cordilleran miogeocline by Ross et al. (1997). 

Three possible sediment source areas were identified, however a unique 

source area could not be determined (Boghossian et al., 1996). The first 

involves a mixture of mixture of Precambrian Shield and juvenile Cordillera 

sources. During the Triassic, the western margin of North America faced into the 

Panthalassa Ocean and at least one offshore magmatic arc (Quesnellia) 

developed over an east-dipping subduction zone. A back arc basin separated 

the Triassic western margin of North America from Quesnellia (the Slide 

Mountain Terrane), however the distance offshore is unknown (Monger, 1989). 

The Kootenay is a pericratonic terrane, which in part, resembles coeval 'North 

American" strata to the east. It was located between the western margin of 

cratonic North America and the Slide Mountain Terrane. However, the Kootenay 

contains a record of Paleozoic deformation and intrusion, which may not be 

present in the Paleozoic strata of North America (Monger, 1989). Further west, 

Triassic rocks are common from the more outboard terranes such as Stikinia and 

Wrangellia, although their relation to coeval deposits in the western North 

American miogeocline is unsure due to the possibility of large latitudinal 

displacements (Irving et al., 1996). However, Mahoney et al. (1 999) determined 

that detrital Archean and Early Proterozoic zircons from the Cretaceous strata of 

the Intermontane superterrane, coupled with the lack of plausible alternate 

explanations for derivation in the southern latitudes, appears to refute the model 

of major terrane translation. If this is the case, then the Triassic strata from the 

outboard terranes may be more closely related to that of the miogeocline than is 

currently thought. 
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There are several problems with a juvenile Cordilleran provenance for 

North American miogeoclinal sediments (Boghossian et al., 1996). They include 

the distance of Cordilleran arc terranes from the site of rniogeocline deposition, 

paleogeography that would necessitate an apparent upslope transport of 

sediment to shallow marine depositional settings on the cratonic shelf and upper 

slope and a lack of western paleocurrent indicators. Boghossian et al. (1996) 

postulated that wind blown volcanic detritus from offshore Cordilleran volcanic 

arcs was the only possible method of creating a juvenile isotopic signature. 

However, volcanic ash is absent from most of the sediments from the 

Carboniferous to the Triassic so this is an unlikely source area for Triassic 

sediments. 

The second source hypothesis put forward by Boghossian et al. (1996) 

involves sediment derivation from the Appalachian orogen to the east and 

transcontinental dispersion into the WCSB. The Appalachian belt experienced 

multiple phases of deformation and uplift during the Paleozoic. It was therefore, 

a major source of sediment to the craton and its margins. The Nd isotope 

signature of the Cordilleran miogeoclinal sediments is identical to that of 

sediments of the Appalachian belt (Boghossian et al., 1996; Gleason et al., 

1994). The major problems with this hypothesis include the lack of evidence of 

large Paleozoic drainage patterns and the presence of a persistent 

transcontinental arch. This arch extended southwestward from the Great Lakes 

region and may have acted as a barrier to any potential transcontinental 

drainage system (Boghossian et al., 1996). 

The final option involves sediment derivation from the lnnuitian orogen in 

the Canadian Arctic (Boghossian et al., 1996). The foreland basin deposits of 

this orogen are mid-Devonian to Early Carboniferous in age. The preserved 

thickness of these sediments is approximately 4 km but was most likely 

substantially thicker (9-10 km) and covered much of the presently exposed 

Canadian Shield (Ross et al., 1997). Figure 5.1 shows the proposed sediment 



Mississippian to + -- - Jurassic Reworking of 
Devonian Ciastics 

a Mounbin Belts 

Figure 5.1 - North American basement and post-1.5 Ga orogenic belts, without 
platform cover. The two necessary components in an Arctic lnnuitian source 
hypothesis are southward sediment transport during the Devonian combined with 
Mississippian to Jurassic cannibalistic recycling of the same clastic material. Also 
shown is the study area for this project (modified from Bog hossian eta/.. 1 996). 
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transport directions. Southward transport during the Devonian was followed by 

Mississippian-to-Jurassic cannibalistic recycling of a considerable thickness of 

sediments from the continental interior (Boghossian et al., 1996). Nd isotope 

data and detrital zircon ages from Triassic sediments of the WCSB support this 

hypothesis (Ross et al., 1997). This hypothesis also satisfies Triassic 

paleocurrent data. However, a potential problem may be the presence of 

potassium feldspar in the Triassic sediments of the Cordillera miogeocline, which 

is absent from preserved strata of the lnnuitian foreland wedge. Ross et al. 

(1997) postulated that the 5 km of eroded foreland fill may have tapped deeper 

into the crystalline core of the lnnuitian and would therefore have been more 

feldspathic than the older preserved sediments. 

(5.1 .I .l ) Discussion 

Locally, the paleoshoreline in the study area ran approximately northwest- 

southeast during the Lower Triassic, approximately paralleling the Montney 

subcrop edge. This is based on regional cross-sections and the observation that 

proximal shoreface trends parallel the subcrop edge. Periods of relative sea 

level transgression and highstand were likely characterized by sediment 

transport from the northeast towards the southwest, fitting within the larger scale 

transport model from lnnuitian sources. Sediment transport during the mid- 

Montney lowstand has two potential directions and likely incorporated both. The 

geometry and facies associations of the turbidite depositional system indicate 

that mass wasting processes were transporting sediment towards the southwest. 

The coeval downwarped or block-faulted valley system may have acted as a 

funnel, directing eroded and cannibalized Dienerian deposits towards the 

northwest through a paleolow associated with the Fort St. John Graben. 

(5.1 -2) Montney Hydrocarbon Migration and Maturation 

The Triassic succession within the WCSB hosts significant quantities of oil 

and gas reserves in northwestern Alberta and northeastern British Columbia 
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(Podruski et al., 1988). Creaney and Allan (l990) listed ten marine, petroleum 

source rocks within the WCSB, ranging in age from mid-Devonian to Late 

Cretaceous. Biomarker analyses of oil samples and source rocks have been 

used in conjunction with basic sedimentary geology, to determine the source 

rock and migration history of hydrocarbons in the WCSB. 

An oil prone source rock is characterized by sediments, which are rich in 

organic carbon and hydrogen (Tissot et al., 1974). With a sufficient amount of 

thermal stress, oil-prone organic matter will generate liquid hydrocarbons. The 

minimum amount of organic matter needed by a potential Triassic source rock in 

the WCSB is 1.5 W h  Total Organic Carbon (TOC) (Riediger, 1997). Different 

types of organic matter will generate distinctive hydrocarbon products at varying 

degrees of thermal maturity. The organic materials which are typically richest in 

hydrogen include marine plankton, freshwater algae, spores, pollen, leaf cuticle, 

tree resin, and anaerobic bacteria (Tissot et al., 1974). Type I kerogen is highly 

oil prone while Type II is oil and gas prone. Type Ill kerogen is hydrogen-poor 

and tends to form gas (Creaney and Passey, 1993; Kalkreuth and McMechan, 

1 988). 

Triassic sediments in the WCSB are in various stages of oil and gas 

generation (Bachu and Cao, 1992). The Montney and Doig formations were in 

the main phase of oil generation from the Middle to Late Cretaceous and entered 

the gas window during the Paleocene (Ness and Hutcheon, 1999). 

There are three potential sources for Triassic oils: the Lower Jurassic 

"Nordegg Member" of the Femie Formation, the Middle Triassic Doig Formation 

(Phosphate Zone) and the Lower Triassic Montney Formation (Riediger et al., 

1990b). Both Triassic sources and the 'Nordegg" are thermally mature with 

respect to liquid hydrocarbon generation over much of the Peace River Basin 

area (Riediger et al., 1990~). Figure 5.2 shows a map of Lower and Middle 

Triassic thermal maturity. Thermal maturity increases from immature in the 

northeast, near the Triassic subcrop edge to ovenature in the southwest 
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towards the deformation front (Riediger et al., 1990a; 1990b; 1990~). The 

"Nordegg" displays a similar thermal maturity pattern (Riediger et at., 1990~). 

Triassic oils belong to two distinct oil families, Group 1 and Group 2 

respectively. Group 1 oils are sourced from the Doig phosphate zone and have 

been subdivided into Group 1A and Group 1 B. Group 1 A oils occur mainly in the 

Doig and Halfway while Group 1B oils occur in Charlie Lake reservoirs. The 

difference between these two subgroups is one of maturity. Group 1A oils have 

a higher thermal maturity than those of Group 16, representing two phases of 

hydrocarbon migration from the phosphate zone. Group 2 oils are sourced from 

the "Nordeggn shales (Riediger et al., 1 990a). 

The Lower Jurassic 'Nordegg" shales consist of Type 1/11 kerogen and 

range from immature to overmature. Due to relatively high sulphur levels, 

"Nordegg" shales generate hydrocarbons at lower thermal maturities than would 

normally be expected of a Type Ill I kerogen (Riediger et al., 1 990c). TOC values 

are greater than 28 wt% for immature samples. This decreases to 3-7 wt% TOC 

in the late mature stage of oil generation. The "Nordeggn consists of hydrogen- 

rich organic matter and has excellent hydrocarbon generation potential (Riediger 

et al., 1990~). The "Nordegg" shales sourced Triassic reservoirs beneath the 

sub-Jurassic unconformity (Riediger et al., 1 990b). 

Much of the oil and gas in Triassic reservoirs has a Doig phosphate zone 

signature (Creaney and Allan, 1990). The highly radioactive shales at the base 

of the Doig Formation, typically have TOC values of 2-1 1 wt% and consist of 

Type II kerogen (Riediger et al., 1990a). The phosphate zone has good to 

excellent hydrocarbon source potential and is typically mature (Tmax > 435°C) to 

overmature (Tmax > 455°C) as shown on Figure 5.2 (Riediger et al., 1990a). 

The final potential source for hydrocarbon generation is the Lower Triassic 

Montney Formation. Organic-rich intervals within the Montney are much more 

stratigraphically and geographically localized as opposed to the regional Doig 



Figure 5.2 - Thermal maturity map of Lower and Middle Triassic rocks, based on 
Rock-Eval Tmax data from core samples; HRFZ: Hay River Fault Zone (modified 
from Riediger et a/. , 1 990a; Riediger, 1997 and Edwards et el., 1 994). 
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phosphate zone and "Nordegg" shales (Creaney and Allan, 1990). TOC values 

have been obtained as high as 5 wt% (Riediger et al., 1990a) but are typically 

much less than 2.8 wt?h (Riediger et al., 1990b; Hankel, 1997). Montney 

sediments probably contain Type I Ill II kerogen although this is difficult to 

determine due to the high level of thermal maturity. The Montney locally shows 

good source potential where mature. However, much of the distal sedimentary 

succession is too mature to assess its original source potential (Riediger et al., 

1990b). 

Montney oils have a Triassic source based on biomarker analyses. They 

were classified as Group 1A oiis by Riediger et al. (1990a) and therefore, were 

sourced from the Doig phosphate zone. However, the setting of the mid- 

Montney turbidite depositional system (TDS) is inconsistent with a phosphate 

zone or 'Nordegg" source. The downward migration of hydrocarbons through 

over 100 metres of Upper Montney siltstone from the Doig to the TDS seems 

unlikely (Riediger, 1997). These oils may instead be the result of a Lower 

Triassic source. Riediger (1 997) determined that potential source rocks of the 

Vega-Phroso, Whistler, Montney and Doig phosphate zone could be 

distinguished on the basis of biomarkers assuming there was no mixing of oils 

from different sources. 

The incorporation of TOC data into a sequence stratigraphic framework 

has yielded interesting results. There are three principal controls on the 

accumulation of organic carbon: 1) a low oxygen concentration (anoxia) at the 

sediment-water interface; 2) bioproductivity; and 3) sediment supply (Creaney 

and Passey, 1993). During deposition of the transgressive systems tract, the 

distal shelf is characterized by sediment stanration and condensation (Loutit et 

al., 1988; Posamentier et al., 1988). Transgression results in increased 

accommodation space as well as a decrease in clastic influx into distal areas. 

Weight-percent TOC varies inversely with terrigenous clastic input and reaches a 

maximum during peak transgression (Creaney and Passey, 1993). 
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Three 2nd order sequence boundaries in the Peace River region are 

associated with hydrocarbon source rock development and subsequent 

migration into Montney reselvoirs (Riediger. 1997). They are: 1) the basal Doig 

phosphate zone (Riediger et al.. 1990a); 2) the basal Fernie Formation 

("Nordegg Member") (Riediger et al., 1990~); and potentially 3) the basal 

Montney/Grayling Formation (Riediger, 1 997). The Rock-EvaVTOC analysis by 

Hankel (1997) determined that the basal Montney (Griesbachian) in the Peace 

River Basin area has TOC values in the range of 0.5 to 1.0 wt%. This suggests 

that the basal Montney is a poor to fair source rock. TOC samples were also 

collected from the basal black shales of the surface equivalent, Sulphur 

Mountain Formation at Opal Creek in Kananaskis. The shale displayed TOC 

values up to 3.0 wt%. Hankel (1997) suggests that other basal sections may 

exist where high levels of organic matter accumulated. Detailed conodont 

biostratigraphic analysis of the basal Opal Creek section indicates that the 

Permo-Triassic transgression began in the latest Permian rather than the earliest 

Triassic (Henderson, 1 997). Hence, the basal black shales at Opal Creek record 

an earlier portion of the transgression than is seen in this author's study area in 

the Peace River Basin. However, equivalent Late Permian fauna are also found 

in the Ring Border area indicating that there was likely significant topographic 

control on the deposition of sediment during transgression (C.M. Henderson and 

J.P. Zonneveld, 1999, pers. comm.). Basal black shales with high TOC values 

could potentially form an internal Montney hydrocarbon source. 

Two 3rd order sequence boundaries within the Montney may also be 

associated with local source rock development: 1) the basal Smithian 

(parasequences S1 and S2); and 2) basal Spathian (parasequence Sp2) 

transgressive deposits (Riediger et al., 1990a; Riediger, 1 997). The mid- 

Montney transgression in the early Smithian, resulted in sediment starvation and 

condensation in the distal portions of the ramp. This may have resulted in 

potentially higher TOC values overlying the turbidite depositional system (TDS). 

Hankel (1997) also processed several siltstone samples from the turbidite 
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system within the Knopcik Field. TOC values ranged from 0.98 to 1.65 wt%. 

Hence, there are potential hydrocarbon source rocks directly overlying the 

turbidite depositional system (Hankel, 1 997). This potentially resolves the 

problem of hydrocarbon migration to the TDS from such distant sources as the 

Doig or "Nordeggn. 

(5.1 -2.1) Conodont Colour Alteration lndex 
Conodonts are useful indicators of thermal maturity. Field and laboratory 

studies have determined that the colour of conodonts is directly related to the 

temperature, which is a function of depth, and the duration of burial (Epstein et 

al., 1977). The colour alteration is the result of carbonization of organic matter 

within the conodont elements. The scale is called the conodont Colour Alteration 

lndex (CAI) and the colour change follows a sequence from pale yellow (CAI 1) 

through brown (CAI 2) to dark brown and so on to CAI 5, which is black. A set of 

standard colours was assembled to ensure consistency (Epstein et al., 1977). 

A conodont with a CAI of 1 is generally considered to be unaltered and 

thermal maturity increases with increasing CAI. An important application of this 

technique is the evaluation of the hydrocarbon potential of rocks. The CAI 

provides thermal cutoffs for oil, condensate and dry gas generation and was 

calibrated to vitrinite reflectance data (Eptstein et al., 1977; Utting et al., 1989). 

The oil window is defined by a CAI of 1.5 to 2.5, the wet gas window by a CAI of 

2.5 to 4, while the lower thermal limit for dry gas production correlates to an 

index of 4 to 4.5 (Eptstein et al., 1977; Utting et al., 1989). Table 5.1 lists the 

wells with conodont control and the CAI determined from the fauna recovered as 

part of this study (Chapter 4). The colour alteration values were mapped and 

isopleth lines were drawn to indicate equal thermal maturity (Figure 5.3). Based 

on CAI data, the thermal maturity of Montney sediments increases from 

northeast to southwest. In general, this pattern matches the thermal maturity 

data gathered by Riediger et al. (1 990a) and Riediger (1 997). The position of the 

contact between the immature and oil window zones based on the conodont CAI 

data (Figure 5.3) matches fairly well to the Tmax data shown on Figure 5.2. 



Table 5.1 - W l l s  with conodont control and the Colour Alteration Index (CAI) 
for this study. 
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Figure 5.3 - Thermal maturity map of the Lower Triassic Montney Formation based 
on the Conodont Colour Alteration Index (CAI); isopleth lines indicate equal 
thermal maturity. CAI values for the hydrocarbon generation windows are from 
Utting eta/. (1 989). 
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However, the contact between the oil and wet gas windows based on Trnax data, 

correlates most closely to a CAI of 3.0 rather than 2.5. This could reflect 

problems with the calibration of CAI to vitrinite reflectance data, which is specific 

to the sedimentary basin under study. The potential for wet gas and 

subsequently dry gas increases with increasing thermal maturity towards the 

southwest. The oil window now lies predominantly over the shallow-water 

shoreface environments and the most proximal portion of the turbidite 

depositional system. 

A thermal gradient is the rate of change of temperature with distance. 

The horizontal distance between isopleth lines decreases towards the southwest 

indicating an increase in the thermal gradient due to the closer proximity of the 

deformation front as well as deeper burial since there is a thicker Montney 

succession towards the southwest (Figure 5.3). CAI 2.0 forms the approximate 

"hinge line" between the more complete Montney succession to the southwest 

and the significant thinning to the northeast as a result of erosional truncation by 

the U. (?) Triassic and "Nordegg". 

(5.1.3) Porosity and Permeability Development 

The most common pore type in siliciclastic Montney sediments is primary 

or modified-primary intergranular, accounting for up to 85%. The remainder 

consists of pores developed as a result of secondary dissolution of detrital grains 

or cements. Dissolution of detrital feldspar, calcite and phosphatic grains or 

peloids as well as anhydrite, dolomite and/or calcite cements have produced 

secondary porosity (Davies et al., 1997a). 

There are three types of porosity in the dolomitized coquina facies: 1) 

modified primary shelter porosity occurring beneath convex-up shell fragments; 

2) secondary moldic porosity developed after dissolution of shell fragments; and 

3) modified intergranular porosity in the shell hash grainstone lithology. 



206 
For the purposes of this project, porosity was only characterized visually 

based on core and petrography. All thin sections were stained for porosity. The 

massive appearing, very fine-grained sandstone facies, which is the primary 

reservoir facies in the turbidite depositional system, appears to have fairly low 

visual porosity. However, no quantitative measurements were attempted. 

Secondary dolomitization acts to occlude the pore throats. This is common 

throughout Montney shoreface and turbidite environments, but appears 

particularly problematic in turbidite reservoirs. 

Extensive examination of porosity and permeability data from core 

analyses was not attempted as part of this project. Typical porosity and 

permeability values for the three major reservoir lithologies are based on core 

analyses within the study area and Davies et al. (1997a). The dotomitized 

coquina facies had the highest porosity and permeability of Montney sediments. 

Porosities were typically 10-25% while permeabilities had a range of 20-1 000 

mD. Montney siliciclastic facies generally have lower porosities and 

permeabilities than the coquina facies. The best reservoir quality occurs in 

shoreface sandstones which subcrop against Upper Triassic and sub-Jurassic 

unconformities in the eastern portion of the study area. Porosities of 8-1 7% and 

permeabilities of 0.5-80 mD are typical. The turbidite sandstone reservoirs tend 

to show lower average porosities and permeabilities than the best eastern 

shoreface sands. The average porosities are 6-1 5% with permeabilities of 0.1 - 
10 mD. 

(5.2) The History of Montney Oil and Gas Resource Potential 

Although there are large geographic areas and thick stratigraphic intervals 

without established production, hydrocarbon exploration in the WCSB appears to 

be approaching maturity. Projections in the late 1980's by the Energy Resources 

Conservation Board suggested that by the end of the century rates of supply for 

light and medium crudes would not be maintained (Osadetz, 1989), however, 
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production has actually increased throughout the remainder of the century 

(AEUB, 1996). In 1996, production continued to outstrip additions to Alberta's 

established reserves of conventional c:ude oil as reserves dropped by about 8% 
6 3 to 342 x 10 m . The long-term reductions in Alberta's established gas reserves 

9 3 also continued, such that the remaining reserves stood at 1378 x 10 m at the 

end of 1996. This is due primarily to reduced well spacing and new drilling 

technologies (AEUB, 1 996). Additional reserves may be added by exploiting 

plays which are not currently productive, refining sequence stratigraphic 

concepts, and finding diagenesis and fracture porosity traps (Osadetz, 1989). 

In the early 1970 '~~ the Triassic succession in Alberta contained 1.3% of 

the proven hydrocarbon reserves or 0.5% of the total reserves in the basin. The 

major Triassic fields were producing from the Halfway sand (Milligan Creek- 

Peejay), Charlie Lake dolomite (Boundary Lake), Baldonnel carbonate (Fort St. 

John and Bubbles-Jedney) and Montney coquina (South Kaybob). As well, there 

were smaller accumulations of Triassic oil and gas scattered throughout the 

Peace River region (Parsons, 1973). The Triassic was not considered to be a 

major hydrocarbon producer in Alberta (Miall, 1976). However, within the past 

decade the Triassic of the WCSB has been coming under renewed exploration 

interest, especially with the discovery of the Valhalla-La Glace turbidite play in 

the Montney. Two recent publications have evaluated the resource potential of 

the Triassic within the WCSB. Podruski et al. (1988) has evaluated the 

conventional oil resources and Bird et al. (1994) assessed the gas potential. 

Each will be discussed separately below. 

(5.2.1) Definitions 

The terminology used throughout this chapter is based on that of Podruski 

et al. (1 988) and Bird et al. (1 994): 

The term resource is defined as all hydrocarbon accumulations that exist or 

are inferred to exist; reserves are that portion of the resource that has been 
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discovered, while potential refers to that portion of the resource that is 

inferred to exist but is not yet discovered. 

Established reserve is used to describe those reserves, which are 

recoverable under given economic conditions and within a specific time 

frame, from known reservoirs. The terms oil in-place (OIP) and gas in- 

place (GIP) indicates the total volume of hydrocarbon (at standard 

conditions) in a reservoir, regardless of what portion may be recoverable. 

A field is used to designate a geographical area, which produces 

hydrocarbons, without stratigraphic interval restrictions. A pool is defined as 

a discovered hydrocarbon accumulation, typically within a single stratigraphic 

interval that is hydrodynamically separated from other hydrocarbon 

accumulations. Any number of pools may exist in a single field. A prospect 

is an untested exploration target that may contain hydrocarbons, usually 

within a single stratigraphic interval. 

A play is composed of a group of pools andlor prospects, which share a 

common history of hydrocarbon generation, migration, reservoir development 

and trap configuration. Plays may be considered mature if they contain an 

adequate number of pools for statistical analysis. Immature plays do not 

include enough pools for an accurate statistical study. 

(5.2.2) Montney Oil Potential 

Most of the oil potential in the WCSB is expected to occur in the presently 

productive horizons in proportions similar to the reserve base. Devonian 

reservoirs have the highest recoverable oil potential at 55% of the total 

recoverable oil potential of the WCSB. Cretaceous and Carboniferous reservoirs 

are the next most productive horizons, containing 17% and 8% recoverable 

potential, respectively. However, the Triassic succession in the WCSB is the 

richest in terms of volume of oil per volume of rock. Triassic strata have a limited 

distribution within the WCSB, but contain 4% of the recoverable conventional oil 

reserves and about 5% of the in-place recoverable potential. The most common 
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reservoirs are shallow, marine clastic and carbonates, producing from 

stratigraphic, structural and unconforrnity traps. The Triassic strata of the Peace 

River District have the highest reservoir potential for this stratigraphic interval 

(Podruski et al., 1988). 

Triassic strata of the Peace River District account for about 4% of the in- 

place and recoverable conventional oil reserves in the WCSB. Much of the oil in 

this succession produces from stratigraphic traps associated with nearshore 

lithofacies. Structural control also plays an important role in reservoir 

development. Structural control occurs in the form of drape over deeper 

structural or morphological features such as faults or reef edges, 

penecontemporaneous structural control on depositional facies, or later fault 

enhancement of reservoirs (Podruski et al., 1988). Lateral and top seals are 

formed by intervening shales and siltstones of the Montney and the overlying 

Jurassic Fernie Formation ("Nordegg Member"). 

Podruski et al. (1988) defined the Montney subcrop play as all 

conventional oil pools and prospects in sandstones and coquinas of the Montney 

Formation, in porosity pinchouts caused by facies changes, unconformity traps 

and drape structures. The play is limited to the distribution of proximal shoreface 

deposits in a belt about 130 km wide, west of the Montney subcrop edge (Figure 

5.4). Pools from Kaybob, Sturgeon Lake and Sunset have a combined total of 
6 3 44.4 x 10 m oil in-place (OIP). The undiscovered potential was estimated to 

6 3 6 3 range from 22 to 54 x 10 m OIP with a median value of 34 x 10 m OIP. The 
6 3 initial recoverable reserves of conventional oil was estimated to be 7.5 x 10 m 

6 3 while the median potential of recoverable oil was 5.8 x 10 m . This potential was 

estimated to occur in 15 pools (Figure 5.5a). 

At the time Podruski et al. (1 988) wrote their analysis of conventional oil 

resources, the Montney distal shelf play (as defined by Bird et al., 1994; section 

5.2.3) had not yet been discovered. Therefore, these estimates of Montney oil 

potential do not include recovery from distal shelf turbidites and/or tempestite 



Figure 5.4 - Map of the Montney play areas and study area (modified from Bird etal., 
1994). The Montney subcrop oil play of Podruski et a/. (1988) occupies 
approximately the same geographic location as the Montney subcrop south-Fir play. 
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Figure 5.5 - Pool size-by-rank plots for the Montney Subcrop Play. Discovered 
pools are annotated (dots), with rectangles representing size range for 
undiscovered pools. The major pwls (oil pools + 1 x 1 06m3; gas pools > 1 x iOgm3) 
from the Montney Distal Shelf Play are also included for comparison (stars) (from 
AEUB, 1997). a) Conventional Oil Pools (modified from Podnrski et a/., 1988). b) 
Gas Pools (modified from Bird et a/., 1 994). 
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deposits. Superimposed on the pool size-by-rank plot for the Montney subcrop 

6 3 play (Figure 5.5a) are the largest pools (> 1 x 10 m ) from the distal Montney 

shelf environment for comparison. Currently. the Valhalla Field contains the 

most significant oil reserves in the study area. 

(5.2.3) Montney Gas Potential 

The Peace River Embayment has the highest gas potential within the 

WCSB. Approximately 5% of the discovered in-place gas reserves of the WCSB 

are held in Triassic rocks. The Triassic succession contains an in-place volume 
9 3 of 288 x 10 m of raw gas reserves. The expected potential total volume of in- 

9 3 place gas is 306 x 10 m . Therefore, over 50% of the total in-place resource 

remains to be discovered, making the Triassic an attractive exploration target 

(Bird et al., 1994). 

Reservoir trapping styles are the same as those affecting Montney oil 

potential. Stratigraphic trapping mechanisms are the most common, but typically 

involve some degree of structural control or enhancement. The structural style, 

timing and degree of deformation vary across the basin. Laramide deformation 

dominates in the west, while vertical movements on horsts and grabens of the 

PRE characterize reservoir deformation in the east. Since the boundary is rather 

diffuse, this creates a complex hybrid involving both structural and stratigraphic 

trapping (Bird et al., 1994). 

The Montney Formation was divided into three play types: 1 ) The Montney 

subcrop south-Fir; 2) Montney distal shelf-Glacier; and 3) Montney subcrop 

north-Ring. The Montney subcrop south-Fir play is a mature play and was 

defined as all gas pools and prospects in stratigraphic traps in Montney 

sandstone and coquina reservoirs. Gas is trapped by erosional truncations 

westward of the subcrop edge, structural drape over underlying Paleozoic 

features (typically faults and reef edges), facies pinchouts or a combination of 

these mechanisms. This play forms in a belt 130 km wide, to the west of the 
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Montney subcrop edge. It is bounded to the northwest by the northern limit of 

PRE structural influence and to the west and south by the depositional edge of 

reservoir sandstones (Figure 5.4). It is the approximate geometric equivalent to 

the Montney subcrop oil play of Podruski et al. (1988). The potential initial in- 
9 3 place volume for this play is estimated at 23 x 10 m which is likely to be 

9 3 discovered in 427 pools with sizes varying from 0.18 to 1.0 x 10 m (Figure 5.4b). 

New pools will likely occur in local facies pinchouts or at the erosional edge (Bird 

et al., 1994). 

The Montney distal shelf-Glacier play is immature and is characterized by 

reservoir sandstones overlain by a thick sequence of siltstone and shale, 

occurring in the lower part of the Montney, west of the main subcrop edge 

(Figure 5.4). The very fine-grained sandstones were interpreted as turbidites or 

transgressive lag deposits, which developed in a distal shelf setting (Bird et al., 

1994). This play was only discovered within the past eight years or so. As a 

result, not enough pools and/or prospects had been discovered to create a 

meaningful statistical analysis when Bird et al. (1994) wrote their report on 

Triassic gas accumulations. Seven gas pools with an initial in-place volume of 
6 3 713 x 10 rn made up the database for this play. The expected potential for this 

6 3 play was given as 12 191 x 10 m (Bird et al., 1994). For comparison, the 
6 3 Knopcik-Montney A pool has an initial volume in-place of 10 507 x 10 rn (Table 

5.3) (AEUB, 1997). The expected potential of this play was seriously 

underestimated. Past drilling strategies have focused primarily on shallower 

Triassic targets, however this play has significant potentiai as a developing play. 
9 3 The major gas pools (> 1 x 10 m ) of the Montney distal shelf play were 

superimposed on the pool size-by-rank plot for the Montney subcrop south-Fir 

play as a comparison (Figure 5.5b). The Montney distal shelf play appears to 

have the potential for containing similar gas reserves as the Montney subcrop 

south play. 
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The Montney subcrop north-Ring play is immature, consisting of only a 

single discovered pool. This play type is located west of the Montney subcrop 

edge, north of the infiuence of the Peace River Embayment (Figure 5.4). It has 

some features in common with the Montney subcrop south-Fir play, however 

trapping is primarily related to a hydrodynamic and diagenetic mechanism rather 

than the strong structural influence seen in the PRE. The expected potential of 
9 3 this play is about 16 x 10 m . As this author's study area is south of this play, it 

will not be discussed further. 

(5.3) Major Montney Producing Fields 

The Montney produces hydrocarbons from 17 fields within the study area. 

The locations are shown on Figure 5.6 along with the major normal faults of the 

Peace River Embayment. A strong correlation is evident between the faults and 

producing fields. This is due to a combination of structural control at the time of 

deposition and the post-depositional creation of structural traps. The structural 

control on Montney paleogeography, sediment transport patterns and deposition 

has been previously discussed above. Reservoir quality lithofacies such as the 

turbidite-generated, massive sandstones were deposited as a result of tectonic 

reactivation of the Webster Fault (Chapter 2). Therefore, it is not surprising to 

note that the Valhalia, Saddle Hills, La Glace and Grande Prairie fields parallel 

this fault. Post-depositional deformation, particularly Jurassic and Cretaceous 

foreland basin evolution, also reactivated faults within the Peace River Basin 

(Cant, 1989). The sedimentary succession in the PRB moved up and down in 

response to loading in the Cordillera, which affected fluid migration and trapping. 

The major Montney reservoir facies are the turbidite massive sandstones, 

the mid-Montney coquina and associated shoreface sands. The shoreface 

sands subcrop against the black shales of the "Nordegg Member." The U. (?) 

Triassic wedge unconforrnably overlies the Montney and is rather sporadically 

included within the Montney sedimentary package, especially in the northeastern 
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portion of the study area. Many Petrofiche cards don't differentiate between the 

two. As a result, production and drill stem test data may straddle the Montney 

and U. (?) Triassic stratigraphic intervals. 

The Montney Formation is predominantly a gas producer rather than oil. 

Table 5.2 shows the gas reserves of the major Montney pools within the Peace 

River Basin while Table 5.3 shows the oil reserves (from AEUB, 1997). The 

largest gas pools occur within the Knopcik, La Glace, Pouce Coupe South and 
9 3 Sinclair fields (>I .5 x 10 m initial established reserves), while the largest oil 

6 3 pools are in the Valhalla Field (>4.0 x 10 m initial established reserves). All of 

these plays are associated with either distal storm deposits or the mid-Montney 

lowstand turbidite system. 

(5.4) Future Potential of the Montney 

Petroleum exploration within the Montney is dependent on an 

understanding of the sedimentology, depositional controls, stratigraphy and 

subsequent deformation of this complex and subtle formation. Future drilling will 

focus on the Montney as a primary, rather than a secondary exploration target. 

As the understanding of the Montney increases, the reservoir potential will be 

more fully exploited. Hydrocarbon trapping in the Montney typically involves a 

corn bination of stratigraphic and structural mechanisms. Structural control 

occurs as penecontemporaneous structural control on depositional facies, drape 

over structural or morphological features or fault enhancement of resewoir facies 

or trapping. Montney exploration can be focused on three trapping scenarios: 1) 

trapping related to updip stratigraphic pinchout; 2) trapping related to erosional 

truncation; and 3) trapping related to drape over underlying structural and 

morphological elements. As well, lateral porosity and permeability changes are 

important and affect internal reservoir heterogeneity and trapping mechanisms. 
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Figure 5.6 - Map showing the major normal faults of the PRE of northwestern Alberta 
and northeastern British Columbia; also indicated are the major Montney oil and gas 
producing fields within the study area and the location of logged core. The position 
of the Montney subcrop edge is based on data from this project as well as Edwards 
et a/. (1 994) (modified from Richards et a/., 1994; additional faults compiled from 
Henderson et a/. ,1994, Moslow and Davies, 1997 and Davies, 1997a). 
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Table 5.2 - Distribution of gas reserves in the pooUzones of the Montney Formation within the study 
area. The zone "Other" refers to production from an undefined combination of stratigraphic intervals 
excluding all defined pools, while 'Total" refers to the total production from the field, combining all 
stratigraphic intervals (compiled from AEUB, 1997). 
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Table 5.3 - Distribution of conventional crude oil reserves in the pools of the 
Montney Formation in the study area (compiled from AEUB, 1997). 



(5.4.1) Trapping Related to Updip Stratigraphic Pinchout 

(5.4.1 .l) Lowstand Turbidite Deposition 

The basinward transport of very fine- to fine-grained sand by turbidite 

processes during the mid-Montney lowstand event has formed hydrocarbon 

reservoirs. These reservoir sandbodies are encased within siltstone and/or 

shale, which acts as an impermeable barrier to fluid migration. Therefore, the 

trapping mechanism is a typical up-dip stratigraphic pinchout of reservoir facies 

within laminated silt and shale, which forms the bottom, lateral and top seals. 

Mid-Montney lowstand deposition in the Peace River Basin was structurally 

controlled by the creation of downwarped bathymetric lows and upwarped barrier 

islands (Chapter 2). This structurally induced topography at the time of 

deposition was important in localizing turbidite reservoir facies in the offshore 

continental ramp environment. As well, deformation associated with foreland 

basin evolution in western Canada has added a westward-dipping component to 

the Lower Triassic succession, increasing fluid migration up depositional dip, 

towards the east (Cant, 1989). 

The largest hydrocarbon pools within the Montney Formation of the study 

area are producing from the turbidite depositional system (parasequence SO) 

(AEUB, 1997). The best reservoir facies predominantly consist of decimetre-to 

metre-scale cycles of massive appearing, well sorted, very fine-grained 

sandstone with minor parallel to ripple laminated sandstone. Minor laminated 

siltstone usually caps each massive sandstone event, which increases reservoir 

heterogeneity. These facies have been interpreted as amalgamated A-DIE 

Bouma cycles with minor B and C subdivisions (Chapter 2). Turbidite deposition 

primarily consists of proximal and waning energy unconfined sheet flow. 

Tu rbidite deposition was the result of fault reactivation and tectonically generated 

sediment instability in the earliest Smithian. The direction of sediment transport 

was controlled primarily by structurally induced topography at the time of 

deposition (Chapter 2). 
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The lateral extent of the turbidite depositional system was not fully 

delineated in this study since the depositional edge extends past the 

southeastern and southwestern edges of the study area for an undetermined 

distance. The turbidites in the study area were sourced from multiple points 

along the Webster Fault scarp (71-3W6 to 76-9\1116) (Chapter 2). Hence, the 

thickest accumulations of reservoir quality sandstone predominantly occur 

downdip from this fault. The position of the Valhalla, La Glace, Saddle Hills and 

Grande Prairie fields mark the position of this trend. This turbidite play likely 

continues in an arcuate trend to the north-northwest and south, following the 

ramp-slope break where lowstand sediment loading combined with tectonic 

instability and paleotopography localized reservoir quality turbidite deposits. 

Davies et al. (1997a) noted that the Montney facies and thickness 

patterns within west-central Alberta were strongly influenced by paleostructure 

above Leduc reef trends and fault-bounded grabens. Turbidite deposits were 

preferentially located above paleolows on the Paleozoic surface. Lowstand 

turbidite prospects may be located southeast of the Grande Prairie Field and 

offshore from the Sturgeon Lake to Kaybob regions. There also may be 

potential for reservoir quality turbidite deposits basinward of the 

southwesternmost fault in the study area. This fault parallels the Webster Fault 

and if it was reactivated at approximately the same time, turbidite deposits may 

have ponded on the downthrown side due to an increase in accommodation 

space. 

Within the turbidite depositional system of the study area, the lithofacies 

associations become finer-grained (silt-dominated) and thinner bedded towards 

the southeastern boundary. This may reflect the depositional influence of the 

Peace River Leduc reef margin, which created enough of a paleohigh to deflect 

much of the very fine-grained sandy turbidity flows towards the northwest of the 

study area. The paleotopography of the offshore area during the mid-Montney 

lowstand, likely consisted of a gently undulating surface of highs and lows. The 
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highest quality reservoir sands would be preferentially located in the lows. This 

is supported by the stratigraphic cross-sections, which show that lowstand 

turbidite deposits are absent to the northwest over a paleohigh (cross-sections 

A-A', F-F' and G-G' - Appendix D). 

The Knopcik Field (Figure 5.6) appears to be an exception in that thick 

reservoir quality sand deposits are localized far out into the basin. Based on 

core and cross-section data, the individual turbidite beds thin towards the 

southwest, indicating waning flow conditions further away from the source area 

along the Webster Fault (Chapter 2). It is hypothesized that a slight topographic 

high to the southeast of Knopcik, deflected and localized many of the turbidity 

currents, which influenced subsequent deposition (Davies et af., 1997a). As 

well, the Knopcik turbidites were interpreted as sheet sand lobes deposited in a 

distal ramp setting as opposed to the turbidites of the Valhalla-La Glace-Grande 

Prairie trend which formed a complex of sheet sand and incised feeder channels 

on the proximal ramp. 

The mid-Montney turbidite play is currently in a state of development as 

our understanding of the depositional origin of these deposits increases. 

Deposition in the distal Montney environment was characterized by silt- to very 

f ine-grained sand. Synsedimentary fault reactivation was a control on 

deposition. Future exploration will be dependent on recognizing the subtle 

structural control on depositional facies. 

(5.4.1 -2) Offshore Tempestitflurbidite Deposition 

The offshore to offshore transition environment contains exploration 

potential in addition to the lowstand turbidite play throughout the Montney 

succession. Within the study area, tempestites and/or turbidites were deposited 

primarily during the Dienerian and lower Smithian. The highest reservoir quality 

is seen as a sand-dominated gamma signature, which typically occur at the tops 

of coarsening-upwards parasequence sets. These deposits, like the lowstand 
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turbidites, are encased in laminated siltstone and shale, which acts as both 

hydrocarbon source and reservoir seal. 

This prospect may be more laterally restricted than the lowstand turbidite 

deposits and reservoir quality sandbodies may form at a variety of stratigraphic 

intervals rather than amalgamate into a single thick wedge. However, the 

Glacier, Pouce Coupe South and Teepee fields produce out of Dienerian aged 

strata of this play type. This reservoir model has potential as a primary target 

and also may represent bypassed pay as a secondary play where the offshore 

tempestite and/or turbidite reservoirs overlap with previously drilled wells 

producing from the lowstand turbidite depositional system. 

(5.4.1.3) Bioclastic "Turbidite" Deposition 

There is an obvious lack of bioclastic debris in the lowstand turbidite 

depositional system of the study area. This supports the hypothesis of an 

upwarped barrier island separating the mid-Montney lowstand and early 

transgressive deposits into two distinct systems, to the northeast 

(downwarpedhlock-faulted valley) and southwest (lowstand turbidite system) of 

the island (Chapter 2). The lack of depositional communication between these 

environments indicates two sediment transport directions during the earliest 

Smithian. Sediment transport of the turbidite deposits was from the northeast to 

the southwest and involved shoreface-fed unconfined sheet flow (Chapter 2). 

Deposition within the downwarped valley complex likely involved sediment 

transport towards the northwest, following the paleotopography inherited from 

the Paleozoic Peace River Embayment. 

It is hypothesized that much of the bioclastic detritus may have been 

transported northwestward out of the study area to the offshore environment via 

the Fort St. John Graben. This graben was a paleolow and would have acted to 

localize and funnel sediment in a westward direction. Bioclasts would likely 

dominated by lingulids cannibalized from Upper Dienerian shell banks and 

bivalves, which characterized the Early Smithian lowstand to early transgression. 
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The Fort St. John Graben may be a locus for bioclast-dominated "turbidite-like" 

deposits. Since the porosities and permeabilities of shoreface coquinas are the 

highest in the Montney, this prospect may contain significant hydrocarbon 

resewes. Low porosity and permeability silt- to shale-dominated facies 

associations would form the top and lateral seals in this conceptual play due to 

deposition in the offshore to offshore transition environment. Trapping 

mechanisms and depositional controls would likely be similar to those acting to 

localize reservoir sandbodies in the siliciclastic turbidite depositional system 

(section 5.4.1 .I). The surrounding shales would also act as a hydrocarbon 

source, which is important since this play would occur over 100 metres below the 

Doig phosphate zone and it is unlikely that hydrocarbons would migrate 

downwards that far (section 5.1.2). Since this conceptual play is located outside 

this author's study area, it is rather hypothetical, but appears to be a reasonable 

prospect given the Montney paleoenvironmental reconstructions and 

interpretations from within the study area. Even if the material being shed 

offshore is not bioclastic, it seems entirely reasonable that there should be an 

Early Smithian turbidite-type play in the Fort St. John Graben. 

(5.4.2) Trapping Related to Erosional Truncation 

(5.4.2.1) Truncation beneath the U. (?) Triassic Wedge and Jurassic 

"Nordegg Member" 

This classic stratigraphic trap is a common mechanism in the proximal 

shoreface areas to the west of the Montney subcrop edge. Montney shoreface 

sands and coquinas form the primary reservoir facies in this model. 

Griesbachian to Spathian parasequences are progressively truncated beneath 

the Upper (?) Triassic and subJurassic unconforrnities. The "Nordeggn forms a 

seal and potential hydrocarbon source for reservoirs of this type. The highest 

reservoir quality typically occurs at the porous, sandy tops of parasequence sets. 

Hydrocarbon trapping occurs where these porous sands are erosionally 

truncated by downcutting associated with Upper (?) Triassic or sub-Jurassic 
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unconforrnities. Lateral seals are provided by facies changes into less porous 

and permeable rocks. This model may be augmented by drape over underlying 

structural or morphological elements such as faults and reef edges (section 

5.4.3). 

Although no core analyses were reviewed for the sediments of the Upper 

(?) Triassic wedge, porosities appear to be fairly high and are facies dependent. 

Porosity typically consists of primary intergranular (rooted sandstone facies), 

fenestrae (algal mat facies) and mofdic (coquina facies). The algal mat and 

coquina facies within the Upper (?) Triassic wedge are typically oil stained 

(Appendix A). Therefore, the wedge may have acted as a leak for Montney 

shoreface reservoirs due to its higher porosity, but may be an important prospect 

by itself, especially where the reservoir facies are enhanced by structural drape 

(section 5.4.3). 

(5.4.2.2) Upwarped Shoreface Deposits and Truncation beneath the 

Dienerian-Smithian Sequence Boundary 

The structural inversion at the close of the Dienerian created significant 

topography which affected depositional patterns during the Early Smithian 

lowstand and the earliest part of the subsequent transgression. The syn- 

depositional faulting which affected Montney sedimentation occurred either at 

depth resulting in warping or buckling of the lower Montney sedimentary 

succession or at the paleosurface producing horsts and grabens (Chapters 2, 3). 

An upwarped barrier island (7 9-6W6 to 74-3W6) separated the lowstand turbidite 

depositional system from the coeval, proximal downwarped or down faulted 

valley environment (Figure 2.26b) (Chapters 2, 3). This barrier was likely a 

subaerially exposed zone of sediment bypass. 

This conceptual play results from the combination of upwarped or faulted 

Dienerian aged shoreface to foreshore sands and coquinas and the overlying 

downwarped/block-faulted valley fill. The shoreface sediments with the highest 

porosities and permeabilities typically occur at the tops of prograding, Dienerian 
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highstand parasequences. Trapping would occur due to a combination of 

upwarping and erosional truncation due to fault reactivation in the Early Smithian 

and lateral facies changes into less porous and permeable strata. The buckling 

of the Lower Montney succession has imparted a structural dip to these 

parasequence sets. The downwarped/block-faulted valley fill, adjacent to the 

upwarped barrier islands, is usually composed of finer grained sediment than the 

Dienerian shoreface sands into which they incise. This would form updip closure 

for the Dienerian shoreface reservoirs of this play type. The silt and shale- 

dominated valley fill also has potential as a hydrocarbon source for this 

conceptual play. 

(5.4.3) Trapping Related to Drape over Underlying Structural and 

Morphological Elements 

(5.4.3.1) Drape Over Devonian Reef Margins 

The Devonian Leduc and Swan Hills reef margins were paleohighs that 

affected sedimentation patterns in the Triassic (Davies, 1997a). Trapping is 

associated with structural drape and reservoir enhancement of Montney 

sediments over these highs. The edge of these Devonian structures also acted 

as a locus for reservoir quality sand- or coquina-dominated shoreface 

sedimentation in the Lower Triassic. Closure is provided by truncation by the 

"Nordegg" shales or updip stratigraphic pinchout of reservoir facies into less 

porous and permeable sediments. 

This trapping mechanism is perhaps not quite as prevalent directly within 

the study area since the Montney succession predominantly lies within a low 

surrounded by the Peace River Leduc Reef Margin (Figure 1.5). During the 

Devonian, the Peace River Arch was a topographic high, with the reefs forming a 

fringe, which onlaped onto the edge of the Arch (Moore, 1989). The Arch then 

collapsed during the Early Carboniferous creating the Peace River Embayrnent 

(a structural low) (Barclay et al., 1990). The study area is located directly over 
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the area of the Peace River Arch, which was subaerially exposed for much of the 

Devonian. Hence, this trapping mechanism is more common further south, in 

the Sunset and Sturgeon Lake South areas where Devonian platform carbonates 

formed more laterally extensive buildups (Markhasin, 1997). 

(5.4.3.2) Drape Over Faults of the Peace River Embayment 

The faults of the Peace River Embayment are an important control on 

reservoir development. This trapping mechanism is common within the study 

area and is usually combined with stratigraphic trapping as indicated in previous 

sections. The combination of fault-controlled deposition of reservoir quality 

sandbodies and post-depositional structural enhancement is common in the 

proximal shoreface areas of the Montney. 

(5.5) Contributions and Conclusions 
The Montney Formation in the Peace River Basin has a high reservoir 

potential. In the early years of petroleum exploration in the WCSB, the Montney 

was overlooked as a potential source of significant hydrocarbon reserves due to 

its high proportion of silt and shale. It is only within the previous decade that the 

Montney has come under renewed industry interest. This project has yielded 

several interesting directions for prospective exploration in the Peace River 

Basin. There are three major trapping mechanisms which effect exploration in 

the Montney: 1) trapping related to updip stratigraphic pinchout; 2) trapping 

related to erosional truncation; and 3) trapping related to drape over underlying 

structural or morphological elements. It was determined that fault control was 

very important during deposition and also as post-depositional structural 

enhancement of resewoir sandbodies. 



CHAP1 ER 6: SUMMARY AND CONCLUSIONS 

1. The Montney Formation in the study area forms a siliciclastic wedge, which 

thickens towards the southwest. Montney sediments unconforrnably overly 

the Permian Belloy Formation and are progressively truncated in the 

northeast by erosion beneath Upper (?) Triassic and subJurassic 

u nconforrnities. The Montney su bcrop edge runs approximately from 

Township 81, Range 20W5 to Township 87, Range 22W5. 

2. The Montney Formation was divided into three 3rd order sequences and 19 

parasequence sets. The first sequence comprises the Lower Montney and 

was divided into 11 parasequence sets consisting of transgressive (GI -G3) 

and highstand (Dl-D8) systems tracts. The second 3d order sequence 

records deposition during the Smithian. The 6 Smithian parasequence sets 

include lowstand (SO), transgressive (S1 -S2) and highstand (S3-SS) systems 

tracts, respectively. It was inferred that the third sequence was deposited 

during the Spathian. These final 2 parasequence sets consist of shelf margin 

(Spl ) and transgressive (Sp2) systems tracts. 

3. The Lower Triassic has been divided into 4 stages: the Griesbachian, 

Dienerian, Smithian and Spathian, respectively. Parasequence sets G 1 -G3 

are Griesbachian in age (based on conodont data). The top of G3 is the 

maximum flooding surface for the Lower Montney. Parasequence sets D1- 

D8 are Dienerian in age (as supported by conodont data) and are erosionally 

truncated by downcutting associated with the Dienerian-Smithian (Middle 

Montney) sequence boundary. Parasequence sets SO-S5 are Smithian in 

age (based on conodont data). The final two Montney parasequence sets 

(Spl and Sp2) were tentatively dated as Spathian due to the lack of 

biostratigraphic control. 

4. Four global sequence boundaries were identified in this study. The Permian- 

Griesbachian sequence boundary was interpreted as type 1. Lower Montney 
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parasequence sets onlap the subaerially exposed sediments of the Permian 

Belloy Formation. The Dienerian-Smithian (Middle Montney) sequence 

boundary was also defined as type 1. The Smithian-Spathian sequence 

boundary was interpreted as type 2 due to the lack of a significant basinward 

shift in facies. The Spathian-Anisian sequence boundary (type 1) is 

characterized by the Montney-Doig phosphate zone contact. There may 

have been significant erosional truncation of underlying Upper Montney 

sediments beneath the Doig phosphate zone. Alternatively, the Montney- 

Doig contact may be conformable to near conformable with the development 

of a paleohigh resulting from structural inversion in the southern portion of the 

study area. 

5. The Dienerian-Smithian sequence boundary was tectonically controlled as 

seen by the gentle warping or block faulting of Lower Montney sediments and 

the creation of a downwarpedhlock-faulted valley (graben) and upwarped 

barrier island (horst) complex. The average thickness of the valley fill was 

10-1 5m. These valleys were likely connected to the ocean and infilled during 

lowstand and initial rising baselevel, which created long, broad estuary-type 

embayments during the earliest Smithian. 

6. Cores were sampled for conodonts and the stratigraphy was correlated within 

an internationally recognized conodont biozone scheme. Nine biozones were 

recognized: 1) Hindeodus parvus - Neogondolella taylorae Zone; 2) 

Neogondolella carinata - N. planata Zone; 3) Neospathodus cristagalli Zone; 

4) Neospathodus dieneri Zone; 5) Ellisonia Zone; 6) Neospathodus 

pakistanensis Zone; 7) Neospathodus waageni Zone; 8) Neogondolella milleri 

Zone; and 9) Pachycladina Zone. The recovered conodont fauna indicates 

an age of Early Griesbachian to Late Smithian for the GI-S5 package of 

Montney sediments. The two uppermost Montney parasequence sets as well 

as the Doig Formation did not yield conodonts due in part to a lack of core 

control through this interval as well as barren samples. Therefore, the Spl 

and Sp2 parasequence sets have been given the tentative age of Spathian. 
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The Doig phosphate zone has been interpreted as Early Anisian although this 

is unsupported by biostratigraphic data from this study. The Spathian and 

Anisian ages are reasonable given comparison to regional correlations, 

particularly within the outcrop belt. 

7. The Montney Formation in the study area has been divided into 10 

lithofacies. They are: 1) massive appearing sandstone; 2) massive appearing 

siltstone to shale; 3) parallel to low angle inclined cross-laminated sandstone; 

4) ripple laminated sandstone/siltstone; 5) laminated siltstone/sandstone and 

shale; 6) bioturbated to chaotically disturbed sandstone/siltstone; 7) soft 

sediment deformed sandstone/siltstone; 8) "destratified" sandstone/siltstone 

to rooted sandstone; 9) dolomitic coquina; and 10) bioclastic sandstone. 

8. The Montney lithofacies have been used to define five depositional systems. 

They are the: 1) turbidite depositional system; 2) basinward continental ramp 

system; 3) shoreface to foreshore system; 4) peritidal coastal plain system; 

and 5) downwarped/block-faulted valley or estuary system. 

9. The depositional systems were placed into a sequence stratigraphic 

framework, in order to assemble a series of paleoenvironmental 

reconstructions for three key horizons during the Montney: 1) the Late 

Dienerian highstand; 2) Early Smithian lowstand; and 3) the Early Smithian 

transgression. 

10.The resewoir potential and future exploration trends of the Montney 

Formation in the Peace River Basin area are discussed. Montney exploration 

trends can be summarized based on three trapping mechanisms: 1) trapping 

related to updip stratigraphic pinchout; 2) trapping related to erosional 

truncation; and 3) trapping related to drape over underlying structural or 

morphological elements. 



CHAPTER 7: CONODONT TAXONOMIC NOTES 

As the purpose of this project was mainly sedimentologic and stratigraphic 

in scope, exhaustive descriptions of taxa have not been attempted. Complete 

synonomies, descriptions and occurrences for most species are readily available 

(Clark, 1959; Mosher, 1973; Sweet, 1970; Orchard and Tozer, 1997; Orchard 

and Krystyn, 1998 and others). Table 4.2 shows the Montney parasequence 

sets and the recovered fauna as determined by this study. SEM 

photomicrographs of each conodont species are included in Plates 2-5 

(Appendix C). 

Phylum Chordata (Bateson, 1886) 

Class Conodonta (Eichenbrg, 1930) 

Order Conodontophorida (Eichenkrg, 1930) 

Genus Ellisonia (Muller, 1956) 

Ellisonia Muller, 1956, p. 822. 

Type species: Ellisonia triassica Muller, Lower Triassic Meekoceras Limestone, 

Dinner Springs Canyon, Nevada. 

Description: A seximembrate complex consisting of alate, digyrate and 

bipennate ramiform elements. Ellisonia includes morphologic types that are long 

ranging. Internal properties such as the distribution of white matter are used to 

restrict the ranges. Thz attachment surfaces of Ellisonia are composed of small 

basal pits bordered by prominent recessive basal margins. As well, they tend to 

consist of elements with long, denticulate processes. 

Ellisonia triassica (Muller, 1956; sensu Sweet, 1970) 

Plate 5, Figures 1,2. 
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Ellisonia triassica Mirller, 1956, p. 822, PI. 96, figs. 12-14; Sweet, 1970, p. 235, 

PI. 5, figs. 9, 13-15, 17, 18, 20-22; Mosher, 1973, p. 156, PI. 17, figs. 9, 12, 15, 

17, 32; Berry et al., 1984, p. 133, PI. 1, figs. 5-7,9, 11. 

Description: A multielement species belonging to the same family as 

Pachycladina. Elements have large, circular, discrete denticles. The basal 

cavity is asymmetric and laterally expanded. 

Remarks: The material in this author's collection consists of two Pa-elements. 

Ellisonia triassica is usually larger elements of Neogondolella and Neospathodus 

found within the same faunal assemblage. However, Ellisonia is typically less 

robust and has a narrower basal recessive margin than elements of 

Pachycladina. 

Occurrence: 07  and SO; Neospathodus cristagalli - N. dieneri to Neospathodus 

pakistanensis - N. waageni Zones. 

Genus Gladigondolella (Miiller, 1962) 

Gladigondolella Muller, 1962, p. 112. 

Type species: Polygnathus tethydis Huckriede, 1958, Lens with Trachyceras 

austriacum MOJS., old stone-quarry, Feuerkogel am Rothelstein, 

Salzkammergut, Steiennark, Austria. 

Description: Gondolella-like platform conodonts possessing a platformthat 

tapers anteriorly leaving a free blade. The keel extends the length of the unit. 

The basal cavity is restricted and is not terminal but located some distance from 

the posterior end. The cusp is located above the basal cavity on the upper side 

of the unit. 

Gladigondolella sp. cf. G. meeki (Paull, 1983) 

Plate 2, Figure 16. 

Neogondolella nevadensis (Clark), Solien, 1979, p. 302, PI. 2, figs. 2,4, 7, 9. 

Gladigondolella meeki Paull, 1983, p. 189, figs. 1 A-0; Markhasin, 1997, PI. I, fig. 

18. 
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Description: A single specimen consisting of the posterior half of a 

segminiplanate element. It is characterized by a laterally and downwardly 

deflected, free posterior process. The platform margins are upturned and the 

carina is composed of laterally compressed, discrete denticles. The basal 

margin is characterized by a keel and narrow groove, which extends from the 

anterior end to the basal pit. The keel and secondary groove continues past the 

pit to the end of the posterior process. 

Remarks: Gladigondolella cf. G. meeki appears to be restricted to the 

uppermost Smithian succession in this author's collection. 

Occurrence: S5; Neogondolella milleri, Neospathodus waageni Zones 

Genus Neogondolella (Bender and Stoppel, 1965) 

Neogondolella Bender and Stoppel, 1965, p. 343. 

Type species: Gondolella mombergensis Tatge, Upper Muschelalk, Momburg, 

Germany (see Sweet, 1970, p.239). 

Description: Conodont elements with elongate, asymmetric platforms, which 

extend the entire length of the unit. The platform may form a brim around the 

posterior end of the carina. The upper surface displays a terminal or subterminal 

posterior cusp and a denticulate to nodose carina. The platform is usually finely 

pitted but otherwise unomamented. The underside is marked by a longitudinally 

grooved keel that terminates posteriorly in a pit beneath the cusp. 

Neogondolella carinata (Clark, 1959) 

Plate 2, Figures 4-7. 

Gondolella carinata Clark, 1959, p. 308, PI. 44, figs. 15-1 9; Hayashi, 1968, p. 70, 

PI. 1, figs. 4, 5. 

Neogondolella carinata (Clark), Sweet, 1970, p. 240, PI. 3, figs. 1-1 7, 24, 26, 27; 

Sweet et al., 1971, PI. 1, figs. 1, 6, 7; Mosher, 1973, p. 165, PI. 19, figs. 1-3, 9. 

Description: Asymmetric unit with a narrow platform, which tapers anteriorly. 

The carina typically extends two to three denticles beyond the anterior 
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termination of the platform. Posteriorly, the platform curves inward between the 

last two or three denticles of the carina and then flares outwards forming a small 

brim around the posterior cusp. The carina is low with the highest denticles 

occurring on the posterior and anterior ends of the unit. The denticles are 

discrete. 

Remarks: A similar gondolellid species has characteristics of N. carinata, but is 

morphologically and stratigraphically distinct and is defined in this study as 

Neogondolella n. sp. A. 

Occurrence: GI and 02;  Neogondolella carinata - N. planata and Hindeodus 

parvus - Neogondolella taylorae Zones 

Neogondolella sp. aff. N. nevadensis 

Plate 2, Figure 14. 

Gondolella nevadensis Clark, 1959, p. 308, PI. 44, figs. 1 1-1 4. 

Gondolella milleri Nogami, 1968, PI. 10, figs. 7, 11 -1 5. 

Neogondolella nevadensis (Clark). Mosher, 1973, p. 169, PI. 19, figs. 17, 18, 24; 

Berry et al., 1984, p. 133, PI. 1 , figs. 22-28. 

Description: A single posterior fragment of a segminiplanate Pa element; 

posterior platform margin is square; cusp located at the edge of the posterior 

margin. The carina is laterally curved and sunken into the platform; denticles are 

circular, tall and conical; possibly fused at the base. The cusp is offset laterally 

towards the inner side of the element. The platform is widest at the posterior 

margin and tapers anteriorly. 

Remarks: The shape of the platform and high carina are similar to that of N. 

nevadensis, however it is stratigraphically distinct, occurring in an Upper 

Dienerian faunal assemblage along with N. dieneri and N. cristagalli. 

Occurrence: 05; Neospathodus cristagalli and N. dieneri Zones 

Nemgondolella sp. cf. N. milleri (Miiller, 1956) 

Plate 2, Figures 15,17-19. 
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Gondolella milleri Nogami, 1968, PI. 10, figs. 7, 11 -1 5. 

Neogondolella nevadensis (Clark), Mosher, 1973, p. 169, PI. 19, figs. 17, 18, 24; 

Berry et al., 1984, p. 133, PI. 1, figs. 22-28. 

Neogondolella milleri (Miller), Sweet et al., 1971, PI. 1, fig. 37. 

Description: Asymmetric platform is broad at posterior end and tapers 

anteriorly; platform terminates anterior of the cusp leaving it free. The cusp 

projects posteriorly. This species has a high, laterally compressed carina with 

discrete, conical denticles. The basal keel is broad and flat with a groove. 

Remarks: The type specimens of N. milleri have a platform displaying distinct 

crenulations which are absent from the fauna in this author's collection. 

Occurrence: S5; Neogondolella milleri and Neospathodus waageni Zones 

Neogondolella sp. cf. N. planata (Clark, 1959) 

Plate 2, Figure 8,9. 

Gondolella planata Clark, 1959, p. 309, PI. 44, figs. 8-10; Hayashi, 1968, p. 71, 

PI. 1, fig. 2. 

Neogondolella planata Mosher, 1973, p. 169, PI. 19, figs. 15, 20. 

Neogondolella aff. N. carinata Orchard et al., 1994, p. 833, PI. 3, figs. 16-1 9. 

Description: Conodont elements characterized by a more elongate, teardrop 

shaped and asymmetric platform without the marked posterior indentation as 

seen in N. carinata. The platform is, widest near the centre and tapers anteriorly 

to a point. The carina consists of short, circular, closely spaced discrete 

denticles. The cusp is small and laterally compressed, but clearly differentiated 

from the remainder of the carina. A very thin brim extends posterior of the cusp. 

The lower surface shows a small basal pit and loop. A raised keel and groove 

extends anteriorly from the basal pit. 

Remarks: This species of Neogondolella occurs in conodont assemblages with 

N. carinata and N. taylorae. The morphology is similar to that of N. carinata; 

differing in the less prominent posterior indentation of the platform. 
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Occurrence: GI  -G2; Neogondolella carinata - N. planata and Hindeodus parvus 

- Neogondolella taylorae Zones 

Neogondolella taylorae (Orchard, 1994) 

Plate 2, Figures 1-3. 

Neogondolella taylorae Orchard et al., 1994, p. 833, PI. 2, figs. 9, 10, ? I l l  ?12, 

15, 16; Orchard and Krystyn, 1998, p. 360, 362, PI. 2, figs. 1-9, 13-22. 

Description: Conodonts with an elongate-oval shaped platform and a mostly 

rounded posterior margin. The carina is low with nodes that are mostly discrete 

and evenly spaced. The carina terminates posteriorly with a prominant, rounded, 

upright cusp. Deep grooves run parallel to the carina and encircle the cusp 

(brim). The posterior platform brim is well developed. The basal surface consists 

of a small pit and square, elevated keel which is slightly constricted anterior of 

the basal pit. 

Remarks: One specimen (shown in PI. 2. Fig. 2) shows a posterior deflection of 

the carina, similar to that of N. tulongensis, as well as a more angular platform 

margin. However, in all other respects the unit appears to correspond to N. 

taylorae. 

Occurrence: GI-G2; Neogondolella carinata - N. planata and Hindeodus parvus 

- Neogondolella taylorae Zones 

Neogondolella n. sp. A 

Plate 2, Figures 10-13. 

Neogondolella krystyni Orchard and Krystyn, 1998, p. 356, 358, PI. 4, figs. 25- 

28, PI. 5, figs. 1-3, 10-1 7, 20, 21. 

Neogondolella n. sp. B Markhasin, 1997, PI. I, figs. 9-1 1. 

Description: Asymmetric, segminiplanate Pa elements with a platform, which is 

widest in the centre and tapers anteriorly to a free blade. The platform tapers 

posteriorly to a constriction just anterior of the posterior margin. The carina is 

fused, laterally compressed and is highest on the posterior and anterior ends of 
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the unit. The denticles are inclined posteriorly. The cusp occurs on the upper 

side of the basal loop, posterior of the platform margin. The lower surface shows 

a wide basal pit and loop. A raised keel and groove extends anteriorly from the 

basal pit. 

Remarks: This species has morphologic similarities to N. carinata but is 

stratigraphically distinct, occurring in assemblages along with N . cristagalli. The 

species shares the most similarities with N. krystyni, but has a much more fused 

posterior carina as well as a more upturned platform margin. Neogondolella n. 

sp. A is stratigraphically younger than the Late Griesbachian to Early Dienerian 

N. krystyni. 

Occurrence: D4; Neospathodus cristagalli Zone 

Genus Neospathodus (Mosher, 1968) 

Neospathodus Mosher, 1968a, p.920-930. 

Type species: Spathognathodus cristagalli, Huckriede from Lower Triassic 

rocks in Pakistan. 

Description: Blade-like units with a posteriorly terminal or subterminal basal pit 

and loop. The basal edge possesses a broad or narrow groove, which expands 

posteriorly into a flaring basal cavity. The base of the unit is straight to arched; 

arching may be up or downwards. The carina consists of a series of nearly 

completely fused to discrete denticles, which usually increase, in posterior 

inclination from the front to the back. The highest point is typically positioned at 

about a third of the distance from the posterior end of the unit. A bulge like 

longitudinal rib, present on the midflanks of the unit, may develop into a platform- 

like structure in some species. 

Neospathodus cristagalli (Huckriede, 1958) 

Plate 3, Figures 9-1 2. 

Spathognathodus cristagalli Huckriede, 1958, p.161, PI. 10, figs.10-15, 18. 
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Neospathodus cristagalli (Huckriede), Mosher, 1968a, p.930, PI. 115, figs. 1, 2; 

Sweet, 1970, p.246, PI. 1, figs. 14, 15; Sweet et al., 1971, PI. 1, fig. 31; Mosher, 

1973, p. 170, PI. 20, fig. 4. 

Description: Blade-like elements with a broad posterior basal cup and laterally 

compressed denticles. The greatest height is slightly posterior of the midpoint. 

The posterior portion of basal margin is upturned while the outer posterior margin 

of the basal cavity may be slightly inverted. 

Remarks: Elements are similar to those of N. dieneri, but differ in being longer 

relative to their height. The species is restricted to the Upper Dienerian (Sweet, 

1970; Mosher, 1973) and is useful as a guide for strata of this interval. 

Occurrence: 04, D5, D7; Neospathodus cristagalli and N. dieneri Zones 

Neospathodus sp. cf. N. curtatus (Orchard, 1995) 

Plate 4, Figures 1 1-1 3. 

Neospathodus triangularis (Bender), Gedik, 1975, p. 138, PI. 3, fig. 24 (only). 

Neospathodus curtatus Orchard, 1995, p. 119, 120, Figs. 3.8-3.1 3. 

Description: Blade-like, segminiscaphate conodonts with a straight basal 

margin, which is not conspicuously folded. The cusp is succeeded posteriorly by 

a short (one or two denticles) posterior process. The greatest height occurs in 

the posterior half of the unit. The basal cavity is shallow and diamond to 

triangular in shape. 

Remarks: Identification of N. triangularis is based on the exceptionally short, 

high blade, the triangular-shaped basal outline and the folded basal cup. The 

specimens in this author's collection have a similar morphology to N. triangularis. 

Differences include their relatively greater length, more numerous denticles and 

a more uniformly expanded basal cup. N. curtatus is considered an evolutionary 

precursor of N. triangularis. It has a short range in the Spathian of Oman 

(Orchard, 1995). 

Occurrence: S5; Neogondolella milleri and Neospathodus waageni Zones 



238 
Neospathodus dieneri (Sweet, 1970) 

Plate 3, Figures 1-8. 

Neospathodus dieneri Sweet, 1970, p.249, PI. 1 , figs. 1.4; Sweet et al., 1971 , PI. 

1, fig. 23; Mosher. 1973, p. 171, PI. 20, fig. 2. 

Description: A blade-like conodont with its greatest height at or just anterior of 

its posterior margin. It has a long, terminal posterior cusp and a large, shallow 

basal cavity. The basal margin is deflected upwards beneath the posterior third 

to half of the unit. 

Remarks: This species is morphologically similar to N. cristagalli and is 

distinguished by its higher lateral profile relative to its length. In this author's 

collection, both have similar ranges (Upper Dienerian). However, the range of N. 

dieneri has been found to be considerably longer than that of N. cristagalli 

(Sweet, 1970; Sweet et al., 1971 ). 

Occurrence: DS-D7; Neospathodus cristagalli and N. dieneri Zones 

Neospathodus pakistanensis (Sweet, 1 970) 

Plate 3, Figure 17. 

Neospathodus pakistanensis Sweet, 1970, p.254, PI. 1, figs. 16, 17; Sweet et al., 

1971, PI. 1, fig. 41; Mosher, 1973, p. 172, PI. 20, fig. 6. 

Description: N . pakistanensis are blade-like conodonts with a short, secondary 

posterior process consisting of one or two denticles. The basal margin is straight 

anteriorly but the posterior end of the unit forms a conspicuous downward 

deflection. The upper margin is typically arched and the denticles are inclined 

posteriorly. 

Remarks: This species defines the base of the Smithian and occurs above the 

N. cristagalli Zone (above the Dienerian-Smithian boundary) (Sweet, 1970; 

Sweet et al., 1971). The base of the N. pakistanensis Zone is stratigraphically 

lower than the base of the N. waageni Zone. However, in this author's collection 

N. pakistanensis occurred in an assemblage with N. waageni from the early 

Smithian. 
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Occurrence: SO and S3; Neospathodus pakistanensis and N. waageni Zones 

Neospathodus waageni (Sweet, 1970) 

Plate 3, Figures 13-1 5; Plate 4, Figures 1-9. 

Neospathodus waageni Sweet, 1970, p.260, PI. 1, figs. 11, 12; Sweet et al., 

1971, PI. 1, fig. 26; Mosher, 1973, p. 172, PI. 20, fig. 5; Berry et al., 1984, p. 133, 

PI. 1, figs. 1-4. 

Description: Tall blade-like unit with an arcuate upper margin in lateral profile. 

The lower margin is straight in the anterior half and deflected upwards, 

posteriorly. The greatest height occurs in the posterior half of the element. 

Remarks: This species is represented throughout the Smithian in this writer's 

collection. It is found in material containing N. pakistanensis (Lower Smithian) as 

well as N. milleri (Upper Smithian). This is in agreement with Sweet (1970) and 

Mosher (1 973). 

Occurrence: SO-S3, S5; Neospathodus waageni, N. pakistanensis and 

Neogondolella milleri Zones 

Neospathodus waageni n. subsp. A 

Plate 3, Figure 16. 

Neospathodus waageni Sweet, 1970, p.260, PI. 1, figs. 1 1, 12; Sweet et al., 

1971, PI. 1, fig. 26; Mosher, 1973, p. 172, PI. 20, fig. 5; Berry et al., 1984, p. 133, 

PI. 1, figs. 1-4. 

Description: A single segminiscaphate Pa element with a thick, pronounced 

mid-lateral rib, parallel to the basal margin. The denticles are inclined posteriorly 

and are circular in cross-section. The basal cavity is elongate and asymmetric 

with a slight upward deflection with respect to the free blade. The basal surface 

contains a very thin keel and basal groove extending beneath the blade. 

Remarks: Morphologically is similar to that of N. waageni but with a more 

pronounced mid-lateral rib than the type species. It appears to be restricted to 

the basal Smithian. 
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Occurrence: SO; Neospathodus waageni and N. pakistanensis Zones 

Genus Pachycladina (Staesche, 1964) 

Plate 5, Figures 3-1 0. 

Pachycladina Staesche, 1964, p. 277. 

Type species: Pachycladina obliqua Staesche, upper Campil beds, Ennenburg, 

South Tyrol. 

Description: A multielernent species belonging to the same family as Ellisonia 

triassica. Elements of Pachycladina have a strongly thickened bar, which display 

relatively few large, circular, discrete denticles. The elements are more robust 

and have a wider basal recessive margin as compared to Ellisonia triassica. 

Remarks: All of the Pachycladina elements in this author's collection consisted 

of fragments. As a result, species identification was not possible. These 

fragments were typically larger and more robust than any other conodont species 

found in the study area and this almost served to distinguish them. 

Occurrence: SO-S2, S5; Neospathodus pakistanensis, N. waageni and 

Neogondolella milleri Zones 

(7.1) Contributions and Conclusions 
The use of conodonts as a biostratigraphic tool was explored in Chapter 

4. In addition to this, brief diagnostic and comparative notes were also included 

for the conodont elements found within the study area (Chapter 7). The addition 

of conodont data from this project both supports and expands upon the Lower 

Triassic global biostratigraphic framework (Figure 4.2) and provides an extra 

degree of confidence with respect to wire line log correlations made on the large 

regional cross-sections (Appendix D). The faunas were characteristic of four 

periods of time: the Early Griesbachian, Late Dienerian, Early Smithian and Late 

Smithian. 
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One new conodont species was found. It is a carinata-like element similar 

to Neogondolella krystyni. However, it displays distinct morphological 

differences such as a more upturned platform margin and a fused posterior 

carina. Neogondolella n. sp. A is found in association with N. cristagalli (Late 

Dienerian), which makes it stratigraphically distinct from both N. carinata and N. 

krystyn i. 

As well, a single element of Neogondolella sp. aff. N. nevadensis was 

found in an assemblage consisting of N. cristagalli and N. dieneri. This Late 

Dienerian-aged neogondolellid is somewhat unique. It has some attributes, 

which are similar to those of the Griesbachian N. nevadensis, and yet it is 

stratigraphically younger. As well, neogondolellids are fairly rare in the 

Dienerian. Most conodonts of Dienerian age belong to the genus 

Neospathodus. 
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Appendix A 

Core Lithologs 

All Lithologs are sorted by TownshipIRange 



Table A.1 - List of con logged for this project 

Stratiqraphic Interval 
S2. S3: shoreface 
06. SO. S1: shoreface/foreshoreAaqoon 
G2: intertidal sandflat 
U. I?) Triassic. 02  
G2: backshore/coastal plain 
SO. S1: turbidite 
07. SO: turbiditeloffshore marine 
07. SO: turbidite/offshore marine 
Spl : shoreface 
GI .  G2: offshore marine 
07. SO. Sl  : turbiditeloffshore marine 
SO, S1, S2: turbidite/offshore/transition 
SO. S1. S2: turbiditeloffshore marine 
SO. S1: turbidite 
SO. S1. S2: turbiditefoffshore marine 
SO: turbidite 
S1: turbidite 
06. SO. S1. S2: turbiditeloffshore marine 
SO. S1, S2: turbiditeloffshore marine 
D6. SO: turbidite/offshore marine 
D6. SO: turbiditeloffshore marine 
06. SO: turbidite/offshore marine , 
S5: shoreface 
GI .  G2: offshore marine 
SS: shorefacelforeshore , 
D7. SO: turbidite/offshore marine ( 

SO. S1. S2: turbidite/offshore marine 
SO. S1, S2: turbidite/offshore marine 

I 

SO. S1, S2: turbidite/offshore marine 
07, SO: turbidite/offshore marine 
07, SO. S1: turbidite/offshore marine 
SO. S1, S2: turbiditefoffshore marine 
S5: shorefacelforeshore 
S5: shorefacelforeshore 
Spl : shoreface 1 
52, S3: offshore/transition 
05. 06: offshore marinelturbidite 
04. D5. 06: offshore marine/turbidite 
S3: shoreface: 07. S1: shorefacelforeshore 
S4. S5: shoreface 
S4. S5: shoreface 
S3: shoreface 
S2, 53, S4, SS, Sp2: shoreface 
GI ,  G2, 03, 04: offshore marine 

D5. SO, St, S2: foreshore/shoreface~lagoon 
)Sl . 52: foreshorefshoreface 

Well Location 
5-1 3-77-26W5 
,6-19-78-25W5 
6-30-80-22W 5 
2-36-82-25W5 
1 -30-85-23W5 
1 0-1 3-72-6W 6 
7-29-72-8W6 
5-9-73-7W6 
1 1 -20-73-7W6 
4-8-74-5W 6 
5-20-74-6W6 
1 4-1 3-74-7W6 
1 1 -1 4-74-7W6 
6-20-74-7W6 
14-25-74-7W6 
8-28-74-7W6 
1 6-36-74-9W 6 
14-1 9-74-1 OW6 
4-27-74-1 OW6 
7-23-74-1 1 W6 
12-24-74-1 1 W6 
16-34-74-1 1 W6 
6-8-75-2W 6 
13-20-75-2W6 
14-20-75-2W6 
1 1 -1 8-75-7W6 
4-20-75-7W6 
6-9-75-8W6 
1 1-1 4-75-8W6 
3/8- 1 9-75-8 W 6 
1 2-1 7-75-9W6 
16-27-75-9W6 
4-1 5-76-2W6 
1 1-1 -76-3\1\16 
4-8-76-3W 6 
6-1 -76-9W6 
16-27-76-1 1 W6 
6-3-76-1 2W6 
1 5-34-77-1 W6 
14-20-77-3W6 
6-28-77-3W6 
216-22-78-1 W6 
1 2-20-78-6W6 

I 

1 1-26-81-1 W6 
12-34-81 -1 W6 

Core Intervals 
1081 -7-1 100.0m 
101 5.0-1033.2m 
844.3-866.2m 
91 5.0-924.2m 
782.5-791.5m 
2071 .O-2081 .Om 
2379.0-2397.0m 
21 55.0-21 65.6m 
2036.0-2055.0m 
2076.9-2090.3m 
2052.0-2070.2m 
2057.0-2079.2m 
2088.6-21 06.8m 
21 34.4-21 49.4m 
2084.0-21 02.2m 
21 35.0-21 43.0m 
2203.6-2208.0m 
2495.0-251 3.4m 
2391.2-2409.4m 
2546.0-2564.0m 
2540.0-2559.3m 
2523.6-2541.8m 
1 460.0-1 478.0m 
1 580.1-1 630.5m 
1362.0-1 380.0m 
21 53.0-21 71.6m 
21 70.0-21 83.8m 
21 38.0-21 53.0m 
21 60.0-21 78.0m 
221 7.0-2232.3m 
2257.0-2275.0m 
21 92.0-221 0.0m 
1233.0-1 251 .Om 
1308.0-1 326.2m 
1433.8-1 452.1 rn 
21 38.0-21 56.4m 
2394.0-2408.3m 
2605.0-2622.0m 
11 18.0-1 124.7m; 1158.2-1 166.5m 
1 371 .O-1389.2m 
1283.0-1 31 4.3m 
1059.0-1 067.8m 
1488.9-1493.5m 
1519.4-1525.5m 
1549.9-1 554.8m 
1 580.4-1 585.9m 

1610.9-1616.4m 
1706.9-171 1 .8m 
1733.4-1 739.5m 

979.9-998.2m 
999.7-1 005.2m 
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LEGEND 

UTHOLOGY ...--. . . QHUWDSTONE LIMESTONE 0otlticL.L 

A;;- .. 3=3 [-4 BICT/SILfSfONE 0 0 0 0  CONGLOMERAE Dquk 

C O N T m  - Wrp UUWAW Scoured ssssssss Bidurbatd - Undulating ///// -1 - Indined 

W I r t . .bgul~ m m - 0  Uncsrbin m7rw S o C I S e d i n m t ~  

SEDIMENTARY STRUCTURES 

A - C ~ n w r t  RipOk. w - T ' C m a s - l r m .  a - OItillrt~ry Ri- 

- ClimMngRippkr - = - PhurT'kd.rB.dding G z Z  ' 
Wny Pamlkl 
-w 

s - Low AngleTlkrlw W i n g  4 - flasw Bedding - Wavy- milel Eladdm 
0 - Lemtkulw6edding @ - -eeddkrg w - Mud- 

)' - c o r w ~ u t e ~ n g  ( - ~ - ~ r r d r d ~ i n g  - - Stwr 

L - t ~ ~ i t ~ g  - - ~ i c m ~ ~ ~ ~ i n g ~ b u d ~  8 -  ~lwnpstructure 

9 - Microlenti~ul.r6edding U - C d C a S t S  KARST- K.rstiw 

- DaubkMudDrrpes fVI - styrorites V - ToollYlrrks 

UTHOLOGIC ACCESSORIES 

ooo - Cala-Noduh ,,, - R i p U p C b t ~  pV W e  

44*4  - -mmks Dad - MIF-  P ~ O S  - Pb8phat8Ffag1lKMltS 

- M u d C h ~ t ~  MC - M ~ ~ ~ o u s  Pals1 - R o d d  Sld8t- 

eee - Coated Gmins 00s - Oolitic 

ICHNOFOSSILS 

A - Rootkt8 0 - FugWnh 8 - I*- 

- Bid-Badding Ung - L i ~ I k h u s  



L 

FOSSlLs 

v - ~~ an. - Alg81sbumtol~ D - n*Flminr 

e - M d l u 8 c s ( u n d ~ ~  a-- - -  
8 - a- - corrodonu 

FRACTURES 

NonnalSherrF- A - MmuiShrrFrwhm # - r*nlwJd"b L -  w i t l t ~  

MAGENESIS 

m - C W ~ M ~ - ~ ~ -  O - ~vrit.~odub 

HYDROCARBON INMCATORS 

- Oil Stain 0 - pltc)yOilsI.h + - GasSt8inorOdour 

E - Bitumen 

POROSlfY 

IG - Intergrmulrr VG - ~ I D i d u t k r r  Q - mitV 
M - M o M k  

Table A.2 - Legend of symbols used in the following litholog descriptions. In 
addition, S: slight; M: moderate; W well; MH: moderately-high and H: high, were 
used in conjunction with symbols from the above list to indicate the relative 
abundance of a particular item. 
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Appendix B 

Core Sample List 

All Wells are sorted by TownshipIRange 



Wll 
6 19-78-25W5 

Samph 1 I mg 
NO. k.j~.pth Icon. h. / - c I ~  I Ullo.* l-pth 

I I 
!Con. No. IComnwnts 

S 1 1 1035m 1247-1 ! bamn I S6 
S2 i1028m i247-2 lbarren IS7 
S3 ! 1026m i247-3 i w- I ~8 

11025m 12474 i h m n  IS9 
IS5 11024m 1247-5 ! h m n  1 
i ! ! I I 

63@8@22WS [ S l  I866.M 1326-1 icannata 
I I I I I 

1-30-a523~5 Is1 i791m !379-1 1b;rrrm ! 52 
I I I I 

7-29-72-8% IS1 ! 2390.5m 1385-1 l h m n  I S3 

1023.5m !247-6 lbamn 
1022m I 247-7 ibunn 
1021m 1247-8 !barren 
1019m 1247-9  barren 

I i 
I i 
I i 
i I 

784.8m 1379-2 : t a m e  
I 

2384.5m 13853 [barren 
IS2 i2386.0m i385-2 ; w a w -  iS4 12380.5m 1385-4 ;barren 
I I I I I I I 

5 - 9 - 7 3 M  IS1 ,2160.7rn !382-1 IEMxrria I S3 
I S2 2159.5m 1382-2 !bamn I 

2155.0m i382-3 IX 
I I 

I I I I i 
11-20-73-7\N6 IS1 !2055.7m 114. I :FYF4 !S5 120525m 1220.2 !bamn 

I 

152 i2055.2m 1 ~ ~ 1 . 1  / ~ 3  ! s6 
IS3 i2054.0m 1220-1 ~Emrmn IS7 
1% l2053.7m iSB1.2 IF6b 1 

I I I I 
4 8 7 4 - M  IS1 6- t T8.t IWlaysand 1 S5 

152 16849.5' 1228-1 lbomn 156 
IS3 :6843-48' 1228-2 lbarren IS8 
tS4 16842.2 1 SBZl IBdloy mudstone IS9 

I ! Montney-Dotg 
2051.Bm / ~ 4 . 2  : mntact 
2051.6m '220.3 .barren 

I I 

1 I 

6841 1226-3  barren 
684Z IS822 :Bdloy conglorntrate 
6831.5' 12264 icarinata 
681119' 1226-5 ~cdrinata 

I I 1 I I I I i 

!5-20-744% IS1 :2069.0m 1383-1 lbarren 1 1 I I 
1 I I 

2090.5m 1-3 tbamn 
! 

I i 
2137.3m !2264 'bamn 
2136.0m lT6.2 F 1  
21325m ;226-5 .barren 
2131.7m i226-6 ibamn 

4 
2095.2~1 1T5.3 IF1 
2095.0m !2255 barren 
2091.7m 122% :barren 
2089.2m j225-7 lbamn 
2085.21~1 !225-8 :barren 

i I 

i I 

2140.3m 1224-6 'barren 

I I t I I 
11-14-74-M IS1 i2102.5m i384-1 l b m n  IS3 

IS2 '2095.5m i384-2 Ibmen I 
I I I i I 

6-20-74-7W6 

1 4 - 2 5 7 4 ~  

828-74-NV6 

S1 12146.8m 1226-1 l b m n  is5 
S2 i2144.9m 12262 I w a m .  156 
S3 '2143.8m iT6.1 IF1 i S7 
54 :2141.5m i226-3 Ibormn i S8 

t I I I 
~1 12101.7rn i225-1 !bamn ! S7 
52 i2100.0m 1225-2 lwaapdEBsania l S8 
S3 12099.7m iT5.1 ! F1 i S9 
S4 12098.6m lf5.2 IF1 IS10 
S5 :2097.9m 1225-3 ! bamn IS11 
56 ;2097.0m 1225-4 l b m n  1 

j I I 

S1 ;2145.8m i224-1 iwaagedPachydadna IS6 
S2 i2145.0m 1224-2 :barren is7 f2139.0m IT21 : FSa/F 1 

14-19-7410% 

4-27-741 0 ~ 6  

7-23-74-11M 

12-2474-1 1 M 

S3 i2144.lm 1224-3 ibarren ? S8 j2137.2m IT22 iF1 
S4 12143.3m 1224-4 IPichyeladna is9 12136.3m i 224-7 ;fragments 
55 12141.3m 1224-5 l b m n  1 I I 

I I I 1 1 I 
S1 12511.3m 1295-1 l b m n  156 l2500.6m IT12.3 1Fh 
S2 i2507.8m 1295-2  barren 1 S7 12499.2m !S88.1 iF4a 
53 12504.5rn 1295-3 l b m n  i S8 
S* !2503.1m IT12.1 IF3 IS9 
S5 12M2.2m IT12.2 lF7 I 

I I I ! 
s 1 12409.9m 1327-1 IX IS6 
S2 12409.4m iT13.1 iF3 1 S7 
S3 I2406.9m lT13.2 IF6 !sa 
3 12404.6m 1327-2 i~ I s9  
S5 I2401.5m iT13.3 IF1 I 

i I I I 
I 

S1 12563.9m 12961 \barren IS5 
52 12555.6m 1-2 tburen 156 
53 12554.9m jSB3.i I F k  I S7 
S4 12550.6m 1236-3 jfmgmts 1 

12498.7m !SB~.Z In 
24%.4m i295-4 ibanen 

! I 
I I 

1 

2400.8m 1327-3 iX 
2395.8m 13274 IX 
2393.3m i327-5 IX 
2391.6m 1327-6 iX 

I 1 
I 

2549.8m IT10.1 IF5 
2547.9m lSB3.2 jF3fFSa 
2545.91-n ITlO.2 IF1 

! I 
I I 

2546.4m ISB4.3 IF2 
2545.6m IS64.4 IF7 
2545.0m ISB4.5 IF7 
2544.7m lSB4.6 IFlIW 
25428m ITl1.l 1 ~ 1  

I I 

I 

S 1 12558.8m 1297-1 1- IS6 
S2 12556.6m 1297-2 i b o ~  157 
S3 12553.1m 1297-3 / b u m  I S8 
S4 l2549.3rn iSB4.1 IF- IS9 
SS 12546.8m jS~4.2  IFYF7JFSa IS10 





Table B.1 - Core sample list. These core samples are stored at the University of 
Calgary under the accession number UCG.163 followed by the contract number 
listed in the above table. Cores were sampled for conodont biostratigraphy, 
petrography and photography (hand sample-sized slabs). Conodont samples are 
designated by a three digit contract number for each well and a subsidiary number 
for multiple samples within the same well. Samples were either barren or 
productive. The recovered fauna for the productive conodont samples are 
indicated. An "Xn in the comments column indicates a ruined biostratigraphic 
sample. Thin section samples have a contract number beginning with a "T", while 
slabbed samples begin with an "SB". An "'" indicates a petrographic sample which 
was not made into a thin section. The lithofacies for each thin section and slabbed 
sample are also listed (after Table 2.1 ). 
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Plate 1 

Figure 1 - Ammonoidea, Ceratitida? D6. 7-23-74-1 1 W6 at 2562.7m. Core 
diametre is 3.5 in. 

Figure 2 - Ammonoidea, Ceratitida? SO. 14-1 9-74-1 OW6 at 2508.8m. Penny for 
scale. 

Figure 3 - Ammonoidea, Ceratitida? S1. 14-19-74-1 OW6 at 2495.6m. Penny for 
scale. 
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Plate 2 

Figure 1-3 - Neogondolella taylorae. Figure 1 - G2. 1-30-85-23W5 at 784.8m. 
100X; Figure 2 - G2. 6-30-80-22W5 at 866.2m. 100X; Figure 3 - 
GI .4-8-74-5W6 at 2082.8m. 1 I OX. 

Figure 4-7 - Neogondolella carinata. Figure 4, 5 - G2. 6-30-80-22W5 at 866.2m. 
100X; Figure 6, 7 - G2.4-8-74-5\1\16 at 2078.0m. 1 1 OX. 

Figure 8, 9 - Neogondolella sp. cf. N. planata. Figure 8 - GI. 4-8-74-5\1116 at 
2082.8m. 11 OX; Figure 9 - G2. 4-8-74-5W6 at 2078.0m. 1 1 OX. 

Figure 10-1 3 - Neogondolella n. sp. A. 04. 6-3-7691 2W6 at 2641.1 m. Figure 10, 
11, 13 - 90X; Figure 12 - 1OOX; 

Figure 14 - Neogondolella sp. aff. N. nevadensis. DS. 6-3-76-12\1\16 at 2622.2- 
2622.8m. 1 OOX. 

Figure 15, 17-1 9 - Neogondolella sp. cf. N. milleri. S5. 4-1 5-76-2\1\16 at 1245.5m. 
1 OOX. Figures 18, 19 are juveniles. 

Figure 16 - Gladigondolella sp. cf. G. meeki. S5. 4-15-76-2W6 at 1245.5m. 
I OOX. 
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Plate 3 

Figure 1-8 - Neospathodus dieneri. Figure 1 - D5. 6-3-76-12W6 at 2622.2- 
2622.8m. 200X; Figure 2, 3, 4 - 05. 6-3-76-12W6 at 2622.2- 
2622.8m. 100X; Figure 5, 6 - D5. 16-27-76-1 1 W6 at 2403.8rn. 
100X; Figure 7 - D6. 12-24-74-11W6 at 2558.8m. 100X; Figure 8 
- 07. 1 1-1 8-75-7W6 at 21 67.8m. 100X. 

Figure 9-1 2 - Neospathodus cristagalli. Figure 9, 10 - D5. 16-27-76-1 1 W6 at 
2403.8m. 100X; Figure 1 1, 12 - D7. 1 1-1 8-75-7\1\16 at 21 67.8m. 
1 OOX. 

Figure 13-15 - Neospathodus waageni. Figure 13 - SO. 8-28-74-7W6 at 
21 45.8m. 1 1 OX; Figure 14, 15 - S1. 6-1 9-78-25W5 at 1026.0m. 
110X. 

Figure 16 - Neospathodus waageni. n. subsp. A. SO. 6-9-75-8\1\16 at 2153.0m. 
1 OOX. 

Figure 1 7 - Neospathodus pakistanensis. S3. 1 5-34-77-1 W6 at 1 1 23.5m. 1 00X. 
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Plate 4 

Figure 1-9 - Neospathodus waageni. Figure 1-4 - SO. 7-29-72-8\1\16 at 2386.0m. 
100X; Figure 5 - SO. 6-9-75-8W6 at 21 53.0m. 100X; Figure 6 - 
S2. 6-9-75-8\1\16 at 2140.3m. 100X; Figure 7 - S3. 12-34-81-1 W6 
at 1003.0rn. 100X; Figure 8-10 - S5. 4-15-76-2\1116 at 1245.5m. 
1 OOX. 

Figure 1 1-1 3 - Neospathodus sp. cf. N. curtatus. S5. 4-1 5-76-2W6 at 1245.5m. 
1 OOX. 
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Plate 5 

Figure 1-2 - Ellisonia triassica. (Pa-elements) Figure 1 - 07. 5-9-73-7W6 at 
21 60.7m. 1 00X; Figure 2 - SO. 1 4-25-74-7W6 at 21 00.0m. 1 00X. 

Figure 3-10 - Pachycladina sp. indet. Figure 3-7 - SO. 8-28-74-7W6 at 2145.8m. 
100X; Figure 8 - SO. 8-28-74-7\1116 at 2143.3m. 100X; Figure 9 - 
S1. 11 -26-81-1 W6 at 983.8-984.5m. 1 1 OX; Figure 10 - S5. 4-1 5- 
76-2W6 at 1245.5m. 100X. 
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