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PREFACE 

This report records the results of a joint project between the Institut fran~ais du 
Petrole and the Geological Survey of Canada. It consists of a detailed geochemical study 
of oils and their source rocks in the central part of the Alberta Basin and the relationship 
of heavy oils and tars at the margin of the basin to the conventional oils. 

It represents one of the most comprehensive geochemical studies ever undertaken of 
a large petroleum province and is an important bench-mark both · in international 
co-operation and the rapidly developing field of organic geochemistry as applied to 
petroleum geology. 

Ottawa, September 15, 1976 

D. J. McLaren 
Director General 
Geological Survey of Canada 
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THE ORIGIN AND MIGRATION OF PETROLEUM IN THE WESTERN CANADIAN SEDIMENTARY BASIN, 
ALBERTA: A GEOCHEMICAL AND THERMAL MATURATION STUDY 

Abstract 

This report gives the results of organic geochemical and maturation studies of oil- and 
gas-bearing sedimentary rocks in the Albertan part of the Western Canadian Sedimentary 
Basin. The geochemical work comprises a study of 106 conventional oils, 63 heavy oil extracts 
and 189 extracts from Paleozoic and Mesozoic sediments. Samples were examined successively 
from two areas; the central part of the Alberta Syncline adjacent to the Foothills including 
the Leduc Woodbend-Homeglen Rimbey reefal trend, and the northeastern and eastern parts 
of the Alberta Syncline including the Athabasca Tar Sands and Lloydminster regions. The 
maturation study has determined the degree of organic metamorphism ( DOM) of producing 
oil and gas pools in Alberta based on rank variations of subsurface and near-surface coals. 

The rank of subsurface coals (Mannville Formation, Lower Cretaceous) was determined 
from vitrinite reflectance measurements of thirty samples collected from coreholes along a 
338 km ( 210 mile) section across the eastern flank of the Alberta Syncline. The coals lie at 
depths of from 600 to 3300 m ( 1968-10 826ft.) and increase in rank from 0. 4 to 1. 6 per cent 
Ro from east to west. The near-surface coals, of younger formations, show a similar increase 
in rank, which is illustrated with an isomoisture contour map of Alberta. The east-west 
changes are from 30 to 5 per cent in moisture content. 

The maximum depth of burial of the near-surface coals has been obtained from moisture
overburden correlations. By adding this depth to the present subsurface position of the 
Mannville coals, the original overburden of these coals is obtained also. When this depth is 
plotted against the reflectance data of the coals, a smooth curve results. Isoreflectance 
contours have been derived which permit rank assignments at various depth levels above and 
below the Mannville curve. Thus, by plotting the depth of petroleum zones at the moisture 
position of the overlying near-surface coals (obtained from isomoisture contour map). the Ro 
(or degree of organic metamorphism) of these zones has been determined. The corresponding 
paleotemperatures were derived from Karweil's ( 1956) diagram by using 35 m. y. as 
coalification time for the Mannville coals. 

Results show that, in Alberta, 88 per cent of initial oil reserves have a DOM comparable 
with a coal rank of 0. 5 to 0. 9 per centRo (reflectance), or with high volatile C to middle of 
high volatile A bituminous coal; the corresponding paleotemperatures range from 68° to 116°C. 
No oil was found above 1. 3 per centRo (medium volatile bituminous coal), or above 143°C. 
With regard to the DOM of initial gas reserves, biogenic methane occurs at a coal rank of 0. 4 
to 0. 5 per cent Ro (sub bituminous coal) or between 52° to 68°C; thermal gas ranges from 0. 8 
to 2. 0 per centRo (middle of high volatile A bituminous coal to semianthracite), or between 
temperatures of 106° and 177°C. 

A post-Paleozoic regional unconformity separates the detrital deposits of Cretaceous and 
Jurassic ages from the predominantly carbonate deposits of Mississippian and Devonian ages. 
In the central part of the basin, the oils occurring near the unconformity can be separated 
from the others on the basis of their gross properties. For the most part, they are derived 
from source rocks within the Mannville Formation. This formation was the source of the oil 
found in the Lower and Upper Mannville reservoirs throughout the region and the Jurassic, 
Mississippian and Upper Devonian (Wabamun Group) deposits adjacent to the unconformity. 
In these Paleozoic reservoirs, certain oils have lost the lightest fractions with a resulting 
increase in the percentage of sulphur and asphalts and an increase in viscosity and specific 
gravity. The reservoirs associated with the Cretaceous transgression, and occurring to the 
northeast of Leduc-Woodbend, have been partly supplied with oils from source rocks in the 
Devonian (Winterburn Group). Their affinity with the Devonian oils is evident from the 
isoprenoid distribution and is confirmed by detailed analysis of the thiophenic and aromatic 
compounds. 

The source for the oils in the remaining Cretaceous and Devonian reservoirs is in the 
contemporaneous fine -grained sediments. The source rocks for these two groups of oils have 
undergone similar maturation histories and their organic content is s imilar in composition. 
Consequently, a clear distinction between the Cretaceous and Devonian oils was not apparent 
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until an advanced stage of analysis, namely the analysis of the aromatic fraction. At this 
stage, it is possible also to separate two groups of Devonian oils, those occurring in the 
Beaverhill Lake Formation from those found in the Woodbend Group. 

In the northeastern and eastern part of the basin, the heavy oil extracts from Lower 
Cretaceous sandstones and some Devonian carbonates show a gradational change in composition 
northeastward toward the shallower part of the basin. Conventional pooled oils from the same 
general area fit into the same picture. Three stages of degradation are recognized departing 
from a normal oil: type "a", with a decrease in normal alkanes and an apparent increase in 
phytane and pristane; type "b", with the disappearance of the normal alkanes leaving only 
pristane and phytane; type "c", in which even the isoprenoids have disappeared leaving only 
other isoalkanes and cyclo-alkanes. The heavy oils, including those of the Athabasca deposits, 
are very similar in their cyclo-alkane content to the conventional Lower Cretaceous oils from 
the central part of the Alberta Basin. A study of the aromatic and thiophenic compounds 
reinforces that interpretation. Examination of rock extracts from the margin of the basin 
indicates that they have undergone little diagenesis. Thus, it is concluded that biodegradation 
and water washing with some possible inorganic oxidation are responsible for the progressive 
alteration of, primarily, normal Lower Cretaceous oil migrating updip where it encounters fresh 
water invading the basin from the outcrop area along the shield edge. Because of the huge 
quantities of bitumen in the heavy oil deposits, it is necessary to admit some contribution from 
the pre-Cretaceous sediments in the centre of the basin. 

Comparative analysis of the aromatic fractions of oils from throughout the basin allows the 
relative effects of diagenesis, secondary migration, or alteration processes to be established. 

Resume 

Ce rapport expose les resultats auxquels ont abouti des etudes sur la geochimie organique 
et la maturation des roches sedimentaires, petroliferes et gaziferes, recueillies dans le partie 
albertaine du bassin sedimentaire de l 'Ouest canadien. La partie geochimique du travail 
comporte l 'etude de 106 petroles de type classique, de 63 extraits de petroles lourds et de 
189 extraits de sediment du Paleozoique et du Mesozoique. Les echantillons a l 'etude provien
nent de deux regions: d'une part, la partie centrale du synclinal de !'Alberta en contact avec 
les Foothills, qui comprend !'axe recifal Leduc Woodbend-Homeglen Rimbey; et d'autre part 
les parties nord-est et est du synclinal de l 'Alberta, qui comprennent les regions de Lloydminster 
et des sables bitumineux de l'Athabasca. L'etude de la maturation a permis de determiner le 
degre de metamorphisme des matieres organique, ou leur capacite de produire des gisements 
de petrole et de gaz en Alberta, selon les variations observees du rang des charbons qui se 
trouvent dans le sous-sol ou a proximite de la surface. 

Le rang des charbons de sous-sol (formation de Mannville, du Cretace inferieur) a ete 
determine on mesurant le pouvoir ref!ecteur des vitrinites dans trente echantillons provenant 
de sondages geologiques fores le long d'une coupe de 338 km ( 210 milles) en travers du f!anc 
est du synclinal de l 'Alberta. Les charbons reposent a des profondeurs variant entre 600 et 
3300 m (entre 1968 et 10 826 pieds) et leur rang va on augmentant, d'est en ouest ( Ro passant 
de 0. 4 a 1. 6 pour cent). En ce qui concerne les charbons superficiels, qui appartiennent a 
des formations plus recentes, on constate une augmentation de rang similaire qu'illustre une 
carte des courbes d'egale humidite de l 'Alberta. La teneur en eau des charbons passe, d'est 
en ouest, de 30 a 5 pour cent. 

On a pu determiner la profondeur maximale d'enfouissement des charbons qui se trouvent 
aujourd'hui pres de la surface, en mettant en correlation la teneur en humidite et l'epaisseur 
des morts-terrains. En ajoutant cette profondeur a la position actuelle, en profondeur, des 
charbons de Mannville, on o·btient aussi la profondeur d'enfouissement initiale de ces charbons. 
Lorsque l 'on trace la courbe de cette profondeur en fonction du pouvoir ref!ecteur des charbons, 
on obtient une courbe reguliere. On en deduit les courbes d'egal pouvoir ref!ecteur qui permet
tent d 'attribuer aux charbons un rang en fonction de Ia profondeur a laquelle ils se trouvent 
au-dessus ou au-dessous de la courbe de Mannville. En tracant ainsi la courbe des profondeur 
des zones petroliferes en .fonction de la teneur en humidite des charbons qui les recouvrent a 
proximite de la surface (au moyen d'une carte des courbes d'egale humidite), le Ro (degre de 
metamorphisme organique) de ces zones a pu etre determine. Les paleotemperatures corres
pondantes ont ete ca!cuzees a l 'aide du diagramme de Karweil ( 1956); on a utilise, dans le cas 
des charbons de Mannville, 35 millions d'annees comme periode de houillification. 

Les resultats demon trent qu 'en Alberta, 88 pour cent des reserves initiales de petrole ont 
un degre de metamorphisme organique comparable a un rang de charbon correspondant a une 



valeur de Ro (pouvoir reflecteur) allant de 0. 5 d 0. 9 pour cent, soit de charbon d haute teneur 
en matieres volatiles allant de C aux valeur moyennes de A; les paleotemperatures correspond
antes s'echelonnent entre 68° et 116°. On n'a decouvert aucun petrole dont leRose situe au-deld 
de 1. 3 pour cent (charbon bitumineux d moyenne teneur en matieres volatiles), ou correspond
ant d une temperature superieure d 143°C. En ce qui concerne le degre de metamorphisme 
organique dans le cas des reserves initiales de gaz, on rencontre du methane d'origine 
biologique lorsque le rang du charbon se situe entre Ro = 0. 4 pour cent et Ro = 0. 5 pour cent 
(charbon subbitumineux) ou la temperature entre 52° et 68°C; le gaz d'origine thermique se 
rencontre entre Ro = 0. 8 pour cent, Ro = 2. 0 pour cent ( d mi-chemin entre le charbon bitumineux 
d haute teneur en matieres volatiles A et le charbon maigre anthraciteux), ou entre 106° et 177°C. 

Une discordance regionale, posterieure au Paleozoique, separe les depots detritiques du 
Cretace et du Jurassique des depots du Mississippien et du Devonien ou dominent les roches 
carbonatees. Dans la partie centrale du bassin, les hydrocarbures qui se rencontrent d 
proximite de la discordance peuvent etre distingues des autres en fonction de leurs caracteres 
generaux. Ils proviennent pour la plupart de roches meres appurtenant d Za formation de 
Mannville. C'est egalement de cette formation que provient le petrole qui a ete decouvert dans 
les roches reservoirs du Mannville inferieur et du Mannville superieur dans toute la region, 
et dans les gisement du Jurassique, du Mississippien et du Devonien superieur (formation de 
Wabamun) de part et d'autre de la discordance. Dans ces roches reservoirs du Paleozoique, 
certains hydrocarbures ont perdu leurs fraction les plus legeres, ce qui a eu pour effet 
d'augmenter leur teneur en bitume et d'augmenter ainsi leur viscosite et leur densite. Les 
roches reservoirs que l'on associe d Ia transgression du Cretace et qui se rencontrent au nord
est de l 'axe Leduc-Woodbend, doivent en partie leur petrole d des roches meres qui datent du 
Devonien (formation de Winterburn) . Ce petrole presente des affinites manifestes avec les 
hydrocarbures du Devonien, de par la distribution des composes isopreniques, ce que confirme 
une analyse detaillee des elements thiopheniques et aromatiques. 

Les hydrocarbures qui se rencontrent dans les autres roches reservoirs du Cretace et du 
Devonien trouvent leur origine dans des sediments d grains fins datant de la meme epoque. 
Les roches meres de ces deux groupes de petroles ont subi des processus de maturation 
similaires et leurs matieres organique presentent Ia meme composition. C'est pourquoi une 
distinction nette entre les hydrocarbures du Cretace et ceux du Devonien n 'a pu etre etablie 
qu 'd Ia suite d 'une analyse plus poussee, notamment celle de la fraction aromatique. A ce stade, 
il est possible egalement de distinguer deux groupes d'hydrocarbures appurtenant au Devonien, 
so it ceux qui se rencontrent dans la formation de Beaverhill Lake et ceux que l 'on rencontre 
dans le groupe de Woodbend. 

Dans la partie nord- est et est du bassin, Zes petroles Zourds extraits des gres du Cretace 
inferieur et de certaines roches carbonatees du Devonien presente une composition qui evolue 
graduellement en direction du nord-est, Zd ou se trouve Ia partie moins profonde du bassin. 
Les petroles qu 'on trouve dans des champs de type classique et qui proviennent de cette meme 
region pre sen tent la me me evolution. A partir d 'un petrole normal, on distingue trois stades de 
degradation: le type "a", qui correspond d Ia diminution des alcanes normaux et augmentation 
apparente de la teneur en "phytane" et en "pristane" (alcanes ramifies en C20 et C19); le 
type "b", avec Ia disparition des alcanes normaux, ne laissant que de la "pristane" et le "phytane"; 
le type "c", ou meme les composes isopreniques ont disparu, ne lai s sant que d'autres isopara
fiines et des eye lanes. Les petroles lourds, notamment ceux des gisements de l 'Athabasca, 
ressemblent beaucoup, par leur teneur en eye lanes, aux petroles classiques du Cretace inferieur 
que l 'on rencontre dans la partie centrale du bassin de l 'Alberta. Il suffit d 'une etude des 
composes aromatiques et thiofeniques pour corroborer cette interpretation. L'etude des frag
ments de roches extraits de la marge du bassin revele qu'ils n'ont subi qu'une faible diagenese. 
On en conclut done qu 'un processus de biodegradation et de lavage par l 'eau, accompagne d 'une 
oxydation de matieres inorganiques, sont responsables de l 'alteration progressive du petrole 
du Cretace inferieur ( d l 'origine normal) lors de sa migration vers le haut, ou ce petrole a 
rencontre Zes eaux douces que envahissaient le bassin en provenance de la zone d'affleurements 
situee le long de la bordure de Bouclier. En raison des enormes quantites de bitume dans les 
gisements de petrole lourd, il faut bien admettre une certaine contribution des ·sediments 
anterieurs au Cretace qui se r encontrent au centre du bassin, 

Griice d une analyse comparative des constituants aromatiques des petroles rencontres dans 
toute l 'etendue du bassin, il est possible de determiner Zes effe ts relatifs de la diagenese, de la 
migration secondaire ou des processus d'alteration. 
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THE ORIGIN AND MIGRATION OF PETROLEUM 
IN THE WESTERN CANADIAN SEDIMENTARY BASIN, ALBERTA: 

A GEOCHEMICAL AND THERMAL MATURATION STUDY 

CHAPTER 1 

INTRODUCTION 

OUTLINE OF STUDY 

This report presents the results of a joint project 
between the Institut Fran!;ais du Petrole (IFP) and the 
Geological Survey of Canada (GSC). The study was 
initiated to gain some understanding of the geochemical 
processes that have led to the generation and accumula
tion of petroleum and bituminous deposits using techniques 
developed by IFP. The Albertan part of the Western 
Canadian Sedimentary Basin was an obvious choice for 
this study since it is the major petroleum-bearing 
province of Canada and contains a wide variety of 
petroleum types in a range of geological conditions. In 
addition, it is perhaps the best-docum~nted petroleum 
province in the world and samples are readily available 
through the Energy Resources Conservation Board of 
Alberta. The GSC has been responsible for the provision 
of geological information and samples, while the IFP 
has conducted the geochemical analyses and has made 
the appropriate geochemical interpretations. An 
additional project has been carried out in the GSC 
by P. A. Hacquebard on the use of corals to indicate 
the organic metamorphism in Alberta; it is extremely 
pertinent to the geochemical study since it provides an 
independent guide to the thermal history of the Alberta 
Basin. The results of this work, therefore, are 
incorporated into this report (see Chap. 3). 

The areas for the geochemical study are outlined 
in Figure 1-1. The work was carried out successively 
in two main geographic areas. The first area is in the 
central part of the Alberta Basin adjacent to the Foothills. 
It includes the Leduc Woodbend- Homeglen Rimbey reefal 
trend extending as far as the Redwater field to the 
northeast; to the southwest, it extends as far as the 
Harmattan fields to the north of Calgary and, to the 
northwest, it includes the Swan Hills and Kaybob fields 
northwest of Edmonton (see Ball, 1970 for detailed 
distribution of pools). The second area consists of the 
'heavy oil belt' extending from the Peace River region 
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in the northwest through the Athabasca Tar Sands to 
Lloydminster in the southwest. Part of the work on the 
second area has been published already (Deroo et al. , 
1974) but, for the sake of completeness, the results 
are repeated here. 

In the following chapters, some geological con
siderations are outlined and the distribution of oil 
and gas reserves relative to the degree of organic 
metamorphism is discussed. The discussion of the 
geochemistry is laid out in the order that the studies 
were carried out and the problems resolved. Thus, 
the conventional oils and rock extracts in the central 
part of the basin are dealt with first followed by the 
problems associated with the heavy oil belt. During 
the course of the study, it was recognized that a number 
of the rock extracts were contaminated and many of the 
oils and extracts had undergone various forms of 
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FIGURE 1-1. Location of areas of study in Alberta. 
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alteration in the geological environment. These effects 
became critical to the study of the heavy oil belt but 
were found also in the central part of the basin. 
Separate subsections are devoted to the effects and 
recognition of the contamination and alteration. 
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PREVIOUS WORK IN THE GEOCHEMISTRY 
OF PETROLEUM IN ALBERTA 

The origin of petroleum deposits in Alberta and, 
in particular, the Athabasca Tar Sands has been debated 
extensively in the literature. One of the more compre
hensive earlier studies is that of Hitchon ( 1964) who 
reviewed the composition of Albertan oils based on 
U.S. Bureau of Mines Routine Analyses. He separated 
the asphaltic and sulphur- rich Mannville oils from the 
others and suggested that the differences in composition 
reflected the different environment of deposition of the 
Mannville sediments. He also provides a comprehensive 
list of early papers (up to 1964) on geochemical aspects 
of petroleum deposits in Alberta. Subsequent papers 
have emphasized exploration aspects of petroleum 
geochemistry. Maturation studies using gas cuttings 
analysis and spore colouration have defined the oil-
and gas-bearing regions of Alberta (Staplin, 1969; 
Evans and Staplin, 1971; Evans et al., 1971). The 
effects of maturation, gas-deasphalting, water washing 
and biodegradation have been discussed extensively 
(Evans et al. , 1971; Rogers et al. , 1972; Rogers et al. , 
1974). The application of petroleum geochemistry to 
the search for oil has been illustrated also for the 
Western Canadian Sedimentary Basin (Bailey et al., 1974). 



CHAPTER 2 

GENERAL GEOLOGY 

STRUCTURE AND GEOLOGICAL HISTORY 

The following sections are intended to provide a 
general geological background to the geochemical study 
and are drawn largely from "The geological history of 
western Canada", edited by McCrossan and Glaister 
(1964), and from Parsons (1973). 

The Albertan part of the Western Canadian Sedi
mentary Basin comprises a broad belt of Mesozoic and 
Paleozoic sedimentary rocks which trends northwesterly 
through the province. A major regional unconformity 
separates the Paleozoic sediments from the more gently 
dipping Mesozoic strata. The western margin of the 
basin is the Rocky Mountain Thrust Belt and the north
western margin is where the sediments lap onto the 
Precambrian Shield. To the southeast, the basin 
continues into Saskatchewan. Adjacent to the Foothills 
area, the sedimentary sequence exceeds 5700 m 
(19 000 ft.) (Fig. 2-1) but this sequence thins to the 
northeast and east owing to both depositional thinning 
and erosion. Paleozoic, Triassic and Jurassic rocks 
are mainly marine, whereas the Cretaceous strata are 
mixed continental and marine. The table of formations 
and the regional cross-sections showing the various 
stratigraphic relationships are shown in Figures 2-2 
and 2-3. 

Structurally, the Albertan section of the basin is a 
simple monocline which is extremely deformed at the 
western margin adjacent to the Rocky Mountain Front. 
The basin has been divided tectonically into three parts 
(McCrossan and Porter, 1973): Craton Centre, Craton 
Margin, and Deformed Craton Margin. The Craton 
Centre occupies the eastern part of the basin adjacent 
to the shield area where deformation consists only of 
gentle regional arches; this area incorporates the second 
stage of the geochemical study (Fig. 2-1). The Craton 
Margin consists of the central part of the basin adjacent 
to the Foothills; it includes the first area of study 
(Fig. 2-1) and again the amount of deformation is rela
tively small, comprising broad gentle arches with some 
normal faulting. The maximum depth of burial is much 
greater than at the Craton Centre. The Deformed Craton 
Margin constitutes the disturbed belt of the Foothills 
and falls outside the area of study. 

Pre-Devonian rocks are not included in this 
study; the following outline is confined, therefore, 
to Devonian and younger strata. During the Devonian 
and Carboniferous, deposition of platform carbonates 
and evaporites predominated in eastern and southeastern 
Alberta whereas a deeper water faci~s was deposited in 
northwestern Alberta. Middle Devonian sediments were 
laid down in a shallow topographic basin created by 
post-Ordovician erosion.. The boundaries of the basin 

were topographic highs, namely the Peace River Uplift, 
the West Alberta Ridge, and the Precambrian Shield 
(Fig. 2-4) . Sedimentation throughout the Devonian 
and Carboniferous can be explained by a series of 
transgressive pulses of the sea from the northwest. 
Each transgressive pulse deposited shale, · carbonate 
and evaporitic facies with or without reef development. 
The boundaries and areal extent of the facies vary with 
time. The West Alberta Ridge was submerged during 
the Middle Devonian but the Peace River Uplift remained 
emergent until the end of the Late Devonian. 
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FIGURE 2-1. Generalized basin fill isopach map of 
Alberta Basin showing main structural 
features (after Parsons, 1974). 
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Emergence of the shelf began in the Late Mississippian 
and was followed by erosion during the Permian with 
some sedimentation (mid-Permian) in the Peace River 
region. The Triassic and Jurassic rocks in the 
Alberta subsurface were deposited on a relatively 
stable shelf representing the eastern flank of a marine 
sedimentary basin whose depocentr.e was in British 
Columbia. During the Late Jurassic, orogenic move
ments to the west resulted in the deposition of thick 
continental clastic strata in the Foothills. In Alberta, 
epeirogenic movements in the Early and post-Jurassic 
resulted in the erosion of earlier rocks. 

During the Early Cretaceous, uplift continued in 
the Cordillera and the resulting erosion supplied 
continental sediments that were transported and 
deposited on the western part of the gently subsiding 
shelf. At the same time, seas transgressing the shelf 
from both the northwest and southeast finally merged 
near the end of the Early Cretaceous to form the 
Colorado Sea. 

Post-Colorado time began with the uplift of the 
eastern Cordillera and the deposition of coarse conti
nental clastics in the Foothills area. On the plains, 
marine shales continued to be deposited for a time 
but, as orogenesis continued, continental debris was 
transported eastward and laid down across the plains 
as the sea retreated both to the northwest and southeast. 
Continued uplift of the Cordillera resulted in the 
deposition of thick continental sediments. 

Continental deposition was continuous from the Late 
Cretaceous into the Tertiary, and Tertiary sediments 
consist entirely of continental sands and conglomerates. 
The Laramide Orogeny probably reached its peak 
in the Eocene resulting in deformation of the Rocky 
Mountains and Foothills Belt mainly by overthrusting. 
Simultaneously with this thrusting from southwest to 
northeast, downwarping of the region now known 
as the western plains formed the Alberta Syncline. 
Erosion of the Rockies during the Oligocene resulted 
in the deposition of large amounts of clastic sediment 
in the syncline. General uplift of the shelf continued 
through the Miocene and Pliocene and much of the 
Tertiary sediment was removed by erosion. 

DESCRIPTION OF ROCK UNITS (OUTLINE) 

The Middle Devonian in Alberta is divided into 
Lower and Upper Elk Point Groups. The Lower Elk 
Point Group is up to 300 m (1000 ft.) thick and is 
confined to central and northwestern Alberta (Fig. 2- 4). 
The lower part consists of interbedded r ed beds and 
evaporites which chat:J.ge upwavd to limestones and, 
finally, thick evaporites. The Upper Elk Point Group 
[up to 300m .(1000 ft.) thick] extends from northwest
ern Alberta through eastern Alberta into Saskatchewan. 
The basal units, Keg River and Winnipegosis Formations, 
consist of reefal and non- reefal carbonates varying in 
thickness from 15 to 180 m ( 50- 600 ft. ) . Th~ Prairie 
Evaporite and Muskeg Formation, consisting primarily 
of evaporites, overlie and infill the depressions between 
the reefs. These are succeeded by the clastic- carbonate
evaporite sequence of the Dawson Bay Formation which, 
in turn, is overlain by the dolomitic siltstones of the 

6 

Watt Mountain Formation. This formation contains 
coarse-grained sandstone (Gilwood Fm.) adjacent to 
the Peace River Arch. A thin tongue of the Slave Point 
platform carbonate occurs to the south of the Peace 
River Arch and forms the base for the Upper Devonian 
reefal development in that area. 

The Beaverhill Lake Formation forms the basal unit 
of the Upper Devonian and is between 150 and 210m 
(500-700 ft.) thick. In the type area, it consists of an 
alternating sequence of limestone and shale which 
changes along an irregular front to a shelf or platform 
carbonate facies to the east and west of Edmonton 
(Fig. 2-5). Coarsely crystalline dolomites occur along 
the shelf margin in southern Alberta and form the leading 
edge of a series of interbedded anhydrites and dolomites 
and, farther to the south and southeast, anhydrite is 
interbedded with dolomite. South of the Peace River Arch, 
a carbonate bank- reef complex (Swan Hills Member) 
developed on a broad shelf. The Swan Hills section is 
essentially a build up of successive carbonate layers 
consisting of lagoon limestones with a reef rim and 
enclosed within limestones or interbedded argillaceous 
limestones and shale. Northward, the Beaverhill 
Lake Formation grades into the basinal facies of the 
Waterways Formation. 

The Beaverhill Lake Formation is overlain by the 
Woodbend Group, comprising reef-fringed platform 
carbonates and intervening shale basins (Fig. 2-6), 
reaching up to 300 m ( 1000 ft. ) in thickness. A basal 
platform carbonate, the Cooking Lake Formation, forms 
the base of the areally restricted carbonate banks and 
reefs of the Leduc Formation. The economically 
important Homeglen-Rimbey-Morinville reefal trend 
developed on the edge of the underlying platform and 
forms the eastern boundary of a shale basin (Ireton 
and Duvernay Fms. ) shaped like a great horseshoe 
plunging northwestward from north of Calgary. Its 
western boundary is formed by another carbonate shelf, 
the Cairn Platform. To the northeast, the Grosmont 
tabular reefs are equivalent to the Upper Leduc Reefs. 

The Winterburn Group (Fig. 2-7) consists of up 
to 120 m ( 400 ft.) of dolomite, evaporite, and silty 
carbonate. Dolomitization of the Nisku Formation is 
particularly pronounced over the Leduc Reefs. 

The Wabamun Group (Fig. 2-8) is made up pre
dominantly of carbonates in western Alberta, grading 
into evaporites and red beds in eastern and southeastern 
Alberta. It forms a wedge-shaped unit which is less 
than 15 m (50 ft.) in northeastern Montana but thickens 
to 240 m ( 800 ft. ) in northwestern Alberta and up to 
540 m ( 1800 ft. ) in the Rocky Mountains. 

Much of the upper part of the Carboniferous was 
eroded from the Alberta Plains prior to the Cretaceous 
(Fig. 2-9), but thick sections [up to 300 m (1000 ft.)] 
are preserved in the Peace River and Foothills regions. 
The lower part is represented by the Exshaw and Banff 
shales which are up to 150m (500ft.) thick. These 
are succeeded by shales and limestones of the Rundle 
Group [75-150 m (250- 500 ft.)] in the study-area. 
Permian sediments in Alberta comprise .only a few 
erosional remnants which are found in the Peace River 
region. 



Triassic and Jurassic rocks are confined to the 
Foothills and Peace River regions (Fig. 2-10). The 
sub-crop edge occurs to the east of Calgary and trends 
northward whilst the section thickens westward to 
900 m (3000 ft.) in the Foothills. Lower Triassic 
sediments consist of thinly laminated, bituminous 
shales which become phosphatic in the Middle Triassic. 
An evaporitic facies, consisting of anhydrite, dolomite, 
dolomitized limestone, and red beds, forms the lower 
part of the Upper Triassic and is overlain by bioclastic 
limestones, siltstones, and shales. Lower Jurassic 
rocks are composed mainly of bituminous, phosphatic 
and partly calcareous shales and may contain substantial 
amounts of chert. These are overlain by interbedded 
sands and shales of Middle Jurassic age. The lower 
part of the Upper Jurassic is made up of marine shale 
and sandstone which grade up into the dominantly 
terrestrial sandstones, shales and coal seams of the 
Kootenay and Nikanassin Formations. 

Cretaceous rocks unconformably overlie the earlier 
systems. The Lower Cretaceous incorporates both the 
Basal Cretaceous Sand, which rests on the unconformity 
surface, and the overlying units up to the base of the 
Fish Scale Zone. This sequence is divided into the 
Lower Mannville Group [up to 150m (500ft.) thick in 
study-area] and Upper Mannville Group [up to 180m 
(600ft.) thick in central Alberta, increasing to 450 m 
(1500 ft.) in the Foothills] (Fig. 2-11) and the over
lying Lower Colorado Shale [90 m (300ft.) thick in 
the study-area] (Fig. 2-12). The Lower Cretaceous 
rock types include a thick sand facies in the Foothills 
which trends in a northeasterly direction across the 
plains in the vicinity of Edmonton with a predominantly 
shale facies to the northwest and southeast. The sand 
facies decreases in areal extent in the Upper Mannville 
and Lower Colorado. 

The Upper Cretaceous is subdivided at the First 
White Specks into a basal marine Upper Colorado 
section and an upper continental post-Colorado section. 
The Upper Colorado is dominantly a thick shale with 
some intervening sands (Cardium Fm.) and thickens 
regularly from less than 240m (800ft.) to the east of 
Edmonton to over 1200 m ( 4000 ft.) at the Alberta
British Columbia border (Fig. 2-13). The lower part 
of the post-Colorado Supergroup consists of marine 
shales but these are rapidly superceded by continental 
deposits of the Belly River and Edmonton Formations. 
The post-Colorado is approximately 300 m ( 1000 ft.) 
thick in the vicinity of Edmonton but reaches 1650 m 
(5500 ft.) in the Foothills (Fig. 2-14). 

Tertiary sediments are present in the western 
plains in front of the Foothills; they are an entirely 
continental facies consisting of intermixed sands and 
conglomerates. Up to 900 m ( 3000 ft. ) of Tertiary 
sediments are preserved in the Foothills but their 
original thickness is not known. 

BURIAL HISTORY 

The burial histories (to the end of the Cretaceous) 
of a number of samples from a section across the basin 
are shown in Figure 2-15. These burial histories were 

computed using isopach maps of the various stratigraphic 
formations (from McCrossan and Glaister, 1964). An 
inherent assumption in this diagram is that the maximum 
depth of burial was achieved in post-Mannville time and 
that this depth exceeded the amount of overburden that 
was removed by erosion during the time represented 
by the unconformity. 

The major unknown factor in these computations is 
the thickness of the Carboniferous in the vicinity of 
Leduc Woodbend. During the Late Carboniferous, 
considerable erosion of Mississippian rocks occurred. 
However, there is also considerable evidence of the 
thinning of Mississippian strata to the south and east. 
It is probable that the total thickness of Carboniferous 
strata in the vicinity of Leduc never exceeded 600 m 
(2000 ft.). Permian, Triassic and Jurassic strata 
probably were never present in the Leduc region or 
were very thin. 

It can be seen that the maximum depth of burial for 
Devonian rocks was greatest in the western part of the 
basin and that it steadily decreased toward the eastern 
margin. The maximum depth of burial of sediments on 
the eastern shelf is difficult to determine because of 
erosion but was probably less than 1200 m ( 4000 ft.). 
The thickness of Tertiary sediments prior to erosion is 
not known. Some consideration of this aspect of sedi
mentation is given in Chapter 3. Maximum depths of 
burial for most of the samples examined are given in 
Appendix A. 

HYDROLOGICAL CONSIDERATIONS 

The fluid flow and geochemistry of formation waters 
in the Western Canadian Sedimentary Basin have been 
studied extensively by Hitchon and co-workers (see 
Billings et al., 1969; Hitchon, 1963, 1964, 1969a, 1969b; 
Hitchon and Friedman, 1969; Hitchon et al., 1969; 
Hitchon et al., 1971). They have demonstrated that the 
topography has a profound effect on the fluid flow in 
this area. Both the major and minor topographic features 
exert an important control on the distribution and 
recharge of the regional and local flow systems. Major 
regional recharge areas are indicated for the Disturbed 
Belt, Caribou Mountains, Swan Hills and Cypress Hills. 
Smaller hills are recharge areas of lesser importance. 
The major recharge areas correspond to high fluid 
potentials. ·conversely, the major lowlands are the 
main regional discharge areas. 

The theoretical model, based on topography, is 
modified to a major extent within the Alberta Basin by 
a thick succession of strata that acts as . a low fluid 
potential drain which corresponds with highly perme
able Upper Devonian and Carboniferous carbonate 
rock units. This drain essentially channels flow from 
the entire Alberta Basin and discharges it in the 
region of the Athabasca oil sands. Within the drain, 
channels of greater or lesser importance are indicated 
by low fluid potential and high fluid potential reef 
complexes, respectively, which are related to variations 
in permeability. The unconformity at the base of the 
Cretaceous does not appear to provide a barrier to 
fluid movement. Thus, there is a high degree of 
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FIGURE 2- 16. Stratigraphic distribution of oil and gas reserves in Alberta 
(after Energy Resources Conservation Board, Alberta, 1973). 

correlation between the composition of formation fluids 
from above and below the unconformity. The movement 
of fluids in proximity to the unconformity takes place 
in whichever set of strata offers the least resistance to 
movement, i.e. that having the greatest permeability. 

A detailed study of the salinity variations in 
different stratigraphic units in Alberta has been made 
by Hitchon (1964). There is a gradual increase in 
the concentration of dissolved solids in the various 
formation waters with depth. Accompanying this trend, 
there is a gradual decrease in the proportion of sodium 
in the cations without any change in the essentially 
chloride-rich nature of the anions. 

The regional distribution of salinities, particularly 
in the Devonian, shows a strong correlation with the 
lithology of the enclosing formation. Thus, in the 
Upper Devonian, notably in the Woodbend Group, high 
salinities prevail in the highly permeable reefal masses. 
The same pattern of salinities is found in the Winterburn 
Group as in the Woodbend, but the distribution in the 
Wabamun does not reflect that of the underlying reefal 
masses. Rather the fluid flow is essentially in an updip 
direction and the high permeability zones developed 
in the underlying Devonian are not apparent. In the 
Carboniferous rocks, extremely saline waters again 
are associated with high permeability regions of flow. 

The salinity of formation waters from the Jurassic 
is generally low. In central and northern Alberta, the 
regional variations in chloride content are quite similar 
to the overlying Mannville. The general updip decrease 
in salinity is seen also in the overlying Mannville . In 
southern Alberta, there is some control of the salinity 
pattern by gross lithofacies changes and, in places, 

the salinity is controlled by the movement of formation 
waters across the sub-Cretaceous unconformity. 

In the Viking, there is a close relationship between 
the chloride concentration and the regions of thick 
development of sandstone. Regions of low chloride 
are coincident with trends of thicker sand development. 
The gross lithology and not the direction of fluid flow 
is probably the controlling factor. 

Finally, the distribution of salinity and flow patterns 
relative to the tar sands deposits are of interest to this 
study. Hydraulic head cross-sections of the Peace 
River (Hitchon, 197 4) and Athabasca Tar Sands 
(Hitchon et al., 1969) show that the deposits are within 
the near-surface groundwater regime at the present 
time. In the case of the Peace River ·deposits, the 
salinities of the waters are 500 mg per litre or less. 

PETROLEUM OCCURRENCE 

The general stratigraphic distribution of oil and gas 
is shown in Figure 2-16. The majority of the reserves 
are confined to the Devonian, but oil and gas are 
distributed throughout the stratigraphic column. It 
must be noted, however, that the heavy bitumen within 
the Mannville Group, notably the Athabasca Tar Sands, 
represents a considerable reserve which is not ame
nable to treatment by conventional reserve estimates. 

Stratigraphic traps are characteristic of nearly all 
the hydrocarbon accumulations in Alberta with the 
notable exception of the Foothills region. In the Devonian, 
porous reefs constitute the main reservoirs whereas, 
in the post-Devonian sediments, the hydrocarbon 
accumulations may occur beneath an unconformity, in 
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sand infills on the unconformity surface, in isolated 
sand lenses, or in sheet sands which pinch out laterally. 

Approximately one half of the Middle Devonian 
reserves occur in the numerous Keg River pinnacle 
reefs of the Rainbow and Zama areas and fall outside 
the scope of this study. The other major accumulations 
(Mitsue and Nipisi) are located in outwash Gilwood 
Sands on the eastern flank of the Peace River Arch 
(Fig. 2-4). The Upper Devonian contains over 40 per 
cent of the total provincial reserves of oil and gas. 
More than 85 per cent of the hydrocarbons in this 
interval are in Leduc and Beaverhill Lake reservoirs; 
the Nisku and Wabamun account for the remainder. 
The Leduc and Beaverhill Lake accumulations are in 
stratigraphic traps of the reefal type (Figs. 2-5, 2-6); 
the Nisku traps are combination structural-stratigraphic 
types and those in the Wabamun are strictly stratigraphic 
in nature. The Nisku accumulations occur in porous 
carbonates which are draped over the underlying Leduc 
reefs (Fig. 2-7) whilst those in the Wabamun are located 
in porous carbonates underneath the Paleozoic uncon
formity (Fig. 2-8). 

In spite of their limited areal extent, the Carboniferous 
rocks contain approximately 15 per cent of the total 

· provincial hydrocarbon reserves. The accumulations 
are mainly in the Mississippian Rundle Group both in 
the Foothills and Plains areas (Fig. 2-9). On the Plains, 
the traps occur where porous Pekisko and Elkton 
carbonates are sealed at the Mississippian unconformity. 
In the Foothills, the hydrocarbon accumulations are in 
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a relatively small number of large thrust-faulted and/or 
folded structures. The Permian sediments contain only 
a small reserve of hydrocarbons. These are mostly gas 
accumulations in the Belloy sand in the Peace River 
region. 

The Triassic is productive in northeast British 
Columbia but only the Coquina Reservoir at South 
Kaybob and scattered localities in the Peace River 
region are productive in Alberta. The Jurassic reserves 
occur almost entirely in the Nordegg sands at Gilby and 
Medicine River where the sands pinch out to the east 
(Fig. 2-10). 

Conventional hydrocarbons in the Manville and 
Lower Colorado (Lower Cretaceous) represent approxi
mately 14 per cent of the proven reserves in the province. 
They occur in localized sand bodies, which either are 
infills on the eroded Paleozoic surface or are in the 
form of sand bars and lenses (Figs. 2-11, 2-12). In 
addition to the conventional accumulations, the Lower 
Cretaceous contains various "oil sands" deposits 
(Fig. 2- llb) where total reserves of bitumen in place 
are estimated at 895 billion barrels. 

The Upper Colorado contains approximately 14 per 
cent of the provincial reserves, the majority of which 
are concentrated in two large stratigraphic sand traps 
(Figs. 2- 13, 2-14) at Pembina and Medicine Hat. A 
few small pools occur in the post-Colorado part of the 
section. Only one small gas pool has been located in 
Tertiary rocks. 



CHAPTER 3 

RANK OF COAL AS AN INDEX OF ORGANIC METAMORPHISM 
FOR OIL AND GAS IN ALBERTA 

by 

P. A. Hacquebard 

INTRODUCTION 

Coal rank gives a measure of the degree of meta
morphism to which vegetal matter has been subjected 
in the coalification series from peat to anthracite. Since 
organic matter is involved, it has become customary to 
refer to these generally low-grade alterations as organic 
metamorphism (Gutjahr, 1966; Staplin, 1969). 

The agencies that control rank are pressure, heat, 
and duration of heat, all of which are related directly 
to the amount of overburden overlying the coal. Of 
these factors, heat is the most important; pressure is 
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significant only in the early stages of diagenesis and 
results mainly in a loss of water due to compaction. 
Coal rank is an excellent measure of the degree of 
organic metamorphism because, once a specific rank 
has been attained, it cannot be reversed. An increase 
in heat will cause a corresponding increase in rank, 
but a lowering of heat will have no effect. It is for this 
reason that anthracite can be found at shallow depth, 
at a temperature that is much below that which existed 
during its formation. In this context, coal has been 
aptly described as a maximum-reading thermometer of 
paleotemperatures. 
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FIGURE 3-1. Regional geological cross-section through east flank of Alberta Syncline (after Gussow, 1962), 
showing coal-bearing formations and part removed by erosion since late Eocene time (for 
location, see Fig. 3-9, line C-D). 
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The objective, when correlating petroleum occur
rences with coal rank, is to obtain their degree of 
organic metamorphism and, if possible, to find the 
corresponding paleotemperatures to which they were 
exposed. Previous studies, starting with the work of 
David White in 1915 (see Hacquebard and Donaldson, 
1970, Table I), have indicated specific levels of coal 
rank beyond which hydrocarbons will not occur. In 
the present study, such levels have been determined 
for all the fields of Alberta that showed production in 
1973, thus providing information that may be projected 
to new areas. 

DISTRIBUTION AND RANK OF COAL 
DEPOSITS IN THE ALBERTA PLAINS REGION 

In the Alberta Plains, the near-surface coals are 
of Late Cretaceous and Early Tertiary age. There are 
several coal-bearing formations and, since these dip 
gently to the west, coal lies close to the surface in many 
parts of the region (see Fig. 3- 1). As a result, mining 
has been carried out in numerous localities and has 
provided a wealth of analytical data. These data show 
that the coals range in rank from lignite in the east to 
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high volatile C bituminous in the west, but that by far 
the greatest part of the Plains region is occupied by 
coals of subbituminous rank. 

Contour maps of equal calorific values and equal 
moisture contents have been published by the Alberta 
Research Council (see Stansfield et al., 1925; Stansfield 
and Lang, 1944) and show that coal ranks change 
across the Alberta Syncline in a regular manner. These 
maps have been updated and expanded recently by 
Steiner et al. (1972), and the moisture data used in 
Figure 3-1 were obtained from one of them. As can be 
seen in the cross-section (Fig. 3-1), the moisture 
content of the near- surface coals decreases in a regular 
fashion from 30 per cent in the east-northeast to 10 per 
cent in the west-southwest. 

In the Alberta Plains, coal is present also in the 
upper part of the Mannville Formation, which is of 
Early Cretaceous age (Fig. 3-1). However, these coals 
have not been mined because they are thin and lie at 
appreciable depths below the surface. As a result, no 
rank data were readily available but, from old core 
samples, it still was possible to obtain the rank of 
some of these coals by means of vitrinite reflectance 
measurements. 
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FIGURE 3- 2. Location, depth and rank of Mannville coal samples and i somoisture contours of near- surface 
coals of Edmonton and Paskapoo Formations (for location of section, see Fig. 3-9, line A-B). 

12 



RANK DETERMINATIONS OF MANNVILLE COALS 
BY REFLECTANCE MEASUREMENTS 

In the Plains area north and northeast of Calgary 
(Fig. 3-9), it was possible to collect 54 core samples 
of Mannville coals that were intersected by old wells 
drilled in search of petroleum and natural gas. Of 
these, 34 samples gave reliable reflectance readings, 
but 20 samples did not because of oxidation of the 
coals. Table 3-1 gives the data on the 34 samples 
and Figure 3-2 shows their geographic locations, 
approximate subsurface depths and reflectance rank. 

Q) 
- N c. ~ ' 

TABLE 3-1 

Record of Mannville coal samples showing 
location, depth and reflectance rank 

Location of Well 
Position of coal sample 

~.2l ~ depth sea level 
~5~ in well elevation 
Q)Cc: 
s: ·- Lsd . Sec. Tp. R. Mer. 

in feet 

1 9 19 46 5 W4 1979 +258 

2 10 34 36 4 W4 2368 - 175 

3 6 28 40 8 W4 2983 -482 

4 6 14 38 10 W4 3181 -648 

5 10 18 42 12 W4 
2911 -633 

2915 - 637 

6 16 23 25 12 W4 3315 -878 

7 
4107 -1420 

7 26 38 18 W4 
4133 -1446 

8 8 18 36 19 W4 4222 -1346 

9 12 14 38 21 W4 4287 - 1597 

10 16 19 38 20 W4 4340 -1650 

11 8 26 39 20 W4 4235 -1547 

12 12 22 39 21 W4 4402 - 1714 

13 6 29 39 22 W4 4507 -1886 

14 10 33 39 23 W4 4715 -2018 

15 4 32 38 22 W4 4617 -1881 

16 10 20 35 21 W4 4668 -1861 

17 6 6 32 
4606 -1878 

21 W4 
4624 - 1896 

18 8 20 32 17 W4 4103 -1280 

19 6 22 32 17 W4 4040 - 1281 

20 7 17 30 18 W4 4176 -1353 

21 6 10 28 20 W4 4415 -1643 

22 10 28 26 21 W4 4696 -1740 

23 10 3 22 20 W4 3979 - 1152 

24 11 15 42 4 W5 6875 -3737 

25 4 18 41 3 W5 6780 - 3624 

26 3 36 37 3 W5 6911 -3900 

27 11 30 34 3 W5 7795 -4473 

28 6 15 33 3 W5 7899 -4499 

29 6 11 35 6 W5 9386 -5491 

30 12 31 37 9 W5 10790 - 6481 

31 6 16 28 6 W5 11175 -6612 

Q) 

>< " .. -
E~ 

~~ 
~ 0 
0 .§. 

0.42 

0.41 

0.44 

0.47 

0.48 

0.49 

0.58 

0.55 

0.59 

0.66 

0.62 

0.68 

0.67 

0.67 

0.68 

0.65 

0.61 

0.64 

0.60 

0.68 

0.58 

0.60 

0.62 

0.67 

0.66 

0.59 

0.81 

0.80 

0.80 

0.95 

0.96 

1.08 

1.31 

1.58 

The latter is given in V-types, which represent incre
ments of vitrinite reflectance that range from 0. 40 to 
0. 49 per cent for V4, from 0. 50 to 0. 59 per cent for V5, 
and so forth. 

As can be seen in Figure 3-2, the rank of the 
Mannville coals increases from V4 in the east to V15 in 
the west. This rank increases with increasing depth 
of burial and is parallel to that observed for the near
surface coals (shown by the isomoisture contours). 
The increase in depth of the Mannville coal zone follows 
the general westerly inclination of the strata toward 
the axis of the Alberta Syncline (Fig. 3-1). 

The changes in rank of the Mannville coals are only 
lateral in nature, because the same stratigraphic horizon 
is involved. That these changes are related to an 
increase in overburden is clearly indicated by Figure 3-2, 
but a true relationship can be obtained only when the 
rank is plotted against the original maximum depth of 
burial, rather than against present depth below the 
surface. Moreover, when the maximum depth of burial 
is known, it may be possible also to plot the vertical 
changes in rank above and below the determined values, 
and obtain a three-dimensional picture of the changes 
in organic metamorphism. 

COAL RANK AND MAXIMUM DEPTH OF BURIAL 

Moisture content versus depth of burial 

The eroded thickness of overburden that was 
originally above the Mannville coals can be deduced 
from the rank of the overlying near-surface coals. 
These coals are lignites and subbituminous coals and, 
as such, are ranked by their moisture content. A cor
relation between moisture content and depth of burial 
is, therefore, required. For this it is necessary to 
have moisture data on vertical coal sequences through 
various rank stages. Such data do not exist in Canada, 
but they are available from German mines and boreholes 
in publications by Kutzner (1960) and Patteisky and 
Teichmiiller (1960) . 

For the lowest rank material, the brown coal deposit 
near Cologne has provided the necessary analyses, 
while the higher rank moisture data were obtained from 
boreholes in the Upper Silesian coalfield. When the 
information of both areas is plotted in one diagram, it 
is found that the moisture content decreases logarithmic
ally with depth (see Fig. 3-3). 

It is interesting to point out that, on some British and 
New Zealand coal sequences, Suggate (1959) obtained 
a similar result, with a closely comparable logarithmic 
rate of decrease. 

Eroded sediments of Alberta Syncline 

In Figure 3-1, the maximum thickness of sediments 
originally present in the Alberta Plains has been plotted 
to scale in relation to the geological cross-section. The 
various eroded thicknesses were obtained from the 
moisture contents of the near-surface coals and their 
correlation with maximum depth of burial as shown in 
Figure 3- 3. 

Figure 3-1 indicates that the order of magnitude 
GSC of the eroded overburden is not unreasonable. 
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FIGURE 3-3. Relationship of moisture content of coal and depth of burial , plotted logarithmically from data 

of Kutzner (1960) and Patteisky and Teichmiiller (1960). 

The Paskapoo Formation is known to reach a present 
thickness of more than 1524 m (5000 ft.) in the Porcupine 
Hills of southern Alberta (Taylor et al., 1964), and an 
original thickness of at least 1829 m (6000 ft.) may, 
therefore, be acceptable. Like the underlying formations, 
the Paskapoo would have thinned toward the east but, 
starting with an optimum of 1829 m (6000 ft.), there is 
sufficient thickness available to make up the calculated 
overburden corresponding with 20, 25 and 30 per cent 
moisture. Moreover, the removed thicknesses of the 
Edmonton and Belly River Formations also contribute 
to this. . 

The required 2195 m (7200 ft . ) of overburden for 
the 10 per cent moisture position are more difficult to 
interpret. An additional 914 m ( 3000 ft. ) of overburden, 
probably also of Paskapoo age, are necessary because, 
following this p eriod, the whole region was uplifted 
and subjected to erosion. These additional strata may 
well have occurred in the western region adjoining 
the Foothills because of its proximity to the area of 
greatest subsidence and aggradation, prior to the 
Laramide Orogeny. 
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According to Taylor et al. (1964), the major source 
of the Paskapoo sediments was the Cordilleran geanti
cline, and especially the highlands of its eastern flank 
in the present Columbia Mountains (i.e. collectively 
the Purcell, Selkirk and Monashee Mountains). These 
deposits formed "a great series of coalescent, inter
fingering alluvial fans, fluvial sediments and basin 
deposits which fringed the highlands and reached 
across the Rocky Mountain geosyncline on the stable 
shelf" (Taylor et al. , ibid. ) . 

Rank of Mannville coals versu§ 
maximum depth of burial 

The maximum depth of burial of the Mannville coals 
is obtained by adding the thickness of eroded sediments 
to the present depth b elow the surface. This has been 
done in Figure 3- 4, which s hows the relationship 
between rank and maximum depth of burial of 30 
Mannville coals across the eastern flank of the Alberta 
Syncline (Sec. A- B in Figs. 3- 2, 3- 4). The rank is 
shown on the abscissa in per cent reflectance and the 



PALEO- GRADIENT 

0 

-1 
<C( 5000 
Q2 
::> 
1:0 

LL 

RANK 
0 

2.8 2.6 2.6 2.5 
I I I I 

0.4 0.6 
I 

I* B 

48ob FT 
I 

• 
~. I 

"1600 FT 
0 
J: 

:;:: 10000 

·' .1. 
---9400 FT---~: 

w 
0 

~ 
::> 
~ x 
~ 15000 

2.4 2.4 2.4 2.3 2.3 2.2 
I I I I I I 

0.8 1.0 1.2 
I I I 

-~ 

2.2 °C/100M 
I I 

1.4 1.6 % R0 
I I 

A 
LLV) 

35 °-1 w~ 
~u 

20 In w -u 
~~ 

10 1- ::> zV> 
w~ 
U<C( 

5 o:::W 
~z 

20000 
FEET 

....... 
6000 ............ 

METRES .......... 
GSC 

FIGURE 3-4. Rank and maximum depth of burial of Mannville coals. 

depth of burial on the ordinate at the left in both feet 
and metres. On the ordinate at the right, the per cent 
moisture of the near-surface coals is ruled off in relation 
to their corresponding depths of burial, as obtained 
from Figure 3-3. 

The procedure followed in plotting the curve is 
illustrated with Mannville coal D, which has a reflec
tance of 0. 62 per cent and lies 1402 m ( 4600 ft. ) below 
the present surface, where near-surface coal E has 
20 per cent moisture. A coal with 20 per cent moisture 
requires an overburden thickness of 1463 m ( 4800 ft.). 

The maximum depth of burial of coal D, therefore, is 
1402 + 1463 = 2865 m ( 4600 + 4800 = 9400 ft.), which is 
shown on the ordinate. 

The other 29 coals used for the diagram have been 
plotted in the same way. The resultant curve shows 
~hat a good correlation exists between rank and maximum 
depth of burial. However, the Mannville coalification 
curve relates only to lateral changes along an east-west 
section that is 338 km (210 miles) long. For an insight 
into the vertical changes in rank above and below the 
curve, additional information on coalification time and 
paleotemperature is required. 

RANK, COALIFICATION TIME AND 
PALEOTEMPERATURE 

Coalification diagrams of Karweil and Bostick 

The diagram of Karweil, which was first published 
in 1956, shows the effect of time on the coalification 
process (see Fig. 3-5). When, for instance, vegetal 
matter is heated at 120°C for 10 m. y. , a high volatile 
bituminous coal with 0. 6 per cent Ro or 43. 7 per cent 
V. M. will result. However, if the duration of heat is 
extended to 100m. y., then a low volatile bituminous 
coal with 1. 68 per centRo or 20 per cent V. M. will be 
formed. The diagram, which is based on reaction 
kinetics, also shows that long heating at relatively low 
temperature can produce coal of the same rank as short 
heating at higher temperature. For instance, 60°C 
during 300 rn. y., or 180°C for 10m. y. will both result 
in a bituminous coal with 35 per cent V. M~ 

From the diagr,am, it is obvious that, if the rank of 
coal and its coalification time are known, the paleo
temperature can be read directly from the ordinate. 
For studies of organic metamorphism in relation to 
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petroleum occurrences, this feature is of particular 
importance. Bostick (1973) used it to great advantage 
in his studies of phytoclasts and, since the rank of 
these dispersed coaly particles is obtained from reflec
tance measurements, he converted Karweil's diagram 
into one showing contours of equal reflectance (see 
Bostick, 1973, Fig. 8). In so doing, the Ro rank of 
coal can be translated readily into paleotemperatures 
once the coalification time has been determined. 

Coalification history of Mannville coal 
with a rank of 0. 74 per cent Ro 

Bostick's diagram lends itself well to plotting the 
coalification history of particular samples. Following 
his guidelines, the history of a Mannville coal with 
0. 74 per cent Ro is portrayed in this manner in 
Figure 3-6 by the V-shaped curve. 

The coal, which is Early Cretaceous in age, was 
initially deposited 104 m. y. ago. This is shown as 
0 on the time scale marked on the abscissa. After its 
formation, the original peat bog was buried by younger 
sediments, and subsidence and deposition continued 
until late Eocene-early Oligocene time, when the region 
was uplifted, following the Laramide Orogeny. There
fore, at 72 m. y. after its initial deposition, the coal 
reached its maximum overburden and was subjected to 
the optimum temperature. After this, erosion took 
place until the present time, or for 32m. y. 

At present, the coal lies at a depth of 1829 m 
(6034 ft.) and has a rank of 0. 74 Ro. The current 
temperature at this depth is 55°C. This value was 
obtained by interpolation from the Simonette oil pool, 
becauee it lies at the same relative rank position in the 
field as the Mannville coal under discussion, namely 
below the 17 per cent moisture contour. Oil with a 
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measured temperature of 105°C occurs at a depth of 
3534 m (11 662 ft.), which calculates to a geothermal 
gradient of 2. 92°C/100 m. From this, a temperature of 
55°C is obtained at a depth of 1829 m ( 6034 ft.) . 

Of the particular Mannville coal under discussion, 
the following data now are available: 72 m. y. until 
maximum overburden was reached; 32 m. y. of erosion 
until the present time; a rank of 0. 74 per centRo; and 
a current temperature of 55°C. 

When this information is entered in Bostick's and 
Karweil's coalification model, then the V-shaped curve 
shown in Figure 3-6 will result. It shows (through 
integration of the area above the curve with the total 
area of the rectangle) that a rank of 0. 74 per centRo 
can be obtained only when, at 72 m. y. , a temperature 
of 103°C has been reached. As the 0. 74 per cent iso
reflectance contour intersects the 103°C abscissa at 
35 m. y. (point A in Fig. 3-6), it follows that this 
particular rank can be equated with a heating period 
of 35 m. y. This does not mean that the coal actually 
was heated for that length of time at that temperature. 
As the diagram shows, the temperature gradually 
increased to 103°C during 72 m. y. , and then decreased 
to 55°C during the next 32 m. y. The result, however, 
is the same as is portrayed in Karweil's diagram by 
the 35m. y. contour, at 103°C. 
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Correlation of paleotemperatures and 
Ro rank of Mannville coals 

With the establishment of a coalification period 
equal to the 35 m. y. contour, it now becomes possible 
to obtain the paleotemperatures of the various rank 
stages of the Mannville coals. 

For each time contour in Karweil' s diagram there 
is a logarithmic relationship between coal rank and 
paleotemperature. For the 35 m. y. contour, this 
relationship is shown in Figure 3-7. For example, a 
rank of 0. 8 per cent Ro correlates with a temperature 
of 106°C . 

CONSTRUCTION OF COALIFICATION DIAGRAM 
APPLICABLE TO ENTIRE ALBERTA PLAINS REGION 

50 106 150 200 

By returning to the Mannville coalification curve 
(Fig. 3-4) with the paleotemperatures corresponding 

PALEOTEMPERATURE (IN °C) asc 

FIGURE 3-7. Relationship of rank and paleotemperatures 
of Mannville coals, based on 35 m. y. 
contour of Karweil's (1956) coalification 
diagram (with VM-Ro conversions of 
Teichmiiller, 1971). 

to the various Ro readings, it is possible now to calcu
late the paleogeothermal gradient and determine the 
positions of the isoreflectance contours. The resulting 
diagram, shown in Figure 3-8, gives a three-dimensional 
picture of the changes in rank (or degree of organic 
metamorphism) . Apart from the vertical changes, it 
also relates to regional changes, because the diagram is 
tied in with the isomoisture contours of Figure 3-2 and, 
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and, therefore, is applicable to the entire Alberta 
Plains region. This is considered acceptable because 
the agencies that controlled the coalification of the 
near-surface coals were the same as those affecting 
the underlying measures. 

Calculation of paleogeothermal gradients 

The procedure followed can best be explained by 
considering one particular coal of the Mannville curve, 
namely coal C (see Figs. 3-4, 3-8) . Coal C has a 
depth of burial of 3810 m (12 573 ft.) and a rank of 
0. 8 per c•3nt Ro, which corresponds to a paleotempera
ture of 106°C (from Fig. 3-7). The gradient over this 
depth, when using a surface temperature of 16°C, 
calculates to 2. 4°C/100 m (or 1. 30°F/100 ft.) . A 
surface temperature of 16°C (or 60°F) was used because, 
during early Oligocene time (when the maximum depth 
of burial was reached) , a mild climate prevailed in 
western Canada, with a much higher average annual 
temperature than at present (Piel, 1971). 

Calculations, similar to the one explained above, 
have been made to obtain the gradients at the other 
principal Ro positions. The results, which are shown 
in the uppermost abscissa of Figure 3-8, indicate that 
the paleogeothermal gradient was not constant, but 
varied across the section. The highest gradient of 
2. 8°C/100 m occurred in the east, on the site of the 
Canadian Shield (left side of Fig. 3-8) and the lowest 
gradient of 2. 2°C was obtained in the west, where the 
sedimentary column is thickest (these gradients are 
equal to 1. 52°C and 1. 23°F/100 ft., respectively). 

This result conforms with present observations 
of the geothermal gradient, except that the current 
temperatures are higher, with gradients declining from 
4. 3°C/100 min the east to 2. 2°C in the west along the 
same line of section (or from 2. 4° to 1. 2°F/100 ft., 
respectively) . 

Determination of isoreflectance contours 

The isoreflectance contours show the vertical and 
lateral changes in Ro rank in the subsurface in relation 
to the Mannville coalification curve (dashed lines in 
Fig. 3-8). Their position has been obtained from the 
geothermal gradients and the paleotemperatures. The 
procedure is as follows: in order to find the vertical 
position of 0. 7 per centRo above the 0. 8 per cent position 
on the curve (at C), one subtracts the two corresponding 
temperatures of 106° and 96° (from Fig. 3-7) and divides 
by the gradient of 2. 4. As the latter is per 100m, it is 
necessary to multiply by 100, which gives a distance 
of 417 m (1376 ft.). 

In the same way, the positions of 0. 6, 0. 5 and 0. 4 
per cent Ro above the curve have been calculated, as 
well as those for 0. 9 to 1. 6 per cent Ro below the curve. 
The procedure was repeated for :;tll principal Ro positions 
of the curve and, by connecting the corresponding Ro 
level, the isoreflectance contours were drawn. With 
these contours, the rank now can be obtained for every 
subsurface position above and below the Mannville coal 
horizon throughout the Alberta Plains region. 

DISTRIBUTION OF OIL AND GAS POOLS 
IN RELATION TO ISOMOISTURE CONTOURS 

OF NEAR-SURFACE COALS 

In Figures 3-9 and 3-10, the oil and gas pools have 
been plotted on the isomoisture contour map of the near
surface coals present in the Alberta Plains region. 
Noteworthy is the observation that these maps already 
reveal a general correlation between coal rank and the 
known petroleum occurrences. Figure 3-9 shows that, 
with the exception of two fields, there are no oil pools 
west of the 10 per cent moisture contour. These 
exceptions are the Ricinus and Turner Valley fields, 
both occurring in structurally deformed areas. On the 
other hand, the gas pools (Fig. 3-10) extend as far 
west as the 4 per cent moisture contour, denoting a 
geographic demarcation with a higher rank of coal than 
the oil pools. 

From the maps, the ·rank, in terms of moisture 
content of the near-surface coals immediately overlying 
the oil and gas pools, can be read directly. This is 
illustrated with the Judy Creek and Pembina oil fields 
in Figure 3-9. At J, the moisture content is 26 per cent 
and at Pit lies between 15 and 20 per cent, averaging 
17 per cent. 

In Figure 3-10, the gas pools of Edson and Medicine 
Hat have been especially marked. At E, the moisture 
content of the near-surface coals is 14 per cent, while 
at M it lies between 25 and 35 per cent, averaging 
30 per cent. 

DETERMINATIONS OF DEGREE OF 
ORGANIC METAMORPHISM (DOM) OF 

PRODUCING PETROLEUM FIELDS IN ALBERTA 

Procedure followed in obtaining 
the coal rank positions 

The four petroleum occurrences especially indicated 
on the isomoisture contour maps are shown also in 
Figure 3-8, and have been marked 1, 2, 3 and 4. Their 
DOM in terms of coal rank are determined in the 
following manner. 

The Judy Creek oil pool ( 1) is plotted at the 26 per 
cent moisture position to its producing depth of 2743 m 
(9000 ft.), where it lies at a rank level of 0. 8 to 0. 9 per 
centRo, or V8. The Pembina oil pool (2) is plotted at 
the 17 per cent moisture position. It produces from an 
average depth of 1524 m (5000 ft.), which correlates 
with a rank of V6. The Medicine Hat gas pool ( 3) at 
30 per cent moisture and a depth of 610 m (2000 ft.) 
plots through to V 4. The Edson gas field ( 4) , which 
underlies the 14 per cent moisture contour by 3048 m 
(10 000 ft.), is correlated with a rank of V10. 

Of these fields, those below the Mannville curve 
produce from the Paleozoic, while those that lie above 
it have production from the Cretaceous or Tertiary. 
Since the former ar·e below the Paleozoic unconformity 
(see Fig. 3-1), the question arises: can their rank 
position be projected from the considerably younger 
Mesozoic coals? The answer to this question is related 
to the maximum depth of burial, because it controls the 
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rank of coal. An increase in depth of burial can cause 
an increase in rank, but a decrease will not affect it, 
because the coalification process is irreversible; once a 
specific rank has been attained, it cannot be diminished. 

It seems reasonable to assume that the maximum 
depth of burial took place in post-Mannville time, and 
that this depth exceeded the amount of overburden that 
was removed by erosion during the time represented 
by the unconformity. Rank projections from the 
Cretaceous into the underlying Paleozoic, therefore, 
appear to be in order. 

Coal rank assignments and paleotemperatures 
of initial petroleum reserves in 

producing fields of Alberta 

Rank assignments of all oil and gas pools known 
in Alberta in 1973 have been made in the same manner 
as was explained previously for the four selected fields 
shown in Figure 3- B. A total of 7B oil pools and 66 gas 
pools have been considered and, of each, the calculated 
initial reserves have been plotted against the projected 
coal rank, which is given in terms of reflectance by 
V'types. For each V type, moreover, the corresponding 
paleotemperatures (obtained from Fig. 3-7) have been 
recorded also. The data on initial reserves, depth 
of producing zones and their geological age were 
obtained from the publication by the Energy Resources 
Conservation Board of Alberta (1973) on oil and gas 
reserves. The results are shown in Figure 3-lla and 
Appendices B and C. · 

The diagram reveals that, in Alberta, BB per cent 
of the initial (in place) oil reserves have a DOM com
parable to a coal rank of.O. 5 to 0. 9 per cent Ro (V5-VB), 
with about half (41%) of this occurring at V6. The 
paleotemperatures in this interval range from 6B to 
l16°C, with the bulk occurring b etween B2 and 96°C. 
No oil was found above V12, or above 143°C. These 
results conform rather well with published data of 
Landes (1966), Wassojewitch et al. (1969), Tissot et al. 
(1971) and Teichmuller (1974), which indicate that 

"Significant hydrocarbon generation begins about 65°C 
(0. 5% Ro) and destruction of liquid hydrocarbons takes 
place above 135- 150°C (1. 2% Ro). This interval has 
been called the "liquid window" by Pusey (1973). In 
Alberta, the liquid window lies essentially between 
52 and 131°C (or between 0. 4 and 1. 1% Ro). When 
expressed in thickness of potential sediments, the 
window averages about 3000 m (9900 ft.), as deduced 
from Figure 3- B). 

An interesting observation is that, while the 
Paleozoic oil occurs in about the same quantities at the 
rank levels of V6, V7 and VB, the Cretaceous oil is 
found predominantly at V6. 
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Further distinctions can be made if the oil reserves 
are broken down according to their stratigraphic 
occurrence (Fig. 3- llb). The distribution of Devonian 
and post-Mannville (Cretaceous) reserves are sym
metrical about modes at V7 and V6, respectively. This 
type of distribution to a large extent reflects the close 
association of the oil pools with their source rocks. In 
contrast, the distribution of Mannville and Jurassic 
reserves indicates the effects of secondary migration. 
These are the pools occurring in the V 4 zone in the 
vicinity of Lloydminster and the more important Mannville 
accumulations occurring in the V5 zone. In contrast, 
only a small proportion of the Mannville reserves occur 
in the V6 and V7 classes which are the optimum zones 
for the occurrence of oil in the Devonian and post
Mannville sequences. The occurrence of oil in the V4 
zone below the minimum generation temperature of 65°C 
indicates that up-dip migration has occurred. Organic 
geochemical studies of Alberta oils (see Chap. 6) give 
strong support to an eastern migration of oil derived 
from the Mannville. In the case of the Mississippian, 
the distribution of reserves is enlarged to include the 
V9 and V10 zones due to the fields in the Harmattan 
region adjacent to the Foothills. 

As regards the DOM of natural gas pools, large 
quantities of biogenic methane occur at a coal rank of 
V4, or between temperatures of 52 and 6B°C. Thermal 
gas ranges over a much larger rank interval; it is 
abundant particularly between VB and Vll ( 47% of total 
thermal gas) and substantial quantities also lie at V15 
( 15%). The temperature range of the thermal gas is 
from about 106 to 177°C. According to Landes (1966), 
gas is found between 120 and 204°C. So, here also, 
the Alberta occurrences are within the broad tempera
ture limitations previously published. 

In general terms, it can be stated that, in Alberta, 
the DOM of most of the oil is comparable with a rank of 
V5 to VB, or with high volatile "C" to high volatile "A" 
bituminous coal. Gas compares with VB to V19, or 
with middle of high volatile "A" bituminous coal to 
semi - anthracite. 

In conclusion, it can be stated that the present 
comparative study of coal rank and petroleum occur
rences supports the view that both oil and gas occur 
within specific ranges of organic metamorphism. These 
ranges are defined by the paleotemperatures and this 
temperature interval can be deduced from the rank of 
coal and also from the rank of dispersed coaly particles 
in associated sediments. Rank determinations, there
fore , are an important tool in petroleum exploration. 
They can outline areas with a favourable degree of 
organic metamorphism, and also indicate the subsurface 
position of the petroleum "floor" beyond which explora
tion drilling should not be extended. 



CHAPTER 4 

ANALYTICAL METHODS AND SAMPLING PROCEDURES 
USED IN GEOCHEMICAL STUDY 

ANALYTICAL PROCEDURE 

The analytical methods used are described in detail 
by Oudin (1970) and Durand et al. (1970) and are 
summarized in Figure 4- 1. The oils were distilled and 
the fraction boiling above 210°C retained. The fraction 
boiling below 210°C was not used in the analysis since 
its composition can · be altered during sampling and 
storage (Poulet and Roucache, 1970). The rocks were 
ground to <90 microns in an "aurec" pulverizer and the 
organic carbon determined. Selected samples were 
extracted in a soxhlet with chloroform in total dark
ness according to the method described by Durand 
et al. (1970). 

The same procedure was then used on both the oils 
and rock extracts (Fig. ·4- 1) , and i s applicable when 
as little as 100 mg are available. Separation of asphal
tenes was achieved by precipitation with hexane and 
saturated hydrocarbons; aromatic hydrocarbons and 
resins were separated by liquid chromatography on 
alumina and silica gel. This stage of the analysis gave 
information on the overall composition of the oil or 
extract and provided a basis for the selection of samples 
for more detailed study. 

The saturated hydrocarbons were analyzed by 
capillary gas chromatography (CGC) and mass spectrom
etry (MS). The mass spectrometry was carried out 
on an AEI MS 2 instrument. The volumetric percentage 
of normal + isoalkanes and cyclo-alkanes with 1, 2, 3, 
4, 5 and 6 cycles (Fig. 4-2) were determined by the 
method of Hood and O'Neal (1959) . Gas chr omatography 
was carried out using a Perkin Elmer 900B gas chroma
tograph with a capillary column coated with OV- 17. 
Normal alkanes ranging from nC14 to nC30 were analyzed 
(Fabre et al., 1972) as well as isoprenoid alkanes 
ranging from C15 to C25 (Han and Calvin, 1969) 
(Fig. 4-2). 

The aromatic hydrocarbons also were analyzed by 
gas chromatography. Both the distribution of t r ue 
aromatics and thiophenic compounds were determined 
using a gas chromatograph equipped with both a flame 
ionization detector (FID) and a flame photometric 
detector (FPD). The results are illustrated in Figure 4- 3. 
The upper chromatogram ( FID) represents the data for 
both the aromatic and thiophenic compounds while the 
lower curve (FPD) shows only the thiophenic compounds. 
The lower curve represents the distribution of three 
main types of thiophenes: the benzothiophenes, the 
dibenzothiophenes and the naphthobenzothiophenes 
(Castex et al., 1974) . The range of each of these is 
shown in the lower part of Figure 4- 3 with the structure 
characteristic of each group. 

Gas chromatographic analysis was used as a basis 
for selecting samples for a more detailed study of the 
aromatic hydrocarbons. 

The aromatic hydrocarbons were then split by 
liquid chromatography into the mono-, di- and tri
aromatic fractions (Figs. 4-1, 4-4). A detailed study 
was made of each fraction using mass spectrometry 
at a low ionization voltage ( 10 eV). This analysis 
(Oudin, 1970) gave the distribution in mass per cent 
of the aromatic and thiophenic compounds in each 
aromatic fraction (Figs. 4-4, 4-5). The distribution 
of compounds can be determined as a function of: 

(a) Number of carbon atoms (Fig. 4-5a); 
(b) Mass family CnH2n-p (Fig. 4- 5b, f); 
(c) Number of carbon atoms within each mass family 

for the successive aromatic compounds of p=6 to 
p=28 and for the sulphur compounds (benzo- and 
dibenzothiophenes), known as thiophenics, of the 
same molecular mass (Fig. 4- 5c to e). 

Sulphur analyses were made on both the total oil 
or extract and on the aromatic fraction. 

SAMPLING AND PROGRAMME 

The study has been made in two geographic areas 
as previously indicated (Fig. 1-1) . The geographic 
locations of the oil and rock samples from each of the 
major stratigraphic intervals are plotted in Figures 2-4 
to 2-14 and are cross-referenced to Appendices D and E. 
In each area, the analytical work has been carried out 
in four successive stages as follows: 

(a) Measurement of total organic carbon in rocks; 
(b) Extraction (or distillation to 210°C) and fractiona

tion of the extracts (or the oils) followed by 
analysis of their saturated hydrocarbons by 
capillary gas chromatography (CGC) and mass 
spectrometry (MS) ; 

(c) Analysis of their aromatic hydrocarbons and 
thiophenic compounds by capillary gas chroma
tography (CGC); 

(d) Analysis of their aromatic hydrocarbons by MS after 
fractionation into mono-, di- and triaromatics. 

Each of the stages a, b, and c have served for the 
selection of samples to b e analyzed in the following 
stages. The numbers of samples from the two areas 
which have been analyzed in this manner follow on 
pages 26 and 27. 
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FIGURE 4-2. Typical analysis of saturates fraction. 

a) Distribution of cyclic compounds by ring number 
based on mass spectrometry. 

b) Distribution of n-alkanes and acyclic isoprenoids. 
c) Gas chromatogram showing n-alkanes, and 
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Range of the three detected group·s of thiophenic compounds included in curve 
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For the oils from the central part of the basin: 

stage b 
stage c 
staged 

79 samples 
49 samples 
25 samples 

For the extracts from the central part of the basin: 

stage a 

Mass family 

CnH2n-6 

CnH2n·B 

CnH2n·lO 

CnH2n-12 

CnH2n-14 

CnH2n-16 

CnH2n-18 

CnH2n-20 

545 samples of 200 g each. Of 
these, 125 were made up of 
1000 g and 49 supplementary 
samples were analyzed because 
of contamination problems. 

Monoaromatics Diaromatics 

OR 
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oSDR co R 

# ' oYR 
A' 

o)DR 

# ' .6' 

stage b 

stage c 
staged 

135 samples of which 25 samples 
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allow the total analysis outlined 
in b . 
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FIGURE 4- 4. Principal structural types of aromatic hydrocarbons. Monoaromatics occur in aromatic fraction 1, 
diaromatics in fraction 2, triaromatics in fraction 3. Benzothiophenes are eluted with fraction 2 and 
dibenzothiophes with fraction 3. 
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For the extracts from the margin of" the basin: For heavy oil extracts from the margin of the basin: 

stage a 

stage b 

stage c 
staged 

SAMPLE 

LOCATION 

DEPTH 

AGE 

FORMATION 

IDENTIFICATION 

241 samples with 36 supplemen
tary samples. 

stage b 

stage c 
staged 

63 samples of which 35 were 
completely analyzed at this 
stage. 
39 samples 

3 samples 

54 samples of which 10 d id not 
yield any extract and only 11 
samples had sufficient extract 
to complete the analysis out
lined in b. 
24 samples 

4 samples 

A detailed list of all samples gtvmg locality and 
the different procedures carried out on each sample is 
given in Appendices D and E . 
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FIGURE 4- 5. Typical distribution of aromatic compounds based on mass spectrometry. 
a) Distribution of aromatic hydrocarbons by car bon number. 
b) Distribution by mass family in total aromatic fraction. 
c) Distribution by carbon number in the mass family CnH2n- 12· Peak at C13 is 

attributed to the naphthalene family and the peak at C17 to dibenzothiophenes. 
F1 =fraction 1, etc. 

d) Distribution by carbon number in the mass family CnH2n- 14· Peak at C17 is 
attributed to true aromatics and plateau at C20• C21 to dibenzothiophenes. 

e) Distribution by carbon number in the mass family CnH2n- 18 (phenanthrene). 
Peak at C1s is attributed to phenanthrene and secondary peak at C2o- C21 is 
attributed to dibenzothiophenes. 

f) Distribution by mass family in fraction 3, compounds at p =12, 14, 16 are 
equivalent to sulphur families 16S, 18S, 20S (see Fig. 4-4). 
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FIGURE 4-6. Effect of Type 1 contamination of rock extracts on saturated hydrocarbon 
composition. Shaded areas are attributed to contamination. 
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FIGURE 4- 7. Example of Type 1 contamination of rock extracts from the margin of the b asin. 
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FIGURE 4-8. Examples of Type 2 contamination of rock extracts. 

PROBLEM OF CONTAMINATION 

In both areas of study, many of the rock extracts 
were found to be contaminated to a greater or lesser 
extent. For example, in the central part of the basin, 
60 out of 110 samples have some anomaly in the distri
bution of normal alkanes . There is a maximum in the 
normal alkane distribution at nC20 (Fi g. 4-6a) which 
occurs irrespective of the geological or geographic 
provenance of the samples_ The anomaly was reduced 
by superficial washing of the core but there is no doubt 
that the contamination extended deeply into the samples. 

30 

To check the extent of the contamination, the periph
eral 7 to 8 mm of a core were removed and extracted 
separately from the central part of the core. The 
saturated hydrocarbons from the periphery show a 
prominent maximum at nC2o in the normal alkanes 
(Fig. 4-6d) ; in contrast, the saturated hydrocarbons 
extracted from the core interior do not show such a 
marked maximum at nC2o (Fig. 4-6c), but it is present 
nonetheless. Hence the contamination is deeply impreg
nated in the rock. It seems that the polluting agent is 
almost entirely composed of saturated hydrocarbons 
rich in normal and iso-alkanes. In the contaminated 



TABLE 4-1 

Composition of extracts from 
contaminated and uncontaminated rock 

~ 

Sample No. LClO ....,-o 
.... <I) 

Bingley 
CIJ ..... a.. CIJ 

4-23-40-7W5 
'- -~ 
.Q E 
.... CIJ 

7560' <!) ...... 
...... c: 

Albian-Viking 
X 0 
UJU 
~ 

Gross composition of extracts 

% resins+ asphaltenes 45.50 

% HC aromatics 18.00 

% HC saturated 36.50 

Ratio HC saturated/HC aromatics 2.02 

%resins+ asphaltenes 
71 

%resins+ asphaltenes + HC a rom. 

% HC aromatics 

% resins+ asphaltenes + HC a rom. 
29 

Composition of saturated HC 

%alkanes (iso + n) 53 

% cyclo-alkanes 47 

Distribution of cyclo-alkanes 

cyclo-alkanes with 1 ring 28.1 

cyclo-alkanes with 2 rings 25.0 

cyclo-alkanes with 3 rings 18.5 

cyclo-alkanes with 4 rings 17.7 

cyc_lo-alkanes wi~h 5 rings 10.7. 

~ 

"0 

~2 
CIJ CIJ 
a...~ 
,_ E 

.Q CIJ .......... 
<I) c: 
...... 0 
c: u 
- c: 

:::1 
~ 

41.10 

15.70 

43.20 

2.75 

72 

28 

61 

39 

27.8 

25.9 

19.1 

16.7 

10.5 
GSC 

samples, there is an increase in the proportion of 
saturated hydrocarbons (Table 4-1) and more particu
larly the iso- and normal alkanes. In comparison, 
the distribution of resins, asphaltenes and aromatic 
hydrocarbons remains unchanged and, also, the cyclo
alkanes are not affected. Examination of the aromatic 
hydrocarbons ( CGC) does not show any difference 
between the hydrocarbon extracts of the periphery and 
those from the interior part. This contamination has 
been designated type 1. The 60 polluted samples were 
not contaminated to the same extent and the results 
obtained on 30 of them could be used. 

Similar contamination problems were encountered 
in the study of the margin of the basin. In this 
region, those samples that had a low extract yield 
were contaminated to the greatest extent (Fig. 4-7a, 
b, c) . This feature can be illustrated by two extracts 
from the same level at Tawatinaw North (Fig. 4-7c, d). 
The sample with the lowest extract (M76, 55 mg) was 
contaminated to a greater extent than the sample with 
a higher extract (M77, 150 mg). The polluted samples 
also are characterized by a low content and irregular 
distribution of isoprenoids. Many of the Devonian 
samples from this region also have been contaminated. 

Another type of contamination (type 2) is illustrated 
by an extract from the Bohn Lake sample (M31) from 
the McMurray Formation (Fig. 4- 8) . This extract, 
which is anomalously low in asphaltenes and resins, 
has a large yield of saturated hydrocarbons (242 .mg). 
The chromatogram of the saturated hydrocarbons shows 
a symmetrical hump of unresolved peaks in the vicinity 
of C1s (Fig. 4-8) . This distribution is similar to that 
of diesel oil in which the compounds below C1s have 
been lost by evaporation. A similar hump in the same 
range was found in the chromatogram of the aromatic 
hydrocarbons. This feature was confirmed by the MS 
analysis where the distribution of aromatic hydrocarbons 
by carbon number shows a narrow and symmetrical 
distribution about a C17 to C1s mode; the same feature 
was found in the various aromatic and thiophenic mass 
familie·s. In addition, the monoaromatics clearly are 
more abundant than the other mass families. 
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CHAPTER 5 

GEOCHEMICAL ANALYSES OF CONVENTIONAL OILS 
(BASIN CENTRE) AND ROCK EXTRACTS 

GEOCHEMISTRY OF OILS 

Three groups of oils have been defined in the 
Western Canadian Sedimentary Basin. 

Group 1 - occurring in Upper and Lower Cretaceous 
reservoirs (Belly River, Cardium, 
Viking Fms.) 

Group 2 - occurring in the lowermost Cretaceous 
(Lower Mannville Gp.) Jurassic and 
Mississippian 

Group 3 - occurring in the Upper Devonian (Nisku, 
Leduc Fms. ) and Middle Devonian 
(Beaverhill Lake Fm. ) 

There are exceptions to this stratigraphic classification 
for some oils occurring in the vicinity of the Lower 
Cretaceous unconformity. 

Gross composition 

The Group 2 oils can be distinguished from the other 
two groups on the basis of gross composition (Fig. 5- 1). 
They are richer in aromatics C;.-20%) and asphalt 
(including resins) than the remaining oils. 

Generally, analyses of the total oils (Fig. 5- 1) 
show that the Group 2 oils are richest in aromatics 
(>20%) and asphalt (including resins). Similarly, 
analyses of the oil "residues" (t0 > 210°C) demonstrate 
that the Group 2 oils are richest in aromatics and poorest 
in saturated hydrocarbons (<55%) (Fig. 5-2). It is 
not possible, however to distinguish between the other 
two groups on the basis of gross composition alone. 
The difference between Group 2 and the other groups is 
shown more clearly by the distribution of hydrocarbons 
(acyclic alkanes, cyclic alkanes and aromatic hydro
car bons) (Fig. 5-3). The s amples belonging to Group 2 
have the highest aromatic content ( >33% ) and the lowest 
alkane content (< 29%), but again the other two groups 
cannot be distinguished. 

At this stage, it is worth noting the exceptions to 
the above classification. The Mississippian oils (Elkton 
Fm.) from Westward Ho (Sample 47, Appendix D and 
Fig. 2- 9), Sundre ( 46), Harmattan East ( 49) and 
Harmattan Elkton ( 48) are clearly richer in saturated 
hydrocarbons (> 65%) than the other oils of Group 2. 
The proportion of aromatic hydrocarbons in the total 
hydrocarbons is lower than ( < 30%) and the cyclic 
alkane contents are amongst the highest of the Group 2 
oils. The Sylvan Lake (72, 73) and Medicine River 
(66-70) oils are richer in saturated hydr ocarbons than 
most of the Group 2 oils but the distribution of hydro
carbons within the saturate fraction (acyclic and cyclic 
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alkanes) is similar. The Niton (62) crude and the 
oils from northeast of Leduc-Woodbend (N. Leduc
Woodbend, 60), Armisie (59) and Acheson East (58) 
are richer in alkanes than most of the Group 2 oils and 
contain a higher proportion of branched and normal 
alkanes. In contrast, the Wabamun (38) oil (Devonian) 
is similar to the Group 2 oils. 

The sulphur analyses (Fig. 5-4) show that the 
Group 2 oils are richest in sulphur (~0. 70%). Note 
that the Group 2 oils, as a rule, occur in reservoirs 
that are close to the pre-Cretaceous unconformity. 

Saturated hydrocarbons 

Mass spectrometric analysis of the saturated hydro
carbons can be used to distinguish all 3 groups of oils. 
The distinctions are based on the distribution of acyclic 
(normal and branched) alkanes, cyclo-alkanes with 
one and two rings, and cyclo-alkanes with three or 
more rings (Fig. 5-5). The second group is character
ized by a low acyclic alkane content (~49%) . The 
third group is separated from the first by the high 
percentage of cyclo-alkanes with 1 and 2 cycles ( < 29%) . 

The Jurassic and Mississippian oils [Medicine 
River (66-70), Gilby (65), and Sylvan Lake (72, 73)] 
and the Wabamun (38) oil (Leduc-Woodbend pool) have 
characteristics of the second group. These oils, along 
with the oils from the "Ostracod and Glauconitic" zones 
of the Mannville are amongst the richest in polycyclic 
alkanes ( > 3 rings > 22%). The Niton oil from the base 
of the Cretaceous is distinctly different from the 
remainder of the Group 2 oils; it has a very high per
centage of alkanes ( > 65%) and a very small content of 
cyclo-alkanes (1 and 2 cycles < 25%). 

Analysis of the saturated hydrocarbons by capillary 
gas chromatography shows a similarity in the distribu
tion of n-alkanes in the different groups (Fig. 5-6); 
the Niton oil containing a higher proportion of high 
molecular weight n-alkanes C> C23) is an exception 
(Fig. 5-20). However, the acyclic isoprenoid content, 
expressed as a percentage of the n - alkanes, can be 
used to separate the three groups (Fig. 5-7). The 
second group has the lowest isoprenoid content ( <18%) 
and the first and third groups have values of 18 to 26 
and 23 to 44 p er cent, respectively. 

The Jurassic and most of the Mississippian and 
Mannville oils have similar saturated hydrocarbon 
contents. In contrast, the Lower Mannville oils from 
North Leduc (60), Campbell Namao (57), Morinville 
(56) and Armisie (59) , as well as the Mississippian 
oil at Gilby (52) , have values similar to those of the 
third group. Oils from the Lower Mannville at East 
Acheson (58) , the Mississippian at Glenevis ( 41) and 
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the Wabamun (38) at Leduc have values intermediate 
between the second and third groups, i. e. similar to 
Group 1. The Niton ( 62) oil has a very low value 
(<5%) even by comparison with those of Group 2. 

The plot of the ratio of isoprenoids to n-alkanes 
against the percentage of acyclic alkanes in the saturated 
hydrocarbons (Fig. 5-8) shows precisely the same 
classification. Group 2 clearly is distinguished from 
the other two groups and the oils from the Lower Mannville 
sediments to the northeast of Leduc-Woodbend, namely 
North Leduc, Armisie, East Acheson, Campbell Namao 
and Morinville, are situated in the Devonian Group 3 
envelope and the Wabamun oil in the Group 2 envelope. 

Aromat~c hydrocarbons 

Results of the analyses of the aromatic and thiophenic 
compounds from 24 oil samples allow the following 
distinctions to be made. 
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Group 1 oils 

Group 1, in which the sulphur content of the oils 
is low (0. 05-0. 31%; Fig. 5-4), is depleted uniformly 
in thiophenic compounds (Table 5-1). In fact, exami
nation of the aromatic hydrocarbons by MS shows that 
the benzothiophenes are rare and that the dibenzothio
phenes are confined to compounds of low carbon number 
(C13 to C21). These latter compounds are recognized, 
in the distribution by carbon number of the mass family 
CnH2n-12 (Fig. 5-9, Group 1), by a shoulder at C2o/C21 
together with a mode at c 13 in the alkylnaphthalenes. 
The monoaromatics (F1) of the mass families CnH2n-12 
and CnH2n-14 are well represented and comprise steroids 
and triterpenoids. On the other hand, in the tri-aromatic 
fraction, the phenanthrene family (CnH2n-18) is the 
family most abundantly represented. The tricyclic 
sulphur compounds are not abundant and the polycyclic 
forms are present only in small amounts. 

Group 2 oils 

Group 2 is the richest in sulphur ( 0. 65-4. 15%; 
Fig. 5-4) because of its large content of thiophenic 
compounds. The dibenzothiophenes are the most abun
dant sulphur compounds (Table 5-1) . Their presence 
(Fig. 5. 9, Group 2) is indicated by a secondary peak 
at C16/C17 beside the C13 mode of the alkylnaphthalen~s 
in the distribution by carbon number of the mass fam1ly 
CnH2n-12· Similarly, in the mass family CnH2n-18· a 
secondary peak attributed to sulphur compounds occurs 
at C21 beside the mode at C17· Molecules in the range 
C21 to C35, which probably are sulphur bearing, are 
well represented in the mass families CnH2n-12 and 
CnH2n-14· 

In the triaromatic plus fraction, the distribution of 
mass families shows that the thiophenic compounds 
(CnH2n-16S and CnH2n-1sS) are at least as abundant 
as the appropriate molecules of the phenanthrene family 
(CnH2n-18). Note that the CnH2n-16S sulphur-bearing 
family is equivalent to the aromatic hydrocarbon family 
CnH2n-12 but is distinguished from the latter by its 
occurrence in Fraction 2 (Fig. 4-4). Furthermore, 
the monoaromatics with 4 and 5 cycles (Table 5-1) are 
poorly represented in the mass families CnH2n-12 and 
CnH2n-14 (Fig. 5-9, Group 2). 

The Niton ( 62) oil resembles Group 2 oils in the 
large content of dibenzothiophenes (Table 5-1) and in 
the distribution of sulphur molecules in the penanthrene 
family (CnH2n-18). In contrast to the Group 2 oils, 
the Niton oil has a mode at C16 and not at C13 in the 
mass family CnH2n-12: the concentration of p.robable 
sulphur molecules in the range c21 to c35 m the 
mass families CnH2n-12 and CnH2n-14 is also lower 
(Fig. 5-21). 

The Mississippian oils from the Harmattan region 
have a small content of sulphur in the total oil. Together 
with the Niton oil, they have the smallest aromatic, 
asphaltene and resin contents of the group. Mass 
spectrometric analysis of the oil from Harmattan East 
shows a distribution of aromatic compounds similar to 
that of the Niton oil, except that the monoaromatic 
compounds are in slightly greater concentration. 
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Group 3 oils 

Group 3 can be divided into two sub-groups; the 
sulphur content of the two groups is noticeably different 
with values of 0. 22 to 0. 81 per cent and 0. 09 to 0. 26 per 
cent (Fig. 5- 4) and this difference is reflected in their 
distribution of thiophenic compounds. 

In sub-group 3a (Nisku and Leduc reservoirs), 
the distribution of aromatic and thiophenic molecules 
is similar to that of Group 2. As in Group 2, the 
naphthalene family (CnH2n- 12) is the most important 
and the mode at C13 in the alkylnaphthalenes is followed 
by a less important peak at C16 attributed to the sulphur 
compounds (Fig. 5-9). However, the dibenzothio
phenes of the mass families CnH2n-12 and CnH2n-14 
are much less important than in Group 2 (Table 5- 1), 
particularly beyond C2o (Fig. 5- 9, Group 3a). The 
distribution by families in the triaromatic plus fraction 
shows that sulphur molecules with one thiophene cycle 
are of the same importance as the aromatics of the 
phenanthrene family (CnH2n-18) in those oils richest 

in sulphur (Homeglen- Rimbey-Leduc Fm. ; Leduc
Woodbend-Leduc Fm. ). In contrast, in the oils with a 
lower sulphur content (Leduc-Nisku Fm. ; Redwater
Leduc Fm. ; Morinville-Leduc Fm.) , the phenanthrene 
family is in greater concentration than the corresponding 
thiophenic compounds. Finally, the monoaromatics 
with 4 and 5 rings (CnH2n-12• CnH2n- 14) are more 
abundant than in Group 2 and are typical of oils from 
less deeply buried reservoirs (Redwater and Morinville). 

In sub-group 3b (Beaverhill Lake), the thiophenic 
molecules are less abundant than in Group 3a. This 
can be seen in the naphthalene family (CnH2n-12) by 
the absence of a secondary peak associated with the 
C13 mode or at best by a peak at C16 which is very 
weak by comparison with the C13 mode (Fig. 5-9, 
Group 3b); in the triaromatic plus fra!!tion , the phen
anthrene group (CnH2n-18) is clearly more abundant 
than the corres-ponding sulphur compounds with one 
thiophene cycle (Fig. 5-9, Group 3b). Also, the 
monoaromatics with 4 and 5 rings (CnH2n-12 and 
CnH2n-14) generally are more abundant than in Group 3a 
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FIGURE 5- 6. Distribution of saturated hydrocarbons in conventional oils. 



(Table 5-1); these steroids and triterpenoids are 
typical of the oil from Snipe Lake ( 13) . 

The oils from the Leduc Formation at Redwater 
resemble the oils of Group 3a rather than those of 
Group 3b. This can be seen in the triaromatic fraction 
where there is a small proportion and narrow distribution 
of thiophenic compounds and a large proportion of 
phenanthrene hydrocarbons (CnH2n-18). In addition, 
there is a smooth distribution of aromatic mass families 
in the fractions having higher boiling points. 

The oil from the Beaverhill Lake Formation at Kaybob 
differs from the oils from reservoirs of the same age 
because of the presence of high molecular weight benzo
thiophenes and also because of the importance of the 
monoaromatics in the families CnH2n-12 and CnH2n-14· 

In summary, MS analysis of the aromatic and thio
phenic compounds can be used to differentiate the three 

FIGURE 5- 7. 
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Exceptions to classification . . . . . . . I 
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Distribution of isoprenoids as a function 
of n-alkane content in conventional oils. 

groups of oils. Group 1, from Colorado and post-Colorado 
reservoirs, contains only a relatively small proportion 
of thiophenic compounds compared to the true aromatic 
molecules and the dibenzothiophenes are confined to 
compounds of low carbon number ( <C2Q) . Group 2, from 
Lower Mannville Jurassic and Mississippian reservoirs, 
contains a large proportion of sulphur compounds. The 
dibenzothiophenes are distributed through a wide 
range of carbon numbers with substantial amounts in 
the higher range (C21 to C35). Group 3, from the 
Upper and upper Middle Devonian, contains a smaller 
proportion of thiophenic compounds than Group 2. The 
dibenzothiophenes are distributed through a wide range 
of carbon numbers but with only relatively small amounts 
in the higher range (C21 to C35). Group 3 can be 
separated into two sub-groups, namely Group 3a from 
the Nisku and Leduc reservoirs, and Group 3b from the 
Beaverhill Lake reservoir. In the former, the dibenzo
thiophenes are more abundant in the mass families 
CnH2n-12 and CnH2n- 14 compared to the latter. 

Comparisons of the gas chromatograms of the 
aromatics (FID) with the thiophenic compounds (FPD) 
lead to analogous conclusions. Group 1 oils have 
practically no benzothiophenes and very few dibenzo
thiophenes but those that are present are found in the 
low carbon number range. Group 2 oils are richer in 
benzo- and dibenzothiophenes, and these are present 
in both the low and high carbon number ranges. Group 3 
oils have benzo- and dibenzothiophenes in the lower 
range. 

Oils at the unconformity 

As in the saturated hydrocarbons, the ·stratigraphic 
classification, based on the aromatic fraction, does not 
apply always for oils occurring in close proximity to 
the unconformity. Initially, the oils can be separated 
using the gas chromatograms ( FID /FPD) of the aromatics 
and thiophenes. On this basis, oils from Jurassic and 
Mississippian strata in the Medicine River, Gilby and 
Sylvan Lake pools and from Wabamun strata in the Leduc 
pool belong to Group 2. In contrast, oils from the Lower 
Cretaceous at North Leduc- Woodbend and probably 
those of the same age at Morinville and Campbell Namao 
are similar to the Group 3 oils, although they are 
appreciably richer in sulphur compounds than those of 
Group 3. 

Detailed examination of the aromatic fractions by 
MS confirms these conclusions. At Medicine River 
(Fig. 5-10), oils from the Jurassic and Mississippian 
rocks show a close relationship with those from the 
Lower Mannville (cf. Fig. 5- 9, Group 2). At Leduc
Woodbend ( Fig. 5- 11), the oil from the Wabamun strata 
(Devonian) differs markedly from that from the Nisku 
reservoir (Devonian) and is related to the Jurassic 
and Mississippian oils from Medicine River. However, 
the oil from the Blairmore reservoir (Lower Cretaceous), 
lying to the north of the main Leduc pool, i s similar to 
that from the Nisku reservoir (Devonian~ ; the same 
applies to the oil occurring in the Mannville at Morinville. 
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The oils from the Jurassic, Mississippian and Wabamun 
sediments are very similar to that found in Cadomin 
strata (Lower Cretaceous) at Kaybob. In all of these 
oils, the mode at Ct61Ct7 is more important than the 
mode at C13 in the distribution by carbon number of 
the mass family CnH2n-12 (Figs. 5- 10, 5-11); this 
indicates a very large content of sulphur compounds. 
Similarly, there is a large content of sulphur compounds 
in the range c 21 to c 35 in the mass families CnH2n_12 
and CnH2n-14· The triaromatic fractions also show a 
molecular distribution similar to the Group 2 oils. 

The sample from the Lower Mannville at Morinville 
also shows a mode at c 16 in the mass family CnH2n_12 
but the molecules in the range c21 to c35 form a less 
significant proportion of the families CnH2n-12 and 
CnH2n_14 which is more characteristic of Group 3 than 

Group 2. The distribution of mass families in the 
aromatic fraction bears some resemblance to the Kaybob 
(Cadomin) oil but the phenanthrene family (CnH2n-18) 
is more important than the thiophene compounds with 
4 and 5 cycles (CnH2n- 18s and CnH2n-2oS). The 
sample from the Lower Blairmore at North Leduc
Woodbend is the closest to Group 3 (Fig. 5-11); it has 
a mode at C13 in the alkylnaphthalenes (CnH2n- 12) 
accompanied by a secondary peak at c 16 attributed to 
sulphur compounds, a small content of heavy molecules 
( C21 +) and a molecular distribution in the triaromatic 
fraction which is similar to the Nisku oil from the Leduc 
pool. In both the Morinville and North Leduc-Woodbend 
samples, the dibenzothiophenes are represented to a 
greater extent than is normal for Group 3 oils. 
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Oils -distribution (weight per cent) of monoaromatic, diaromatic compounds and 
benzothiophenes in the aromatic families CnH2n-p (p=6, 8, 12 and 14) and sulphur content 

SAMPLE P= 6(10S) P = 8(12Sl p = 12(16S) P = 14(18S) 
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Pembina Belly River 5.82 0.42 8.91 0.65 3.73 10.98 2.67 2.44 8.76 3.28 

Willesden Green Belly River A 7.83 0.14 13.10 0.30 4.57 10.24 1.58 3.02 9.02 1.93 

Pembina Cardium 6.98 0.17 12.08 0.00 5.21 8.04 1.86 3.42 9.11 1.42 

Cardium D 5.91 2.91 9.50 2.30 
Ferrier 

5.46 8.24 0 .81 3.57 9.78 0.93 

Viking A 7.25 1.06 9.52 1.76 5.26 8.69 2.77 3.69 9.03 2.91 

Legal Viking 5.00 0.46 8.39 0.45 3.95 7.24 0.89 2.19 10.68 2.13 

Medicine River Ostracod G 6.44 0.45 10.12 0.20 3.79 10.89 7.67 2.63 8.35 5.27 

Willesden Green Glauconitic A 5.62 6.59 9.22 5.50 2.67 10.03 8.28 1.77 8.44 4.59 

Pembina Basal Quartz 7.24 5.32 8.20 2.31 3.74 11.39 7.93 2.99 7.60 4.86 

Kaybob Cadomin A 10.11 7.96 8.95 4.39 2.62 5.52 13.41 1.71 5.74 6.22 

Lloyd minster• Sparky 3.65 8.59 8.19 7.93 4.66 6.38 7.02 3.09 8.72 4.34 

Choice• Upper Blairmore 7.48 6.32 8.37 3.84 5.24 5.91 6.55 5.32 7.75 3.95 

Nit on Basal Quartz B 7.13 1.16 7.90 0.25 4.29 8.14 10.08 3.54 9.09 5.54 

Glenevis Banff 8.24 4.19 8.56 3.11 4.59 2.24 12.76 5.02 3.53 7.95 

Harmattan E Elkton 7.67 3.11 11.33 1.73 5.86 5.77 10.68 4.37 7.40 4.40 

Medicine River Jurassic D 4.36 6.67 7.05 4.06 3.80 5.79 11.38 2.56 6.20 7.67 

Gilby Rundle K 3.67 10.57 5.62 6.58 2.65 4.40 12.88 1.51 5.11 9.08 

Leduc Woodbend Wabamun 5.63 9.70 8.06 6.49 2.86 5.54 12.16 1.89 5.26 7.08 

Medic ine River Pekisko B 5.21 7.80 8.27 4.62 4.61 6.02 8.64 3.37 6.90 6.23 

Morinville Lower Mannville 5.09 4.47 8.82 3.85 3.48 4.61 10.81 1.87 5.27 8.31 

N Leduc Wood bend Blairmore 6.91 1.44 10.48 0.48 4.97 5.54 8.33 3.72 6.91 7.14 

Leduc Wood bend Nisku 6.99 4.21 12.04 3.40 4.20 6.05 4.05 2.75 7.83 2.78 

Rimbey 10.22 1.40 15.34 0.42 4.93 9.56 5.78 3.40 8.90 2.56 

Redwater 7.78 1.96 12.14 0.69 4.42 7.00 3.51 2.86 9.30 2.76 
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Leduc Wood bend 7.50 1.44 13.40 0.36 4.41 8.95 6.30 3.22 7.74 4.74 
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Kaybob Beaverhill Lk A 5.60 3.05 13.42 2.33 5.92 4.56 1.70 3.92 8 .84 0.36 

Swan Hills Beaverhill Lk B 6.74 0.74 12.62 0.62 4.41 10.12 2.87 3.23 8.55 2.53 

Snipe Lake Beaverhill Lk 5.79 1.47 9.35 1.08 4.80 8.96 1.79 3.77 9.89 1.91 . 
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GROUP 2 (OIL) 

SAMPLE 68 

LOCATION MEDICINE RIVER 
4-28-38-4W5 

DEPTH 7484'-7490' 

AGE ALBIAN INFERIOR 

FORMATION OSTRACOD G 

IDENTIFICATION e 

GROUP 2 (OIL) 

SAMPLE 53 

LOCATION MEDICINE RIVER 
4 - 15-39-3W5 

DEPTH 7006'-7026' 

AGE JURASSIC 

FORMATION JURASSIC D 

IDENTIFICATION 6. 
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Summary 

Group 2 oils are distinguished clearly from those 
of the other two groups on the basis of gross composition 
and sulphur content, but Group 1 oils can only be 
distinguished from those of Group 3 after detailed 
analysis of the saturated hydrocarbons (MS CGC). 
Lastly, the division of Group 3 into the two sub-groups 
is achieved only after detailed analysis of the aromatic 
hydrocarbons. 

Group 1 includes the oils from the Colorado and 
post-Colorado reservoirs. These oils have the lowest 
concentration of sulphur (Fig. 5-4) and aromatic 
hydrocarbons, are richest in saturated hydrocarbons, 
acyclic alkanes (Fig. 5-3, 5-5) and acyclic isoprenoids 
but have n-alkane distributions similar to those of 
Group 2. They can be distinguished from the Group 3 
oils by the lower proportion of cyclo-alkanes with 1 
and 2 rings (Fig. 5-5), and also on the basis of their 
benzothiophene content which is small and limited to 
the lower carbon number range (Fig. 5-9). 

Group 2 comprises the majority of the Lower 
Mannville, Jurassic, Mississippian and Wabamun oils. 
These oils are the richest in sulphur (Fig. 5-4) and 
aromatics but are the poorest in saturated hydrocarbons 
(Figs. 5-1, 5-2), acyclic alkanes, and acyclic iso
prenoids relative ton-alkanes. Their very high sulphur 
values are attributed to large amounts of benzothiophenes 
and dibenzothiophenes. The dibenzothiophenes have 
a wide carbon number range cc21 to c 30). 

With the exception of oils from the Wabamun reser
voirs, Group 3 corresponds to oils from the Upper 
Devonian (Nisku, Leduc and Beaverhill Lake reservoirs). 
These oils contain a higher proportion of thiophenic 
compounds than Group 1 and they have a smooth distri
bution over a wide range of carbon numbers. The 
Beaverhill Lake oils form Group 3b and generally contain 
a smaller proportion of thiophenic compounds than 
those from the overlying Devonian oils (Group 3a). 

Exceptions to this classification are found in the 
reservoirs at the base of the Mannville, located to the 
northeast of the principal pools at Leduc-Woodbend, 
namely Acheson East, Armisie and North Leduc-Woodbend 
and at Campbell Namao and Mannville (Figs. 5-1 to 5-3). 
These oils have a lower content of cyclo- alkanes with 
3, 4 and 5 rings than is present in the other Lower 
Cretaceous oils, and their ratio of isoprenoids to 
n-alkanes is similar to those of Group 3 (Figs. 5-7, 5-8). 
Also, the distribution of thiophenic components 
(N. Leduc, Morinville) in these oils differs from Group 2 
in having a smaller proportion of high molecular weight 
dibenzothiophenes, but the total amounts of these 
compounds still exceed that found in the Group 3 oils. 
Thus, the oils from the base of the Mannville occurring 
northeast of the Leduc-Woodbend pools have a certain 
affinity with those of Group 3. They also have certain 
similarities with the anomalous Lower Mannville oil 
from Niton, but this latter oil differs from all the others 
in having a large content of heavy n-alkanes, which is 
characteristic of oils derived from nonmarine organic 
matter. 

GEOCHEMISTRY OF 
SEDIMENTARY ORGANIC MATTER 

Organic carbon 

Organic carbon analyses of 543 samples of fine
grained sediments show (Fig. 5-12) that Cretaceous 
sediments, between the Belly River Formation and the 
base of the Mannville Group, and the Devonian Duvernay 
sediments contain 1 per cent or more of organic carbon 
in more than 50 per cent of the samples. In the Belly 
River Formation and Mannville Group, a third of the 
samples have values greater than 3 per cent. In the 
Upper Devonian (Wabamun to Beaverhill Lake, inclusive, 
with the exception of the Duvernay) , more than 80 per 
cent of the samples have less than 0. 50 per cent organic 
carbon. In the case of sediments between the top of the 
Wabamun and the base of the Nisku, 60 per cent of the 
samples have values below 0. 10 per cent. 

Impregnations 

The extract yield (extract/organic carbon) and 
yield of hydrocarbons (HC/org. C) can be used to 
distinguish those rocks which are abnormally rich in 
extract and hydrocarbons even though their organic 
carbon values occur in the same range ( 0. 54-1. 80%) 
as unimpregnated samples. The division is made in 
the Cretaceous samples where the extract yield (extract/ 
org. C) is greater than 10 per cent (Fig. 5-13a, b) 
and in the Devonian samples where the extract yield 
is greater than 20 per cent (Fig. 5-13c, d). The high 
extracts, which represent most of the organic carbon, 
suggest that the rocks containing these products are 
hydrocarbon reservoirs. These extracts have b een 
defined, therefore, as impregnations. These impreg
nations are similar in composition to the oils 
(Fig. 5- 14a, b) but tend to have higher resin and 
asphalt contents and correspondingly lower saturated 
hydrocarbon contents. Impregnations were found 
throughout the section (Devonian to Cretaceous) but 
were particularly common in the Mannville of eastern 
Alberta (see Chap. 6) in the Mississippian and the 
Wabamun. Impregnations from different stratigraphic 
intervals tend to have a similar hydrocarbon composi
tion to the conventional reservoired oils from the same 
intervals. Thus, the impregnations from the Colorado 
and post- Colorado sediments have similar hydrocarbon 
compositions to the Group 1 oils; certain impregnations 
from the Upper Devonian are similar to the Group 3 oils, 
and certain. samples from the base of the Mannville, 
the Wabamun and the Mississippian adjacent to the 
unconformity are like the Group 2 oils. 
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FIGURE 5-13b. Extract yields of rock samples as a function of maximum burial. Mannville Group. 
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Composition of extracts in relation to 
stratigraphy and type of organic matter 

In the remaining samples, the resin and asphalt 
contents (Fig. 5- 14a to c) are always greater than in 
oils of the same age. The saturated hydrocarbon 
content is generally lower except for several Devonian 
(Beaverhill Lake) samples which have saturated 
hydrocarbon contents close to those of the oils. The 
extracts (Fig. 5-15) contain similar or higher amounts 
of acyclic alkanes than their contemporaneous oils with 
the exception of extracts from the Beaverhill Lake and 
Muskeg Formations where certain samples are poorer 
in both acyclic alkanes and cyclo-alkanes than the oils 
in contemporaneous reservoirs. 

Based on the detailed analysis ( CGC, MS) of their 
hy drocarbons, the extracts can b e separated into the 
following geochemical groups which follow the stratig
raphy: a) post- Colorado; b) Colorado; c) Mannville; 
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d) Mississippian; e) Wabamun; f) Calmar /Leduc; 
g) Duvernay; h) Cooking Lake/Beaverhill Lake; and 
i) Middle Devonian. The geochemical characteristics 
of the extracts (excluding impregnations) from the 
various stratigraphic intervals are summarized in 
Table 5- 2 and are illustrated in Figures 5- 16, 5- 18 and 
5-19. Commonly, there is considerable variation within 
a particular stratigraphic interval: a detailed descrip
tion of these variations is given in Appendix F. 

There are a number of features in the rock extracts 
which persist through the different formations regardless 
of depth. In particular, there are a number of 
characteristics in the saturated hydrocarbons which 
can be related to the nature of the parent organic matter 
(Fig . 5- 19). 

In the Belly River, Lea Park, Cardium and Mannville 
Formations, there i s an abundance of c20 plus n - alkanes 
with a pronounced odd carbon predominance in the 
range c 23 to c31 which is characteristic of debris 
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FIGURE 5-14b. Gross composition of rock extracts in terms of saturated hydrocarbons, 
aromatic hydrocarbons and resins plus asphaltenes. Mannville Group. 

derived from high forms of plant life. This type of 
distribution is accompanied commonly by a large content 
of acyclic alkanes in the saturate fraction and a low 
ratio of isoprenoid alkanes to normal alkanes. 

In the Colorado and Mannville Groups, the Woodbend 
Group (Ireton, Calmar and Nisku Fms. ) and Beaverhill 
Lake Formation, some samples show a sharp mode at 
c15' or c15 and c17• or exceptionally at c16 in the 
normal alkanes (Figs. 5-16, 5-19). These distributions 
resemble those found in living benthic algae. It must 
be emphasized, however, that this type of distribution 
does not seem to correspond to a single type of sedi
mentation or depositional environment. During Devonian 
time, sedimentation consisted mainly of carbonate with 
associated fine- grained clastic and evaporitic strata 
but, during Cretaceous time, the sediments were almost 
entirely clastic. In the Watt Mountain Formation (Middle 
Devonian) , the n - alkane distribution resembles that of 
organic matter derived from higher forms of plant life. 
This original characteristic probably was very strong, 

since it persists despite the present great depth of 
burial which should have resulted in considerable 
maturation. 

Extracts containing a mode at c 15 in the n - alkane 
distributions frequently have a high content of steroid 
and triterpenoid hydrocarbons in the saturate and mono
aromatic fractions (Figs. 5-16, 5- 18 and 5-19). Other 
characteristics of the aromatic distributions can be 
related less readily to the type of parent organic matter. 
The dominant families in the aromatic hydrocarbons are 
the naphthalene and phenanthrene families (Fig. 5- 18). 
The relative proportions of these two families in 
the aromatic fraction varies. Thus, in the post
Colorado and Mannville extracts, the naphthalene family 
predominates in the Colorado, Duvernay, Cooking 
Lake- Beaverhill Lake and Watt Mountain- Muskeg extracts, 
the naphthalene and phenanthrene families occur in 
roughly equal proportions. Only in the Calmar- Ireton 
series does the phenanthrene family predominate to any 
marked extent. 
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The extracts from the Mannville are distinguished 
by their exceptionally large content of thiophenes 
(Table 5-3) . Both benzothiophenes and dibenzothio
phenes are abundant throughout a wide carbon number 
range (Cu to c 29). The sulphur compounds in the 
triaromatic fr action are at least as abundant as the 
phenanthrene family. The extracts which contain such 
substantial amounts of n-alkan es above c 20 are depleted 
in dibenzothiophen es in the range c21 to c29 in com
parison with the other Mannville extracts. In this 
respect, they show the same variation as does the Niton 
oil with r espect to the other oils of Group 2. In contrast, 
the thiophene content of the Colorado and post- Colorado 
extracts i s lower . The benzothiophenes are in low 
concentration or absent and the dib enzothiophenes ar e 
confined to the lower carbon number r ange (below C2o). 
The thiophene distribution in one extract from the 
Mississippian r esembles that of the Mannville Group. 
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The thiophene distribution in the Devonian extracts 
r esembles that of the Colorado Group. In the Calmar 
Nisku-Leduc-Ireton series, benzothiophenes occur only 
in small amounts or are absent; the dibenzothiophene 
content also is low and confined to the r ange below C2o· 
In the case of the Duvernay, the dibenzothiophene 
content is high and is spread through a wide carbon 
number ran ge although those below c 20 ar e dominant. 
The Beaverhill Lake series contains r elatively small 
amounts of thiophen es. The ben zothiophenes occur 
below c 20, whereas the dibenzothiophenes occur above 
c 20. The thiophene distribution in the Watt Mountain
Gilwood- Muskeg series resembles that of the Calmar 
Nisku series. 

It i s of particular interest that the impregnations 
from the Missis sippian and Wab amun contain a large 
content of thiophenes which hav e a distribution closely 
r esembling that from the Mannville ( Fig. 5- 18). 
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Role of burial in determining 
composition of extracts 

The distribution of extract yields, as a function 
of depth of burial, permits the establishment of a 
productivity graph of the rock extracts. In a general 
fashion, the curves express the transformation of organic 
material to petroleum compounds. For a given organic 
material this transformation increases with diagenesis, 
and passes through a maximum before diminishing 
at great depths where advanced diagenesis favours 
cracking. This results in the formation of gas and 
light hydrocarbons at the expense of kerogen and · 
higher molecular weight hydrocarbons. The analytical 
method does not permit the retention of the light frac
tions; therefore, what is observed is an apparent 
diminution of the quantities of extract at great depth. 

In this study, one can illustrate conveniently the 
role of burial using Devonian samples since the extracts 

are numerous and are distributed throughout a wide 
range of depth (1020-3900 m; 3400-13 000 ft.). 

The Devonian samples can be divided into two 
groups which form separate series (Fig. 5-17). One 
group comprises samples from the Woodbend to Wabamun 
and the other those from the Beaverhill Lake. The 
difference in extraction yields between the two groups 
corresponds to differences either in the organic matter 
between the two groups of samples or in the geothermal 
history. In comparison with the Woodbend group, the 
extracts from the Beaverhill Lake group have undergone 
less cracking to gaseous hydrocarbons despite similar 
depths of burial; thus, the proportion of heavier 
hydrocarbons in the extracts from the most deeply 
buried Beaverhill Lake samples is higher than that 
from the Woodbend samples from corresponding depths. 
For a given group of samples, the extraction yield is 
of the order of 10 per cent at 1200 m ( 4000 ft. ) and 
reaches a maximum 20 per cent through 2700 m ( 9000 ft. ) 

61 



0> 

"" STRATIGRAPHIC 

UNIT 

(number of samples) 

POST-COLORADO 

GROUP (9) 

COLORADO GROUP 

(40) 

MANNVILLE 

Basin Centre 

Type 1 (9) 

Type 2 (4) 

Basin Marg in 

Type 1 (7) 

Type 2 (4) 

MISSISSIPPIAN (1) 

CALMAR NISKU 

LEDUC IRETON 

(21) 

DUVERNAY (4) 

COOKING LAKE 
BASAL LEDUC REEF 
BEAVERHILL LAKE 

(22) 

WATT MOUNTAIN 

GIL WOOD 
MUSKEG (6) Type 1 

Type 2 

Acyclics% 

>60 

<60 

<65 

>65 

-40% 

variable 

..... 40 % 

-50 

40-50 

>50 

70 

50-60 

SATURATES AROMATICS 

Sulphur Compounds 

n-alkanes 
Isoprenoids 

Ring distribution 
Hydrocarbons Comments on Gas Average thiophene content in 

%of n-alkanes Mass Spectrometry Chromatography (FPD) families CnH2n-p 
(P = 6, 8, 12 & 14) weight% 

High content above C20 3 ring compounds Naphthalene and phenanthrene Benzothiophene content low, Benzothiophene Dibenzothiophenes 
and odd predominance dominant families dominate, naphthalene family dibenzothiophenes confined to low 
C20-C31 low most important molecular weight range. in triaromatic 

fraction phenanthrene family 0.72 6.13 

dominates 
Mixed distribution, some 3-4 ring compounds Naphthalene and phenanthrene Benzothiophene content low or absent, 
have maximum above C2o, in largest families prominent and in equal dibenzothiophenes confined to low 
some have maximum at concentration concentrations or phenanthrene molecular weight ran~e (>C2ol. in 1.62 6.40 
C15- Odd predominance 

high family more important triaromatic fraction phenanthrene (0.00-4.02) (4.34-9.92) 
slight at basin centre, family dominates with subsidiary 
marked at basin margin plateau at CnH2n-20 to CnH2n-22 

ring analysis Naphthalene and phenanthrene Dibenzothiophenes and 
variable; maximum families prominent but naphthalene benzothiophenes very abundant 
is at 2-3 or 3-4 family dominates throughout carbon range. Sulphur 

Mode at C15/C16 high compounds in triaromatic fraction 
often as important as phenanthrene 4.4 23.05 
family.ln Upper Mannville, (1.01-6.62) (12.27-36.12) 
benzothiophene content is low 

High content above nC20 2-3 rings maximum; Similar to Type 1 but dibenzothioph-
and odd predominance low low cyclo-alkane As Type 1 above enes are in lower concentration in 
C23 to C31 content range C21 to C29 

intermediate 2 rings dominate 

ModeatC15 to high decreasing regu larly As Type 1 above As Type 1 above 
to 6 rings 

Bimodal , high content intermediate 2-3 rings Benzothiophene and dibenzothioph-
above C20• odd even to low predominate 

As Type 1 above 
enes occur in lower molecular weight 

predominance, peak at C 15 range. Small amounts of heavy 
thiophenes 

Mode at C24 and plateau 2 rings As Mannville Basin centre Type 2. i.e. 

atC16-C19 low 
predominante dibenzothiophenes ~epleted in range 

C21 to C29 relative to other Mannville 
types 

Mode at c15, slight odd Maximum at 2 rings, Phenanthrene family dominates, Small amounts only or no benzoth ioph-
predominance above C2o shallow samples have naphthalene family less prominent enes, dillenzothiophenes occur only in 
in shallow samples high higher content of the low carbon number range. 0.69 2.90 

3and 4rings Phenanthrene family very prominent in 
triaromatics 

Mode c15 to c20, slight high shallow Maximum at 2 rings, Single mode at naphthalene fa mily in Widespread distribut ion of 
odd predominance samples, lower in shallow samples, shallow sample. Accompanied by high dibenzothiophenes with low carbon 7.94 13.76 
aboveC2o deeper samples high content content of monoaromatic steroids and number range dominant. Variable 

3'4 rings triterpenoids. Deeper samples have benzothiophene content 
prominent naphthalene and phenanth- 1.08 14.20 

rene families in equal proportions 

Mode C15 to C19 often with intermediate Maximum at l, 2 Mode at naphthalene fami ly, equal or Low content of benzothiophenes and 
0.75 5.23 

odd predominance in to high decreasing to 6 rings. subsidiary peak at phenanthrene fam- dibenzothiophenes. Former confined to 
this range Shallow samples have ily. Monoaromatic steroids and triter- lower carbon number range; latter to 

2.05 3.63 
maximum at 3-4or 4-5 peno1ds present in shallower samples higherrange 

High content above nC20 low content cyclo- Naphthalene and phenanthrene Low benzothiophene content and 
with odd predominance in 

low 
alkanes and flat families predominate, monoaromatic slightly higher dibenzothiophene 

range C21-C27 distribution steroids and triterpenoids present content but confined to lower carbon 
number ra nge 1.31 6.33 

intermediate Maximum at 1, 2 
ModeC15-Cl9 to high __ __ ?ecreasing to 6 rings 

As Type 1 above 

GSC 

TABLE 5-2. Summary of geochemical characteristics of r ock extracts. 



TABLE 5-3 

Rock extracts - distribution (weight per cent) of monoaromatic, diaromatic and 
benzothiophenes in the aromatic families CnH2n-p (p=6, 8; 12 and 14) 

P = 6(10S) P = 8(12S) P = 12(16S) P = 14(18S) 
0 
z e .c e w "' 

a. 
"' _J BOREHOLE FORMATIONS 0 0 0 

c.. c: N:C c: 
::?! 0 ...... 0 

E u.. 2 E <( ...... <:: ...... (/) 
Q) 

~ ..0 
._ 
u.. 

PC1 Pembina Belly River 4.75 0.42 6.01 

UC17 Leslieville Bad heart 3.68 1.54 4.93 

UC14 Baysel Bingley 4.19 0.63 5.25 
Cardium 

UC21 Garrington 2.29 1.06 2.85 

LC14 Burnt Lake Basal Fish 3.78 0.00 4.27 

LC16 Caroline 4.39 2.25 4.45 

LC7 Carbondale 
Viking 

3.31 0.65 5.51 

M1 Vimy 1 Upper Blairmore 5.44 0.55 9.08 

M12 Ferry Bank Mannville 1.56 3.45 1.91 

M7 Acheson 5.10 4.15 6.28 

M10 Buck Lake 3.24 1.82 2.48 
Lower Mannville 

M14 Bentley 3.58 3.56 4.09 

M16 Butte 6.08 0.38 7.40 

M80 O'Hairy Upper Blairmore 10.09 3.66 13.09 

Wb2 Golden Spike Wabamun 4.16 9.57 6.38 

Wi4 Dickson Nisku 5.38 0.45 7.79 

W2 El Dorena 2.71 3.39 4.69 

W11 Ferrybank 
Duvernay 

2.12 0.58 4.87 

B11 NE Virginia Hills 7.49 0.25 11.10 

B15 Swan Hills Beaverhill Lk 7.43 1.33 10.05 

B18 Rock Island 4.99 1.79 

MD4 Swan Hills Watt Mountain 5.23 0.82 

then diminishes again at greater depths. The quantita
tive variation with depth is matched also by variations 
in the composition of the extracts. In the case of the 
Beaverhill Lake group, with increasing burial to a 
depth of 2700 m (9000 ft.), the samples show a progres
sive enrichment in normal and branched alkanes (acyclic 
alkanes) compared with the cyclo-alkanes. The 
n-alkanes, in turn, show an enrichment in the lighter 
components while the higher molecular weight n-alkanes 
diminish; the ratio of isoprenoids to n-alkanes also 
decreases. Cyclo-alkanes with 3 and 4 cycles commonly 
are present above a depth of 2250 m (7500 ft. ) but are 
rarely found below this depth. 

At depths of 3600 m (12 000 ft. ) , the extracts do 
not contain any high molecular weight components ; this 
suggests that the hydrocarbons have been cracked to 
give low molecular weight hydrocarbons including gas. 

At the margin of the b asin , the petroleum potential, 
as indicated by rock extracts, is as follows. For the 
material at the base of the Colorado and the Upper 
Mannville, the possibilities for the genesis of liquid 

7.38 

4.72 

e .Q e 0 
0 

"' e .c "' e :c :c 0 .!l! rt)O 0 <II ("t)o N+-' c: c: :0 ._ 2 0 "0 ._ N 0 ._ N 
u.. c: E N u.. c: E N u..<= 

Q) 

~ Q) ...... ._ ..0 ...... ~ ..0 u.. :0 ._ 
~ "0 u.. 

0.31 2.67 21.59 2.24 1.73 7.93 3.89 

0.52 3.45 11.44 1.94 2.41 8.88 2.83 

0.34 3.18 11.21 1.86 2.20 8.04 3.41 

0.70 2.19 7.43 3.94 1.71 7.34 5.98 

0.00 3.26 6.69 3.51 2.57 7.82 3.45 

1.77 3.00 7.70 2.61 1.93 7.34 1.73 

0.28 5.27 5.02 3.26 3.41 9.00 3.88 

0.46 3.40 13.42 4.16 1.55 9.01 8.11 

1.61 1.70 12.15 14.09 1.22 5.99 11.73 

2.47 2.69 11.58 11.23 2.10 8.03 6.18 

1.00 2.73 6.47 31.95 2.28 4.86 4.17 

2.11 2.49 8.01 14.88 1.42 6.96 8.78 

0.06 5.06 6.11 10.51 4.19 8.10 5.10 

1.33 2.80 15.39 5.97 2.59 5.31 5.34 

6.75 2.65 6.23 11.70 1.48 7.15 7.50 

0.24 5.07 6.48 1.63 3.80 8.32 1.27 

4.55 5.80 4.57 6.66 3.88 8.27 7.10 

0.50 3.19 7.71 7.25 2.48 9.38 6.95 

0.05 3.52 10.85 2.56 2.20 10.25 2.67 

0.72 3.27 15.51 1.67 1.94 10.04 1.96 

1.11 5.53 7.67 2.16 6.20 11.07 1.19 

0.49 3.05 11.19 4.19 2.26 6.86 2.14 

• GSC 

hydrocarbons in this region are limited. This conclu
sion is based on the low extraction yields, and the high 
proportion of light hydrocarbons by comparison with 
the more complex molecules in the saturated and aromatic 
fractions. 

In the case of the Lower Mannville material located 
away from the pre-Cretaceous unconformity, the 
relatively high content of polycyclic and high molecular 
weight alkanes are characteristics favourable for the 
generation of hydrocarbons. However, the distribution 
of n-alkanes and monoaromatics of the steroid and tri
terpenoid type suggests that this organic matter has 
undergone little diagenesis in comparison with that 
from contemporaneous rocks in the central part of the 
basin. Likewise, Devonian sediments adjacent to the 
margin of the basin seem .to be favourable for the genesis 
of hydrocarbons but, again, the level of diagenesis is 
low. Thus, the overall low diagenetic state of the 
organic matter in sediments of all ages at the basin 
margin precludes them from being source rocks at the 
present time. 
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FIGURE 5-15a. Composition of hydrocarbons from rock extracts in terms of acyclic alkanes, 
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FIGURE 5-15c. Composition of hydrocarbons from rock extracts in terms of acyclic alkanes, 
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FIGURE 5- 15d. Composition of hydrocarbons from rock extracts in terms of acyclic alkanes, 
cyclo- alkanes and aromatic hydrocarbons. Calmar to Beaverhill Lake Formations. 
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FIGURE 5- 16b. Distribution of saturated hydrocarbons in rock extracts from 
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FIGURE 5-16d. Distribution of saturated hydrocarbons in rock extracts from central basin area. 
Duvernay Formation. 
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FIGURE 5-16e. Distribution of saturated hydrocarbons in rock extracts from central basin area. 
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COMPARISON OF OILS AND EXTRACTS 

Group 1 oils 

Oils from Group 1 occur in the Viking, Cardium, 
and Belly River reservoirs and differ from the Group 2 
oils present in the adjacent Mannville reservoirs in a 
number of characteristics. In the saturated fraction, 
differences are found in the proportion of normal and 
branched alkanes, the ratio of isoprenoids to n-alkanes 
and the distribution of isoprenoids. The distribution 
of true aromatic compounds is similar but there are 
differences in the distribution of thiophenic compounds. 
In the first group of oils, the thiophenic compounds are 
scarce and are confined to compounds with less than 
20 carbon atoms. In contrast, Group 2 oils contain 
abundant thiophenic compounds which extend up to C35· 
Even in the Legal (Viking) oil, where there is the widest 
distribution of aromatic mass families in a Group 1 oil, 
the sulphur compounds are confined to the lower range 
of molecular weights. 

The distribution of aromatic hydrocarbons in the 
rock extracts shows the same differences between the 
Colorado and post-Colorado samples and the Lower 
Mannville samples as is found for the Group 1 and 
Group 2 oils. However, analysis of the saturated 
hydrocarbons (notably the proportion of normal and 
branched alkanes in the saturate fraction and the 
n-alkane distribution) enables one to further distinguish 
the post-Colorado from the Colorado extracts. On the 
same basis, the post-Colorado extracts (Belly River, 
Lea Park) do not appear to be related to the oils 
reservoired in these formations. This leads to the 
conclusion that the source rocks for the first group of 
oils are the Cretaceous sediments between the top of 
the Mannville and the top of the Colorado (Figs. 5-20, 
5-21). Any differences between the distribution of 
aromatic hydrocarbons between the Colorado Group 
extracts and the oils in adjacent reservoirs could be 
explained ~y absorption phenomena during migration: 
more of the triaromatic compounds (CnH2n-18) would 
tend to remain in the source rock compared with the 
monoaromatics (mainly CnH2n-s) which would tend to 
be expelled with the oil toward the reservoirs. 

Group 2 oils 

Oils occurring in Lower Mannville reservoirs, and 
certain oils associated with the unconformity, differ 
from other oils in their gross characteristics (overall 
composition, hydrocarbon composition, sulphur content). 
They differ also in the composition of their saturated 
hydrocarbons (cyclo-alkane content and distribution, 
and isoprenoid content and distribution). The distri
bution of aromatic hydrocarbons in the Group 2 oils is 
similar to that for Group 3 and both contain abundant 
thiophenic compounds. They differ in their content of 
higher molecular weight thiophenic compounds CC25 
to c35). 

One series of extracts from the Lower Mannville 
has the characteristics of organic matter derived from 
higher forms of plant life. As such, they are similar 

to the Niton oil (Figs. 5-20a, 5-21a). Other extracts 
from the Mannville (Fig. 5-20b) are similar to the 
Colorado extracts in the character of their saturated 
hydrocarbons. The distribution of aromatic hydro
carbons in all of the Mannville extracts shows the same 
distinctive features found in the Group 2 oils. One 
can assume, therefore, that the Mannville sediments 
have been the source for the oils reservoired in the 
Mannville. It is necessary, however, to emphasize 
the diversity of types of organic matter in the Mannville 
deposits and to note the existence of an oil (Niton) 
derived from nonmarine organic matter in this sequence 
(Figs. 5-20a, 5-21a). 

Group 3 oils 

Oils occurring in both the Upper Devonian and the 
upper Middle Devonian are very similar, particularly 
in the distribution of their saturated hydrocarbons. 
The recognition of two sub-groups (3a and 3b) is based 
solely on a study of their aromatic hydrocarbons. 
Group 3a corresponds to the Nisku and Leduc oils, 
Group 3b to the Beaverhill Lake oils; Group 3b has less 
thiophenic and more polycyclic aromatic compounds 
than Group 3a. 
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FIGURE 5- lSa. Distr ibution of aromatics in rock extracts from centr al basin area based on mass spectrometry 
(see Fig. 4-5 for explanation) . Colorado and post-Colorado Groups. 
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FIGURE 5-18b. Distribution of aromatics in rock extracts from central basin area based on mass spectrometry 
(see Fig. 4-5 for explanation). Mannville and Wabamun Groups. 
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FIGURE 5-18c. Distribution of aromatics in rock extracts from central basin area based on mass spectrometry 
(see Fig. 4-5 for explanation). Calmar/Leduc and Duvernay Formations. 
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FIGURE 5-18d. Distribution of aromatics in rock extracts from central basin area based on mass spectrometry 
(see Fig. 4-5 for explanation). Beaverhill Lake and Middle Devonian Formations. 
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LOCATION WILLESDEN GREEN 
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MANNVILLE GROUP {ROCK) 
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LOCATION 
FERRY BANK 
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DEPTH 5133' 

AGE APTIAN 
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IDENTIFICATION () 
-

GROUP 2 {OIL) 

SAMPLE 63 

LOCATION 
PEMBINA 

6-32 -48-4W5 

DEPTH 5828' 

AGE APTIAN 

FORMATION 
ELLERSLIE 

{BASAL QUARTZ) 

IDENTIFICATION () 

MANNVILLE GROUP {ROCK) 

SAMPLE M 10 

LOCATION 
ACHESON 

12 - 29 - 52.- 25W4 
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FIGURE 5-2lb. Correlation of source rocks with crude oils based on aromatic hydrocarbons. Group 2. 
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GROUP 3 /Sul:>-group 3a (OIL) 

SAMPLE 32 

LOCATION HOMEGLEN RIMBEY 
9 - 10-42 - 2W5 

DEPTH 7854' -7862' 

AGE FRASNIAN 

FORMATION D3 

IDENTIFICATION ~ 

DUVERNAY (ROCK IMPREGNATION) 

SAMPLE W9 

FERRY BANK I 
LOCATION I 

2 - 8-44 -27W4 

DEPTH 7370' 

AGE FRASNIAN 

FORMATION DUVERNAY (D3) I 

IDENTIFICATION ~ J 
GROUP 3/Sub-group 3b (OIL) 

SAMPLE 15 

LOCATION 
SWAN HILLS (Unit 1) 

10 -29 - 66 - 10W5 

AGE 8911'-8920' 

DEPTH FRASNIAN 

FORMATION 
BEAVERHILL 

LAKE "B" 

IDENTIFICATION -D-

BEAVERHILL LAKE (ROCK) 

SAMPLE B15 

LOCATION 
SWAN HILLS 
4-7 -67 -8W5 

AGE 8076' 

DEPTH FRASNIAN 

FORMATION BEAVERHILL LAKE 

IDENTIFICATION -D-
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FIGURE 5- 21c. Correlation of source rocks with crude oils based on aromatic hydrocarbons. Group 3. 
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Extracts from rocks of approximately the same age 
(Calmar, Nisku, Ireton, Leduc, Duvernay, Cooking 
Lake and Beaverhill Lake) have saturated hydrocarbons 
that are similar in distribution to the Group 3 oils apart 
from variations due to type of organic matter and to the 
diagenetic stage of the sediment (Fig. 5-20). 

Gas chromatographic analyses of aromatic hydro
carbons from the Calmar, Nisku, Leduc, Ireton, 
Duvernay and Cooking Lake Formations show, for the 
most part, that the distribution of benzo- and dibenzo
thiophenes resembles that of Group 3a. Equally, they 
show that the Beaverhill Lake extracts are relatively 
depleted in thiophenic compounds and, in this respect, 
resemble the oils of Group 3b. The same results are 
obtained for the Beaverhill Lake extracts and oils when 
their aromatics are analyzed by mass spectrometry 
(Fig. 5-2lc). It is apparent, therefore, that organic 
material of the Calmar, Nisku, Ireton, Leduc, Duvernay, 
Cooking Lake and Beaverhill Lake Formations must 
have contributed to the genesis of oils now pooled in 
reservoirs of the same age . 

In the case of extracts from the oldest rocks examined 
(Watt Mountain Fm. , Middle Devonian), the character
istics of both the aromatic hydrocarbons and the saturated 
hydrocarbons are different from those of the correspond
ing oils. The characteristics of the saturated hydrocar
bons from the Mitsue oil, located in the Gilwood Sands 
of the Watt Mountain Formation, are similar to those of 
the Group 3 oils ·and to an extract from the Muskeg 
Formation (Grizzly). 

86 

Oils associated with the 
pre-Cretaceous unconformity 

In general terms, oils occurring in proximity to the 
pre- Cretaceous unconformity resemble either Group 2 
or Group 3. 

In the region southwest of the Leduc-Woodbend 
pool, the oils located in Jurassic and Mississippian, 
and Upper Devonian (Wabamun) reservoirs are closely 
related to those of Group 2. The extracts obtained from 
Mississippian and Devonian rocks immediately under 
the unconformity are similar to the Group 2 oils. These 
extracts have all the characteristics of impregnations 
and differ from the Group 2 oils in their larger content 
of aromatic compounds which tend to concentrate in the 
fine-grained rocks because of absorption effects. This 
suite of oils and impregnations differ from the bulk of 
Devonian oils (Group 3) in the large content of heavy 
thiophenic compounds (benzothiophenes). These 
reservoirs, therefore, have been supplied from the 
s ame source as the Lower Mannville reservoirs . 

In contrast, the oils located at the base of the 
Mannville to the northeast of the main Leduc-Woodbend 
pool, namely North Leduc, Armisie, Acheson East, 
Campbell Namao and Morinville are in many respects 
similar to the third group, yet their thiophene content, 
particularly dibenzothiophenes, is larger than in the 
Group 3 oils which suggests some derivation from oils 
of the second group and possibly of the Niton type. 
Thus, the reservoirs at the base of the Mannville to 
the northeast of Leduc-Woodbend are believed to have 
been supplied principally by source rocks of the 
underlying Devonian, but p artly from the surrounding 
Cretaceous. 



CHAPTER 6 

GEOCHEMISTRY OF HEAVY OILS AND HEAVY OIL EXTRACTS 

INTRODUCTION 

This part of the report concerns the east-central 
region of Alberta, including the area limited by the oil 
sands of Athabasca, Wabasca and Peace River to the 
north, Cold Lake to the east, and the oil pools of Mitsue 
to the northwest and Lloydminster to the southeast 
(Fig. 1-1). Within this region, a number of alteration 
processes have affected profoundly the composition of 
the oils. These processes and their effects on the 
conventionally pooled oils and tar sands are discussed. 
Finally, variations in the composition of the Mannville 
oils across the basin are considered. 

DEGRADATION PHENOMENA 

Evans et al. (1971) have delineated a number of 
processes that can occur during the migration and 
accumulation of petroleum. These processes are bio
degradation, water washing, inorganic oxidation, 
deasphalting/evaporation, and differential migration of 
the lighter fractions. Many of these processes have 
been recognized in the Western Canadian Sedimentary 
Basin, particularly in the shallow part in the direction 
of the Athabasca Tar Sands. 

Biodegradation 

Bacteria can utilize hydrocarbons as a carbon 
source for their metabolic processes. This process 
occurs in the subsurface where oxygen-bearing waters 
invade the reservoir; the hydrocarbons are attacked 
in the order of the ease with which they can be metab
olized. This results in the progressive removal of 
n - alkanes followed by the acyclic isoprenoids and other 
branched alkanes. Thus, the greatest changes occur 
in the saturated hydrocarbons. 

The effects of biodegradation are seen in a series 
of heavy oil samples from the Mannville Group; there 
is a progressive transformation of the saturated hydro
carbons from the central part of the basin toward the 
Athabasca Tar Sands. The stages in the transformation 
are illustrated in Figure 6- 1 with type examples. The 
samples are arranged from south to north beginning 
with a conventional crude oil from the Bellshill Lake 
pool. The Edgerton sample is depleted in normal alkanes 
and there is a relative enrichment of the isoprenoids, 
especially pristane and phytane. At Flat Lake, the 
normal alkanes have almost disappeared and pristane 
and phytane are very prominent, although their absolute 
quantities a lso have decreased. At Pelican, adjacent 
to the McMurray area, even the isoprenoids have 
disappeared leaving only other iso-alkanes and the 
cyclo-alkanes. Thus, the results of biodegradation are 

an enrichment in the acyclic and aromatic hydrocarbons, 
and in the non-hydrocarbon resins and asphaltenes. 
The various stages of degradation are classified into 
types a, b and c. 

Type a is typified by the Edgerton sample (Mannville) 
in which there is a decrease in the normal alkane 
content with an apparent increase in the proportion of 
isoprenoid compounds. 

Type b comprises degraded oils in which the normal 
alkanes have disappeared totally but in which the iso
prenoids pristane and phytane are relatively unaffected, 
e. g. Flat Lake (Colony Fm.). 

Type coils contain no normal alkanes or isopren
oids, as illustrated by the Pelican example from the 
Wabiscaw Formation. 

Water washing, inorganic oxidation 
and deasphalting- migration 

In practice, it is extremely difficult to separate the 
relative effects of water washing, inorganic oxidation 
and deasphalting-migration since all of these affect the 
aromatic fraction to a greater or lesser extent. Although 
deasphalting and subsequent migration of the lighter 
fractions depletes the residue in light saturated hydro
carbons, similar effects can be produced by evaporation 
during the analytical procedure. The effects of these 
various phenomena can be seen best in the aromatic 
fraction and particularly in the aromatic mass families 
CnH2n-8• CnH2n-12• and CnH2n-14 and the equivalent 
thiophenic families CnH2n-10S, CnH2n-12S, CnH2n-16S 
and CnH2n-18S. At a given level of diagenetic alteration 
in the Mannville oils, the following variations attribut
able to alteration can be seen. 

In the monoaromatic hydrocarbons: 

1. In the mass family CnH2n- 8• a shift in the mode to 
higher carbon numbers; 

2. In the mass families CnH2n-12 and CnH2n-14• an 
overall enrichment of compounds above C2o or 
c25• particularly in the first-named family. 

In the diaromatic hydrocarbons of the families 
CnH2n-12 and CnH2n- 14: 

3. A decrease in the total percentage; 
4. A decrease in the mode; or/ and 
5. A displacement of the mode to higher carbon 

numbers. 

In the thiophenic compounds of families CnH2n-1oS, 
CnH2n- 12S, CnH2n- 16S, and CnH2n- lsS: 

6. An increase in their concentration; 
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7. An enrichment of compounds in the higher molec
ular weight range; and 

8. A decrease in the concentration of compounds in 
the lower molecular weight range. 

All of the Mannville oils do not show all of the above 
changes. Specific instances are given in the following 
sections. 

GEOCHEMISTRY OF POOLED OILS 

Fourteen samples have been examined from reser
voirs within the Mannville Group ·(Wainwright, Sparky 
and Blairmore Fms. ) in the Lloydminster region 
(Appendix D; Fig. 4-11). 

Gross composition of oils 

The oils from the Lloydminster region have similar 
sulphur contents (>2%) and are similar in composition 
to the Group 2 oils (Figs. 5-1, 5-2); they are richer in 
polycyclic molecules than the oils from Groups 1 and 3. 
The oils from the Upper Mannville in this region differ 
from the majority of the Group 2 oils in the composition 
of the residue (t0 >210°C). They, together with those 
from the Pekisko at Gilby, the Wabamun at Leduc, and 
the Banff at Alexis, Glenevis and Cherhill, are richer 
in resins and asphaltenes. 

In the case of the unaltered oils (Wainwright, 
Bellshill Lake, Thompson Lake and Choice), mass 
spectrometric analysis of the hydrocarbons shows that 
the acyclic alkane contents are of the same order as 
those of Group 2 (Fig. 5-3) but the altered oils are 
depleted in alkanes C-<17%) and richer in aromatic 
hydrocarbons (;;;.52%) than those of Group 2. 

Saturated hydrocarbons 

Analysis by gas chromatography reveals that anum
ber of samples have undergone biodegradation. This 
degradation can be appreciated by means of an examination 
of the chromatograms and, particularly, by comparison 
of the isoprenoids, pristane and phytane, with normal 
alkanes that elute at approximately the same time. If 
the proportion of these isoprenoids is compared with 
that of the C17 and C18 n-alkanes (Table 6-1), the 
following classification is established. Those oils with 
a ratio of pristane plus phytane to nC17 plus nC1s of 
less than 0. 60 are unaltered, namely Wainwright 
(Lloydminster Fm. ) , Bellshill Lake, Thompson Lake 
and Choice. Those with ratios between 0. 60 and 1. 00 
have had some n-alkanes removed, namely Wainwright 
(Wainwright Fm.) and David. A ratio of 1. 00 corre
sponds to type a, as previously defined (Fig. 6-1); 
ratios between 1. 00 and 2. 00 (Baxter Lake, Chaurin 
South-Lloydminster Fm., and Hayter) and those above 
2. 00 (Aubundale, Chauvin and Chauvin South-Sparky 
Fm.) indicate progressive removal of n-alkanes. 
Finally, in the Wildmere and Lloydminster · samples, 
only the isoprenoids remain and are equivalent to 
type b (Fig. 6-1). 
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The effects of biodegradation can be illustrated in 
a more general manner (Fig. 5-8) by plotting the ratio 
of total acyclic isoprenoids to n-alkanes against the 
percentage of acyclic alkanes in the saturated hydro
carbons. This relationship shows the same successive 
stages of degradation as are outlined above. When the 
isoprenoid ton-alkane ratio exceeds 40 per cent, the 
oils are similar to type a; at 100 per cent, they are 
similar to type b. Unaltered oils from this region have 
a slightly higher isoprenoid content than the Group 2 
oils. Consequently, unaltered oils from the eastern 
margin of the basin have isoprenoid ton-alkane ratios 
of above 30 per cent, whereas Group 2 oils from the 
basin centre have values between 10 and 20 per cent. 

Degradation of saturated hydrocarbons has occurred 
in the Upper Mannville oils between the Wainwright
David and Lloydminster pools but it has not affected 
those from Bellshill Lake, Thompson Lake and Choice 
lying to the southwest. This degradation never reaches 
the level of type c found in nearly all the heavy oil 
impregnations and oil sands located between Lloydminster 
and the Athabasca and Wabasca deposits. In these 
heavy oil impregnations, the loss of gaseous and light 
liquid hydrocarbons has resulted in an increase in 
specific gravity of the oil rendering them non-producible 
by conventional methods. 

As the alkanes are susceptible to degradation, they 
cannot be used to compare oils of the Upper Mannville 
in this area with those of Groups 1, 2 and 3. Rather, 
saturated compounds which are little affected by bacterial 
activity, such as the acyclic alkanes with 2, 3 and 4 
rings, must be considered. Their distribution in 
Mannville oils is similar to those of the Group 2 oils. 
However, certain of the oils do have a slightly lower con
tent of 3-ring cyclo-alkanes than the typical Group 2 oils. 
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Aromatic hydrocarbons 

With the exception of the Bells hill Lake sample, gas 
chromatograms show that the polyaromatic compounds 
from the Mannville oils in this area are poorly resolved, 
particularly in the range above C20· These oils are 
rich in benzothiophenes of all ranges (C12-C3o); this 
is expressed as an upward drift of the chromatogram. 
The dibenzothiophenes (Cu-C2o) are relatively less 
important. The distribution of thiophenic compounds 
is similar to that in oils from other areas such as from 
the Pekisko Formation at Gilby, the Banff Formation at 
Alexis, Cherhill and Glenevis, and the impregnations 
from the Wabamun Formation at Golden Spike. It is 
similar also to that in some of the less altered impreg
nations from this area, namely Sandy Lake (McMurray 
Fm.), Lloydminster (Sparky Fm.), Provident Prospect 
(Leduc Fm. ) and Edgerton (Lloydminster Fm. ) . In 
contrast, the oil from Bellshill Lake is similar to the 
unaltered Group 2 oils in that it contains polyaromatics 
which are better resolved. 

Two oil samples from the Upper Mannville have been 
analyzed by mass spectrometry (Table 5-1). These 
are an unaltered oil from the Choice pool and the 
Lloydminster oil which is the most extensively biode
graded conventional oil encountered. The Choice oil 
has all the characteristics of the Group 2 oils. The 
distributions of aromatics by carbon number and mono
aromatics by family are similar to those of the Glenevis 
oils. The Choice oil has higher modes at C13-14 and 
C16-17 in the CnH2n-12 and CnH2n-14 mass families 
respectively and a higher content of steroid and tri
terpenoid monoaromatics than the Glenevis oil. The 
distribution of thiophenic compounds is similar to that 
of the Pembina ( 63) oil. 

In the Lloydmins ter oil, the distribution of aromatics 
by carbon number is characterized by the importance 
of compounds between c20 and c30 and the low propor
tion of compounds below C2o; this is typical of the 
Group 2 oils. The low concentration of compounds below 
C20 is observed in all three aromatic fractions (F1F2F3+) 
in the mass families CnH2n-8• CnH2n- 12• CnH2n-14 
and CnH2n- 18· The higher concentrations of compounds 
above C2o are confined to the last three families listed. 
The monoaromatics of the steroid and triterpenoid type 
(C25+) are particularly important in the families 
CnH2n-12 and CnH2n- 14; the diaromatic hydrocarbons 
beyond C20 and the benzothiophenes are equally as 
important. The benzothiophenes are well represented 
in the range c 20- c32 and naphthobenzothiophenes 
(C2o+) are present in the mass family CnH2n- 18· 

The results of the gas chromatography and mass 
spectrometry show that Lloydminster oil is s imilar to 
the Mississippian oils at Gilby and Glenevis in most 
respects except for the high steroid and triterpenoid 
content and the presence of benzothiophenes and non
thiophenic compounds beyond C20 in the families CnH2n- 12 , 
and CnH2n-14· It remains to be seen whether the relative 
abundance of these compounds is due to enrichment as 
a r esult of loss of light compounds or an immature level 
of diagenesis or a combination of these processes. 
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GEOCHEMISTRY OF HEAVY OIL EXTRACTS 

This section of the report is concerned with the 
heavy oils and impregnations extracted from rocks in 
the study-area. Some 63 samples have been examined 
(Appendix D) both from above and below the uncon
formity although the majority are from the Mannville. 
All have the characteristics of impregnations of heavy 
tars. Nine samples were from the Athabasca Tar Sands 
and 3 others were from the Peace River area. 

Mannville impregnations 

Gross composition 

It has been shown in the previous section that the 
Cretaceous Mannville oils are readily distinguished 
from both the post-Mannville and Devonian oils on the 
basis of gross composition alone. The heavy oil extracts 
form a distinct group in the diagram of gross composi
tion (Figs. 6-2, 6- 3). They all have higher resin and 
asphaltene contents and lower saturated hydrocarbon 
contents than the pooled oils from the central part of 
the basin and, as such, resemble the pooled oils in the 
Lloydminster region discussed above. 

Saturated hydrocarbons 

Type samples of heavy oils have been selected to 
show the systematic changes that appear to take place 
with progressive geographic approach toward the oil 
sands or the heavy oil area in the shallower parts of 
the basin (Fig. 6-1). These stages have been discussed 
in the previous section. Evans et al. (1971) have 
shown that a similar change has taken place in oils 
from Mississippian strata in southeastern Saskatchewan. 
They explained that the changes were caused largely 
by bacterial action. 

In the present case, the distribution of the saturated 
hydrocarbons shows that the dominant process operating 
in the McMurray deposit was a biodegradation rather 
than a low thermal maturation. The phenomenon of 
degradation explains the progressive change from an 
unaltered oil (Bellshill Lake) to a strongly altered one 
(Pelican) . The reverse hypothesis with a Bellshill 
Lake oil coming from a heavy and immature oil of the 
Pelican type through thermal maturation -- as Connan 
(1972) had shown by laboratory experiment with heavy 
oils of Aquitaine -- cannot be retained for the McMurray 
oil. Upon thermal maturation, a heavy and immature 
oil produces normal and branched alkane s from the 
breaking of chains linked to heavy and polycyclic 
molecules . There is no reason to s uppose that s uch 
cracking would favour either normal alkanes or branched 
alkanes. In a supposed succession of thermal matura
tion going from Pelican, Flat Lake, Edgerton to Bellshill 
Lake, the isoprenoids appear first and selectively, 
and only later do the nor mal alkanes appear. That 
s uccessive appearan ce of isoprenoids and normal 
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FIGURE 6-2. Gross composition of heavy oil extracts in terms of saturated hydrocarbons, 
aromatic hydrocarbons and resins plus asphaltenes, 

alkanes does not fit with a natural cracking process so 
that the thermal evolution theory is unacceptable. The 
observed variations in oil composition from Bellshill 
Lake to Pelican corresponds to a natural succession 
that would be expected to result from biodegradation. 
The isoprenoids are more resistant to biodegradation 
than the normal alkanes so that the r atio of isoprenoids 
ton-alkanes would be expected to increase and become 
v ery large as the last traces of normal alkanes were 
removed from an oil, leaving a reduced absolute, but 
non-zero concentration of isoprenoids. Ultimately, 
both the n-alkanes and the isoprenoids are removed 
and the r atio becomes undefined. As can be seen in 
Figure 6-1, the ratio of isoprenoids to alkanes is about 
one for type a oils but very large for type b oils and 
undefined for type c oils, indicating that the dominant 
or exclusive process must hav e been biodegradation. 

All 63 of the samples can be classified by gas 
chromatography into three stages of degradation com
p ared to the pooled oils. All of the more extremely 
altered samples (types b and c ; Fig. 6-3) are poor in 
alkanes, but there is only slight variation in cyclo
alkane content. The hydrocarbon composition of the 
type a samples falls within the Group 2 triangle indicating 
the similarity to the Mannville-type oils. The heavy oils 
from the Peace River region fall in the type b category. 

Since the cyclo-alkane compounds are relatively 
stable, they can be used to establish the relationship 
of the heavy oils of eastern Alberta, both above and 
b elow the unconformity, with the unaltered oils occurring 
throughout the basin. Figur e 6-4 shows the distribution 
of 2-, 3- and 4-ring cyclo-alkanes for all oil samples. 
Almost all of the heavy oil samples fall within the a rea 
of the Group 2 or Lower Mannville type oils containing 
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FIGURE 6-4. Distribution of cyclo-alkanes (2, 3 and 4 rings) in heavy oil 
extracts in relation to those of pooled oils. 

a somewhat higher amount of tricyclic alkanes than 
either the Upper Cretaceous (Group 1) or Devonian 
(Group 3) oils. This relationship suggests a common 
origin for both the conventional and heavy Lower 
Cretaceous oils. 

Relationship of formation water 
type to hydrocarbon type 

The Mannville pooled oils and most of the type a 
samples (those that show the least alteration) occur 
with waters of greater than 80 parts per thousand total 
salinity (Fig. 6-5). The more altered oils of the b 
and c types are all located in zones of lower salinity. 
This same relationship ha s been observed previously 

by Evans et al. (1971) for oils in Mississippian strata 
of southeastern Saskatchewan. 

Aromatics and thiophenics 

The aromatic and associated thiophenic compounds 
are degraded only partially by bacterial activity. The 
comparative chromatograms of aromatic and thiophenic 
compounds can be used, therefore, as a guide to the 
relationships and classification of the oils. 

Thirty- nine samples analyzed by GLC have a wide 
distribution of thiophenic compounds in the range from 
C12 to C30· The two examples in Figure 6-6 show a 
faintly altered oil from Edgerton in the top chromato
grams and below this an altered sample from the Nisku 
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Formation, beneath the unconformity at Skaro. The 
FID curves record non-sulphur-bearing aromatics, and 
the FPD curve the thiophenes (Fig. 4-3). The right
hand portion of the FPD curve is at a noticeably lower 
level in the Skaro example, and indicates a lower 
amount of benzothiophenes compared with the Edgerton 
sample. 

The peaks just before the centre of the FPD curve 
(lower curve) in the Skaro diagram (Fig. 6-6) are 
less intense than the same peaks in the Edgerton 
diagram and this indicates a lower content of dibenzo
thiophenes in the former. - These differences can be 
seen better in Figures 6-7 and 6-8 where the curves 
for each of these groups of compounds are shown 
separately. In the benzothiophene curve (Fig. 6-7), 
the lower molecular weight and less complex benzo
thiophenes at the right-hand part of the curve are 
present only in small amounts in the Skaro example. 
Similarly, in Figure 6-8, the dibenzothiophene peaks 
in the central part of the curve are less intense in the 
Skaro sample. Various stages of this alteration process 
were observed in all 39 samples analyzed. The decrease 
in amounts of lower molecular weight ring compounds 
can be seen also in the aromatic hydrocarbons (Fig. 6-6). 
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It can be explained partly by biodegradation, partly 
by water washing, and possibly by some inorganic 
reactions throughout geologic time. 

Reference samples are shown at the top and bottom 
of Figure 6-9; these are Mannville oils. One, a heavy oil 
typical of the Lloydminster area, is relatively unaltered 
and the other, a very heavy oil from the McMurray 
Formation, is extremely altered. The McMurray oil 
differs from the Lloydminster sample only in the lower 
molecular weight aromatics and thiophenics. These are 
compared with an oil from the Viking at Legal (type 1) 
which, lacking a significant content of thiophenics, is 
totally different. A Redwater oil from the Leduc 
Formation is compared with the two reference samples 
in Figure 6-10. It may be seen that the Redwater 
Devonian (type 3) oil is richer in thiophenic compounds 
than the Group 1 oil, but the more complex thiophenic 
compounds of higher molecular weight are not well 
represented. 

The reference samples are compared with a typical 
Group 2 oil from the Glauconitic Formation at Glen Park 
in Figure 6-11. It can be seen that the Glen Park oil 
contains a wider range of thiophenic molecules than 
either the Group 1 or Group 3 oils and that this example 
does resemble both the altered and relatively unaltered 
reference samples from the Mannville, particularly in 
the left side of the chromatograms. The strongest 
similarity is between the oils of Lloydminster pool and 
the Mississippian Banff sample from Glenevis (Fig. 6-12) 
which illustrates the geochemical similarity of the 
unconformity oils to the slightly altered heavier oils of 
the Mannville. 

Two nondegraded oils, one from the Mannville and 
the other from the Devonian, in the Glen Park field, 
are compared (Fig. 4-3). The Glauconitic (Glen Park) 
oil shows the typically wide distribution of the thio
phenics in the Mannville oils. In contrast, the Leduc 
oil from the same field shows only a weak representation 
of the lower molecular weight dibenzothiophenes. 

There is some variation in the sulphur content of 
the high gravity oils of the Mannville Group. This 
variation is due to concentration brought about by 
selective removal of compounds such as n-alkanes and 
low molecular weight aromatics. To support this 
hypothesis, it is pointed out that: 

1. When compared with other oils having the same 
burial depth range, it is apparent that the non
degraded Mannville oils and unconformity oils 
belong to the same group as the higher sulphur 
crudes of the basin (see above). 

2. A linear relation exists between the sulphur con
tent and the aromatic-polycyclic (aromatic hydro
carbons, resins, asphaltenes) contents of the 
pooled oils of Mannville or of the unconformity 
(Fig. 6-13) . 

The additional incorporation of sulphur during 
the biodegradation, as a result of sulphate reduction 
by anaerobic bacteria, is certainly possible but is 
likely to be a subordinate factor. 



SAMPLE 

LOCATION 

DEPTH 

FORMATION 

SAMPLE 

LOCATION 

DEPTH 

FORMATION 

M89 

EDGERTON 
7-7- 45-3W4 

2506' 

LOWER MANNVILLE 

Wi8 

SKARO 
7- ll- 57-19W4 

2698' 

NISKU 
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FIGURE 6- 7. Chromatogram (FPD) for the benzothiophenes isolated from samples shown in Figure 6- 6. 
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FIGURE 6-8. Chromatogram (FPD) for the dibenzothiophenes and naphthobenzothiophenes isolated 
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SAMPLE 

LOCATION 

DEPTH 

FORMATION 

SAMPLE 

LOCATION 

DEPTH 

FORMATION 

SAMPLE 

LOCATION 

M22 

STEEP BAN K 
12-20-92 - 9W4 

180-187' 

McMURRAY 

90 

LEGAL 
15-16- 57- 25 W4 

2789' 

VIKING 

76 

LLOYDM I NSTER 
16-3-50-1W4 

FID 

n>p 

"v~w~A·AW~Jv~·!~)\M~v~· J .. , I. , 

·~~,~~~¥~ 

~~~~--~~~~~l 

FID 

DEPTH 'FPD 

FORMATION SPARKY 

FIGURE 6- 9. Chromatograms (FID, FPD), conventional Viking oil (Group 1) compared with a d egraded 
McMurray Formation oil and a partly altered oil at Lloydminster. 



SAMPLE 

LOCATION 

DEPTH 

FORMATION 

SAMPLE 

LOCATION 

DEPTH 

FORMATION 

SAMPLE 

LOCATION 

DEPTH 

FORMATION 

M22 

STEEP BANK 
12- 20 92 ·· 9W4 

180-187' 

McMURRAY 

23 

REDWATER 
10 -29 - 57- 21W4 

3208' 

LEDUC 

76 

LLOYDMINSTER 
16-3-50- 1W4 

SPARKY 

I I' 1: ! 
'~ ' ' 

I. I I ' ! I . I I I 

~},M,ljiiW/~ ~;:IJ~~·I~ 
! I~~~ ~~~ ~ 

I 

I 

FPD I 

FIGURE 6- 10. Chromatograms (FID, FPD), conventional Devonian oil (Group 3) compared with the same 
references as shown in Figure 6-9. 

Mass spectrometric examination of the aromatic 
fraction of heavy oil extracts (Table 6-2) confirms the 
characteristics observed using gas chromatography. 
The heavy oil extract from the McMurray sands ( GCOS 
Plant M24) , for example, shows a large content of 
sulphur which is typical of all Group 2 oils. This 
large sulphur content can be attributed to abundant 
thiophenic compounds (Table 6- 2) , particularly dibenzo
thiophenes in the range C21 to C35· The thiophenic 
compounds with one thiophene cycle families (CnH2n- 16S 
and CnH2n- 1sS) are more abundant than the true 
aromatics of the phenanthrene family (CnH2n- 18). 
The heavy oil extracts differ from the Group 2 oils in 
that monoaromatics of the steroid and triterpenoid type 
clearly are represented. The degradation phenomena 
already observed by gas chromatography are confirmed 
by mass spectrometry, particularly the absence or 
reduced quantities of compounds with low carbon numbers 
(C12 to C17). These degradation characteristics will 
be discussed more fully in a later section. Mass 
spectrometric analysis of aromatic hydrocarbons from 
a heavy oil at Peace River (M48) shows that it is similar 
to the Group 2 oils. In particular, it resembles the Flat 

Lake (M59) sample which has undergone approximately 
the same amount of biodegradation. 

Colorado Group impregnations 

A single impregnation has been analyzed from the 
Colorado Group sediments; it occurs at Wabasca (LC20/ 
LC21) in the Viking Formation, 6 m (20ft.) above the 
Mannville. The distribution of saturated hydrocarbons 
shows a small amount of normal and branched alkanes 
( < 20%) and a large content of 3- and 4-ring cyclo
alkanes. This latter feature r esembles the impregnations 
and heavy oils of the underlying Mannville ; the simi
larity is re- enforced upon examination of the aromatic 
hydrocarbons by gas chromatography and mass spectrom
etry (Fig. 6-14). Both the true aromatics and the 
thiophenes contain heavy molecules beyond c25. The 
concentration of dibenzothiophenes and the presence of 
naphthodibenzothiophenes r esemble those found in the 
GCOS oil sands (M24) and Flat Lake-(M59) samples. 
Similarly, monoaromatics of the s teroid and tr iterpenoid 
types are found in the mass families CnH2n-12 and 
CnHzn- l4• and lower molecular weight compounds 
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FIGURE 6-11. Chromatograms (FID, FPD), conventional Mannville oil (Group 2) compared with the 

same references as shown in Figure 6-9. 

BOREHOLE 

G.C.0.5. Plant 

Pelican 

Marten Hills 

Flat Lake 

Edgerton 

5karo 

Wabasca 

Peace River 

TABLE 6-2 

Heavy oils extracts - distribution (weight per cent) of monoaromatic, 
diaromatic compounds and benzothiophenes in the aromatic families 

CnH2n-p (p = 6, 8, 12 and 14) 

p = 6(105) p = 8(125) P= 12(16S) 
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FIGURE 6-12. Chromatograms (FID, FPD). Strongest similarity is between heavy oil from 
Lloydminster and a Mississippian conventional oil at Glenevis illustrating 
geochemical similarity of unconformity oils with slightly altered Mannville oils. 

(below c17) are present in low concentrations. It 
would appear that this basal Colorado impregnation is 
derived from the Wabasca oil sands of the underlying 
Mannville. 

Extracts from Devonian rocks adjacent 
to and away from the unconformity 

Eight Devonian rock samples were extracted origi
nally; subsequently, a further 6 samples were extracted 
of which 5 were supplementary samples. Samples 
taken from within 12 m (40ft.) of the pre-Cretaceous 
unconformity [Wabamun (W105), Nisku (Wi9), Grosmont 
(W24/W25), and Beaverhill Lake (B19)] have been 
compared with samples taken from between 90 and 660 m 
(300-2200 ft.) beneath the unconformity [Ireton (W20, 
W21, W22, W23), Beaverhill Lake (B17, B18), and 
Muskeg (MD6, MD5)]. Only one of the Muskeg (MD6) 
samples yielded any extract. A number of extracts are 
affected by contamination, notably Vegreville (Wi9-Nisku) 

by the second type oil and Craigend (W 25-Grosmont), 
Wappau (B19-Beaverhill Lake), Meadowbrook (W22/ 
W23-Ireton) and Plum Lake (W21-Ireton) by the first 
type (see Chap. 4). In all of these cases, the extracts 
yielded only small quantities of saturated hydrocarbons. 
The following observations can be made for the non
polluted samples. 

Samples directly under the unconformity 

The Marten Hills (Wb5-Wabamun) sample has a high 
extract yield (extract/org. C) and has normal alkane and 
isoprenoid distributions similar to the Upper Devonian 
oil samples. The sample from Craigend (W24-Grosmont) 
has ann-alkane mode at c17-c19 and abundant n-alkanes 
above c20 with a slight odd predominance between C23 
and c 29 ; the supplementary extract (W25) in which 
the saturated hydrocarbons are contaminated has an 
aromatic distribution (CGC) similar to an impregnation 
which has undergone alteration by water washing. 
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FIGURE 6-13. Sulphur content of heavy oil extracts as 
a function of aromatic resin and asphalt
ene contents combined. 

The Wappau (B19-Beaverhill Lake) extract is similar; 
the saturated hydrocarbons are contaminated and the 
aromatic distribution (CGC) is characteristic of heavy 
oil imp.regnations. The absence of the lighter fractions 
is attributed to evaporation. 

Samples away from the unconformity 

In contrast to the samples discussed above, the 
extracts from Meadowbrook (W23-Ireton) and Plum 
Lake (W21- Iretot:J.) , in which the saturated hydrocarbons 
are contaminated, have aromatic ( CGC, FID) and thio
phenic (FPD) distributions similar to the Duvernay 
extract from Ferrybank (W9) . 

The only extract from the Muskeg (MD6) sample 
shows a loss of alkanes below C2o· This loss may have 
b een caused during the analytical procedure, based on 
the low quantity of saturated hydrocarbons ( 45 mg) 
obtained from this extract (250 mg). This extract is 
similar in some ways to one from the Watt Mountain 
Formation at Swan Hills (Fig. 5-19b), particularly in 
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the distribution of thiophenic compounds ignoring the 
loss of the lighter compounds in the Muskeg sample. 

The Beaverhill Lake sample (B18-Rock Island) was 
taken from the vicinity of the Marten Hills pool and has 
an irregular distribution of n-alkanes with an odd 
predominance between c15 and c21 and between c25 
and C29; the isoprenoids and particularly pristane and 
phytane are abundant. 

Origin of gas associated with heavy oil deposits 

Before summarizing this part of the study, it is 
interesting to note tha:t the heavy oil zone includes a 
number of fields of dry gas which are situated within 
the Mannville or immediately under the unconformity. 
For purposes of comparison, gases from both study
areas have been divided into four groups (A to D) on 
the basis of composition (Fig. 6-15). The dry gases 
from the basin margin comprise 95 per cent or more of 
methane (Fig. 6-15, Group A); the other components 
are chiefly represented by nitrogen (~3% ), whereas 
the higher hydrocarbon homologues c2 to c6 form less 
than 2 per cent. As such, these gases are similar in 
composition to those occurring in post-Colorado reser
voirs at Medicine Hat in the extreme southeast of 
Alberta, whereas the closer Colorado fields (Fig. 6-15, 
Group B) are richer in higher homologues (C2+). 
The content of higher hydrocarbons is clearly higher 
in the gas fields along the Redwater Homeglen-Rimbey 
reefal trend (Fig. 6-15, Group D) and the Lower 
Mannville and Mississippian (Fig. 6-15, Group C). 
Moreover, these gases are associated with or adjacent 
to pools of liquid hydrocarbons. 

Two hypotheses can be proposed to explain the 
origin of the dry gas fields at the margin of the basin. 
In the first, dry gas would be formed by cracking 
of hydrocarbons in the deeper parts of the basin; a 
migration across the transgressive deposits of the 
Mannville in contact with the unconformity would then 
occur, followed by accumulation in the structures at 
the margin of the basin. In the second hypothesis, 
dry gas would accumulate in situ; it would have a 
biogenic origin and would form at an early stage of 
diagenesis. The preservation of this diagenetic methane 
suggests an origin from a sedimentary sequence which 
has not been disturbed since deposition. This excludes 
the formations which have been truncated and eroded 
by the Mesozoic unconformity and particularly the 
Paleozoic formations. 

The second hypothesis appears to be the most 
plausible since long distance migration cannot explain 
the observed variations in gas composition between 
groups A to D. 

Summary 

The McMurray oil and the other heavy oils of 
eastern Alberta, including Peace River, are degraded 
as the result of the activity of micro- organisms, water 
washing and probably some inorganic oxidation. The 
micro- organisms are responsible particularly for the 
loss of alkanes and possib ly some of the cyclo-alkanes 
and aromatic molecules. Water washing probably is 
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responsible for the impoverishment of the most soluble 
cyclo-alkanes and aromatics with the fewest rings. 
Oxidation of lower molecular weight compounds of the 
cyclo-alkane, aromatic and thiophenic fractions prob
ably occurred also. The loss of the lower molecular 
weight compounds as a result of degradation causes a 
relative enrichment in the heavier molecules. Ignoring 
the effect of alteration, the Athabasca oils and the other 
heavy oils of eastern Alberta show a close relationship 
with the pooled oils of the Lloydminster area as well 
as the conventional Mannville oils. Similarities, based 
on the polycyclic fraction (saturated and unsaturated) , 
suggest a common origin for all these oils. 

The Devonian samples that are adjacent to the 
unconformity generally contain impregnations of heavy 
oil which may or may not be affected by contamination. 
These samples, taken at a distance from the unconformity, 
namely from the Ireton and Beaverhill Lake Formations, 
are similar to the types of extracts found in the Duvernay 
Formation (e. g. El Dorena), which have undergone 
little maturation. 

RELATIONSHIP BETWEEN HEAVY OILS 
AND CONVENTIONAL OILS 

Introduction 

Conclusions reached in the previous section were 
that the heavy oils of eastern Alberta have been more 
or less degraded by the activity of microorganisms, 
by water washing, and probably by some inorganic 
oxidation. Microbial activity causes the loss of normal 
or branched alkanes and certain molecules among the 
cyclo-alkanes and aromatics. W:;tter washing causes a 
depletion of the simplest and most soluble cyclic mole
cules and oxidation affects the lower molecular weight 
polycyclic compounds. 

Apart from the degradation phenomena, the heavy 
oils resemble the conventional oils of the Lloydminster 
region and the oils of the Mannville Group. The simi
larity is based on the saturated and aromatic polycyclic 
compounds and suggests a common or related origin 
for all of these oils. The comparisons of the aromatic 
fractions have been based on gas chromatographic 
analyses; in this section, a more detailed comparison 
based on MS analysis is summarized. 

Aromatic composition of heavy oil extracts 

The following heavy oil extracts have been analyzed; 
the choice has been made on the basis of locality, age 
of reservoir and st~te of degradation. Type c: 

CGOS Athabasca McMurray Fm. Sample M24 

Type b: 

Marten Hills Sample M42 

Type a: 

Edgerton Lloydminster Fm . Sample M89 
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Detailed examination of the aromatic hydrocarbons 
confirms the similarity of the heavy oils with those of 
Group 2 (Table 6-2). The characteristic features are 
the importance of the thiophenic compounds and 
particularly the dibenzothiophenes between c21 and 
C35 in the mass families CnH2n-16S and CnH2n-lsS 
(Fig. 6-14). In the triaromatic plus fraction, the 
distribution of families shows that the sulphur molecules 
with one thiophene cycle (CnH2n-16S, CnH2n-lsS) 
clearly are present in greater concentration than the 
true aromatic molecules of the phenanthrene family 
<CnH2n-18) · 

The general similarity does not exclude completely 
certain variations within Group 2; notably in the mass 
families CnH2n-8• CnH2n-12• and CnH2n_14 and the 
equivalent thiophenes of CnH2n-10S, CnH2n-12S, 
CnH2n-16S and CnH2n-18S . These variations may 
be related to varying degrees of diagenesis and/or 
alteration. 

Variation in aromatic compositions 
with increasing alteration in heavy 

oils and conventional oils 

For the Group 2 oils, the diagenetic state is known, 
or is known for a comparable example, so the listed 
compositional variations which are produced by non
thermal alteration can be related to a given level of 
maturation. 

In the aromatics: 

1. In the mass family CnH2n-8• a shift in the mode 
to higher carbon numbers; 

2. In the mass families CnH2n-12 and CnH2n-14• an 
overall enrichment, particularly beyond C20 or 
c25 in the former family. 

In the diaromatics of the families CnH2n-12 and 
CnH2n-14: 

3. A decrease in the total percentage; 
4. A decrease in the mode; or/and 
5. A displacement of the mode to higher carbon 

numbers. 

In the thiophenic families CnH2n-los. CnH2n-12S, 
CnH2n-16S and CnH2n-lsS: 

6. An increase in their concentration; 
7. An enrichment in the heavy ranges (C2o+) accom

panied by /or 
8. A decrease of the concentration of compounds in 

the low boiling ranges. 

The term alteration is used here to designate both 
the consequence of secondary migration and bacterial 
degradation, water washing and inorganic oxidation; 
the last three processes may be associated. Only in the 
geological context can the relative effects of maturation 
and alteration be distinguished. As a first approxima
tion, the relative stages of maturation can be estimated 
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FIGURE 6-15. Composition of gases from producing fields in the study-area. 
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FIGURE 6- 17a. Distribution of aromatics in oils at various levels of diagenesis. 
Medicine River-Harmattan region. 

by considering the present geothermal gradients and 
maximum burial of the different oils under consideration 
(Fig. 6-16). It allows us to make a comparison of 
crude oil composition within successive maturation 
zones. The results are summarized in Figure 6-17. 

Zone of present geothermal gradient 
30°C per 1000 m 

This domain includes the oil pools adjacent to the 
Foothills and also the Alexis, Cherhill and Glenevis 
pools. Comparison can be made readily since the oils 
are in production and the gradients and burial depths 
are well known. In the case of the Medicine River 
fields (Fig. 6-16), the Jurassic (53) and Pekisko ( 45) 

oils have a shallower depth of burial than the oil from 
the Lower Mannville (Ostracod G68) because of their 
more northerly structural position. This is reflected 
in the composition of the hydrocarbons which generally 
indicate a relatively low level of maturation. The 
aromatic hydrocarbons have variations 1, 3 and 4, as 
listed above, and they are accompanied by a higher 
proportion of benzothiophenes. These two oils are in 
reservoirs of comparable depths of burial and have 
similar gas to oil ratios (GOR) (Fig. 6-18) which are 
lower than that for the Mannville reservoir. The 
observed variations can be related jointly to differences 
in tj'l.e degree of maturation and to the effects of secondary 
migration. 
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FIGURE 6-17b. Distribution of aromatics in oils at various levels of diagenesis. 
Pembina-Leduc Woodbend region. 

The Mississippian oils from Harmattan East ( 49, 
Rundle) , to the southwest of the Medicine River pools, 
clearly are more deeply buried. The high distillate 
content, distribution of n-alkanes, cyclic alkanes and 
aromatic compounds indicate a higher degree of matura
tion than the Medicine River (68) oil. However, as 
well as being richer in monoaromatics than the previous 
oils, it also shows variations 1, 3 and 4 for the mass 
family CnH2n-12· This anomaly can be explained by 
secondary migration; the more mobile aromatics are 
partially lost to higher reservoirs. In the Harmattan 
East field, the oils in the Mannville reservoirs have a 
higher GOR (Fig. 6-17) [1000 at a depth of 2413 m 
( 8042 ft. ) ] than that in the underlying Mississippian 
[965 at 2887 m ( 9625 ft.)]. 

The Mississippian oil from Gilby ( 42, Pekisko) 
has the same conditions of burial as the Jurassic and 
Pekisko oils at Medicine River. However, it appears 
to be less mature, as indicated by the overall composi
tion of the hydrocarbons and the fact that saturated 
hydrocarbons resemble the unaltered oils from the 
Lloydminster regions. The aromatic distribution shows 
variations 1, 3, 4 and 6 in contrast to the Jurassic and 
Pekisko oils at Medicine River. Since the conditions 
of burial are similar, these variations must be due to 
secondary migration of light compounds which, in this 
case, is accompanied by an enrichment of thiophenic 

106 

compounds in the remammg oil. Although the GOR 
of this particular reservoir is not known, adjacent 
Mississippian reservoirs at Gilby have a GOR similar 
to those of the Jurassic and Pekisko oils at Medicine 
River. 

The Mississippian oil from Glenevis ( 41) , lying to 
the north of the oils discussed above, has been the 
least buried of the oils from this zone. It shows varia
tions 1, 2, 3, and 4 in the mass family CnH2n-14• a 
relative increase in the proportion of dibenzothiophenes 
beyond C20• and a lower maturation state than the 
Medicine River oils. Thus, within the limits of this 
geothermal gradient (30°C/1000 m), the Glenevis oil 
( 41) has undergone the least maturation whilst that from 
Harmattan East ( 49) has suffered the most maturation. 
This conclusion is consistent with the paleotemperatures 
derived from coal rank studies (Appendices B, C). 
The estimated paleotemperatures of the Alexis, Cherhill 
and Glenevis reservoirs is 76°C while those of the 
Medicine River, Gilby and the Harmattan East pools are 
lll°C, 1l1°C and 127°C, respectively. The oils from 
Harmattan East ( 49), Medicine River (53 and 45) and, 
to a lesser degree, Gilby ( 42) have been affected by 
secondary migration; the lighter hydrocarbons have 
a tendency to escape from the reservoirs under the 
unconformity to reservoirs which are higher laterally 
and vertically, leaving in place the less mobile products. 
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FIGURE 6-17c. Distribution of aromatics in oils at various levels of diagenesis. 
Lloydminster region. 

D. ATHABASCA REGION 
Geothermal gradient unknown 
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FIGURE 6-17d. Distribution of aromatics in oils at various levels of diagenesis. 
Athabasca region. 
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Zone of present geothermal gradient 
40°C per 1000 m 

This zone includes most of the oils in production 
and contains altered oils such as Lloydminster ( 76) or 
unaltered oils as at Leduc (38) and Pembina (63); it 
also includes heavy oil extracts which may be altered 
(Flat Lake, M59) or unaltered (Golden Spike, W62; 
Edgerton, M89; Skaro, W66). For the most northerly 
samples (M59, M89, W66 and 76), the maximum depth 
of burial is not known; but, for comparison purposes, 
it is estimated to be equivalent to that of the Glenevis 

The Pembina ( 63) sample, which has been buried 
the deepest of this group, has characteristics similar 
to the Medicine River (68) sample, which is more 
deeply buried but in a zone with a lower geothermal 
gradient. The oil from Leduc-Woodbend ( 38) and the 
impregnation from Golden Spike (W62) are both from 
the Wabamun Formation and are at the same maturation 
level. They show variations 1, 3 and 4 in the aromatic 
compounds and variation 6 in the thiophenic com
pounds. The Leduc-Woodbend (38) oil has a lower 
GOR (Fig. 6-17) [ 400 at a depth of 1345 m ( 4482 ft.) 1 
than oils from reservoirs above the unconformity in the 
same field [525 to 550 at 1438- 1363 m ( 4795-4545 ft.) 1. ( 41) oil. 
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Here again, the variations can be attributed to secondary 
migration, particularly since there is a strong similarity 
between this oil and the impregnation at Golden Spike. 

Impregnations consisting of concentrations of heavy 
fractions could be the residue from migration or the 
residue left after evaporation of the light fractions after 
drilling, a product of alteration processes, or could be 
an original oil which has undergone little alteration. 
The samples of heavy oils from Edgerton (M89) and 
Skaro (Wi6) were extracted under the same conditions 
as the Golden Spike (W62) sample. Although they were 
less deeply buried, the Edgerton and Skaro samples 
can be distinguished from the Golden Spike sample only 
by their higher content ofmonoaromatics (mass families 
CnH2n-8• CnH2n-12 and CnH2n-14) and particularly 
the compounds beyond C25. The difference can be 
attributed to the lower degree of maturation of the former. 
The Edgerton and Skaro oils, as well as the Golden 
Spike sample, tend to contain a few light monoaromatic 
compounds C<C2o) in the mass family CnH2n- 8 and 
even less in the families CnH2n- 12 and CnH2n-14; this 
could be the result of secondary migration. 

The heavy oil from the Lloydminster (76) pool is, 
in turn, compared with the Edgerton (M89) sample 
since the geothermal gradients and depths of burial are 
similar. The relative importance of the monoaromatics 
beyond C25 in the mass families CnH2n-12 and CnH2n-14 
can be interpreted as due to a low degree of maturation, 
but the effect of concentration due to alteration must also 
be considered. The effects of alteration are manifested 
in the aromatic and thiophenic compounds by variations 
1, 5, 7 and 8. These changes are more important than 
those attributed to secondary migration. A certain 
degree of degradation of the aromatic fraction accom
panies the bacterial removal of normal alkanes in the 
saturate fr action (type boil): it i s attributable to water 
washing of the r elatively soluble ar omatic compounds 
and to inorganic oxidation of weakly soluble or insoluble 
compounds. The heavy oil extracted from the Flat Lake 
(M59) sample shows the same bacterial degradation of 
normal alkanes as at Lloydminster and v ariations 1 and 
5 in the aromatics but without any modification of heavy 
monoaromatic compounds CC25+) or thiophenic compounds. 
In this case , the degradation of the aromatic fraction i s 
less advanced than at Lloydmins ter since the thiophenic 
compounds are not affected. 

Zone of unknown geothermal gradient 

This p art concerns the heavy oils extracted from 
samples locate d in the most nor therly p art of the study
ar ea, the r egion of the Athab asca (M24) , Wab asca (LC21, 
base of Vik in g Fm.) , Pelican (M37, Wabiscaw Fm.) 

and Marten Hills (M42, Wabiscaw Fm.). The present 
geothermal gradients are unknown but the burial depths 
are estimated to be equivalent to those of the preceding 
samples; this assumption is supported by the parallel 
importance of the heavy monoaromatics CC25+) in the 
families CnH2n-12 and CnH2n-14. These oils are con
sidered in order of the known alteration (types a-c) of 
their saturated hydrocarbons. 

The aromatics from the Marten Hills (M42, type b) 
extract show the same alteration effects observed in the 
Lloydminster oil which were attributed to water washing 
and inorganic oxidation. The Wabasca (LC21, types b, 
c , i. e . the beginning of the alteration of the isoprenoids) 
extract has the same characteristics as were found in 
the Flat Lake (M59) sample. Assuming that it has a 
history of secondary migration similar to that ·of the 
Marten Hills and Lloydminster samples, it is obvious 
that the oil is severely degraded. 

The two remaining heavy oils, Pelican ( M37) and 
GCOS Plant (M24), have the most degraded saturated 
hydrocarbons (type c). The same changes occur with 
regard to the aromatics as were observed in the Marten 
Hills and Lloydminster oils, but variation 5 is particu
larly significant. These samples represent the most 
advanced stage of alteration of the aromatics by water 
washing and inorganic oxidation. 

Summary 

Comparative analyses of the aromatic hydrocarbons 
of the Group 2 oils show that: 

1. In the main oil field area, all oils located beneath 
the unconformity (Jurassic , Mississippian or Devonian) 
are altered as a result of secondary migration of the 
lightest components from the reservoir to v ertically or 
laterally higher r e servoirs . The geochemically defined 
maturation state of the oils in zones with comparable 
geothermal gradients correspond well to their respective 
depths of burial. 
2. In the heavy oil zone, to the north of the main field 
area , all oils have undergone les s maturation than the 
preceding oils. In addition to the effects of secondary 
migration, the aromatics from these oils h ave under 
gone degradation by w ater washing and inorganic 
oxidation which are associated with the biodegradation 
of the alkanes. These effects are at a maximum in the 
reserv oirs closest to the Cretaceous unconformity ev en 
if the biodegradation of the n ormal alkan es has not 
reached the most advanced s ta ge. In all probability, 
the un conformity corresponds to an aquifer and controls 
the distribution and alteration of hydrocarbons in i ts 
vicinity. 

109 



CHAPTER 7 

GENERAL CONCLUSIONS 

Maturation studies based on coal rank have shown 
that, in Alberta, BB per cent of the initial (in place) 
oil reserves have a degree of organic metamorphism 
comparable to a coal rank of 0. 5 to 0. 9 per cent Ro. 
The paleotemperatures in this interval range from 6B0 

to l16°C. No oil was found above a paleotemperature of 
143°C. While Paleozoic oil occurs in about the same 
quantities at the rank levels ofV6, V7 and VB (0. 60-0. 69% 
Ro to 0. BO-O. B9% Ro), the post-Mannville Cretaceous 
oil is found predominantly at V6 (0. 60-0. 69% Ro). 
Furthermore, heavy Mannville Cretaceous oil is found 
at V 4, a level at which one normally does not expect oil 
to be present since it lies below the minimum generation 
temperature of 65°C. These results are consistent with 
the conclusion of the geochemical study which indicates 
that the heavy Cretaceous oils had migrated updip from 
the more central part of the basin. 

As regards the natural gas pools, large quantities 
of biogenic methane occur at a coal rank of V 4, or 
between temperatures of 52 and 6B°C. Thermal gas 
ranges over a much larger rank interval; it is abundant 
particularly between VB and Vll (0. BO-O. B9% Ro and 
1. 10-1. 19% Ro) and substantial quantities also are 
present at V15 (1. 50-1. 59% Ro). The temperature 
range of the gas is from about 106° to 177°C. 

Analysis of crude oils from the central part of the 
Western Canadian Sedimentary Basin has distinguished 
three groups of oils, one of which can be divided into 
two subgroups. The Group 2 oils can be separated 
from the other two groups on the basis of their gross 
composition, but the Group 1 oils can be distinguished 
from the Group 3 oils only after detailed analysis of the 
saturated hydrocarbons. Group 3 has been divided 
into two sub-groups only after detailed analysis of the 
aromatic hydrocarbons. 

Group 1 includes the Colorado and post-Colorado 
oils. These oils have the lowest concentration of sulphur 
and aromatic hydrocarbons; they are richer in saturated 
hydrocarbons, especially the normal and branched 
alkanes, but have n-alkane distributions similar to 
Group 2. They can be separated from the Group 3 oils 
by the lower proportion of cyclo-alkanes with 1 and 2 
rings; the quantities of benzothiophenes also are lower 
and are limited to the lower carbon number range. 

Group 2 comprises the majority of the Lower 
Mannville, Jurassic, Mississippian and Wabamun oils 
with the exception of oils occurring in the Mannville to 
the northeast of the main pool at Leduc-Woodbend. 
These oils are the richest in sulphur and aromatics and 
the poorest in saturated hydrocarbons of all the oils 
examined; then-alkane content and the ratio of iso
prenoids to n-alkanes are also the lowest in the three 
groups. The very high sulphur values correspond to 
large amounts of benzothiophenes and dibenzothiophenes; 
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the latter occur as relatively high molecular weight 
compounds (Cz1-C3o). 

Group 3 corresponds to oils from the Upper Devonian, 
excluding the Wabamun strata, and includes the Nisku, 
Leduc, Beaverhill Lake and Elk Point reservoirs. This 
group contains a higher proportion of thiophenic com
pounds than Group 1 with a smooth distribution over a 
wide range of carbon numbers. The Beaverhill Lake 
oils form Group 3b and are generally poorer in thiophenic 
compounds than those from the overlying Devonian . 
corresponding to Group 3a. 

The post-Colorado reservoirs (base of Belly River 
Gp. ) and the Cardium and Viking reservoirs (Colorado 
Gp. ) probably have been fed by source rocks from 
within the Colorado Group. The oils in the Lower 
Mannville reservoirs, which are effectively separated 
from those of the Colorado and post-Colorado by the 
nonmarine Upper Mannville sequence, have originated 
from the surrounding rocks in which the organic matter 
may be marine or nonmarine in origin. In the area to 
the northeast of Leduc-Woodbend, the Lower Mannville 
reservoirs have been fed mainly by rocks in the under
lying Devonian (Calmar, Leduc Fms.). In contrast, 
the Jurassic and Mississippian reservoirs near the 
unconformity have taken their oils from the Lower 
Mannville sediments. The Beaverhill Lake, Cooking 
Lake, Duvernay and Ireton to Calmar Formations are 
considered to be the more favourable sediment sources 
for the Devonian reservoirs; and, of these, the 
Beaverhill Lake, Cooking Lake and Duvernay Formations 
constitute the most likely sources from a geochemical 
standpoint. 

If the yield of the Devonian samples is considered 
as a function of maximum burial (Fig. 5-21), the 
principal zone of petroleum formation is seen to be 
situated between 1200 and 2700 m (4000-9000 ft.) for 
the Upper Devonian and almost to 3600 m (12 000 ft.) 
for the upper Middle Devonian (Beaverhill Lake). 
These depth ranges correspond to the depths of burial 
reached in the Upper Cretaceous and can be applied in 
the El Dorena-Redwater-Leduc region for the Upper 
Devonian and in the Swan Hills-Virginia Hills-Waskahigan 
for the Beaverhill Lake rocks (Fig. 5-13e). In the latter 
region, hydrocarbon genesis occurred in Devonian 
source sediments as early as the Carboniferous and 
proceeded through the Cretaceous whereas, in the 
Redwater-Leduc region, little hydrocarbon genesis 
occurred in Devonian rocks prior to the Cretaceous 
Period. In both cases, on the basis of the burial 
histories, the principal phase of genesis did' not occur 
until the Cretaceous and probably the Late Cretaceous. 
In source rocks of Cretaceous age, oil genesis probably 
occurred approximately at the same time or a little later 
since this is probably the period of maximum burial of 
these rocks. 



A major consequence of the timing of oil genesis 
(Late Cretaceous) was that a group of favourable traps 
was in place at the time of the generation phase. Thus, 
the trapping of oil and gas was a function of the degree 
of communication between the source rocks, the porous 
rocks and the reservoir traps. Another consequence 
is that the Cretaceous source rocks have undergone 
approximately the same degree of evolution as the 
Devonian source rocks, which may account for the 
similarities in the composition of the saturated hydro
carbons in the different oils. 

The heavy Lower Cretaceous oils from the Lloydminster 
region are similar with respect t6 their aromatic content 
to the contemporaneous oils of the central part of the 
basin. The same can be said for all of the oils from the 
Wabasca, Cold Lake, Athabasca and Peace River areas. 
This statement applies to the more scattered localities 
between the main accumulations whether the reservoirs 
are above or below the unconformity. The aromatic 
characteristics of these oils are comparable to those of 
the least diagenetically altered oils (e. g. Glenevis) and 
are all the more marked since degradation favours the 
concentration of the heavy fractions which exhibit these 
diagenetic features. The effects of degradation include 
removal of n-alkanes and isoprenoids by biodegradation, 
loss of light hydrocarbons by secondary migration/ 
deasphalting, removal of the most soluble hydrocarbons 
by water washing, and inorganic oxidation of the most 
insoluble fractions, particularly the thiophenes. The 
degradation is particularly advanced adjacent to aquifers 
bearing relatively fresh water. Comparative analysis 
of oils of the Mannville type from the Foothills to the 
margin of the basin allows the effects of segregation/ 
migration to be determined, but the effect of primary 
migration on the composition of these oils is not definable. 

At the margin of the basin, characteristics of rock 
extracts, whether they are Devonian or Mannville, 
indicate a low level of diagenesis for the organic material. 
The rock extracts contain n-paraffins, which supports 
considerably the idea that the heavy oils in contempo
raneous reservoirs are biodegraded conventional oils and 
do not represent very immature oil. All the remaining 
geochemical characteristics of the heavy oils are com
p arable with the extracts of the Lower Mannville type 
encountered in the contemporaneous shales. As a first 
step, one can suppose that the heavy oil accumulations 
were formed in situ. However, the low level of 
diagenesis of the organic matter in the shales correlates 
with a low yield of hydrocarbons. Thus, the less 
deeply buried sediments at the margin of the basin 
could not have contributed, by themselves, the enormous 
accumulations of oil found at Athabasca. It is necessary 
to admit some contribution from source rocks located in 
the deeper parts of the basin. 

It is difficult to delineate the roles of the various 
potential source rocks in supplying oil to the oil sands 
area, particularly the Paleozoic series under the uncon
formity. In fact, we have seen that communication across 
the unconformity exists in the region to the northeast of 
the main pool of Leduc-Woodbend since the oils at the 
base of the Mannville have affinities with those in the 
Paleozoic rocks under the unconformity. However, if 
the Paleozoic oils have contributed to the heavy oils at 
the margin of the basin, then distinctive geochemical 
characteristics of their saturate fraction will be masked 
by the dominant characteristics of the Group 2 oils; this 
means that the contribution of the Devonian oils to the 
heavy oil accumulations cannot be assessed readily. 
Geological considerations indicate that there is no 
obstacle to the migration of fluids from the deep parts 
of the basin to the basin margin. Such fluids could 
have moved readily through the detrital rocks at the 
base of the Mannville Group at the time of the Laramide 
Orogeny (Late Cretaceous to early Oligocene) when 
upward tilting to the northeast occurred in the easterly 
converging Paleozoic horizons. 

Migration must have been facilitated also by the 
presence of methane of possible biogenic origin in the 
Mannville series at the margin of the basin. Its existence 
is known from fields which could have been exploited 
(e. g. Tweedie, Craigend) and it is possible that its 
former distribution was more widespread. The methane 
could h ave been a supplementary factor in the migration 
of the oil. It must have caused deasphalting of the oils 
resulting in a segregation of the heavy products from 
the more mobile compounds; these more mobile com
pounds then migrated. Thus, there is an association 
of heavy oils having geochemical characteristics 
diagnostic of a low level of diagenesis with more mobile 
products. The limit of migration is the margin of the 
basin at the Athabasca oil sands. It is likely that, at 
one time, the Clearwater and possibly subsequent 
formations extended across the shield area and may 
have formed a cap rock for oil accumulation. Under 
these conditions, the methane and light hydrocarbons 
may have formed a gas cap for the precursor oils of 
the "oil sands" as they accumulated; degradation pro
cesses were particularly active since the accumulations 
were relatively close to the surface and resulted in an 
increased gravity of the oils. The gas cap disappeared 
with the erosion of the cap rock but the oils, which 
were already degraded, did not escape from the 
reservoir because of their high viscosity. Clean white 
sands, exposed along the Clearwater River, occupy the 
up dip pinchout of the tar sands and provide supporting 
evidence of a pre- existing gas cap which has since 
been breached (Gussow, 1955, p. 1628, 1629). The 
closure of the eroded zone would be assured by plugs 
of asphalt formed by oxidation of the surrounding oil 
as degradation continued to increase the gravity. 
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I,300,000 0 3,20B 29 V5 76 I6B 

IO,OOO T 6,953 I2 VB lll 232 

7B2 K 7,7BO I2 V9 119 247 

458,425 T 3,209 I5-20 V5 76 I6B 

7,440,000 K 5,0BI I5-20 V6 B9 I92 

Golden Spike 327,6BO D 5,BOO 23 V6 B9 I92 

Glen Park 29,300 0 6,305 22 V7 IOI 2I4 

28 ~-W_iz_ar_d_Lk ______ +-_3_B~5,_oo_o~_o-+ __ 6~,4_60-4~2_2-4~V_7-+_I_O_I+-2_I4-i 

Leduc-Woodbend 
22,27B K 4,422 23 V6 B9 192 

522,B74 0 5,3I5 23 V6 B9 I92 

Acheson 
35,I60 K 4,025 25 V5 76 I6B 

I53,360 0 5,07B 25 V6 89 I92 

29 ~S_t_·A~Ib~ert~- B~ig~L~k~~~3~5,~34~0~~D-+~4,~B0~2-+~25~~V~6-4~B~9+-I9~2~ 
Morinville I,250 K 3,5B4 27 V5 76 I68 

Campbeii-Namao 
3B,600 K 3,700 27 V5 76 I6B 

20,522 0 5,276 27 V6 B9 I92 

Bonnie Glen 
25,000 K 3,95I 2I V5 B9 I92 

30 ~----------~-6_4~3,~oo_o~_o-+~7,_Io_5-+ __ 2I __ ~v_7-4_I_o_I+-2_I4~ 
I59,000 D 7,233 20 VB 101 2I4 Westerose 

31 Joarcam 22I,OOO K 3,24B 26 V5 76 I68 

l1,570 T 5,62I I2 V7 IOI 2I4 

32 Ferrier 299,I30 K 6,B68 I2 VB lll 232 

20,000 K B,I99 I2 V9 l19 247 

I2,000 T 5,I47 I3 V7 IOI 2I4 

33 Willesden Green 695,000 K 6,225 I3 V7 lll 232 

I2,6IO K 6,995 I3 VB lll 232 

I,BOO T 4,209 I6 V6 B9 I92 

49,557 K 5,856 I6 V7 101 2I4 

34 Gilby 37,000 K 7,045 16 VB lll 232 

9I,600 J 7,05I I6 VB lll 232 

4,790 M 7,09I I6 VB lll 232 

35 Homeglen-Rimbey 93,500 D 7,925 I7 VB lll 232 

Wood R 4,000 0 5,55B 22 V6 B9 I92 

7,330 K 4,713 23 V6 B9 I92 

25,730 D 5,200 23 V6 89 I92 
36 Malmo 

New Norway I4,000 0 4,BOO 24 V6 B9 I92 

1 Re. Geologic age: T- Tertiary; K- Cretaceous; J - Jurassic; 1- Triassic; M- Mississippian; D- Devonian 
GSC 

APPENDIX B. Record of crude oil pools in Alberta with assignment of level of organic metamorphism in terms of coal 
reflectance rank and corresponding paleotemperature. 
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26,400 D 4,650 25 V5 76 168 

15,760 K 6,000 7 V8 119 247 

38,451 K 8,850 7 Vll 134 274 

Sundre 100,400 M 9,052 11 VIO 127 261 

39 r-~w_es_tw_a_ro_H_o ____ f-_3_5~,oo_o~r-K_, __ 8~,8_54~ __ 1_1~ __ V_lo_,_I_2_7~2~61~ 
Harmattan-Eikton 188,000 M 9,128 11 VIO 127 261 

Harmattan E. 206,000 M 8,625 12 V9 127 261 

40 Garrington IB9,000 K 6,634 12 VB Ill 232 

12,260 K 5,900 13 V7 101 214 

Sylvan Lk 45,760 J 7,200 13 VB lll 232 

41 r-----------~-1_23~,5_72~r-M-+~7,5_o_o-+ __ 13~r-v_B-+_1_11-+_23-42 

Medicine R 
276,941 K 7,200 13 VB lll 232 

86,370 M 7,000 13 VB lll 232 

42 Joffre 
BO,IOO K 4,979 17 V6 B9 192 

166,000 D 7,003 17 VB 101 214 

43 r--CI_ive ________ 4-_13_1~,2_79~ __ D-t~6,2_2_7~ __ 19~r-V_7-+_I_OI~_21-44 
Alix 10,200 D 5,9B4 20 V7 101 214 

44 Nevis 17,520 D 5,800 21 V6 89 192 

45 Ewing Lk 9,210 0 5,380 20 V6 89 192 

46 r--B_uf_fa_lo_L_k ____ -+ ___ 12~,3_so __ r-D-4 __ 5~,5_29~r-2_2~ __ V_6-4 __ B_9+-1_92~ 
Erskine 40,200 D 5,387 22 V6 B9 192 

Stettler 96,700 D 5,300 22 V6 B9 192 

47 r-~s_te_tt_le_rS_'t_h ____ +-~12_.4~8~8 -r_D~--5~,3_oo~r-2_2~ __ V_6_, __ s9-+_1_92-1 
Fenn - Big Valley 379,400 D 5,2B9 22 V6 89 192 

Febb W. 16,000 D 5,577 21 V6 89 192 

48 Wimborne 94,700 D 7,487 16 VB Ill 232 

49 lnnisfail 124,000 D 8,582 14 V9 119 247 

50 Twining 121,000 M 5,406 17 V7 101 214 

51 Crossfield 
162,000 K 6,673 12 VB Ill 232 

14,200 M 6,914 12 VB Ill 232 

52 Lone Pine Ck 7,656 D 8,011 15 VB Ill 232 

53 r--sw_a_lw_e_ll ______ +-_1_o~,9_oo __ r-o-4 __ 6_.4_52-4 __ 1_7-4 __ v_7-4_l_0_1 +-2_14~ 
Three Hills 10,900 K 5,127 18 V6 89 192 

54 Rowley 19,700 M 4,4BO 21 V6 B9 192 

O'l 
I 

M -I 
0 

0 0 
0... 

l.i: _J 

z 0 
0 LL. 
ci 0 
z UJ 

::2' X <( UJ 
0 z 
~ 

W. Drumheller 
55 

Drumheller 

56 
Wayne-Rosedale 

Hussar 

57 Provost 

Bellshi ll Lk 
58 

Thompson Lk 

59 Hughenden 

60 Wainwright 

61 Wildmere 

62 Lloydminster 

Chauvin S'th 
63 

Chauvin 

64 Hayter 

65 Turner Valley 

66 Wintering Hills 

Cessford 
67 

Matziwin 

68 Little Bow 

69 Latham 

70 Countess 

71 Bantry 

72 Princess 

73 Jenner 

74 Hays 

75 Alderson 

76 Grand forks 

Taber 

Taber N'th 
77 

Taber S'th 

Horsefly Lk 

78 Manyberries 

1 Re. Geologic age: T- Tertiary; K- Cretaceous; J- Jurassic; 1 - Triassic; M- Mississippian; D- Devonian 

APPENDIX B. Continued. 
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::Jt;j Wrr:t-

-ent:r: rr:u zt- 0...<(<( 
-Ia~ 5:? UJUJ ::::><( -~ 25::.::::2' S:LL. I-LL. 
68::.:: 

(.!l 
~rr: ::0::--l 

0 wz zLL. 1-::2'<( 
_J o::::> <(UJ oorr: ..J..-<z 0 (.!l- ::2''Q rr:t:r: Wrr:(.!l 

~z<C <( UJ rr: ~rr: _JLI.. 
-ILL.<( 

t::-1- (.!l <( -UJ 0 <( <(0 0... 0 z > UJ 0 - <( z u oc OF 

53,500 D 5,600 20 V6 B9 192 

5,500 K 4,2BO 20 V6 B9 192 

2B,010 0 5,300 20 V6 B9 192 

30,579 K 4,450 19 V6 B9 192 

73,357 K 4,650 18 V6 B9 192 

40B,400 K 2,946 30 V4 60 141 

25B,OOO K 3,017 29 V4 60 141 

21.400 K 3,100 30 V4 60 141 

20,530 K 2,700 32 V4 60 141 

169,000 K 2,09B 33(?) V4 60 141 

2B,200 K 1,969 34(?) V4 60 141 

450,000 K 1,955 35(?) V4 60 141 

66,100 K 2,143 34(?) V4 60 141 

38,400 K 2,067 34(?) V4 60 141 

55,810 K 2,735 34(?) V4 60 141 

Not included; structurally disturbed 

19,270 K 4,200 22 V5 B9 192 

133,229 K 3,051 26 V5 76 168 

6,860 M 3,330 25 V5 76 168 

28,187 K 3,700 16 V6 89 192 

21,000 K 3,B37 18 V6 89 192 

1B2.4B1 K 3,500 19 V5 76 168 

202,200 K 3,250 22 V5 76 168 

16,750 K 3,335 24 V5 76 16B 

74,640 K 3,122 26 V5 76 16B 

30,460 K 3,128 19 V5 76 168 

35,359 K 3,300 23 V5 76 168 

115,000 K 2,984 19 V5 76 16B 

57,320 K 3,200 15 V5 89 192 

14,560 K 3,200 15 V5 89 192 

100,070 K 3,200 15 V5 89 192 

29,400 K 3,155 15 V5 89 192 

17,120 K 3,620 2B V5 76 16B 

GSC 
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1 Dunvegan 990 M 4,800 20 V6 89 192 27 Brazeau R 1,430 M 9,800 12 V11 134 274 

2 Marten Hills 1,110 K 2,300 38(?) V4 60 141 28 Lovett R 97 M 11,870 10 V13 146 295 

3 Kaybob 370 K 4,800 22 V6 89 192 29 Stolberg 86 M 12,730 5 V17 166 331 

Kaybob S'th 4,340 D 10,560 20 V11 127 261 
4 

Fox Ck 97 K 5,620 21 V6 89 192 

30 Minnehich - Buck l B11 M 7,100 16 VB 111 232 

31 Westerose S'th 1,B50 D 7,640 1B VB 111 232 

52 K 6,480 18 V7 101 214 
5 Bigstone 

390 D 11,080 18 V11 134 274 

94 K 6,830 16 V7 11l 232 

32 Gilby 551 J 7,000 16 VB 111 232 

6 Berland R 440 D 12,290 16 V13 141 285 497 M 7,250 16 V8 lll 232 

Pine Ck 1,110 D 11,000 17 V11 134 274 33 Strachan 2,505 D 13,490 B V16 162 324 

7 Pine Ck- N.W. 350 D 10,670 18 V11 134 274 34 Ricinus W 2,140 0 14,710 6 V19(?) 175 346 

Marlboro 170 D 12,150 16 V13 141 285 

8 Obed 257 D 13,150 14 V14 152 305 

Wildhorse Ck 160 M 7,3BO 4 V11 141 285 
35 

Burnt Timber 440 M 10,590 4 V15 162 324 

9 Virginia Hills 63 K 6,140 25 V6 89 192 

10 Judy Ck 85 K 4,610 26 V5 76 168 

Hunter Valley 78 M 8,690 4 V13 146 295 
36 

11,000 5 Benjamin 20B M V15 157 315 

Carson Ck 320 D 8,600 24 VB 111 232 37 Harmattan-Eikton 430 D 11,000 11 V12 141 2B5 

11 
Whitecourt 

69 J 5,070 25 V6 89 192 Olds 110 D B,6BO 13 V9 119 247 

59 M 5,220 25 V6 89 192 

12 Big Bend 73 K 2,610 34 V4 60 141 

13 Tweedie 63 K 1,440 38(?) V4 60 141 

lone Pine Ck 490 D 7,920 14 V9 119 247 
38 

1B5 M 7,590 13 VB 119 247 
Crossfield E 

1,280 D 8,7BO 13 V10 119 247 

14 Craigend 92 K 1,830 36(?) V4 60 141 39 Huxley 55 K 4,B50 18 V6 89 192 

15 
210 K 8,420 14 V9 119 247 

Edson 
2,395 M 9,380 14 V10 127 261 

68 K 4,570 21 V6 89 192 
40 Nevis 

1,040 D 5,580 21 V6 B9 192 

16 PaddleR 280 J 5,020 23 V6 89 192 41 Provost 53¥ K 2,950 28-35 V4 60 141 

West lock 437 K 2,600 30 V4 60 141 
17 

Fairy Dale - Bon Accord 128 K 2,680 28 V4 60 141 

42 Jumping Pound W 1,861 M 11,100 5 V15 157 315 

Jumping Pound 840 M 9,940 6 V13 146 295 

18 Alexander 140 K 3,830 27 V5 76 168 43 Sarcee 190 M 9,750 7 V12 141 285 

19 Morinville 88 K 3,600 27 V5 76 168 Wildcat Hills 1,050 M 9,880 6 V13 146 295 

20 St. Albert -Big lake 130 K 3,800 25 V5 76 168 44 Moose 86 M 7,570 4 V12 141 2B5 

21 Ft. Saskatchewan 

22 
617 K 2,590 27 V4 60 141 

Beaverhilllk 

Whiskey 160 M 11,820 5 V16 162 324 
45 

Quirk Ck 460 M 6,340 V10 127 5 261 

23 Plain 67 K 2,220 34 V4 60 141 98 K 7,330 12 V8 119 247 

24 Viking - Kinsella 1,080 K 2,080 33 V4 60 141 46 Crossfield 2,180 M 8,220 12 V9 119 247 

25 Bittern lk 87 K 4,010 25 V5 76 168 1,600 0 B,500 12 V9 119 247 

26 Pembina 264 K 5,970 19 V7 101 214 
41 Only free gas IS Included, and gas 1n solut1on and 1n assoc1at1on IS om1tted GSC 

1, Re. Geologic age: T- Tertiary; K- Cretaceous; J- Jurassic; M- Mississippian; D- Devonian 

APPENDIX C. Record of natural gas pools in Alberta with assignment of level of organic metamorphism in terms of 
coal reflectance rank and corresponding paleotemperature. 
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220 K 
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140 K 

128 K 
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270 K 

61 K 

64 K 

275 K 

290 K 

67 K 

66 K 

72 T 
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400 K 

110 K 

62 K 

230 M 

::c 
I-
C.. 
w 
Cl 

--'1-
--'W ww 
:5:LL 
wz 
(.!)
<( 
c:: 
w 
> 
<( 

8,690 

4,700 

4,380 

3,890 

4,370 

4,740 
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3,650 

2,970 

3,400 

2,190 

3,190 

1,640 

2,600 

2,250 

2,650 

2,520 

8,480 

en 
_J 

l.L<( 

o8 
Ww 
c::u 
::::l<( 
1-l.L 
enc:: 
o=> 
:2U: 
-,R_C:: 
0 <( 

w 
z 

11 

20 

21 

19 

19 

17 

18 

18 

20 

20 

22 

25 

25 

24 

24 

28 

28 

31 

33 

32 

en 
w 
c..w 

~~ 
><( 
zt--t.l 
~_J 

zLL 
;;2~ 
_,LL 
<(0 
0 
u 
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V6 

V6 
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V6 

V6 

V6 

V6 

V5 

V6 

V5 

V4 

V5 

V4 

V5 

V4 

V4 

127 261 

89 192 

89 !92 

89 192 

89 192 

89 192 

89 192 

89 192 

76 168 

89 192 

76 168 

76 168 

60 141 

76 168 

60 141 

60 141 

V4 60 141 

V4 60 141 

V4 60 141 

V12 141 285 

130 T 60 141 960 21 V4 

670 T 960 20-25 V4 60 141 

500 K 1,970 20-25 V4 60 141 

570 T 1,330 25-32 V4 60 141 

2,550 T 1,600 25-32 V4 60 141 

975 M 10,200 4 V15 76 168 

3,062 D 10,250 4 V15 157 315 

64 
~-Pi_nc_h_er_C_re_e_k __ -+ __ 1~,8_4_0~~M-4 __ 12~,5_0_0~~5-4~V~17-4~!~66~~33~1~ 

Lookout Butte 420 M 11,910 4 V17 166 331 

65 Etzikom 68 K 2,230 23 V4 60 141 

Pendant d'Oreille 66 
254 K 2,100 20-25 V4 60 141 

100 K 2,700 20-25 V5 76 168 

I Re_ Geologic age: T- Tertiary; K- Cretaceous; J- Jurassic; 
M- Mississippian; D- Devonian 

GSC 

APPENDIX C. Continued. 

"E.~ -oen 
ro en ~·~ "Ol::c 
c"' 

ro-_..., 
w en 1- "'c QJC 

0 u 
Cl !:::? w z w (/j<( Cl<( 

z 1- w z w _J ::c <( 0 l.L w c.. i= c 
w c:: u::: <( z 0 en en 
_J w - <( z :;:; ~ u 
c.. l.L :J c:: Cl :2 - -v; :;:; 

:2 w _J (.!) c:: c:: ::c 0 ~ "' c:: w 0 0 0 1- Q_ ~ E 
<( 

:5: w 0 c.. E 2 en c.. (.!) 
l.L "' l.L u w 0 en <( 

- Cl u 
en 
~ Uc.n 
(5 8:2 

U en 
8:2 

A. MIDDLE DEVONIAN 

I 14630 10-6-88-8W5 Slave Point A 4216 -- --
Red Earth 

2 14631 10-12-87-8W5 Granite Wash B 4719 -- --
3 14636 Lubicon 2-9-87-IOW5 Granite Wash A 4750 -- --
4 14639 Golden 7-7-87-14W5 5247 -- --

Slave Point A 
5 14637 10-17-85-9W5 4616 -- --

Loon 
6 14638 12-10-85-9W5 Granite Wash A 5008 -- --
7 14629 4-26-81-9W5 

Uti kama Lake 
Keg River 5663 -- --

8 14630 11-11-81-IOW5 Gi/woodB 5685 -- --
9 14633 2-29-81-8W5 Keg RiverA 5749 -- - -

10 14634 Nipisi 4-13-79-8W5 GilwoodA 5604 -- --
11 14635 6-25-77-8W5 Gi/woodC 5889 -- --
12 13435 Mitsue 10-16-12-4W5 GilwoodA 5651 -- --
B. BEAVERHILL LAKE- UPPER DEVONIAN 

13 12683 Snipe Lake 4-13-70-18W5 Beaverhill Lake 8731 -- -- -
14 12684 Swan Hi lis South 4-12-66-11W5 Beaverhill Lake A 9119 -- --
15 12677 Swan Hills Unit I I0-29-66-IOW5 Beaverhill Lake B 8911 -- -- -
16 12682 Judy Creek 4-5-64-IOW5 Beaverhill Lake A 8450 -- -
17 12692 Vi rgi nia Hills 12-16-65-13W5 Beaverhill Lake 9225 -- -
18 12681 Carson Creek 6-12-62-12W5 Beaverhill Lake B 8728 -- -
19 12679 Goose River 4-4-67-18W5 Beaverhill Lake 9194 -- -
20 12695 Ante Creek 10-26-65-24W5 

Beaverhill Lake A 
11,302 -- -

21 12676 Kaybob 4-21-64-19W5 9780 - -
c. WOOD BEND GROUP- UPPER DEVONIAN 

22 12653 Skaro 9-29-57-19W4 Cooking Lake (D3) 3662 - - - -
23 12667 Redwater I0-29-57-21W4 Leduc (D3) 3208 -- -- -
24 12699 Morinville I-14-54-26W4 Leduc (D3-B) 5094 - - -- -
25 12696 Golden Spike 9-22-51-27W4 5770 - - -
26 12675 Leduc Wood bend 16-15-50-26W4 5321 -- ---
27 13164 14-35-48-27W4 

Leduc (D3) 
Glen Park 6300 - - --

28 12690 Wizard Lake 2-16-43-27W4 6073 -- -
29 12689 Bonnie Glenn 14-6-47-27W4 Leduc'(D3A) 7213 - - -
30 12693 Westerose 12-34-45-28W4 7280 -- -
31 12651 l-1-43-2W5 Leduc (D3) 7908 -- -

Homeglen Rimbey 
32 12652 9-I0-42-2W5 7843 -- -- -

D. WINTER BURN GROUPS- UPPER DEVONIAN 

33 12654 Excelsior 16-3-56-24W4 3822 - - -
34 12687 Golden Spike 1-27-51-27W4 Nisku (D2) 5073 -- -
35 12680 7-22-50-26W4 5019 -- -- -

Leduc Woodbend 
36 13166 12-18-49-27W4 Nisku (D2C) 5380 -- --
37 12697 Wizard Lake 10-9-28-27W4 Nisku(D2) 5846 -- -

E. WABAMUN 

38 12678 Leduc Woodbend 6-22-50-26W4 Wabmun(D1) 4475 -- -

APPENDIX D. Location of oils and extent of analysis. 
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F. MISSISSIPPIAN H. MANNVILLE- LOWER CRETACEOUS 

39 13390 Cherhill 13·13·56-5W5 4335 --- AREA 2 
40 13388 Alexis 14-31-55-4W5 Banff 4495 ---
41 13389 Glenevis 3-35-55-4W5 4350 --- 76 14618 Lloydminster 16-3-50-IW4 Sparky S 1952 -- ---
42 13162 Gilby 7 -29-40-2W5 Rundle K =Pekisko 6776 -- ---
43 13159 2·9·37-3W5 Pekisko B 7256 -- --

Sylvan Lake 
7423 --44 13169 I0-36-37-4W5 Elkton C --

45 13167 Medicine River 16-32-39-3W5 Pekisko B 7093 -- ---
46 13438 Sundre 14-14-34-5W5 Rundle B Elkton 8909 -- --

77 14628 Wild mere 12-24-47-5W4 Lloyd minster 2100 -- --
78 14623 Auburndale 9-15-47-6W4 Wainwright A 2070 -- --
79 14624 Baxter Lake l -5-47-5W4 2190 ----

Wainwright 
2098 -- --80 14614 15·22-45-6W4 

Wainwright 
15-23-45-6W4 Lloydminster A 2147 ----81 14615 

* 47 13434 Westward Ho 5-8-33-4W5 Rundle A Elkton 8941 -- -- 82 14626 Chauvin 11-23-43-1 W4 Upper Sparky 2020 -- --
48 13442 Harmattan Elkton l-31-32-4W5 Rundle C Elkton 9079 -- -- 83 14622 4-26-42-2W4 Lloyd minster C 2159 -- --

Chauvin South 

49 13440 Harmattan East 7-18-32-3W5 Rundle Elkton 8484 -- -- - 84 14625 14-31-42-2W4 Sparky G 2035 ----
50 13441 Twining 6-3-32-24W4 Rundle A= Pekisko 5406 -- --
51 13436 Rowley 4-16-32-20W4 Pekisko A 4480 -- --

85 14619 Hayter 14-16-41-IW4 Sparky A 2598 ----
86 14620 David 2-ll-41-3W4 Lloydminster 2552 -- --
87 14616 Bellshill Lake 15-28·41 -12W4 2970 -- --

G. JURASSIC 88 14617 Thompson Lake 9-32·40-IIW4 Blairmore (Lower) 3100 -- --
52 13161 Gilby 14-19-40-3W5 Jurassic 8 7077 -- -- 89 14621 Choice 3-27-40-IOW4 2346 -- -- -
53 13158 Medicine River 4-15-39-3W5 7006 -- ---

Jurassic D 
730i 54 13168 Sylvan Lake I0-20-37-3W5 -- --

I. LOWER COLORADO - LOWER CRETACEOUS 

AREA 1 
H. MANNVILLE- LOWER CRETACEOUS 

90 12686 Lega l 15-16-57-25W4 Viking 2798 -- - -
AREA 1 91 12668 Gilby 4-34-41-4W5 Viking B 6362 -- -

55 12698 Kaybob 12-28-63-18W5 CadominA 5960 -- ---
56 12688 Morinville 6-20-55-24 W4 Lower Mannville 3560 -- ---

92 12691 Willesden Green 12-6-40-5W5 7010 -- -
6-28-39-8W5 

Viking A 
8375 -- --93 12656 Ferrier 

57 12685 Campbell Namao 4-25-54-25W4 Blairmore 3649 -- -- AREA 2 
58 13393 Acheson East 4-32-52-25W4 Blairmore B 3996 ---
59 13394 Armisie 7-04-52-25W4 4062 ---

Blairmore 
60 13165 N. Leduc Woodbend l-28·51-26W4 4281 -- -- -

94 14613 Joarcam ll-03-49·21W4 Viking 3248 -- --

J. UPPER COLORADO- UPPER CRETACEOUS 

61 13163 Glen Park 13-35-48-27W4 Glauconitic B 4681 -- -- 95 12658 Pembina 12-29-48-8W5 5134 -- ---
Cardium 

62 13391 Niton 4-19-54·12W5 Basal Quartz B 6493 --- - 96 12694 Bonnie Glen 4-9-56-27W4 3935 -- -
63 12655 Pembina 6-32-48-4W5 Ellerslie 5828 -- --- 97 12664 Willesden Green 16-15-40-5W5 Cardium A 5971 ---
64 13392 Samson 9-9-44-24W4 BlairmoreA 4808 --- 98 12672 Ferrier I0-13-40-8W5 Cardium D 6737 -- -- -
65 13160 Gilby 14-21-40-3W5 Mannville B 7076 -- -- 99 12663 Sylvan Lake 4-30-37-3W5 5754 -- -
66 13157 6-28·39-3W5 Basal Quartz P 7064 -- -- 100 12650 Lanaway 10-19-36-3W5 Cardium A 5922 -- -

* 67 13437 4-28-39-3W5 Basal Quartz B 7140 -- -- 101 12661 Ricinus 12-18-36-8W5 9061 ---
68 12662 Medicine River 4-28-38-4W5 Ostracod G 7484 -- --- K. POST-COLORADO- UPPER CRETACEOUS 
69 12269 14-10-39-3W5 Ostracod A 6842 ---
70 12674 4-4-39·4W5 7371 ---

Glauconitic A 
71 12666 Willesden Green 6-29·39-5W5 7514 -- ---

102 12659 Pembina !4-6-48-3W5 Belly River 3260 -----
103 12656 Gilby I0-32-41-4W5 4197 -- -
104 12671 Willesden Green 8-17-42-6W5 Belly River A 5150 -- ---

72 12673 2·33·36-4W5 Ostracod B 7750 ---
Sylvan Lake 

73 12665 11·22-38-4W5 Glauconitic E 7347 --- 105 12660 Ferrier 4-7-41-8W5 5545 -- -
• Average depth GSC 

74 12670 Lana way 4-27 -36-3W5 Mannville 7442 ---
75 13439 Three Hills 9-9-31·23W4 Ostracod A 5127 -- --

"' Average depth GSC 
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MIDDLE DEVONIAN E. WABAMUN GROUP - UPPER DEVONIAN 

Area I Area I 

Watt Mountain 6918 - -- -- Wb l 12326 Volmer 2-16-55·25W4 3965 
Grizzly 6-35-70-9W5 

Muskeg 5973 - - -- 12·2~51-27W4 
Wabamun 

Wb2 12351 Golden Spike 4602 

Goose River 12-23-67-18W5 Gilwood 9432 - - -- Wb3+ 12410+ 5·22-50-26W4 4541 
Leduc I "Devonian" 

Swan Hills 10·2·67-8W5 Watt Mountain 7871 - - -- - - Wb4+ 12202 + 16·6·48-24W4 4683 

Area 2 
Wb5+ 12210+ Netook 2-I-34-2W5 Wabamun 8807 

Wappau 2·34-75-11W4 Keg River(?) 3202 - Area 2 

Christiana River 6-7-78-11W4 Keg River 3186 -- -- Wb6 13963 McMullen Lake 10·21-78-26W4 1769 

BEAVERHILL LAKE - UPPER DEVONIAN 
Wb7+ 14100+ Marten Hills 6-19· 75-24W4 2203 

Wabamun 
Wb8+ 14115+ 10·8·66-19W4 1838 

Area I 
Flat Lake 

Wb9+ 14118+ 7-22-66-20W4 1835 

Joussard 11-35-72-13W5 Swan Hills 6899 -- - - WbiO+ 14347+ Ukalta 7-24-57-17W4 Wabamun (Nisku? ) 2157 

Beaverhill Lake 7175-84 - - --
Yellowstone 4-15-72-13W5 F. MISSISSIPPIAN 

Swan Hills 7215-21 - - -- Msl+ 12196+ Pekisko 6590 
Beaverhill Lake 9193 -- --

Goose River E 10-15-67-18W5 
9364 -- - - Ms2+ 12200+ N. Gilby 4-20-41·2W5 6657 

Banff 
Ms3+ 12490+ 6656 

Swan Hills 9163 -- - -
12·23-67-18W5 Ms4 18060 I0-25-59-9W5 5282·90 

Goose River 9383 -- -- Lombell 
Ms5+ 18064+ 10-16-59-6W5 4070-97 

4-34-67-18W5 Beaverhill Lake 9024 - - --
Ms6 18059 Paddle River 11·3·56-8W5 5282-90 

I 0·5·65-24W5 Swan Hills 11,726 -- --
Waskahigan 

14·5·64-24W5 11,891 --
Beaverhill Lake 

Ms7+ 18063 + Glenevis 2-24-56-5W5 4270-88 

Ms8+ 18062 Cherhill 10·6-56-5W5 4486-512 
9030 - - -- --

N.E. Virginia Hills 4-33-65·12W5 
Swan Hills 9050 - - - - Ms9 18056 Chip Lake IO-I0-54-9W5 Mississippian 5892-915 

Beaverhill Lake 7447 - - -- MsiO 18057 Bigoray 11·1·51-8W5 6386-90 

10-2-67-8W5 Ms11 18055 E. Pembina 8-30-47·6W5 6722-42 
Swan Hills Swan Hills 7470 - - - -

Msl2 18053 6-15·44-5W5 7258·72 
4-7-67-8W5 8076 - - - -- - Wilson Creek 

Beaverhill Lake Msl3 18054 I0-27-43-4W5 7067-90 
Ferrybank 2·8·44-27W4 7716 -- - -

Msl4 18049 Sanchild 6·11·43-10W5 9385-430 

Area 2 Msl5+ 12196 Pekisko 6590 

/ 
Rock Island .14-31-74-23W4 4330 

Beaverhill Lake - - -- --
Msl6+ 12200 N. Gilby 4-20-41-2W5 6657 

Banff 
Msl7+ 12490 6656 

Wappau 2-34-75-11W4 1644 -- - / - Msl8+ 18061 Medicine River 10-7-40-3W5 Mississippian 7137-47 

WOODBEND GROUP - UPPER DEVONIAN 
Msl9+ 18050 6380-90 

Prevo 11·14-39-IW5 
Ms20+ 18051 Mississippian 6457-74 

Area I Ms21 18052 Medicine River 8-28-38-3W5 7261-93 
------ --- --- - -

APPENDIX E. Location of extracts and extent of analysis. 
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"" 
WI 13443 Fedorah 13-22-57-23W4 Cooking Lake 4485-88 - - -- G. MANNVILLE - LOWER CRETACEOUS 
W2 12224 Duvernay 3592 - - -- --l-27-57-20W4 
W3 12226 Cooking Lake 3825 - - - - -

El Dorena 
Area I 

W4 12239 Ireton 3161 - - -- -
4-27-57-20W4 

W5 13039 Cooking Lake 3825 - - --
Ml 12398 2709 - - - - - -

Vi my 9-9-58-25W4 Upper Blairmore 
M2 13038 7709 - -- -

W6 12332 Ireton 4450 - - - -
Volmer 2-16-55-25W4 

M3+ 12314+ - - - - -
Manawan 14-18-56-25W4 Basal Quartz 3635-

W7 12335 Leduc 5335 -- -- M4+ 13044+ - - - -
W8 12420 Ireton 7282 - - -- M5 13027 Volmer 2-16-55-25W4 Upper Blairmore 3325-30 -- --
W9+ 12423 + 7370 - - -- - -

Ferrybank 2-8-44-27W4 Duvernay 
WIP 12427 7461 - - - -

M6 13395 3963-66 - - - -
Acheson 12-19-52-25W4 

M7 13396 3992-94 - - - - --
Wll 12432 Basal Leduc Reef 7618 -- -- M8+ 13398+ Pembina 6-18-47-6W5 Lower Mannville 6769-72 -- - -
Wl2 13445 10,022 -- I Alhambra 16-11-38-5W5 
Wl3 13446 10,025 --

M9 13399 6883-86 -- - -Minnehik-Bucklake I 0-7 -46-6W5 
MID 13400 6888-91 -- -- -

Wl4 13444 Bailey Raven 13-13-37-4W5 
Leduc 

9635-39 - - Mil 13407 Brazeau 6-14-45-9W5 7824-27 -- - -
W15 12445 

Dickson 
I-28-36-3W5 9906 - - -- - Ml2 12158 Ferrybank 6-9-44-27W4 Mannville 5133 -- - - - -

W16 12219 16-12-36-3W5 Duvernay 6488 - - -- - Ml3 13401 6517-20 -- - -
Area 2 Ml4 13402 Bentley I O-II-40-2W5 6530-33 -- - -- -

Wl7+ 13929+ Grand Rapids 9-34-84-17W4 876 - - -- - MI S 13403 Lower Mannville 6538-42 -- - -
Wl8+ 14500+ Pelican 10-16-78-17W4 Grosmont 1130 - - -- / 

Ml6+ 13406 + Butte 10-23-37:5W5 8130-33 -- -- -

W19+ 14158+ Kikima 10-17-64-14W4 1711 - - -- / 
M17 13409 Strachan 10-31-37-SWS 10,150-55 -- --

W20 14469 / 
Plum Lake 14-26-64-21W4 Ireton (Base) 2685 

W21 15279 - - - / -
Area 2 

MIS+ 14673+ Mcivor 9-35-102-12W4 322 - - - - -
W22 14164 2195 - / -

Meadowbrook 5-24-63-25W4 Ireton 
Ml9+ 14677+ Tenn South 15-29-99-13W4 1803 - - - - -

W23 14715 3348 - - -- - M20+ 14681 + W. Athabasca OSTH 6-21-95-16W4 970 - - - - -
W24 14463 / / -

Craigend 6-4-63-12W4 Grosmont 1851 
W25+ 15278+ - - -/ -

M21+ 14686+ Tenn South 6-12-95-7W4 894 - - - - -
M22+ 14697+ Steep bank 12-20-92-9W4 McMurray 180 - - - - -

W26+ 14337+ Warwick 6-14-52-14W4 Ireton 2438 - - - - M23+ 14700+ Ft. McMurray 4-26-88-9W4 275 - - - - -
W27+ 14263+ Provident Prospect 6-10-45-3W4 Leduc 2307 - - - M24+ 13432+ GCOS. Pit -- - - --
D. WINTERBURN GROUP- UPPER DEVONIAN 

M25 13912 Sandy Lake 16-5-86-21W4 1227 - - - - -
M26+ 14703+ Cadotte 3-20-84-17W4 2055 - - - - -

Area I M27+ 13923+ Grand Rapids 9-34-84-17W4 Wabiscaw 751 - -- -
Wil 12328 Volmer 2-16-55-25W4 Calmar 4195 - - - - - M28+ 14709+ Pony Creeks I0-32-79-7W4 1215 - - - - -
Wi2 12349 Leamac Merland 15-7-49-25W4 5160 - -- - M29+ 13934+ Many Lakes 10-8-82-IOW4 1439 - -- - -
Wi3 12206 Leduc I 16-6-48-24W4 Nisku 5132 - - -- - M30 13957 McMurray -/ -

Bohn Lake 15-29-79-5W4 965 
Wi4 13014 9213-75 - - -- --

Dichon I-28-36-3W5 
Wi5 13015 Nisku/Ireton 9275-301 - - -

M31 14719 -- - -- -
M32+ 13969+ Christiana River 6-7-78-IIW4 1566 - - - -

Area 2 M33+ 13917+ Colony 776 -- - -
Wabasca I0-5-83-21W4 

Wi6 14156 Nora I South 10-12-64-16W4 1861 - - - -
Wi7+ 14181+ Figure Lake 6-18-63-17W4 2263 - - -- -

Nisku 
Wi8+ 14352+ Skaro 7-II-57-19W4 2698 - - -- -

M34+ 13922+ McMurray 1395 -- - -
M35+ 13943+ Devi l Rapids 10-18-80-23W4 1408 -- - / 

M36+ 13954 + Wabasca I 0-30-79-23W4 Wabiscaw 1372 -- - -
Wi9 14339 Vegreville 10-I-53-15W4 2~15 - - - / - M37+ 13965+ Pelican A3 I0-25-78-23W4 1355 -- - - --

GSC 
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G. MANNVILLE - LOWER CRETACEOUS 

Area 2 

M38+ 13960+ McMullen Lake 10·21·78-26W4 

M39+ 14493+ 
Wabiscaw 

10-7-76·23W4 

M40 14098 
Marten Hills 6-19-75-24W4 Clearwater 

M41 14717 

M42+ 14107+ 10-18-73·24W4 Wabiscaw 

M43+ 14711 + 10·6-76-11W4 McMurray 

M44 15283 Clearwater 

M45+ 14482+ Wappau 
2-34-75-11W4 

M46 14487 McMurray 

M47+ 15284+ 

M48+ 16484+ Peace River l -16-85-21W5 
Bullhead 

M49+ 16485+ Harmon 10-23-82-18W5 

M50 + 16486+ Kiminwum 15-21-78-20W5 Gething 

M51+ 14464+ 10-27-67-25W4 McMurray 

M52+ 15280+ 

M53+ 14472+ 
Colony 

M54 14474 Big Bend 
ll-8-67-26W4 

M55+ 15281+ 
Basal Quartz 

M56 14476 

M57 15282 

M58+ 14109+ 

M59+ 14110+ 
Colony 

Flat Lake I 0-8-66-!9W4 
M60 14727 

M61 14113 
McMurray 

M62 14171 6-24-63-18W4 Glaucontic 

M63+ 14175+ 
Figure Lake 

6-18-63-17W4 Upper Mannville 

M64 14460 
Craigend 6-4-63-12W4 Glauconitic 

M65 15277 

M66+ 14125 Medley 6-22-66-2W4 

"0 "' ~-~I ~ ·v; 
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1588 - - - -
2442 - - - / 

-
2144 

/ -
- - - - -

1877 - - - - -
1668 - - -- -
1462 -- - / - I 

1501 - - - / 
- / -

1628 
-/ -- -

1615-20 - - - - - -
2260-300 - - -- -
2608-37 - - -- -
2547 - - - / 
1950 - - - / -
1985 -- -

-/ -
2659 - - - / -

- / -
2682 -- - / -
1335 - - - / 
1352 - - -- --
1788 - -- - -
1789 - / --
2195 - / --
1783 -- - -

/ / -
1782 -- - / -
1502 - / -- -
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H. LOWER COLORADO - LOWER CRETACEOUS 

Area 1 

LCI 12234 -- - -
Calmette 6-33-58-25W4 Joli Fou 2621 

LC2 13045 -- --
LC3 12140 Viking 2500 -- -- -
LC4 12144 Viking!Joli Fou 2613 -- - --

Vi my 9-9-58-25W4 
LC5 13001 Viking 2500-28 -- - -
LC6 13005 Joli Fou 2640·44 -- --
LC7 13000 Carbondale 7-10-55-24W4 Viking 2699-709 -- - -- -
LC8 13025 Volmer 2-16-55-25W4 White Specks/ Viking 2863·80 -- --
LC9 12409 Ferrier 10-4-41-8W5 7870 -- --

LCIO 12380 -- -- -
Baysel Bingley 4-23-40-7W5 Viking 7569 

LCll 13041 -- --
LC12 12279 6247 -- --

10-36-37-2W5 
LC13 12281 Viking!Joli Fou 6295 -- --

Burnt Lake 
LC14 12298 

10-26-37-2W5 
Basal Fish 6165 -- -- - -

LC15 12300 6194 -- --
LC16 12301 Viking 8440 -- --

Caroline 10-27 -35-6W5 
LC17 12302 8465 -- -- -

Area 2 

LC18 14496 - / -
Sandy Lake 13-4-84-20W4 Joli Fou 680 

/ LC19 15286 - - - -
LC20+ 13915+ - / -- / 

Wabasca 10-5-83-21W4 719 
LC21+ 14721+ Viking -- -- -
LC22 14108 Flat Lake 10-8-66-19W4 1307 -
LC23 14ll9 - / --

Tent Lake 10-7-65-13W4 Pelican 1006 
/ LC24 14725 

LC25+ 14240 -/ --
Muriel Lake 10-5·59-4W4 Viking 1291 

LC26 14713 -/ -
I. UPPER COLORADO - UPPER CRETACEOUS 

GSC 



::::; APPENDIX E. Continued. 
a> 

M67+ 14135+ Leming 14-3-65-4W4 Upper Mannville 1866 - - - / 
M68+ 14140+ Marie 10-31-65-3W4 1190 - - - / 

UCI 12294 - - - -
Bad Heart 3226 

UC2 13046 Hoi burn 10-33-50-1 W5 -- - -
M69 14214 - / -Cold Lake 4-25-62-3W4 L/oydminster 1350 
M70 14990 -- - - -

UC3 12997 3300 -- - -
UC4+ 12168 Round Valley 2-20-50-6W5 4118 -- - -

M71+ 14215+ Ardmore 15-28-62-3W4 1062 - - -- -Upper Mannville 
/ M72+ 14248+ Muriel Lake 2-23-59-3W4 1574 - - -

M73+ 14359+ Lindberg 10-13-58-5W4 Lloydminster 1682 - - - -

UC5 12311 Knob Hill 12-19-46-2W5 Cardium 4437 -- - -
UC6 12479 4159 -- - -

Pigeon Lake 4-14-46-1 W5 
UC7+ 12481 4205 -- - -

M74+ 14364+ Saddle Lake 1-35-58-12W4 Upper Mannville 1621 -- - UC8 13043 Minnihik 16-12-47-6W5 Bad Heart 4850 - -- -
M75 14238 Bass A4 10-25-60-17W4 Glauconitic 2075 -- - - - / UC9 12483 O'Chiese 12-23-44-9W5 6151 -- - - I 

M76 14230 2487 - / -Tawatinaw N 10-34-60-23W4 First Glauconitic 
M77 14720 2489 -- - - -

UCIO 12344 5750 -- - -
Willesden Green 6-35-43-7W5 

UC11 + 12347 5826 -- - -
M78+ 14350+ Skaro 7-11-57-19W4 Basal Quartz 2628 -- - - -
M79 14341 -/ - -O'Hairy 1: -26B-55-14W4 Upper Blairmore 1753 
M80 14992 - - - - --
M81+ 14343+ Eliza 6-4-56-8W4 Colony2 1615 - - - - -

UC12 12404 6825 -- - --
Ferrier 10-4-41-8W5 Cardium 

UC13+ 12406 7792 -- - -
UC14 12373 6530 -- -- --

Baysel Bingley 4-23-40 -7W5 
UC15 12376 6614 -- -- -

M82+ 14330+ 2982 - - - - - UC16 12230 Leafland 8-35-40-6W5 6109 - - --
M83+ 14346+ Beaverhill Lake 12-6-51-16W4 Basal Quartz 3016 -- - / UC17 13012 Bad Heart 5930-80 -- -- --
M84+ 14331 + 2995 -- - - / . UC!8 12369 Lesl ieville 1-33-39-5W5 5951 -- --
M85+ 14255+ Lloydminster 10A-33-48-IW4 Lower Sparky 1909 - - - - - UC19 13013 6027-30 -- - -
M86+ 14458+ 1B-5-47-5W4 Sparky 22 14 - - -Baxter Lake 

UC20 + 12317 Lanaway 7-31-36-3W5 Cardium 5880 - - --
M87+ 14258+ 2-29·46-5W4 L/oydminster 2209 - - - / 
M88+ 14259+ McLaughin 10-10-46-2W4 GP-Rex 2013 -- - / 

UC21 12468 6931 -- -- --
Garrington 11-27-35-5W5 

UC22 12472 7103 -- --
M89+ 14264+ Edgerton 7-7-45-3W4 Lloyd minster 2506 - - - - -- J. POST-COLORADO- UPPER CRETACEOUS 
M90+ 14266+ Chauvin 10-22-43-1W4 Sparky/ GP 2088 -- - - -
M91 14454 - / -Ribstone Lake 6-29-43-5W4 Sparky 2218 
M92+ 15276+ - - - / -

Area I 

PC! 12157 8-1-48-4W5 Belly River 3254 -- -- --
M93+ 14268+ Greenglade 9-17-41-IW4 Dina 2790 - - - - / PC2 12393 Pembina -- -- -

10-3-48-4W5 3231 
M94+ 14271+ Sparky 2700 - - -- -

Hughenden 12-27-40-7W4 
M95+ 14273+ Basal Quartz 2743 -- - - / 

PC3 13047 -- --
Lea Park 

PC4 12269 3955 -- --
Minnehik 16-12-47-6W5 

+ impregnations PC5 13008 3946-49 -- -- -
/ analysis not completed PC6+ 12477 Belly River 3156 -- - -

Pigeon take 4-14-46-1 W5 
PC7 12478 Lea Park 3185 -- - -
PC8 12286 10-25-46-2W5 3216 -- - -
PC9 

Belly River 
3440 12308 Knob Hi ll -- --

12-19-46-2W5 
PCIO 12310 Lea Park 3500 -- - -

GSC 



APPENDIX F 

VARIATIONS IN COMPOSITION OF ROCK EXTRACTS 

In the following discussion, samples from both the 
central part of the basin and the basin margin are 
considered. 

Post-Colorado Group 
(Belly River, Lea Park Fms.) 

Central part of the basin 

These samples have undergone shallow burial. 
They have small extract yields (extract/org. C <5%) 
and a high proportion of acyclic alkanes in the saturate 
fraction (>60%). The n-alkane distribution typically 
shows an abundance of n-alkanes above Czo with an 
odd carbon number predominance in the range C23 to 
C31 which is characteristic of higher plants (Fig. 5- 16) . 
The odd number predominance may b e associated with 
a dominance of compounds containing 3 rings in the 
cyclo-alkane fraction (e. g. Knob Hill, PC8, Fig. 5- 19); 
these compounds probably are derived from diterpenoid 
resin acids such as the abietic and agathic acids. 
Samples having the strongest odd number predominance 
also have the lowest isoprenoid content, although pris
tane is always well represented. 

Analysis of the aromatic hydrocarbons (CGC) shows 
that there is a similarity in the distribution of sulphur 
compounds (FPD) with the Colorado Group; in particular, 
the benzothiophenes are present only in the lower 
molecular weight range. The MS data (Fig. 5-18a) 
show the dominance of the naphthalene CCnHzn- 12) 
and phenanthrene CCnHzn- 18) families in the aromatic 
fraction. The importance of the naphthalene family is 
shown by a dominant mode at C13 (trimethyl or ethyl 
methyl naphthalene) in the distribution of mass families 
with carbon number; there is only a slight shoulder at 
Czo representing the sulphur-bearing forms. The 
CnHzn-18 family has a C15 mode attributed to methyl 
phenanthrene . The diben zothiophenes are well r epre
sented in the range of carbon number below Czo but 
the benzothiophenes are particularly absent (Table 5-2) . 
Steroids and triterpenoids are present in the monoaro
matic fraction. The distribution by mass families in the 
triaromatic fraction is characterized by an important 
mode at CnHzn- 18, a shoulder at CnH2n- 20 and CnH2n- 22• 
and low values for the extreme families. 

Impregnation 

A sample from Pigeon Lake (Belly River Fm., PC6) 
has a very high extract yield (extract/org. C =51%). 
The composition of the extract and distributions of 
saturated hydrocarbons and acyclic alkanes are similar 
to the Group 1 oils. 

Colorado Group (Badheart, Cardium, 
Second White Specks, Fish Scale Zone, 

Viking and Joli Fou Fms.) 

Central part of the basin 

All samples taken from strata adjacent to the Cardium 
and Viking reservoirs have ratios of acyclic alkanes to 
saturated hydrocarbons of less than 60 per cent. The 
n-alkane distributions generally have a maximum in the 
higher carbon number range but a number of samples 
have a strong mode at C15 (e.,g. Holburn, UC3, 
Fig. 5-16a) which can be related to the distribution of 
n-alkanes found in benthic algae CC15 and C17 modes). 
In these cores, the ratios of isoprenoids ton-alkanes 
are high and there is a slight odd number predominance 
in the range C23 to Czg. These samples come from the 
region between Leduc and Redwater, slightly to the 
northeast of the main study- area. Two samples 
(Garrington, UC21; Leafland, UC16) are particularly 
rich in alkanes above C20 suggesting that the organic 
matter is of nonmarine origin (Fig. 5-19a). In the 
majority of samples, the cyclo-alkanes with 4 rings are 
present in greater concentration than those with 3 and 
5 rings and are particularly dominant in the samples 
from s hallow depths. The ratio of isoprenoids to 
n -alkanes tends to decrease as the depth of burial of 
the sample increases. 

Analyses (MS) of the aromatic hydrocarbons from 
6 samples from the Viking and Cardium Formations 
show a certain relationship between these samples and 
those from the Belly River Formation (Fig. 5- 18) . 
However, the naphthalen e family is dominant except 
for one sample from Carbondale (Viking Fm., LC7) and 
the phenanthrene family (CnHzn-18) is as important or 
more important than the naphthalene family (CnH2n- 12). 
The benzothiophenes are less well represented 
(Table 5-3) or may even be absent. The concentration 
of dibenzothiophenes is low (except Garrington, UC21) 
and these compounds occur only in the low molecular 
weight range below C2o: this is typical of the Group 1 
oils . Their presence is indicated in the family CnH2n- 12 
by a slight shoulder at Crs and c19 which is more 
prominent in the Carbondale extract than in others from 
this group. 

The Carbondale sample also shows a secondary 
peak at C19 in the mass family CnHzn-14, beside a 
mode at C15: this secondary peak is attributed to sulphur 
compounds. Gener ally, the distribution of mass families 
in the triaromatic fraction is characteri zed by a mode 
representing the CnH 2n _18 phenanthrene family and 
an inflexion at CnH2n-20 and CnH2n-22· The concen
trations of these families are greater than they are for 
the sulphur- bearing families CnH2n- 16S and CnHzn- 18S 
(Fig. 5-18a); again the Carbondale sample i s the 

127 



exception in having the lowest concentration of the 
phenanthrene family (CnH2n-18) in this group. The 
dominance of the tricyclic phenanthrene family 
(CnH2n-18) (e. g. Garrington, UC21) indicates a 
derivation from higher plant forms which agrees with 
the previous interpretation based on the n-alkane 
distribution. 

Analysis by gas chromatography (FID/FPD) of the 
aromatic hydrocarbons from 9 samples, including the 
6 discussed above, shows that they are poor in benzo
thiophenes and that the dibenzothiophenes are confined 
to low carbon numbers. 

Impregnation 

Five samples, one from the Second White Specks 
and others from the Cardium Formation, have high 
extract yields and the characteristics of the saturated 
hydrocarbons are similar to the Group 1 oils. These 
samples are from Round Valley (UC4), Lanaway (12317), 
Willesden Green (UCll), Ferrier (UC13), and Pigeon 
Lake (UC7). 

Margin of the basin 

Of the nine examples examined from the basin 
margin, all of which are from the Lower Co~orado Group, 
one has not yielded any extract (UC24), two have the 
characteristics of impregnations (LC20/LC21) and three 
others are clearly affected by contamination. The 
samples yielding less than 35 mg of extract are depleted 
in n-alkanes below c17 (evaporation) and the c19• 
c20 and c21 n-alkanes form a particularly dominant 
mode; the isoprenoids are present in low concentra
tion and are distributed irregularly (Fig. 4-8). 

The Tent Lake (LC23, Pelican Fm. , Fig. 1) sample, 
on the other hand, has a bimodal distribution of n-alkanes 
with a maximum at C15 and a more important maximum 
at C29· The total distribution is marked by a predomi
nance of n-alkanes with an odd number of carbon atoms. 
These characteristics are indicative of a low degree of 
catagenesis and a derivation from the debris of higher 
plant forms as is found in the Belly River Formation 
(Fig. 5- 19). The sample from Muriel Lake (LC25, 
Viking Fm.) and Sandy Lake (LC18, Joli Fou Fm. ) 
have a strong mode at c 15 or c 16 and a slight odd 
number predominance above C25 in then-alkanes distri
bution. The isoprenoid alkanes are well represented 
with phytane predominant over pistane. At similar 
depths, these characteristics have been found in the 
Viking Formation at Carbondale (LC7, Fig. 5-16a) and 
in the Upper Mannville Group at Vimy (Mi, Fig. 5- 16b). 
The distribution of cyclo- alkanes in the Muriel Lake 
sample is similar to that found in the Vimy sample 
(Fig. 5-16). This type of distribution is found also in 
the Tent Lake (LC23) sample. 

Impregnation 

The Wabasca (LC20/LC21) sample was taken from the 
Viking Formation only 6 m (20 ft.) above the Mannville. 
It shows a high yield of extract and hydrocarbons. The 
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hydrocarbons contain only a small proportion of acyclic 
alkanes ( 2 0%) and the large proportion of 3- and 4-cycle 
alkanes resembles the heavy oils and impregnations 
found in the underlying Mannville (see below and 
Chap. 6 for detailed discussion). 

Mannville Group 

Central part of the basin 

This series is represented by 17 extracts. In the 
Upper Mannville Group, 3 samples, 2 from the same 
borehole at Vimy, suggest a certain heterogeneity in the 
deposits. The n-alkane distribution of one sample 
from Vimy (M2) resembles the distributions in samples 
from the Belly River Formation with a well-defined 
odd number predominance in the range nC23 to nC31 
(Fig. 5-19a). In addition, it yields only a small amount 
of saturated hydrocarbons; asphaltenes represent 
more than 90 per cent of the extract and aromatics more 
than 95 per cent of the hydrocarbons. These features 
probably are related to coaly material in the parent 
rock. The other sample from the same level at Vimy 
(Ml, Fig. 5-16b) and the Volmer (M5) sample both 
yield normal amounts of extracts, and hydrocarbons 
contain cyclo-alkanes in which 2 and 3 rings are the 
most abundant and display a C15/C16 mode in their 
n - alkane distributions which is typical of benthic algae. 

Mass spectrometric analysis of the aromatic hydro
carbons from a Vimy (M1) sample shows a small 
benzothiophene content (Table 5-3) and a large 
dibenzothiophene content compared with the Colorado 
and post-Colorado sediments. The dibenzothiophenes 
are represented in the family CnH2n-12 by a plateau 
at C1s-C17 i n the distribution by carbon number and 
in the family CnH2n- 12 by a peak at C14 beside the 
C15 mode. As in the samples from the Colorado Group 
(Fig. 5-18a), the distribution of families in the 
triilromatic plus fraction shows a mode at CnH2n-18 
and a plateau between CnH2n- 20 and CnH2n-22 but the 
sulphur-containing families CnH2n-16S and CnH2n-18S 
are more abundant (Fig. 5-18b). 

The gas chromatogram (FPD) of this sample shows 
the relative importance of the dibenzothiophenes among 
the compounds in the lower range but the chromatogram 
is spoilt by the presence of free sulphur. 

In the Lower Mannville Group, the rocks are 
generally rich in organic carbon (Fig. 5-12a) but the 
extract yields (extract/ org. C) are lower than in the 
Colorado Group (Fig. 5- 13). As in the Upper Mannville 
Group, there appears to be a certain heterogeneity in 
the deposits. One group of extracts (Ferrybank, M12; 
Buck Lake, M9 and M10; Brazeau, Mll; Strachan, M17; 
and Acheson, M7) has a distribution of n - alkanes with 
a maximum at c15• c15- 16 or c17, which is character
istic of organic material derived from benthic algae. 
With the exception of the Ferrybank sample, the ratios 
of acyclic alkanes to saturated hydrocarbons are 
gen erally higher than in oils of Group 2 (Fig. 5- 15) . 
The second group of extracts (Bentley, M13- M15) is 
characterized by a high proportion of n - alkanes above 
C20· In this range (C21- C31) , there is a p ronounced 
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FIGURE 1. Distribution of saturated hydrocarbons in Lower Colorado rock 
extracts from the margin of the basin. 

odd number predominance which is typical of organic 
material derived from higher plant forms. In addition, 
with similar depths of burial, the ratios of acyclic 
alkanes to saturated hydrocarbons are higher (67-77%) 
than in the first series. In the first series of extracts, 
the ratios of isoprenoids to n -alkanes are similar to 
the values for the Colorado extracts. In the second 
series, the ratios are the lowest recorded in the extracts 
and are similar to the value obtained from the Niton ( 62) 
oil which, in turn, is the lowest recorded from all of 
the oils. 

Mass spectrometric analysis of the aromatic hydro
carbons from the Ferrybank (M12) sample, representing 
the first series of extracts, shows the first occurrence of 
abundant thiophenes (particularly dibenzothiophenes) 
in the extracts (Table 5- 3). Again, the diaromatics, 
comprising trimethyl or ethyl naphthalene, form an 
important mode at C13 in the mass family CnH2n-12 and 
a mode at C15 in the mass family CnH2n-14· Monoaro
matics are poorly represented. Dibenzothiophenes and 
high molecular weight sulphur compounds (C21-C2s) 
are represented by a secondary peak at C16- 17 and a 
plateau at c20- 21 in the first family and a peak at c19 
in the second family. Dibenzothiophenes are p articu
larly important and are distributed between C13 and 
c28 with an appreciable proportion between c21 and 
C28· Benzothiophenes are abundant also between C11 
and C29· The distribution by families in the triaromatic 
fraction shows a mode for the phenanthrene family 
(CnH2n- 18) but the peaks for the sulphur families 
CnH2n- 16S and CnH2n _18s are equally important. 

The same characteris tics are found in the Acheson 
(M7) extract, with the difference that the modes in the 
mass families CnH2n- 12 and CnH2n-14 occur at C16 and 

c19· respectively (attributed to dibenzothiophenes). 
and not at C13 and C15 (Fig. 5-21b). The Buck Lake 
(MlO) extract is similar but, in this case, the C16 mode 
in the mass family CnH2n- 12 represents only 12. 6 per 
cent of the total aromatics. 

In the second series of extracts, the Bentley (M14) 
sample (Fig. 5-21a) has an aromatic distribution similar 
to those of the first series. The dibenzothiophenes are 
v ery abundant (Table 5-3) with a particularly pro
nounced mode at C16 in the mass family CnH2n-12 but 
they are in lower concentration in the heavy range (C21 
to C29) than in the Ferrybank and Acheson samples 
(Fig. 5-2lb). The same difference is found between 
the Niton oil and the other oils of Group 2. 

Gas chromatography. (FPD/FID) of the aromatic 
hydrocarbons also shows that the Acheson, Bentley and 
Ferry bank samples have a broad distribution of benzo
and dibenzothiophenes in the higher carbon number 
range and as such resemble the Group 2 oils. 

Impregnation 

Four other samples, Acheson (M6), Pembina (M8), 
Butte (M16), and Manawan ( M3 and M4), have higher 
extract ratios (extract/org. C) than the others ranging 
between 13· and 70 per cent (Fig. 5-13). The cyclo
alkane distributions and ratios of acyclic alkanes to . 
saturated hydrocarbons (< 50%) are similar to the 
Group 2 oils. Then- alkane mode falls between C15 and 
C17 (except Manawan) and the isoprenoids are fairly 
abundant. In the Acheson and Pembina extracts, the 
pristane and phytane contents are s imilar to those from 
the Mississippian extracts. 
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FIGURE 2. Distribution of saturated hydrocarbons in Mannville extracts 
fr om the margin of the basin. 



Mass spectrometric analysis of the aromatic hydro
carbons from the Butte (M16) sample shows the 
characteristics of the Group 2 oils, particularly the high 
content of heavy molecules (C21 to c30) in the mass 
families CnHzn-12 and CnH2n-14· 

Margin of the basin 

In addition to the oil sands, which are discussed in 
the section on heavy oils (Chap. 6), 9 samples from the 
Lower Mannville Group and 8 samples from the Upper 
Mannville have been extract(;)d. Four of these samples 
did not yield any extract and the majority of the others 
have yielded only small quantities. Fourteen additional 
samples, 8 from the Lower Mannville and 6 from the 
Upper Mannville, have been extracted. 

A number of the samples, particularly those yielding 
only a small amount of saturated hydrocarbons, have 
gas chromatograms which show the absence of compounds 
below C18· This may be due to natural processes, 
such as deasphalting and migration of the light fraction, 
or to evaporation during the course of analysis. It 
can also be due to the first type of contamination as 
previously discussed (Fig. 4-7). This type of contami
nation affects samples from the Clearwater Formation 
at Marten Hills (M40/M44) and Wappau (M44). A 
sample from the McMurray Formation at Bohn Lake 
(M31) is affected by the second type of contamination 
(Fig. 4- 8). 

If the contaminated samples and the impregnations 
are set aside, the remaining Mannville extracts generally 
show an odd number predominance in the normal 
alkanes beyond C25 (Fig. 5-20) . This predominance is 
stronger where there are few normal alkanes below Czo· 

Two types of extracts can be distinguished. The 
saturated hydrocarbons of the first type (Fig. 2) are 
characterized by a low content of cyclo-alkanes with 
the concentration decreasing regularly from 2-ring 
compounds to 6-ring compounds, few normal alkanes 
beyond Czo, and a prominent maximum at C15· The 
C16 isoprenoid is at least as abundant as phytane or 
pristane. In the aromatic fraction, the distribution of 
thiophenic compounds (FPD) is characteristic in that 
light benzo- and dibenzothiophenes (<Czo) predomi
nate over heavy thiophenes as indicated by the absence 
of a prominent unresolved hump of compounds above 
Czo· Mass spectrometric analysis of the aromatic 
hydrocarbons from this type of extract (e. g. O'Hairy, 
M80; Fig. 3) confirms the absence of heavy thiophenes. 
It also shows a low concentration or absence of aromatic 
molecules above Czo. particualrly in the mass families 
CnH2n-8• CnH2n- 12 and CnH2n- 18· The monoaromatic 
steroids and triterpenoids of the families CnH2n- 12 
and CnHzn-14 are well represented. All these char
acteristics are typical of the Upper Mannville sediments 
(cf. Vimy, M1, discussion, p. 136; Fig . 5- 17). 

The second type of extract (Fig. 2) contains 
abundant polycycli c alkanes and the C16 isoprenoid is 
less abundant than pristane or phytane . The maximum 
in the n - alkane distribution i s at C16 and there is a 
second mode at C25 or higher. Again, the distribution 
of thiophenic compounds in the aromatic fraction (FPD) 

is characteristic but this time both light benzo- and 
dibenzothiophenes and higher molecular weight thio
phenes, including naphthobenzothiophenes are present. 
Unresolved humps of compounds occur beneath the 
benzothiophenes (<Czo) and the naphthobenzothiophenes. 
All of these characteristics are similar to those of the 
Ferrybank (M12) extract described above and are 
typical of the Lower Mannville. 

On the basis of these criteria, the Mannville extracts 
from the margin of the basin can be classified as follows. 
The first type, termed the "Upper Mannville type", 
includes the extracts from O'Hairy (M80, uppermost 
Blairmore Gp.), Marten Hills (M41, Clearwater Fm.), 
Cold Lake (14990, Lloydminster Fm.), Figure Lake 
( 14171, Glauconitic unit), Craigend (M70, Glauconitic 
unit), Big Bend (M52, Basal quartz unit) and Flat Lake 
(M60, McMurray Fm. ) . In the last sample, the normal 
alkanes below Czo have been affected by bacterial 
degradation but the aromatic fraction is not affected 
(see Chap. 6). 

The second type, termed the "Lower Mannville type", 
consists of extracts from Wappau (M44, Clearwater 
Fm.), Bass A-4 (M75, Glauconitic unit), Tawatinaw 
North (M77, First glauconitic unit), and Wappau (M47, 
McMurray Fm.) . 

Impregnation 

Two samples from Big Bend (M52, Colony Fm. ; M55, 
Basal quartz unit) and one sample from Ribstone Lake 
(M92, Sparky Fm.) contained impregnations. This 
was recognized in the Big Bend samples by the high 
extract yields but the condition could be identified in 
Ribstone Lake only after examination of the aromatic 
fraction (see Chap. 6) . 

Mississippian group 

Eighteen samples have been examined from this 
group. Nine of the samples have organic carbon 
values between 0. 24 and 1. 13 per cent and extract 
ratios between 250 and 900 mg per gm organic carbon 
(Fig. 5- 13c); they represent impregnations (Msl- 3, 
Ms5, Ms15- 20). All the r emaining samples have lower 
extract ratios ( -120 mg/ gm org. C) but only one 
sample has an organic carbon content above 0. 30 per 
cent (Wilson Creek, Ms13, 1. 52% org. C). 

In the impregnations, the resins and asphaltenes 
form less than 50 per cent of the extract (Fig. 5- 14c). 
The proportion of normal and branched alkanes in the 
saturated hydrocarbons i s less than 40 per cent and the 
distribution of cyclo-alkanes shows a decrease in con
centration with increasing ring number; then- alkane 
distributions show important modes at C16-C17 with a 
rapid decrease in the n-alkanes with increasing carbon 
number; pristane and phytane occur in equal concen
trations. The abundance of monocyclic alkanes is similar 
to that of the dicyclics. There are two exceptions to 
these generalizations. The Prevo (Msl9, Ms20) samples, 
in spite of their high extract yields and large hydro
carbon contents, have a low proportion of normal and 
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branched alkanes <<20%) in their saturated hydrocar
bons and a mode of C21 in their n-alkane distributions. 
The displacement of the mode to C21 can be explained 
by a loss of low boiling temperature components. A 
similar loss was observed in both the saturated and 
aromatic hydrocarbons. The distribution of aromatics 
in the unaltered samples is similar and resembles the 
oils from the Mississippian reservoirs and in particular 
the Glenevis ( 41) oil. 

With the exception of the Wilson Creek (Ms13) 
samples, the proportion of resins and asphaltenes in 
the remaining samples is always higher than 50 per 
cent and the aromatic hydrocarbons represent only 12 
to 17 per cent of the extract which is clearly lower 
than the impregnations. Only the Wilson Creek (Ms13) 
sample yielded sufficient saturated hydrocarbons for 
a full analysis. The isoprenoid and cyclo-alkane 
distributions in this sample are similar to those of the 
impregnations except that the monocyclics are few in 
comparison with the dicyclics. In contrast, the normal 
alkanes show a mode at C24 and a plateau at C16 to C19· 
This suggests the superposition of two types of distri
butions: one analogous to the preceding samples; the 
other as is found in the Niton ( 62) oil from the Mannville 
Group and the contemporaneous extracts from Bentley 
(M14), in which organic material of nonmarine origin 
is dominant. The aromatic distribution in the Wilson 
Creek sample resembles that from the Mannville. The 
remaining extracts are distinguished from the Wilson 
Creek extract by the poor resolution of peaks in the 
lower range of gas chromatograms of the aromatics. 

Wabamun Group (Upper Devonian) 

Central part of the basin 

Of the five samples examined, three of them at least 
are impregnations (Leduc, W64, W63; Golden Spike, 
W62) . They have extract yields above 35 per cent and 
the n-alkane distribution decreases regularly with 
increasing carbon number (Fig. 5- lSb). In two of 
them (Golden Spike, W62; Leduc, W63) , the ratios of 
acyclic alkanes to saturated hydrocarbons ( <40%) and 
the distribution of cyclo-alkanes are similar to the 
Mississippian impregnations, but the Golden Spike 
sample has similar pristane and phytane contents. The 
third sample (Leduc, W64) has a higher ratio of acyclic 
alkanes to saturated hydrocarbons (> 50%) with a 
regularly increasing cyclo- alkane disstribution from 
2 to 4 cycles. All these impregnations have r atios of 
isoprenoids ton- alkanes in between those of the Upper 
Devonian oils and those of the basal Cretaceous oils 
and as such are similar to the Leduc-Woodbend oil 
from the same stratigraphic interval. 

A sample from Netook (W65) was buried more deeply 
than the other samples and has a lower extract yield 
but a greater proportion of saturated hydrocarbons 
and alkanes. The distribution of cyclo- alkanes and 
the ratio of isoprenoids to n-alkanes are similar to 
those of Devonian oils. This sample is considered also 
to be an impregnation. 

Analyses by gas chromatography of the aromatic 
hydrocarbons (FID/FPD) from two impregnations 
(Golden Spike, W62; Leduc, W63) show features of 
both Mississippian and Lower Mannville samples. Mass 
spectrometric analysis of the aromatics from the Golden 
Spike sample shows a larger content of sulphur com
pounds than in the Mannville samples (about 30% of 
the total aromatic fraction) . In contrast to the Lower 
Cretaceous samples, these compounds are equally 
distributed between benzo- and dibenzothiophenes in 
the range C13 to C35 (Table 5-3). In the mass family 
CnH2n-12 (Fig. 5-18a), theC17mode (dibenzothiophenes) 
is more important than the C13 peak (naphthalenes). 
There is also a plateau between C21 and c25 beyond the 
true aromatic mode in the mass family CnH2n-14· The 
phenanthrene family (CnH2n-18) shows a C17 mode 
and an inflexion at C21 attributed to sulphur compounds. 
The distribution of families in the triaromatic plus 
fraction shows that the CnH2n- 16s and CnH2n-18S 
families are at least as important or more important than 
the phenanthrene family CnH2n- 18 (Fig. 5-18). 

Margin of the basin 

A single extract sample (W65) was examined from 
the Wabamun Group near the basin margin. It has a 
high extract yield and can be classed as an impregnation. 
The alkane and isoprenoid distributions are similar to 
those of Upper Devonian oil samples. The analysis, 
which was limited to CGC of the saturated hydrocarbons, 
does not permit an unequivocal correlation. 

Calmar, Nisku, Ireton and Leduc Formations 
(Upper Devonian) 

Central part of the basin 

In this series, the extract yields ( extract/org. C) 
range from 3 to 15 per cent. The proportion of acyclic 
alkanes in the saturated fraction is close to 50 per cent 
and the distribution of cyclo-alkanes shows a regular 
decrease in concentration toward the 4- and 5-ring 
compounds (Fig. 5- 16) . The deepest Leduc sample 
(Dickson, W15) has a small proportion of acyclic alkanes 
in the saturated fraction ( <40% ) and a high ratio of 
isoprenoids to n-alkanes. 

The less deeply buried samples from the El Dorena
Volmer-Leduc area (Fig. 5-16c) have n-alkane distri
butions with a prominent C15 mode which is characteristic 
of material derived from benthic algae. In addition, two 
samples from the Volmer borehole (Ireton and Leduc 
Fms. ) have features that indicate a low level of diagenesis: 
a large content of resins and asphaltenes (> 50%), a 
predominance of cyclo-alkanes with 3 and 4 rings and 
a slight odd number predominance of n - alkanes in the 
range c27 to C29· The ratios of acyclic alkanes to 
saturated hydrocarbons· and isoprenoids to n-alkanes 
are similar to the other samples. 

Gas chromatographic analysis (FID/FPD) of the 
aromatic hydrocarbons from the Calmar (Volmer, Wil), 
Nisku (Leduc, Wi3) and Leduc (Dickson, W15) Formations 
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show very few or no benzothiophenes, and dibenzothio
phenes only in the low carbon number range. One 
sample from the Ireton Formation (El Dorena, W 4) has 
benzo- and dibenzothiophenes extending throughout 
the carbon range, but most of these compounds occur 
below Czo· 

Impregnation 

A sample from the Nisku Formation (Dickson, Wi4) 
has a high extract yield (>45%) , a ratio of alkanes to 
saturated hydrocarbons and distribution of n-alkanes 
characteristic of the oils, and a relatively high ratio of 
isoprenoids ton-alkanes (Fig. 5-16c). Gas chromato
graphic (FID/FPD) examination of the aromatics shows 
a certain similarity to the previous samples: few 
benzothiophenes and dibenzothiophenes and these are 
present only in the low carbon number range. Analysis 
by mass spectrometry (Fig. 5- 18c) indicates the 
importance of the phenanthrene family (CnHzn- 18), 
especially phenanthrene itself (C14) and trimethyl or 
ethyl methyl phenanthrene (C17). The monoaromatics 
in the mass families CnHzn-12 and CnH2n-14 are fairly 
abundant but, overall, these families are less important 
than the more condensed aromatics . Thiophenic com
pounds occur in small quantities (Table 5-3), but only 
in the C14-c16 range as indicated by a plateau of C16 
in the distribution of mass family CnH2n-12· The 
distribution according to families of the triaromatic 
fraction is dominated by a very strong CnH2n-18 mode 
and is accompanied by very low values for other families, 
particularly the sulphur families CnH2n-16S and 
CnH2n-18S. 

Margin of the basin 

Samples from the Nisku (Vegreville, Wi9), Grosmont 
(Craigend, W24/W25) and Ireton (Meadowbrook, W22, 
W23; Plum Lake (W20/W21) Formations have been 
examined. The Vegreville (Wi9) sample shows a con
tamination of the second type (Fig. 4-3), whereas the 
samples from Craigend (W25), Meadowbrook (W22 / W23) 
and Plum Lake (W21) contain contaminants of the first 
type. 

Apart from the contaminated samples, a sample 
from Craigend (W24, Grosmont Fm.) has a mode of 
C17- C19 in then-alkanes and abundant n - alkanes above 
Czo with a slight odd number predominance between 
C23 and C29· A supplementary extract (Craigend, W25) 
has an aromatic distribution (FID/FPD) similar to an 
impregnation which probably has been altered by 
water washing ( see Chap. 6) . In contrast, the con
taminated Meadowbrook (W23, Ireton Fm.) and Plum 
Lake (W21) samples have aromatic (FID) and thiophenic 
(FPD) distributions similar to the Ferrybank (W9) 
extract from the Duvernay Formation. However, the 
Plum Lake sample has an important component of cycle
alkan es with 3 and 4 cycles indicating a lower level of 
diagenesis. 
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Duvernay Formation (Upper Devonian) 

Central part of the basin 

Samples from this formation have high extract yields 
(> 10%) . The extract from the shallowest sample at 
El Dorena (W2) indicates a low level of diagenesis 
(Fig. 5-16d) as is shown by the following: the pre
dominance of resins and asphaltenes; acyclic alkane 
contents less than 40 per cent of the saturate fraction; 
a significant content of cyclo-alkanes with 4 and 5 rings; 
a strong odd number predominance of n-alkanes in the 
range C17 to C19; and a high ratio of isoprenoids to 
n-alkanes (especially pristane and phytane). 

Two samples from greater depths (Dickson, W16; 
Ferrybank, W10) have more than 50 per cent acyclic 
alkanes in the saturated hydrocarbons, a lower ratio of 
isoprenoids to n-alkanes and a cyclo-alkane distribution 
similar to that found in oils (Fig. 5-16d). 

Mass spectrometric analysis of the aromatic hydro
carbons from the El Dorena sample (Fig. 5- 18c) shows 
a fairly widespread distribution of aromatic families. 
In the mass families CnH2n-12 and CnH2n-14• there is 
an unusual abundance of monoaromatic steroids and 
triterpenoids, especially between C27 and C29· The 
dibenzothiophenes also are abundant, but the phenan
threne family CCnH2n- 18) is poorly r epresented. The 
distribution of the families in the triaromatic fraction 
shows low contents for both the phenanthrene family 
( CnH2n-18) and sulphur families ( CnH2n-16S and 
CnH2n-18S) · 

Gas chromatography (FPD) indicates a wide range 
of thiophenic compounds including the higher molecular 
weight range. 

Impregnation 

A sample from Ferrybank (W9) has a high extract 
ratio (>35%) and n-alkane and cyclo-alkane ratios 
similar to the oils. However, the ratio of acyclic alkanes 
to saturated hydrocarbons is low ( <40%) and the ratio 
of isoprenoids to n - alkanes is high compared with the 
Upper Devonian oils. 

Mass spectrometry reveals a wide distribution of 
aromatic hydrocarbon families (Fig. 5- 18c). The 
CnH2n-18 family is abundant, particularly the C17 com
pounds (trimethyl or ethyl methyl phenanthrene). The 
CnHzn-12 and CnH2n- 14 mass families also are well 
represented. The former has a mode at C12 and a peak 
at c17 representing the dibenzothiophenes; the latter 
has a mode at C16 and a plateau at C19- C21 due to 
dibenzothiophenes. Steroids and triterpenoids are not 
well represented in the monoaromatic fraction . The 
distribution of families in the triaromatic fraction shows 
that the phenanthrene family (CnHzn- 18) is in greater 
concentration than the sulphur families CnH2n- 16S and 
CnH2n- 18s. 

Gas chromatographic (FID/FPD) analysis shows a 
widespread distribution of dibenzothiophenes with an 
emphasis on the lower carbon number range. 



Cooking Lake Formation, basal Leduc Reef 
and Beaverhill Lake Formation 

Central part of the basin 

With the exception of the Cooking Lake samples 
(El Dorena, W3, W5), these samples are from greater 
depths than the remainder of the suite and the extract 
yields (extract/org. C) are the highest [6-20% for 
samples from 2100-3000 m (7000-10 000 ft.)]. The 
proportion of acyclic alkanes in the saturated hydro
carbons is usually over 50 per cent and the ratios of 
isoprenoids to n - alkanes are in the same range as the 
oils. The distribution of cyclo- alkanes is similar to the 
oils (Fig. 5-16e) yet, with increasing depth of burial, 
the proportions of saturated hydrocarbons in the extract 
and alkanes in the saturated fraction become progres
sively higher. Two very deep (3300 m; 11 000 ft.) 
samples from Waskahigan (B9, B10) yielded principally 
asphaltenes ( 85% of the extract) . The hydrocarbons 
probably have been cracked to lighter fractions which 
have been lost by migration or during the analysis. 

Among the different samples, there are a number 
of common features in the alkane distributions which 
can be related to the nature of the parent organic matter. 
Neglecting the polluted samples from Goose River (B7, 
B5) , Yellowstone (B2, B3) and Waskahigan (B9), the 
following observations can be made. 

(a) There is a very strong mode at C15 or C17 in the 
alkanes from the Swan Hills (B15) and El Dorena 
(W3) samples which can be related to a derivation 
from benthic algae as in previous samples; there 
is also a slight predominance of nC19· 

(b) There is a predominance of nC15 and nC17 and a 
slight predominance of nC19 in the alkanes from 
samples from Goose River (B6, B8) and northeast
ern Virginia Hills (Bll, B12). 

(c) There is a predominance of C15. C17 and C19 in 
extracts from Swan Hills (B13, B14). 

The three types a, b, and c do not form a diagenetic 
succession since, in the same depth range [above 2400 m 
( 8000 ft . ) ] , both types a and c are found although 
type b is generally found at great depths [2700- 3000 m 
(900-10 000 ft.)]. 

Gas chromatographic (FPD) analysis of the aro
matic hydrocarbons from a Cooking Lake sample (El 
Dorena, W3) shows the presence of benzothiophenes in 
the low molecular weight range and dibenzothiophenes 
in the higher range. Mass spectrometric analysis 
of a Beaverhill Lake sample (Swan Hills, B15) s hows 
a small content of benzo- and dibenzothiophenes 
(Table 5- 3). The naphthalene family (CnH2n-12) is 
the most prominent mass family and shows a C13 mode, 
but there is no secondary peak of dibenzothiophenes 
or plateau at C16- C17· Steroids and triterpenoids are 
present in the CnH2n- 12 and CnH2n- 14 mass families 
in the monoaromatic fraction. There is a strong C17 
mode in the phenanthrene family (CnH2n- 18). The 
distribution of mass families in the triaromatic fraction 
has a maximum at the phenanthrene family (CnH2n- 18) 

and very low values for the sulphur-containing compounds 
(Fig. 5-18d). The corresponding gas chromatograms 
show a small content of thiophenic compounds and 
those that are present are confined to the lower molecular 
weight range. . 

Another Beaverhill Lake sample (northeastern 
Virginia Hills, Bll) is similar to the previous sample, 
i.e. the naphthalene family (CnH2n-12) has a c 13 mode 
and the phenanthane family (CnH2n-18) a C17 mode. 
There is also a similar distribution of mass families in 
the triaromatic fraction (Fig. 5-18d). Gas chromato
graphic analysis confirms the small content of thiophenic 
compounds. 

Margin of the basin 

Two samples from the Beaverhill Lake Formation at 
the margin of the basin have been examined; these are 
from Wappau (B19) and Rock Island (B17 /B18). The 
extract from Wappau (B19) contains saturated hydro
carbons that have been contaminated, and the aromatic 
fraction has characteristics of an impregnation of heavy 
oil (see Chap. 6). In contrast, the sample from Rock 
Island (B18, Beaverhill Lake; Fig. 4) has an irregular 
distribution of normal alkanes with an odd number 
predominance between C15 and C21 and between C25 
and C2g; the isoprenoids, particularly pristane and 
phytane, are very abundant. These characteristics 
are similar to a sample from the Duvernay Formation at 
El Dorena (W2) which has not been buried deeply. In 
both cases (Figs. 5-22, 5- 16d) , the chromatograms 
show the presence of sterane and triterpane compounds 
beyond C27 but the distributions differ. The difference 
is clarified by mass spectrometric analysis: the cyclo
alkanes with 3 and 4 cycles are more common in the 
Rock Island sample whereas, in the El Dorena sample, 
the mode is at 4 and 5 cycles. The distribution of 
thiophenic compounds by gas chromatography (FPD) 
is similar apart from a larger content of unresolved 
compounds in the El Dorena sample. This point can be 
supported by comparing MS analyses of the aromatic 
fractions (Figs . 5- 18c, 5- 22) . The mass family CnH2n-14 
is dominant and there is a large content of monoaromatic 
steroids and triterpenoids in the mass families CnH2n- 12 
and CnH2n- 14· There is also a similarity in the irregular 
distribution of diaromatic compounds, particularly in the 
family CnH2n- 14· The benzo- and dibenzothiophenes, 
which are less abundant in the Rock Island sample, are 
represented over a wide range of carbon numbers but 
those occurring below C20 are more abundant. In both 
cases, the mass family CnH2n- 18 is equally r ich in 
heavy molecules (C25+) but does not contain any naphtho
benzothiophenes. These two samples, at all stages of 
analysis, show characteristics that suggest they have 
undergone little catagenesis. 

Watt Mountain, Gilwood and 
Muskeg Formations (Middle Devonian) 

Central part of the basin 

Two of the four samples studied in this group, one 
from Goose River (MD3, Gilwood Fm.) and the other 
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from Grizzly (MD2, Muskeg Fm.) have a cyclo-alkane 
distribution similar to the samples from the Beaverhill 
Lake sequence. However, the sample from Goose River, 
which had been deeply buried, has a low organic 
carbon content (0. 06%), an abnormally low ratio of 
normal and branched (acyclic) alkanes to saturated 
hydrocarbons, and a very high ratio of isoprenoids to 
normal alkanes. In these respects, this sample differs 
from the Grizzly sample, which is similar to the 
Beaverhill Lake material, but for a higher ratio of normal 
and branched alkanes to saturated hydrocarbons. 

The other samples from the Watt Mountain Formation, 
one from Grizzly (MD!) and one from Swan Hills (MD4), 
have very different features. A high ratio of normal 
and branched alkanes to saturated hydrocarbons ( 0. 70) 
and a low ratio of isoprenoids ton-alkanes accompany 
a very specific n-alkane distribution. Normal alkanes 
above C2o are very prominent and have a predominance 
of odd carbon number molecules (Fig. 5-19a). This 
type of n-alkane distribution has been encountered in 
rock extracts and oils of nonmarine origin (Jurassic 
and Cretaceous of the Magellan Basin, Chile and Eocene 
of the Uinta Basin, Utah) . 

Mass spectrometric examination of the aromatic 
hydrocarbons from one of these extracts (Swan Hills, 
MD4; Fig. 5-18d) shows that the phenanthrene 
(CnH2n- 18) and the naphthalene (CnH2n- 12) families 
predominate, whereas the CnH2n- 6 and CnH2n-8 
families are poorly represented. In the phenanthrene 
family (CnH2n-18), the mode at C17 is accompanied by 
a peak at C14 and a weaker one at C21· In the CnH2n-12 
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and CnH2n-14 mass families, monoaromatics and 
particularly monoaromatic steroids and triterpenoids 
are present, but the thiophenic compounds are not 
abundant (Table 5-3). A C13 mode dominates the 
naphthalene (CnH2n- 12) family and the sulphur com
pounds are represented only by a weak plateau between 
C15 and C20· The distribution of mass families in the 
triaromatic fraction resembles one of the Devonian 
samples previously discussed (Dickson; Fig. 5-18d). 

Gas chromatographic examination of the aromatic 
hydrocarbons from two samples from the Watt Mountain 
Formation (MD!, MD4) shows very small benzothiophene 
contents and slightly higher dibenzothiophene contents. 
The latter compounds are located almost exclusively in 
the lower molecular weight range. 

Margin of the basin 

Two samples from the Muskeg Formation (MD6, 
MD5) at the basin margin have been examined. Only 
one sample (Christina River, MD6) has yielded any 
extract. The saturated hydrocarbons have a large 
content of cyclo-alkanes with 2, 3 and 4 cycles and 
show a possible loss of components below C20· This 
loss is not unreasonable considering the low yield of 
saturated hydrocarbons ( 45 mg) obtained from this 
extract (250 mg) . In some ways, this sample resembles 
a sample from the Watt Mountain Formation at Swan 
Hills (MD4) in the distribution of thiophenic compounds 
(FPD) but, in the Christina River sample, the light 
hydrocarbons have been lost from both the saturate 
and aromatic fractions. 
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