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PREFACE 

This is the first major report prepared under the auspices of the Geo logical Survey in which the 
organic geochemistry of the sediments of the Beaufort-Mackenzie Basin has been described. Oil and 
natural gas estimates depend to a large extent on understanding the physical and chemical 
character ist ic s of each basin. Estimates can only be refined if these factors are more thoroughly 
understood. The Beaufort-Mackenzie Basin has been the s it e of sign ific ant exp loration since the 
mid-1960s and the first hydrocarbon discovery was made in 1969. A lthough the Beaufort Sea is one of 
the most log ist ica lly difficult areas in Canada, offshore exp loration drilling programs are current ly 
under way. 

This study is restricted to data derived from Upper Cretaceous and T ert iary rocks but the 
results have implications for rocks of other ages and in other depositional basins. The main emphasis 
of the interpretation is on geological and geochemical interrelationships but the results are also 
discussed in terms of potential petroleum source rocks and theoretical geochemical models. One 
conc lusion of the study is that ex ist ing concepts of petroleum generation must be modified to include 
an ear ly s t age of condensate generation. It is a lso concluded that organic facies do not necessarily 
correspond to sedimentary facies, wh ich suggests that point bar or stream bed sands have just as 
much potential as reservoirs as the more highly favoured delta front sands of this region. 

Ottawa, December 1978 

D.J. McLar en 
Director Genera l 
Geo log ical Survey of Canada 
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ORGANIC GEOCHEMISTRY OF THE UPPER CRETACEOUS - TERTIARY DELTA COMPLEXES 
OF THE BEAUFORT- MACKENZIE SEDIMENTARY BASINS, NORTHWEST TERRITORIES 

Abstract 

The organic fraction of a set of borehole drill cutt ings and 
core samples representing fluviodeltaic, delta front and 
prodelta marine env ironments of deposition from the Upp e r 
Cretaceous - Tertiary of the Beaufort-Mackenzie Bas in in 
northern Canada has been subjected to organic: carbon 
analysis; extraction with benzene/methanol; open-co lum n 
chromatographic fractionation into saturates, aromatics and 
resins; gas chromatograph ic analys is of the saturate fraction 
including quantification of the n-a lk anes and isoprenoids; and 
kerogen iso lation. The kerogen was examined micro
scopically under transmitted ligh t and the organic fragments 
quantitatively c lassif ied as herbaceous, coa ly or saprope lic. 
Elemental analyses were carried out on the kerogen and H/C 
and C/N ratios calculated. 

An attempt was made to observe trends in the chemical 
parameters as a function of the increasing marine influence. 
The only positive correlation observed was that the organic 
carbon content of fluviodeltaic sed iments was statist ically 
higher than that of e ith er delta front or prodelta samples. 
None of the other parameters measured disp layed 
depositional environ ment dependency. Within the three 
subenvironments of the delta complexes wh ich were 
examined, there was a s ingle organi c facies dominated by 
herbaceous and coa ly organic debris. The e lemental 
hydrogen -ca rbon ratio data fall into a very narrow range 
(0.70 - 0.90) and are consistent w ith the optical observations. 
Pristane/phytane ratios inc reased to about 7 .0 with 
increas ing maturity but were independent of both organic 
matter type and depositional environment. 

A few of the samp les examined were c lass ifi ed as good 
or excellent potential petroleum source rocks on the basis of 
extractable hydrocarbon yield. The low level of thermal 
maturity (v itrinit e reflectance about 0.45 -0.60 ) and high 
concentrations of some tricycl ic d iterpanes (probably of the 
sandaracop imarane structure) suggest that the good source 
rock quality may be related to a high resinite content in the 
sediment, which has yielded the reservoired natural gas and 
condensate of the Upper Cretaceous -T ert iary section at 
very low levels of thermal a lt e ratio n. 

Implicat ions of this stud y are: (1) The c lass ical pet
roleum generation sequence of heavy oi l, oi l, condensate and 
gas with increasing thermal a lterat ion must be modified to 
include an early stage of condensate generation. (2) Or
ganic facies do not necessarily correspond with sed imentary 
facies or depos itiona l sube nvironments and, therefore, the 
delta plain sandstone reservoirs of this basin are as lik e ly to 
be juxtaposed with a source rock as are the delta front sands. 

Resume 

La fraction organique d'un groupe d'echantillons provenant de 
deblais de forages et de carottes de sondage, qui cont iennent 
des sediments fluv io-deltaiques, de front de delta et 
pro-deltaiques formes pendant le Cretace superieur et le 
Tertiaire dans le bassin de Beaufort et du Mackenz ie, dans le 
nord du Canada, a fait l'objet d'une analyse du carbone 
organique; d'un e ex traction au benzene et methanol; d'un 
fractionn ement en produits satures, produits aromatiques, et 
resin es, sur colonne chromatographique ouverte; d'une 
analyse chromatographique en phase gazeuse de la fraction 
saturee, avec dosage de s n-al c anes et des isoprenoides; et 
d'un dernier traitement, la separation du kerogene. On a 
examine le kerogene au microscope, so us lumiere refractee, 
et on a range !es fragments organ iqu es dans tro is categor ies: 
fragm ents herbaces, charbonneux et sapropeliques. On a fait 
]'analyse elementaire du kerogene, et ca lcule !es rapports 
H/C et C/N. 

On s'est efforce d'etabl ir une correlat ion entre !es 
parametres chimiques et !'augmentation des influ ences ma
rines. La seule tendance que !'on a it pu reconnaltre avec 
certitude etait que la teneur des sediments fluvio-deltaiques 
en Carbone organique eta it statist iquement p lu s elevee que 
ceJ!e des echantiJJons de front de delta OU pro-deJtaiques. 
Aucun des autres parametres mesures n'a revele une 
dependance du milieu de sedimentation. Dans !es trois types 
d'env ironnement que comportaient Jes complexes deltaiques 
examines, on a observe un seu l facies organique par
ticulierement riche en debris organiques he rbaces et cha r
bonneux. Le rapport hydrogene -carbone, obtenu par !' analyse 
elementa ire, ne couvra it qu'un intervalle tres etroit (0.70 -
0.90), et concordait avec !es resultats des observations faites 
au microscope. Le rapport pristane/phytane s'est e leve 
jusqu'a environ 7 .0, en fonction de l'acroissement de 
maturite, mais ii ne dependait ni du type de matiere 
organique ni du milieu de sedimentat ion. 

D'apres leur concentrat ion en hydrocarbures ex -
tractibles, on a juge que quelques-uns des echant illons 
examines pouvaient const itu er de bonnes ou excellentes 
roches-meres du petro le. Le fa ible niveau de maturite 
thermique (reflectance de la vitr init e situee entre 0.45 et 
0.60 ), et la concentrat ion e levee de certa ins diterpanes 
tricycliques (probablement de meme structure que le 
sandaracopimarane) semb lent indiquer que la capacite des 
echant illons a const ituer une bonne roche-mere est peut -etre 
liee a la forte teneur en resinite du sed iment, ou, dans la 
section d'age cretace super ieur et tertiaire, se sont 
accumu les le gaz nature! et le condensat dans des cond itions 
d'alteration thermique tres fa ible. 

Cette etude nous permet de constate r (1) qu'il faut 
modifier !es concepts courants relatifs a !'evolut ion du 
petro le, d'apres lesque ls apparaissen t success ivement Jes 
huiles lourdes, Jes huiles, Jes condensats et Jes produits 
gazeux, a mesure qu'augmente !' a lterat ion thermique, et 
inclure une etape precoce de formation du condensat, et (2) 
que !es facies organ iques ne correspondent pas neces
sairement B des facies Sedimentaires OU B certa ines 
categor ies de milieux de sedimentat ion et que, par con 
sequent, Jes gres-reservo irs de la plaine de lt a"ique dans ce 
bassin peuvent auss i bien que Jes sab les de front de delta 
avo isiner une roche-mere. 



INTRODUCTION 

Organic geochemical research over the past few years has 
centred on the chemical characterization of organic 
compounds and bulk properties of the organic material found 
in sediments and in crude oils (see Eglinton and Murph y, 
1969 ). A second theme has been characterizing the 
influence of thermal alteration or maturation on var ious 
organic parameters: Breger (1960), Philippi (1965, 1969), 
Landes (1966), Louis (1966), Smith (1966), Abelson (1967), 
Cannan (1968), Henderson et al. (1968), Califet et al. (1969), 
Staplin (1969), Baker and C laypool (1970), Evans (19 71 ), 
Rhead (1971 ), Tissot et a l. (1971 , 1974), Wehmiller (1971), 
Eg linton (1972 ), Shibaoka et a l. (1973 ) and Snowdon and Roy 
(1975 ). 

Relatively few researchers, however, have approached 
the study of sedimentary organic material from the 
standpoint of the geology of the encompassing sediments. 
The present project was undertaken so that several organic 
geochemical parameters of sediments from three sub
environments of a series of delta complexes could be ex 
amined as a function of the changing geological processes. 
That is, the various organic parameters were determined for 
fluviocieltaic (continental) to prodelta (marine) facies in 
order to assess the effect of increasing marine influence on 
the character of the preserved organic matter. It was felt 
that this exercise would be useful in at least three differe nt 
ways: 

(1) by assisting in development and understanding of 
how organic geochemical parameters interrelate 
with geological processes; 

(2) by enhancing the usefuln ess of chemical data that 
are being interpreted in terms of metamorphic 
effects, migration histor y, biodegradation and 
source and depositional parameters by clarifying, 
in part at least, the sequenc e of organic alteration 
in a geological system; and 

(3) by providing insight into the relative petroleum 
source potential of the different facies and the 
probable petroleum source potential of this 
particular volume of sed iments. 

By systematically exam ining all the recognizable facies 
of an ancient delta complex, one may eluc idate these three 
aspects. In the first case, an exa mination of the organic 
extract yie ld, hydrocarbon content of the e xtract a nd 
distribution of terrestrial kerogen will yield some insight 
into how effec t ively marine processes rework and alter the 
terrestrial organic matter transported into the system by 
the river. Lit tie or no data have been published to indicate 
the extent of the marine in fluence on sed imentary organic 
material deposited in delta front and prodelta envi ronments. 

In the second case, differenti at ion of marine from 
terrestrial deposits using organic geochemistry has been 
attempted (Cannan, 1968) without the benefit of empirically 
derived r e lationship s from nearshore, transitional en 
vironments. Thus, the interpretation of geochemical data 
from marginal depositional facies must be cons idered as 
tentative only, because the rate of appearance of marine 
character dominance adjacent to the paleoshoreline is 
essentia lly unknown. It is therefore important to estab lish 
an empirical reference from a well defined transitional 
depocentre. The distribution of saturated hydrocarbons and 
the atomic hydrogen to carbon ratio as well as the change in 
kerogen type in samples from the var iou s de lta complex 
subenvironments should indicate how accu ra t e ly the orga nic 
parameters reflect the changing depositional environment. 
This will enable one to exam ine other aspects of organic 
geochemistry with one less variab le. 
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The third aspect of the relationship of facies cor
relation with organic parameters, petroleum sou rce po
tential evaluation, is undoubt edy the most pragmatic 
objective of this project. The relative yields of hydro
carbons from sediments of the various subenv ironments of 
deposition should indicate whether or not the petroleum 
potential from marine-dominated facies and hence 
marine-dominated deltas is particularly greater than that of 
terrestrially dominated deltas. The relative importance of 
juxtaposed marine shale sources and delta front sandy 
reservo irs may be eva luated on the basis of a relative source 
potential of the different facies. Specifically, the im
p lications of the occurrence of oil in stra ta of relati vely low 
maturity in the Mackenzie Delta (Gunther, 1976a, b) will be 
eluc idated by the determination of the quantity and nature 
of the so lvent-extractab le organic material in the various 
facies of the Upper Cre taceous - Tertiary delta complexes. 
The usefulness of organic geochemical data for predicting 
oil/gas trends with respect to facies trends within the 
Beaufort-Mackenzie Basin also can be evaluated. 

The author is indebted to the Geological Survey of 
Canada for granting educational leave for two years and 
financially supporting this research. 

Thanks are extended to D.R. Baker, the author's thesis 
advisor, a nd to the thesis committee at Rice University: 
J.L. Wilson, J.B. Anderson and P.A. Harcombe. 

The author wou ld also like to thank many people on the 
staff at the Institute of Sedimentary and Petroleum Geology 
in Ca lgary, where most of the research was carried out. 
T .G. Powell followed the daily progress of the research and 
offered many helpful suggestions. P.R. Gunther spent many 
hours instructing the author in both kerogen smear slide 
preparation a nd microscope techniques, including organic 
type identification, vitrinite reflectance measurement and 
UV excitation fluorescence microscopy. D. W. Myhr and F .G. 
Young provided the geological base and depositional 
subenvi ronment interpretation for many wells in the study 
area. The technical support of the drafting, typing and 
editing personne l at the Institute are also gratefully 
acknow !edged. 

F.G. Young and A.E. Foscolos of the Institute critically 
read the first draft of the thesis and offered many helpful 
suggest ions. E. Peake of the University of Calgary kindly 
ran the gas chromatogram mass spectra of the tricyclic 
diterpanes. 

Previous research 

The examination of organic geochemical parameters as a 
function of depositional environment has been restricted 
mainly to three general areas: (1) the organic analysis of 
modern sediment s from a variety of geological settings; (2) 
the correlation of crude oil physiochemical parameters and 
the s tratigraph y of the reservoir sediments; and (3) the study 
of ancient sediments. 

Included in the first area of research are many projects 
on cores recovered during the Deep Sea Drilling Project. 
These samples represent a wide range of depositional en
vironm ents, including pelagic sediments (Simoneit and 
Burlingame, 1972); tu rbidites and contourites (S imoneit and 
Burlingame, 1973); evaporite deposits (Mcive r, 1973); 
trenches, rises and island arc systems (C laypool et al., 1973); 
abyssal hills and underlying marine sed iments deposited on a 
basalt (S imone it et a l., 1973); and deep ocean basins and 
continental rises (S imoneit and Burlingame, 1971). Whereas 
information on depositional environment and organic an
alyses is available for a substantial number of samples, a 
concerted effort to correlate the parameters has not been 
made. 



Other recent sediment data have been analyzed by 
Palacas et al. (1972), who related various organic 
parameters to different depositional facies of an estuarine 
bay. Estuarine muds and re latively c lean quartz sands 
representing rela tive ly low and high energy conditions, re
spectively, were found to contain s ignificantly different 
normal paraffin distributions. The lo w odd-to-even pre
dominance in carbon chain length of the n-alkanes of the 
sand sa mple was interpreted as indicat ing an increased input 
from marine organisms. 

Sackett (1964) and Parker et al. (1972) observed a stable 
carbon isotope trend from more depleted in 13 C to Jess 
depleted in 1 3 C as more marine-synthesized organic matter 
was incorporated into the sedim ent. Their results were 
complicated by factors including the possibility of (1) 
nonbiological oxidation of carbon in the marine e nvironm ent 
and (2) marine plant utili zat ion of terrestrial inorganic 
carbon espec ia lly at a river mouth. Temperature also was 
found to be an isotopic fractionation factor but the 
magnitude of this effect was le ss than that of the different 
source materials. 

The study of geochemical parameter variation as a 
function of depositional environment in ancient sediments 
has been restricted essentially to research by Powell and 
others, and work on the Green River Sha le of Utah by 
several authors. 

Hunt et al. (1954) discussed four lithology types from 
the Green River Formation wh ich are correlat ive with 
characteristic organic chemical properties. The Wasatch 
Formation is predominantly continental and fluviatile and is 
characterized chem ically by the presence of ozocerite 
(wax). The Green River Formation was deposited in 
stratified sa line lake with strongly reducing bottom 
conditions and oxidizing fresh to brackish surface water. 
The organic component of these sed iments consists of 
albertite, ingramite and gilsonite. The Uinta Formation is 
mad e up essent ially of red and green sha le s with included 
c hann e l sands and ve ins of wurtzilite (inso luble asphaltic 
pyrob itumen). The changing organic matter type reflects 
the increasing salinity of the lake water. The observed 
sequence was (1) predominantly paraffins (ozocerite), (2) 
predominantly condensed aromatics (a lbert ite), (3) aromatic 
and nitrogen compounds (g ilso ni te), and (4) naphthenes with 
sulphur and nitrogen compounds (wurtzi lite) . 

In a series of papers on the Green River Formation, 
Robinson and Cook (1971, 1973, 1975) and Anders and 
Robinson (1973) exam ined the changes in organic chemical 
properties with increasing depth of burial. Similar con
clusions were drawn from each study, nam ely that thermal 
maturation a lt ered so me of the measured parameters but 
that a number of the variations observed must be due to 
other factors. The 'other factors' suggested were eco logical 
differences, biological alterations and source material 
va ri at ions. No attempt was made to associate the che mic a l 
differences observed with geological processes other than 
thermal alteration. 

A study of Reed and Henderson (1972) a lso indicated 
that thermal diagenesis could not account for the var iability 
observed in crude oils in the Green River Formation but this 
study a lso stopped short of examining the processes which 
may hav e caused these diffe rences in character. 

Powell and McKirdy (19 73b) observed characteristic 
organic distributions in several cores from Australia. Both 
eometamorphism and depositional environment s ignificantly 
influenced the organic content of the sed iments. The 
n- a lkane distribution of the marine organ ic matter, which 
lacked the large concentrations of heavy (C 2 7 -C31) waxes, 
was found to be quite different from the terrestrially 
derived organic matter (largely higher plants), wh ich fre
quently had a strong odd carbon chain length preference. 
Thermal alteration of terrestrial organic material resu lted 

in a shift of n-alkanes to shorter cha in molecules and a loss 
of the odd carbon predominance until the land-derived 
n-alkane distribution was essentia lly ind istinguishab le from 
that of marine-derived organic matter. 

Powell et al. (1976) correlated different n-alkane 
distributions and pristane/phytane ratios with different coal 
maceral contents of sediments from a cyc lothemic sequence 
in northern England. The coa l macerals contain quite 
different extract fractions, with vitrinite yielding large 
total extracts relative to exinite. On the other hand, ex init e 
tends to have a higher proportion of hydrocarbons in the 
extract fraction. High saturate/aromatic ratios were 
related to land plant input into t he sediment. 

Geological setting 

The Beaufort-Mackenz ie Basin underlies the northern Yukon 
Territory, a nd the present-day Mackenzie Delta and 
Tuktoyaktuk Peninsula of the Northwest Territories as well 
as adjacent offshore shelf regions of the Beaufort Sea (Fig. 
1). Mesozoic and Cenozoic sediments are up to 9144 m thick 
(Mc Crossan and Porter, 1973) and the Upper 
Cretaceous -Tert iary deltaic sediments up to 4572 m thick. 
Thick portions of these molassic cyc les occur in the Richards 
Island depocentre or subbasin ( Young et al., 1976, Figs. 13, 
16 ). To obtain samp les with the maximum thermal 
maturation range possible, several wells from this region (see 
Fig. 1, Tab le 1) were se lected for ana lysis. 

Accord ing to Young et al. (1976 ), the Upper 
Cretaceous- Tertiar y sediments of this area were deposited 
as three major deltaic pulses with one underlying and two 
inten en ing mudstone-shale sections representing trans
gress ive marine tongues. The lithostratigraphy essentially 
reflects the balance between more or less continual 
subsidence and discontinuous sed iment supp ly that resulted 
from periodic uplifts southwest of the Richards Island 
depocentre. These periodic uplifts were felt to be in 
response to right-lateral wrench movements a long the 
Kaltag -Rapid Fault Array ( ibid., Fig. 26). 

Lerand (1973) arr ived at simi lar lithostratigraphic 
packages for the Richards Island Basin. Young et a l. (1976) 
have drawn cross-sect ions indicating both normal and reverse 
faulting in associat ion with the major wrench they have 
attributed to tectonic movements. 

Stratigraphy and selection of samples 

The geology of the Beaufort-Mackenzie Basin has been 
stud ied extens ive ly by C.J. Yorath, F.G. Young and D. W. 
Myhr of the Geolog ica l Survey of Canada (Young, 1971, 1973, 
1975; Myhr, 1975; Yorath, 1973; Yorath and l'\.Jorri s, 1975). A 
synthesis published by Young et al. (1976) and personal 
discuss ions with D. W. Myhr concern in g as yet unpublished 
work were the basis for de lin eation of the different 
subenvironments (fluv iodelta ic, delta front, prodelta) with in 
the delta complexes of the Upper Cre t aceous - T ertiary 
section in the Beaufort-Mackenzie Ba sin. 

Th e data that the above workers have used include 
electromechanical logs from essent ia ll y a ll the boreholes in 
the delta region, and lithostrat igraphy based on borehole 
cuttings, core samples and extensive palynological data 
generated by Geological Sur vey of Canada and various oil 
company personnel. Extensive outcrop stud ies a lso con 
tributed to the development of paleogeographic models. 
Myhr and Barefoot (1976) have a lso used geochem ica l data 
to make stratigraph ic correlations. 

Th e most recently publ ished depositional models for this 
area (Young et a l. , 1976) were e vo lved by plotting a ll the 
avai lable data on cross -sectional and fence d iagrams. 
Corre lation of the data between boreho les frequently was 
difficult because of apparently rapid lateral facies changes 
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Figure 1. Index map of Beauf art-Mackenzie Basin 
showing the location of boreholes sampled in this study (see 
Fig. 2 for line of Section A - A'). 

and also because of the structural complications imposed by 
the wrench and normal growth fault systems which have 
been and are active in this area. Thus the depositional 
model has not been finalized and modifications probably will 
be required as additional data become available. Figure 2, 
a_n. example of a cross-section published by Young et a l. 
(ibid., Fig. 15), serves to demonstrate that lithosomes of th e 
Beaufort-Macke nzie Basin frequently occur in only one or 
two boreholes. The difficulty of stratigraphic correlation, 
however, has not precluded the identification of individual 
lithotopes within the wells that were studied. 

Ni_ne Ii thofacies corresponding to different depos itional 
subenv1ronments were recogni zed by Young et a l. (ibid.) in 
the Upper Cretaceous - Tertiary molassic sequence of the 
Beaufort-Mackenzie Basin. They were defined on the basis 
of lithology, sedimentary structures, fossils and lithosome 
geometry based on field observat ions, well cuttings, core 
samples, and gamma ra y and spontaneous potential Jogs 
(Fig. 3) from t he exploration boreholes. Th e nine Jith
ogenetic units and their respecti ve facies associations are as 
follows: 
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Braided stream complex (conglomerate-sandstone and 
coarse sandstone) 

Meandering stream complex (mi xed lithologies) 
Delta plain (sandstone, mudston e, coal) 
Paludal deltaic (siltstone-carbonaceous, mudstone

marlstone) 
Mixed delta front - delta plain (coarsening-upward 

sequences, coal, sandstone) 
P rode I ta - de lta front (coarsening-upward sequences, 

sandstone) 
Beach bar (massive laminated sandstone) 
Tidal flat (sandstone, mudstone) 
Marine or offshore (mudstone, shale, sandstone) 

. For this . study, the Upper Cretaceous - Tertiary strat
igraphic sections of a number of wells were divided into 
three subenvironments of deposition (D. W. Myhr, pers. com., 
1976; Y_oung et al., 1976; Yorath et al., 1975) and sampled on 
the basis of sample ava ilability over as wide a burial depth 
range as possible for each depositional facies. In most cases 
the_ samples were taken from the centre of thick, cleanly 
defined lithosomes to overcome as much as possible the 
problem of defining 'contacts' in a transitional sequence. 
The three environments classified were fluviodeltaic delta 
front and prodelta. The first and third represe~t the 
geological extremes of a delta complex and it was felt that 
th e organic geochemical parameters from these two sets of 
samples would show maximum divergenc e of character. 
S ince delta front subenvironment represen ts an intermediate 
stage_ between the fluvial plain and prodelta deposits, it was 
anticipated that the geochemical results of this transitional 
sett ing would fall between th e extremes of the other two. 

The flu viodelta ic subenvironment includes th e braided 
and meandering stream complexes, delta plain and paludal 
deltaic lithofacies of Young et a l. (1976). The lithological 
character of the fluviodelt a ic environment ranges from the 
sandstone-dominated fluvial deposites to the mudstone-coal 
lithofacies of the paludal environment. Sharp basal contacts 
of sandstone and conglomerate units, thin coal seams and 
small-scale fining-upward sequences, as observed both in the 
fi e ld and on resist ivity and spontaneous potential logs of 
boreholes, characterize the fluvial de lta plain environment. 
Paludal deposits frequ e ntly conta in similar structures but 
tend to vary principally from siltstone to mudstone. In both 
flu vial and pa ludal- delta plain lithofacies, a blocky 
characte r in the e le ctric log s r esu lts from abrupt changes in 
the litholog y. 

The delta front subenvironment of this st udy cor
responds to the prode lta - delta front of Young et al. (ibid.). 
Sa nd a_nd s ilt li tho logies a nd predominant large-scale 
coarsening-up ward cycles truncated by finer gra ined swamp 
or transgressive marine sediments characterize this 
depositional env ironme nt. No bedded coals are present. 

The third subenv ironment samp led in this st ud y consists 
of the marine transgressive units within the delta complexes 
and has been referred to as the prodelta facies. It 
corresponds to the marine-offshore lithofacies as opposed to 
the prodelta - delta front of Young et al. (ib id. ). The 
litholog y of the prodelta subenvironm e nt is predominantly 
one of s iltstone to mudstone, although sandstone lenses do 
occur. 

The beach bar and tidal flat littoral facies of Young et 
al. (ibid.) ha ve been recognized only in surface sections and 
have not yet been characterized in the subsurface. These 
environments may be included in the mixed delta front -
de lta plain lithofac ies. Because of the difficulty in 
distinguishing t hese env ironments in the subsurface, no 
samples were taken from sect ions ide ntifi ed as mi xed 
Ii thofacies. 

Samples were obtained from s ix boreholes (see Tab le l; 
Fig. 1) from depths ranging from 796 to 14,000 feet 
(242.6 - 4267.2 m). Te n conventional core samples were 
ob tained fr om th e Ell ice 0 -14 well and 36 samples of drill 
cuttings we re obtained from the other five we lls. 

The samp les of c uttings were composites over the 
int e r va ls indica te d in Table 1, and the core samples from the 
Ellice 0 -14 we ll we re broken from the core at the depth 
noted. Brief descriptions of the predominant lithologi es of 
the samples also a re noted in Tab le l. The broad range of 
litholog y types in indi vid ua l samples is due to both the 
nature of the sed iments of this basin (Young, 1975) and th e 
fact that the c ut tings samples were interval composites. 
Althoug_h some of th e samples a na lyzed in th is study were 
predominantly medium- to fine-grained sa ndstone wit h a 
mudstone or s il tstone matrix (Tab le 1), 'clean ' sandstones 
were not samp led because of the lack of organic matter and 
the increased probability of epigenetic hydrocarbons. 



Table 1. Borehole locations, sampled interva ls and depositional fac ies and 
lithology of samples used in thi s study 

Well name 
and location 

She ll Kugpik 0- 13 
(68°52 ' 50"N) 
(135°18 ' 15"W) 

IOE Ellice 0-14 
(69°03'56"N) 
(135°48 ' 16"W) 

Shell Kumak J-06 
(69°15 ' 36 "N) 
(135°00 ' 58"W) 

She ll Kumak C-58 
(69°17 ' 16 "N) 
(135°13' 53"W) 

IOE Taglu D-43 
(formerly F-43) 
(69°22'17"N) 
(134°56 ' 47"W) 

I MP Netserk B- 44 
(69° 33 '03"N) 
(135°55 ' 58"W) 

Sampled Interval 
feet (metres) 

2340- 2430 (713.2-740.7) 
6380- 6440 (1944.6-1962.9) 

796 
1809 
6306 
6821 
7888 
7919 
8008 
8867 
9486 
9514 

(242.6) 
(551.4) 

(1922.1) 
(2079.0) 
(2404.3) 
(2413. 7) 
(2440 . 8) 
(2702. 7) 
(2891.3) 
(2899 . 9) 

(core) 
(core) 
(core) 
(core) 
(core) 
(core) 
(core) 
(core) 
(core) 
(core) 

5250- 5430 
6120- 6180 
7740- 7800 
8580- 8640 
9720-9900 

10 620- 10 650 

3230 - 3290 
3410- 3470 
4340- 4400 
4430- 4490 
7010- 7070 
7520-7580 
7970- 8030 
8660- 8720 
9890- 9950 
9980- 10 040 

10 190- 10 250 
11 150-11 240 

3710-3720 
3950- 3970 
6820- 6850 
8580- 8660 
8890- 8910 
9910- 9950 

10 460- 10 520 
13 400- 13 430 
13 910-13 960 
13 970-14 000 

1080-1 200 
2910 

5370- 5430 
9690- 9720 

10 560- 10 590 
11 400-11 430 

(1600.2-1655.1) 
(1865 . 4-1 883.6) 
(2359 . 2- 2377 . 4) 
(2615.2 - 2633 . 5) 
(2962. 7- 3017. 5) 
(3237.0 - 3246.1) 

(984.5 - 1002.8) 
(1039.4-1057. 7) 
(1322. 8-1341.1) 
(1350. 3- 1368 . 8) 
( 2136 . 6- 2154 . 9) 
(2292 . 1- 2310. 4) 
(2429. 3-244 7 . 5) 
(2639.6-2657.9) 
(3014.5 - 3032 . 8) 
(3041.9-3060.2) 
(3105.9-3124.2) 
(3398. 5- 3426. 0) 

(1130 . 8-11 33 . 9) 
(1204 . 0- 1210.1) 
(2078.7-2087.9) 
(2615. 2-2639 . 6) 
(2709.7 - 2715.8) 
(3020.6 - 3032.8) 
(3188 . 2-3206. 5) 
(4084.3 - 4093 . 5) 
(4239.8-4255.0) 
(4258.1- 4267.2) 

(329. 2- 365 . 8) 
(887 . 0) 

(1636 . 8-1655 . 1) 
(2953.5 - 2962. 7) 
(3218.7-3227.8) 
(3474 . 7-3483.9) 

Lithology 

shale, sandstone, coa l 
shale 

mud stone 
mudstone, sandstone 
shale 
shale, sandstone 
mudstone, sandstone 
mudstone, clay ironstone 
siltstone, sandstone 
silts t one , sandstone 
mudstone, sandstone 
sha l e, sandstone 

shale, siltstone, coal 
shale, sandstone 
siltstone, coal 
muds tone 
mudstone, shale 
shale, siltstone 

siltstone, shale 
siltstone 
shale 
muds tone 
siltstone, coal 
siltstone, shale 
sandstone, siltstone 
shale , siltstone 
muds tone 
muds tone 
mudstone , siltstone 
shale 

sandstone, coal 
sandstone, siltstone 
sandstone, siltstone 
sand stone, mudstone 
muds tone 
mudstone, sandstone 
muds tone 
mudstone, shale 
mudstone, sandstone 
mudsto ne, sandstone 

muds tone 
muds tone 
muds tone 
shale 
siltstone 
shale , siltstone 

Deposi tiona l 
Facies 

delta front 
prodelta 

fluviodeltaic 
fluviodeltaic 
prodelta 
delta fron t 
delta front 
delta front 
delta front 
delta front 
delta front 
de lta front 

delta front 
f luviodel taic 
fluviodeltaic 
prod el ta 
prodel t a 
prodelta 

prodelta 
fluviodel t aic 
prode lta 
delta front 
fluviodeltaic 
fluviode ltaic 
delta front 
prodel t a 
fluviodeltaic 
f luviodeltaic 
delta front 
prodelta 

fluviodeltaic 
delta front 
prodelta 
delta front 
prod el ta 
delta front 
prodelta 
pr odelta 
fluviodeltaic 
fluviode ltaic 

fluviode ltai c 
prodel t a 
prodel t a 
delta front 
delta front 
prodelta 
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Petrographic analyses of the sandstones and whole rock 
X-ray diffraction data (ibid., Tables 2, 3) indicate that 
quartz, chert and lithic fragments with up to 25 per cent 
clay minerals (ill ite and chlorite) are the dominant rock
forming materials in the Upper Cretaceous - Tertiary of this 
basin. Analyses of borehole samples (A .E. Foscolos, 
unpublished data) confirm that the above data are also 
representative of the subsurface material. Other minor 
const ituents such as coal, dolomite, siderite, pyrite, feld
spar, montmorillonite and gypsum vary in amounts. 

ANALYTICAL METHODS 

Organic carbon determination 

The organic (or acid insoluble) carbon determinations were 
made using a LECO indu ction combust ion furnace and LECO 
WR12 analyzer. Powdered rock samples of 250 mg were 
weig hed into ceramic combustion crucibles and treated with 
6N hydroch lori c ac id at about 80° C in a sand bath to remove 
mineral (carbonate) carbon. The powder was initially wet 
with distilled water and a few drops of 6N acid were added 
before the sample was heated to prevent scattering of the 
powdered sample during the evolution of carbon dioxide 
from the more highly reac tive carbonate minerals. The 
samp les were heated and the water and acid allowed to 
evapora te until there was no remaining supernatant liquid. 
Six norm al HCl was added and evaporated repeatedly with 
heating until no further carbon dioxide evo lution was 
apparent. The samples were washed severa l times with 
distilled water to remove traces of residual acid and solub le 
salts and then dried in the sand bath. 

Smaller samp les of 100 mg were used for some of the 
samples containing very high percentages of organic carbon 
in order to accommodate the range limitations of the 
analyzer. 

Solvent extraction 

A II solvents for extraction, handling and fractionation of 
samples were reagent grade and distilled through an all-glass 
Vigreux-Hempel type fractionating column and then stored 
in glass until use. The techniques for extraction and 
fractionation have been modified after those of Powell and 
McKirdy (1973b) and were essentia lly those used by Foscolos 
et al. (1976). 

Powdered rock sam ples were extracted with an all-glass 
soxhlet extractor and an azeotrop ic mixture of benzene
methanol (about 60/40) as the solvent. All samp les were 
extracted for 48 hours. The so lvent was removed by rotary 
evaporation under aspirator pump vacuum. Water extracted 
from th e rock dur ing the sox hlet extraction was re moved by 
adding dry benzene and by rotary evaporat ion of a 
benzene-water azeotrope. The crude extract was dissolved 
in chloroform to separate the organic materials from any 
coextracted inorganic salts that were so luble in the wet 
benzene-methanol solvent. This so lution was treated with 
an excess of colloidal copper to remove e lemental sulphur 
(B lum er, 1957) and filtered. A 13 mm diameter glass fiber 
filter was used with a vacuum to preclude the loss of extract 
on the filter medium. The clarified so lution was evaporated 
and dried under a stream of nitrogen and we ighed as the 
total extract weight. 

Extract fractionation 

The asphaltene fraction of the total extract was isolated by 
precipitation out of a chloroform solution with about 30 
volumes of pentane. A minimum of chloroform was used. 
The suspension was filtered and washed with pentane. The 
asphaltene fraction was washed through the filter paper 
using chloroform. Both fractions were evaporated to 
dryness under a nitrogen stream and we ighed. 
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The deasphalted fraction was loaded onto an activated 
alumina column (Alcoa F-20 activated at 400°C under 
vacuum for 16 hours) with a support to sample weight ratio 
of 100 to 1. The column was successively eluted with 3, 5 
and 4 ml of pentane, benzene and methanol, respectively, 
per gram of alumina. The eluent fractions of saturates, 
aromatics and resins were evaporated to dryness under a 
nitrogen stream. 

The 'saturate' fraction was found to contain aromatic 
compounds when tested by thin layer chromatography on 
plates made of 5 per cent silver nitrate in silica gel and 
deve loped with n-heptane (Powell, 1969). The plates were 
visualized under ultraviolet ligh t after being sprayed with a 
dilute solution of 2', 7' -dichlorofluoriscein. To remove 
these, the 'satu.rate' fraction was rechromatographed on 
a lumin a, which had been activated at 400°C under vacuum 
for 16 hours or more. The silver nitrate TLC also indicated 
small amounts of elemental su lphur in the saturate and 
aromatic fractions. This was removed by an additional 
treatment of the satu rate and aromat ic fractions w ith 
collo id a l copper. The originally calculated total extract 
yields were reduced accord ingl y. 

Gas chromatography of saturate fraction 

A .gas chromatograph ic ana lysis of the saturate fraction was 
carried out to quantify the distribution of the n-alkanes and 
chain isoprenoid compounds. Two co lumns were used w ith 
known standards to identify the n-alkanes and isop renoid s. 
An OV-101 support coated open capillary (SCOT) column 
commercia lly prepared by P erkin-E !mer was used for 
qualitative purposes only because nC1 7 /pristane and 
nC1 a /phytane separations were incomplete. 

Quantitative analyses were carried out on a salt 
eutect ic co lumn, wh ich completely resolved pristane and 
phytane from the adjacent n- alkanes. The sodium-, 
potassium-, lithium-nitrate eutectic, 18.2, 54.5 and 27 .3 per 
cent by we ight, respectively (Hanneman et a l., 1960), was 
purchased from Analabs, dissolved in water a nd added to 
100/120 mesh Chromosorb (Johns-M anv ille) support material 
which previously had been wetted using acetone or methanol 
and water. About 30 per cent loading was used. The 
salt/support suspension was evaporated to near dryness on a 
rotary evaporator a nd the coated support then fired 
overnight in a muffle furnace at 400° C. It was found that 
carrier gas flows of 20 ml per minute required 60 to 80 
pounds per square inch of pressu re for an 18-foot (5.49 m) 
co lumn resulting in septum and other leaks at the head of 
the column. Essentially similar separation of peaks was 
ach ieved on 60/80 mesh support also loaded about 30 per 
cent by we ight. The 11 - foot (3 .3.5 m), 1/8-inch (3.18 mm) 
outside d iameter stain less stee l column required very small 
head pressures to ach ieve a flow of 30 ml per minute at 
80°C. Peak skewing was corrected by stabi lizing the column 
at 340° C for several hours. 

Quantification of the n- alkanes and isoprenoids was 
attained by coinjection of authentic pristane and docosane 
(nC2 2) in concentrations of exactly 1 per cent each of the 
weight of the total saturate fraction . By using the 
pristane/phytane and nC2 2 /nC21 ratios determined from an 
integrated chromatog ram run prior to addition of the 
standards, the integrator response to 1 per cent of the two 
standards then could be calculated. This response factor, 
wh ich is a function of sample size, was used to calculate the 
quantity of n-alkanes and isoprenoids as a percentage of the 
we ight of the saturate fraction. 

This technique of quantitatively determining n- a lkane 
and isoprenoid concentrat ions in the satu rate fraction has at 
least two definite advantages over the molecular sieving 
technique described by Fabre et al. (1969). It is considerably 
faster because both n- alk anes and isoprenoids a re analyzed 
at the same time and no additional preparation of the 



sa tura te frac tion is r equired. A lso, t hi s techniqu e el im
in a t es st eps in wh ic h losses due t o vo lat ili za ti on a nd parti a l 
so lubili zati on could occur. These losses would te nd to shi ft 
th e mod e of th e d istribu t ion to hi gher or lower ca rbon 
num be rs. 

A 10 pe r cent solu t ion of the sa turate frac ti on in 
benze ne was made and about 0.3 t o 0.5 µ L injected ont o th e 
column of a Hew le tt P ackard 57 1DA gas c hro m atograph. 
The inj ec ti on port was heated to 300° C but the septum and 
septum re t a in e r nu t we re coo led w ith a wate r jacke t to 
prevent se pt um deco mposit ion and bleed. The co lu mn was 
te mp e rature prog ra mm ed t o hold an in it ial tempe ra ture of 
B0° C for fou r minutes and the n to hea t at a rate of B°C pe r 
m inute up to a f inal te mpe ra ture of 340° C, which was held 
for fo ur m inu tes. The hyd rogen fl ame ioni zat ion de tector 
wa s he ld at 350°C. The he liu m ca rri e r gas flow was set at 
about 30 ml per minut e a t 80° c bu t dec reased no ti ceably as 
th e te mperature inc reased. H ydrogen and a ir f low rates 
were ab ou t 30 ml and 200 mL per m inute, respect ive ly. 

Kerogen isolation 

An acid digesti on techni que was used t o iso late kero gen, the 
solvent inso lub le organi c matte r in sed ime nts and sed 
im ent ary rocks. Corre ia and Pen igue l (1975 ) used a t hree
st ep ac id d igest ion fo!J owed by dens ity sepa ra t io n in a heavy 
liquid to re move res idu a l mi nera l m at ter. Smith (1%1) 
describ ed an essenti a lly s im ilar tec hniq ue w ith repea ted ac id 
trea tment and no heavy liqui d sepa rat ion of t he ac id 
in soluble min e ra ls. Thi s system has the advantage of 
redu c ing th e possibili ty of inadve r tent fr act ionat ion and thus 
was adapted fo r use in thi s pro jec t. 

The sa mples we re ground in a di sc mill to part icles of 
about 2 mm to ma int a in as much as possible t he integ r ity 
and id entity of th e orga ni c co mp onents. The groun d sa mp le 
was treate d t wice with hot (about 80 ° C) 6N hydro chlori c 
ac id and t hen repea ted ly washed w it h d ist i!Jed wate r, 
centri fuged and decanted unt il the sup e rn a ta nt was neutra l. 
Four 48 per cent hydroflu or ic acid/ hyd roch lor ic acid (4:1 ) 
trea tments were made a t room te mpe rature for 24 hours 
each, a ft e r wh ich the sam ple was agai n washed wit h d ist i!Jed 
wate r until neutra l. The organi c co ncent rate was the n 
trea t ed with hot c oncentra t ed hyd roc hloric ac id t o rem ove 
flu orides and fl uos i li ca t es, washed unti I neut ra l and freeze 
dr ied. An a liqu o t of t h is ke rogen was mount ed on a 
mi c roscope slide fo r opt ica l (transmi ssion) a na lys is. The 
residue was pu lveri zed with a mortar a nd pestle and X- ray 
diffrac ti ons were run on a powde r to c heck that no 
hydroxy lated, hyd ra t e or ca rbona te min e ra ls we re present t o 
prec lu de th e poss ib ilit y of in te rfe re nce with t he qu anti tative 
determinat ion of the e lemental carbon and hydroge n in th e 
organi c m at te r. 

Kerog en microscopy 

Transmitted light m ic ro scopy of th e kerogen smea r slides 
was done on a Le itz Ortholux m ic roscope w it h a t un gs t en 
ligh t source and b lu e fil te r. The ob jec ti ve lenses were 16 
and 25 power and t he ocu Jars 10 power. 

R efl ected ligh t and fluo rescence m icroscopy were do ne 
on a Le itz Or t holu x MPV2 mi croscop e. Th e UV exc itat ion 
radi a tion source was a hi gh-pressure m ercury vapour la mp 
a nd vis ible li ght with wave lengths long e r t han 400 nm was 
f ilte red prio r t o inc id ence on th e s lide. Reflec t ed ul tra
vio le t and vis ib le radiation was filt e red by a 400 n m cu toff 
UV filt e r so tha t onl y autofluor escent ra di at ion was visible. 

Vi trinit e reflectance data were unava ilab le in t he 
lit e ra ture for sa mples fro m one of th e we lls in thi s stu dy a nd 
thu s poli shed pe !Je t s of th e unpulve ri zed ke rog en sa mple 
isola ted as above we re m ade us ing t he AS T M procedu re 
D 2797 -72 . F if ty max imum ref lec t ance values were 
mea sured for each sa mple on a third L e itz m ic ro scope and 
the modal r e fl ec t ance used as the va lue for t hat sa mple. 

R e flectance va lu es were re ported as pe r cent of the 
ve rti ca ll y inc id ent light, which was ve rti c ally re fle c ted. 
This re fl ected light was quantifi e d by usin g a photometer 
a t tached to the mi c ro sco pe, whi ch was c alibrat ed w ith a 
poli shed sod ium g lass st anda rd. 

Elementa l analysis 

Car bon, hydroge n, n itroge n a nd ash de t e rmina tions were 
made in tr ipli ca t e fo r a!J ke rog en sa mples. The dried 
samples were we ighed on a Cahn mic roba lance and ana lyzed 
on a Perk in-Elmer model 240 e le mental analyze r. Purified 
o rgan ic reagents were used to ca lib ra t e t he inst rument. Ash 
co ntent was de t e r mined by reweighing the ta red pla tin um 
combustion boa t afte r t he e lement a l anal ys is was co mpl e t e . 
Oxygen, su lphur and other poss ib le e lemental constituent s of 
the kerogen suc h as phos phorou s or ha l ides were not 
dete r mine d. 

DATA 

Organic carbon 

The average va lue of dupli cate organ ic car bon ana lyses 
(Table 2) was used as a normali zation paramet er fo r th e 
extraction da t a. That is, the weight of ex tract pe r gra m of 
o rga nic ca rbon (Table 2) is a usef ul paramet e r for r elating 
the yield qua lit y of the organ ic mat t er in va rious sed
imentary sam ples. The a bsolute to t al orga ni c ca rbon 
content has bee n used to de fin e po t ent ial source ro cks and 
to desc ri be abso lut e petroleu m yie ld potenti als for a 
sediment (Ronov, 1958 ; Schr aye r a nd Zarell a, 1963). As 
Co r re ia and Peniguei (1975) poi nt ed ou t, thi s is proba bl y not 
a par t icu lar ly useful exercise because of the co nsiderable 
var iab ili ty in bo th the a mount and charac t e r of the quite 
diffe rent types of orga ni c ma tt e r t ha t mak e up the total 
o rganic fract ion. Coa iy samples con t a inin g l per cent tot al 
orga nic car bon might be expec ted to be qu it e d iffere nt from 
algal samples wit h a s imila r t o tal car bon co nt ent. The to t al 
o rgan ic ca r bon conten t used in co njunc ti on with t he yield 
fac t or cou ld be a useful qua nti tat ive in dicator of pe trole um 
so urce po t enti al. 

The orga ni c car bo n da t a e rrors due to sa mpl e con
ta minat ion by dril l cutt in gs or bo reho le wall cavin gs a re 
prob ab I y grea t er than t he actual anal yt ical e rro r , which is 
about 2 per cen t of t he ca rbon value or Jess (see dupli cate 
a na lys is resul ts in Tab le 2). 

Extract and hydrocarbon y ield 

The tota l so lvent extrac t (T able 2) was fr ac tion a ted into 
four parts-- aspha ltenes, satura tes, arom a ti cs and res ins as 
desc ri bed above. The results a r e li st ed in Tab le 3. The 
aspha itenes we re prec ipi tated to fac ili tate handling of the 
sa mple in sub sequ e nt ste ps. The satura t es were se para ted 
from t he aro m a ti cs for gas c hrom a tog raph y, but th ese two 
grou ps we re treated togethe r as hyd ro carbons. The res ins 
and aspha ltenes together comp rise a non-hydroca rbon or 
he teroa tomic frac ti on. Because pe troleu m c ons ist s c hi e fl y 
of hyd roca rbons, th ey can be used to eva lu a t e th e r e lative 
r ic hn ess of a pe troleum source (A lbrecht a nd Ouri sso n, 1969; 
Ti ssot eta!. , 1971; P owe!J, 1975) . The percentage of 
hyd ro ca rbons in an extrac t a lso has been obser ved to 
in c rease w ith in c reas ing m a t urity of the orga nic m a tter. 
Because of t he t re nd toward an inc reasing proportion of 
hydroca rbo ns in th e ex trac t w ith in c reasing ma tu ri ty, the 
ext rac t fract ion d ist ribut ion c an be used to id entify possible 
co ntam in a tion and/ or st a ining in a sample. The most 
probab le ex trac table organi c conta minants in dri!J cuttings 
a re di ese l fue l and lubr ica tin g oil and gre ases, a!J of which 
co nta in esse nt ia !Jy no resin s or aspha ltenes. Thus the 
proportion of hyd roca rbons in t he ex trac t of a c onta minated 
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sample would be anomalously high relative to the non
hydrocarbon yield. Oil-stained or reservoir rocks yie ld ex
tract results similar to those of contaminated samples but 
are frequently distinguishable by the content of n-alkanes 
and general distribution of the saturate fraction (see 
discussion on saturate fraction gas chromatography below). 

Because al l the laborator y solvents are distilled before 
use and the samp les are handled only in glass, the errors due 
to laboratory contamination are insignificant to the 
interpretation of the data. Occasiona l blanks run on the 
solvents and alumi na conf irm that there is essentia lly no 
contam ination of the samp les in the laboratory. Extract ion 
of pure alumina as a blank resulted in the recovery of less 
than 0.1 mg of material. Since samples are often con
taminated at the drill site it is an important and routine 
procedure to check for possible errors and to discard or 
refrain from interpreting data that may be artifactitious. 

N-alkane and isoprenoid distributions 

The gas chromatography of the saturate fraction is CJ useful 
tool for characterizing sed im entary organic matter from 
other materials. Bray (1961), Bray and Evans (1965), Martin 
et al. (1963), C lark and B lumer (1967) and Powell and 
McKirdy (1973b) have discussed the interpretation of 
n-alkane distributions in terms of thermal maturity and 
source character of sediment. The odd-even carbon number 
predominance (Sca lan, 1970) has been interpreted as an 
indicator of both the level of maturity and nature of the 
source and relatively immature, terrestrially derived organic 
matter shows the strongest odd predominance. A Isa, the 
modal shift from heavier to lighter compounds was 
associated with thermal degradation as well as source 
character. A review by Meinschein (1969) emphasized the 
biological precursor aspects of saturated hydrocarbons 
including n-alkanes, terpene derivatives and isoprenoid 
compounds. 

Spec ifi c parameters such as the pristane/phytane ratio 
(Brooks et al., 1969; Powell and McK ird y, 1973a) and wax 
content (Hedberg, 1968) have been interpreted in terms of 
the relative importance of terrestrial plant input to a 
sediment. In the former case, the oxidation of phytol to 
phytanic ac id and subsequent decarboxylation results in a 
high pristane concentration. On the other hand, if the initial 
oxidation step were precluded by deposition in a reducing 
environment, the reduction of phytol would lead to a 
relatively high concentration of phytane. These proposed 
alteration mechanisms have been somewhat substantiated by 
subsequent work of Brooks and Maxwell (1975) and Ikan et a l. 
(197 5). The interpretation of pristane/phytane ratios 
apparently is complicated, however, by the relatively low 
concentrations of both pristane and phytane at very low 
levels of thermal maturity. This is due to the lack of 
analytical precision of very small amounts of these 
compounds. In these cases, the pristane/phytane ratio 
cannot be used to interpret the oxidation of the deposit ional 
environment. 

Terrestrially derived organ ics frequently contain high 
concentrations of wax (Brooks and Smith, 1967, 1969; 
Hedberg, 1968; Leythaeuser and We lte, 1969; Powell and 
McKirdy, l973a), wh ich is associated with leaf, pollen and 
spore cut icles of higher land plants. Crude oils associated 
with terrestrial sources, however, contain hexane or heptane 
as the predominant normal alkane (Martin et al., 1963) as 
well as substantial amounts of long chain alkanes. Combaz 
(1970) ha s observed the evolut ion of significant quantities of 
C 14 to C 1 7 alkanes from sporopollen in during experimental 
thermal degradation. Thus, a very w id e range of alkanes has 
been observed and predicted in various quantities for ter
restrially dominated sediments. 

The n-alkane and acyclic isoprenoid concentrations in 
the saturate fractions of the Beaufort-M ackenzie samples 

are listed in Table 4. Both indi vidual carbon number values 
and totals are given. Quant itative errors due to 
coinc idence of unresolved peaks and integrator inter
pretation of the baseline were minimized but not e liminated 
by injecting samples a' about the same vo lume onto the 
chromatograph. The shape of the unresolved hump 
consisting of many isomers of branched and cyclic saturates 
·a lso influenced the integrated areas somewhat because a 
precise baseline could not be determined. Data from 
replicate chromatograms (see Table 4) indicate that the 
uncertainty of the percentages quoted is about 0.20 per cent 
for individual alkane compounds and about 2.0 per cent for 
the totals. Estimates of peak areas on the basis of peak 
height were made for some of the long-cha in n-alkanes for 
which no integrator output was avai lable because of 
unresolved shou lders or because the peak area was less than 
the threshold value. These estimates are noted using an 
approximation symbol H in Table 4. 

Unidentified but relatively large peaks were observed in 
some of the chromatograms at retention positions of about 
nC20 on an OV-101 column and a retention about equ iva lent 
to pristane on a salt eutectic co lumn. Thin-layer chro
matography confirmed that these were not aromatic com
pounds and gas chromatography mass spectrometry indicated 
that they were tricyclic diterpanes (see discussion below). 
As no standards of these compounds were ava ilab le, 
quantification was not attempted. 

Kerogen analysis 

Kerogen smear slides have been used to characteriz e dis
persed organic matter into various classes such as 
herbaceous, coaly and sapropel ic (Stap lin, 1969; Burgess, 
1974; Correia and Peniguel, 1975; Gunther, l976a, b). 
Amorphous or unstructured debris is believed to derive from 
marine organisms such as algae and phytoplankton and to be 
deposited in nonoxidizing env ironments. The atomic 
hydrogen to carbon ratio is higher than that of terrestrially 
derived and/or oxidized organic matter. Mclver (1967) and 
Tissot et al. (1974) have observed atomic H/C ratios ranging 
from below 0.5 to above 1.5. The lowest hydrogen content is 
related to fusain type material, whereas the hydrogen-rich 
organic matter probably is der ived from alga l debris. The 
empirical relationship between the occurrence of 
hydrogen-rich, sapropelic material and oi 1 as opposed to the 
hydrogen-poor coaly/herbaceous gas correlation (S taplin, 
1969) also has been demonstrated exper imentally (Tissot 
et al., 1974). 

Many of the above workers also have observed the 
yellow to brown to black colour changes of the organic 
matter, which results from thermal alteration. Various 
numerical scales have been used to describe the leve l of 
alteration from completely unaltered through mature or 
partially altered to degraded or metamorphosed. The 
"principal zone of oil formation" (Vassoev ich et al., 1969, 
1974) has been corre lated with intermed iate alteration 
(ye llow to brown spores and pollen). 

The organic matter types recognized in this study were : 

(1) amorphous or saprope li c material, consisting of 
unstructured and most often diaphanous organic 
debris; 

(2) herbaceous material, consisting of membranous, 
vascular and cuticlar fragments, spores, pollen 
and the unidentified structured fragments that are 
at least partly translucent; 

(3) woody material, cons isting of e longate fibrous 
material ranging in colour from pale yellow to 
brown, but exc luding modern wood, a dril li ng 
addit ive, wh ich appears co lourless; and 

(4) coaly material, consist ing of black, opaque, 
usually angular particles. 
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Table 4. Nor mal and isopre noid alk ane and wax concentrat ions as we ight 
per cent of sa t urate fract ion; odd-e ven pre dominance and pri s tan e/ph ytane ratio 

0- 13 2340 0 - 13 6380 0-14 1809 0 - 14 6306 0-14 8008 0-1 4 8867 0-14 9486 0 - 14 9Sl4 Carbon No. 
(713 . 2 m) (1944. 6 m) (SSl.4 m) (1922.1 m) Ca rbon No. (2440 . 8 m) (2702. 7 m) (2891. 3 m) (2899. 9 m) 

1 3 . 06 . OS 1 3 
14 . 16 . 66 .OS .1 2 14 . 13 . 1 2 .20 
lS . lS .99 . 2S . 26 lS .19 . 21 .44 .S9 
16 . 19 1.12 . 38 . 37 16 . 36 .46 .84 .97 
17 .14 1.10 .39 .37 17 . 4S . S3 .89 . 98 
18 . 06 . 89 . 26 . 24 18 . Sl . S3 .8 7 . 82 
1 9 . 19 . 83 1. 80 . S4 1 9 1. 39 1.46 2 .48 1. 37 
20 .19 . 76 3 . 90 1.04 20 3 . 36 2 . 76 S . 22 2 . 49 
21 . 23 . 71 3 . 3S . 64 21 3 . 21 1. 6 7 3 . 90 1. 90 
22 . 24 . 79 2 .41 .34 22 2 . 20 . 97 1. 7 s 1. 13 
23 . 38 . 69 1. 60 . 23 23 l. 82 .S6 1.02 . 64 
24 . 20 .68 1.06 . 09 24 1.43 . 41 .66 .44 
2S . 37 .64 . 81 .12 2S 1. 34 . 47 .6S .48 
26 .2S .S4 . Sl .09 26 . 8S .S2 .SS .3S 
27 .44 . 36 .S4 .10 27 . 76 .48 .S4 . 37 
28 .07 .23 . 29 - .03 28 .32 . 36 . 31 .2S 
29 . 47 .31 . 37 .13 29 .23 .41 . 36 . 33 
30 - .03 .12 .13 30 . 08 .14 .10 
31 . 16 .20 .lS 31 . 19 .12 . 18 
32 - . 01 32 
33 . OS 33 

TOTAL 4 . 03 11. 68 18.2S 4 . 73 TOTAL 18 . 70 11.90 20 . 8S 13 . 60 

OEP (27) * 10. 99 1.00 1. 38 1. 66 OEP (27) 1. 30 l. 07 l. 24 1. 26 
WAX** 2 . 67 4.S6 7.78 1.13 WAX 9 .22 4 .18 6.10 4 . 27 

ISO ~l 6 . 23 .07 . 16 
I SO C16 0 . 0 . 10 .42 .12 

I SO C13 . S7 . 21 .33 I SO c 18 . 16 .40 1. 00 . 3S 
PR I STANE 2. 6S . 14 2. 87 PRISTANE . 78 2. 64 6. 79 1. 47 
PHYTANE 1. 16 . 19 1.00 PHYTANE .21 .43 . 91 .40 

TOTAL 4. 61 .61 4 . 36 TOTAL l. lS 3.S8 9 . 12 2.33 

PRIS/PHYT 2.29 . 76 2. 8 7 PRIS/PHYT 3.62 6.11 7 . 46 3 . 66 

Replicate 
Carbon 

J - 06 S2SO J-06 6120 J - 06 7740 J - 06 8S80 
0-14 6821 0 - 14 7888 0-14 7919 0-1 4 7919 

No. 
(1600.2 m) (186S.4 m) (23S9 . 2 m) ( 261S . 2 m) Carbon No . 

( 2079.0 m) (2404 . 3 m) (2413 . 7 m) (2413 . 7 m) 

1 3 .47 .40 . S9 
13 14 2.48 1. S8 2. 69 
14 . 10 .20 .ls . 09 lS 2. 07 .82 1. 33 2 . 39 
lS . 27 . 3S .18 .14 16 1. so 1. 74 1. 73 l. 94 
1 6 . Sl . S6 .32 .28 17 . 67 . 89 . 23? l. 24 
17 . S9 .60 .3S . 30 18 .22 .44 1. 28 .76 
18 . S7 .61 .42 .30 19 . 23 . S3 . 44 . 63 
19 1. S6 1. 94 2 . 13 1. 94 20 . 11 . 19 . 26 .so 
20 2. 89 4.18 4 .39 . 44? 21 .10 . 26 .42 . 4S 
21 1. 87 3.S8 3.31 3 . 18 22 .13 . 24 .40 .42 
22 1.04 2.S7 2 .33 2.24 23 . 26 . 4S . 6S .43 
23 . 77 2 . 19 2 . 04 1. 93 24 . 12 . 27 . 40 . 27 
24 . 46 1. 90 1.88 1. 91 2S .31 . S3 . 64 . 36 
2S . 6S 1. 87 2.20 2 .17 26 . 21 . 20 . 30 .21 
26 .37 1. 43 1. 6S l. 69 27 . 41 .48 .S9 . 28 
27 .60 1.41 1. 71 1. 62 28 .10 - . 08 . 19 .11 
28 . 26 .80 l.OS 1. 03 29 . 34 . 22 . so . 2S 
29 . 73 1. 01 1.31 1. 36 30 - . 04 
30 .09 .30 . 48 .S l 31 . 17 
31 . 2S . 42 . 71 .70 32 
32 33 
33 

TOTAL 9. 94 7. 32 11. 34 13 . S4 
TOTAL 13. S8 2S . 92 26 . 61 21. 84? 

OEP (27) 2 . 49 3 .2S 2 . 41 1. 82 
OEP (27) 1. 97 l. 28 l. 27 1. 22 WAX 2 . 09 2 . 4 7 3. 67 2 . 33 
WAX s . 22 13 . 90 l S.36 lS . 16 

ISO C16 . 81 0.0 . 83 
ISO (;16 . 06 . lS .1 2 .17 ISO c 18 l.OS o.o . 46 
I SO Ci8 . 19 .28 .43 . 39 PRISTANE .so . 83 1.08 
PRISTANE .96 1. 77 1. 34 1. 37 PHYTANE .26 .46 . 36 
PHYTANE . 33 .36 . 32 . 33 

TOTAL 2 . 62 l. 29 2 . 73 
TOTAL l. S3 2 . S6 2.20 2 . 26 

PRIS/P HYT 1. 95 1. 82 2 . 99 
PRIS/PHYT 2.91 4. 97 4 . 17 4 . 17 

*OEP(n) t + 

6C + c 1 - l (n-1 ) n- 2 n n +2 

3Cn-l + 3C 
n+l 

*WAX i s de fi ned as n- al kanes with 22 or more ca rbon atoms . 



Table 4 (cont. ) 

Ca r bon No . 
D- 43 39SO D- 43 6820 D- 43 8S80 D- 43 8890 Ca rbon No . C- S8 7970 C- S8 8660 C-S8 9890 C- S8 9980 
(1204 . 0 m) (2078 . 7 m) (2615 . 2 m) (2709 . 7 m) (2429.3 m) (2639 . 6 m) (3014 . S m) (304 1. 9 m) 

13 .1 7 13 
14 .14 .63 . S2 . 19 14 . 12 . 73 1. 2S 
l S . 26 . 43 . 91 . 3S l S . 69 2 . 03 2 . 41 
16 . S3 . 39 1. SS . 64 16 1. 2S 2 . 31 2 . S6 
17 . 97 . 3S 1. 76 . 69 17 . 31 1.32 1. Sl 
18 1. so . 28 1. 82 . 67 18 . 3S . 64 . 66 
19 1. 77 . 28 1. 69 . 63 19 . 28 . 42 . 42 
20 2 .13 . 24 1. Sl .60 20 .16 . 26 . 23 
21 1. 76 .28 1. 2S . 47 21 . 10 . 21 .lS 
22 1. 37 .31 1. 12 . 48 22 . 10 . 22 . ls 
23 .6S . 3S . 83 . 40 23 . 13 . 2S . 13 
24 . 27 . 17 . S9 . 2S 24 . 07 . lS 
2S .23 . 27 . Sl . 22 2S . 13 . 23 
26 . 09 .11 . 36 . 19 26 . 12 
27 . 37 . 30 . lS 27 . 18 
28 . lS . 20 .10 28 - . 06 
29 . 70 . 21 . ls 29 . 09 
30 . 12 .09 30 
31 . 4 7 . 06 31 
32 32 
33 33 

TOTAL 11. 66 6 . 09 lS . lS 6 . 31 TOTAL 3. 69 9 . 22 9 . 4 7 

OEP (27) 3.00 1.14 1. 09 OEP (27) 1. 87 
WAX 2.61 3.02 4 . 12 2 . 09 WAX 0 . 43 1.30 o . 28 

ISO C16 . 02 . 17 . 40 . 19 ISO C16 1. 39 . 04 . 24 .Sl 
ISO Cl8 . 22 . 17 .40 . 2S ISO C13 . 69 .17 . S4 . 64 
PRJSTANE . 88 . 36 1. 72 . 92 PRISTANE . 89 . 29 . 91 . 90 
PHYTANE 1. 4 7 . 38 . 70 . 61 PHYTANE . 29 . 16 . 32 . 33 

TOTAL 2 . S9 1.08 3 . 22 1. 98 TOTAL 3.27 . 66 2 . 00 2 . 38 

PRIS/P HYT . S9 . 9S 2.48 1. Sl PRlS/PHYT 3. OS 1. 83 2 . 84 2 . 74 

Carbon No . 
C-S8 3410 C- S8 4340 C- S8 4430 C- S8 7S20 Replicate 

(1039 . 4 m) (1322 . 8 m) (13S0.3 m) (2292 . 1 m) Carbon No . 
C- S8 10 190 C-S8 11 lSO D- 43 3710 D- 43 3710 
(310S . 9 m) (33 98 . S m) (1130 . 8 m) (l130 . 8 m) 

13 1.13 
14 . 07 . 06 . 31 3 . 86 13 . 12 . 20 . 13 .11 

lS . 10 . 04 . 22 3 . 38 14 2. 90 1 . 81 . 23 . 20 
16 . 12 . 12 . 22 2 . 68 15 3 . 38 2 . 63 . 23 . 20 
17 . 07 .09 . 10 . 62 l6 2. 73 ·2 . S7 . 41 . 36 
18 . 04 .08 . 07 . 43 17 1. 30 1. 51 . 68 . S9 
19 . 06 . 12 .08 . )) 18 . SJ . 76 . 89 . 77 
20 . os . 19 . 08 . 21 19 . 37 . 47 1.10 . 95 
21 . os .13 . 08 . 12 20 . 21 . 34 1. 31 1.13 
22 .08 . 18 . 13 . 11 21 . 14 . 24 . 93 . 81 
23 . 11 . 27 . 20 . 17 22 . 14 . 24 . 77 . 53 
24 .06 .lS . 10 .09 23 . 16 . 25 1. 02 . 88 
25 . 10 . 2S . lS . 17 24 . 07 . [6 .so . 43 
26 . OS .43 . JO .08 2S . 12 . 25 . 86 . 74 
27 . 10 . 41 . 21 . 15 26 . 07 . 15 . 25 . 22 
28 . 02 . 11 . QB 27 .07 . 19 1. 06 . 92 
29 .11 .49 . 33 28 . 10 . 34 . 30 
30 . OS .13 . 16 29 . 17 1.64 1. 42 
31 . 07 . 19 . 23 30 . 18 . ls 
32 31 . 82 . 71 
33 32 . 01 . 06 

33 . 32 . 27 

TOTAL 1. 29 3 . 44 3.0S 13. SS 
TOTAL 12 . 30 12 . 02 13 . 74 11 . 7S 

OEP (27) 3 . 01 1. 4 7 1.lS 
WAX 0 . 7S 2 . 61 1. 89 o . 77 OEP ( 27) 1. 52 3 . 72 3. 72 

WAX o . 63 1. 51 7. 83 6 . 63 

ISO Cin . 01 . 07 . 04 1. 20 
ISO Cm . OS . 12 . 14 2. 70 ISO c16 1. 30 . 73 . 11 . 10 
PR!STANE .05 . 18 .13 .82 rso c18 1.13 . 63 . 24 . 21 
PHYTANE .07 . 17 . 11 . 31 PR I STANE 1. 14 1. 27 . 4 7 . 29 

PHYTANE . 43 . 43 1.14 1.00 

TOTAL . 18 . 53 . 42 S. 02 
TOTAL 3 . 99 3. 06 1.96 1. 59 

PRJS/PHYT . 61 1 . 07 1.15 2 . 61 
PRIS/PHYT 2. 66 2 . 95 . 41 . 29 
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Table 4 (cont. ) 

Carbon No . 

13 
14 
lS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 
32 
33 

TOTAL 

OEP (27) 
WAX 

ISO Cio 
[SQ C13 
PR I STANE 
PHYTANE 

TOTAL 

PR [ S/PHYT 

Ca rbon No . 

13 
14 
lS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 
32 
33 

TOTAL 

OE P ( 27) 
WA X 

ISO C11, 
ISO C13 
PRISTA,~E 

PHYTANE 

TOTAL 

PRIS/P HYT 

14 

Replicate 
J-06 BSBO 
( 261S . 2 m) 

. SB 
2 .70 
2 . 37 
1. 98 
1. 27 

. 78 

. 6S 

. S4 

.46 

. 44 

. 41 

. 2S 

. 34 

. 21 

. 27 

. 13 

. 27 

J3 . 6S 

1. 69 
2 . 32 

. 76 

. 44 
1.07 

. 36 

2 . 63 

2 . 99 

D- 43 9910 
(3020 . 6 m) 

. 31 

. 62 

.93 
]. 21 
1. 44 
l. S4 
1. Sl 
].19 
1.01 

.70 

. Sl 

. 4S 

. 31 

. 23 

. 13 

.lS 

12 . 24 

1. 09 
3 . 49 

. 21 

. 28 
]. 01 
I. OS 

2 . SS 

. 97 

J-06 9720 
(2962 . 7 m) 

. 7S 
3 . 48 
2 . 96 
2 . 03 
1.14 

. 60 

. 38 

. 26 

. l S 

. 13 

. 13 

12 . 00 

o. 26 

. 84 

. 37 

. 68 

. 28 

2 . 18 

2 . 38 

D- 43 10 460 
(3188 . 2 m) 

. 37 
1 . 13 
1. 60 
1. 63 
1.66 
1. S6 
1. 42 
1.06 

. 98 

. 64 

. 4 7 

. 41 

. 27 

. 18 

. 10 

. 12 

13 . S9 

1 . 11 
3 . 17 

. 14 

. 38 
i. Lo 
l. 12 

2 . 80 

l . 03 

J - 06 10 620 
( 3237 . 0 m) 

.90 
3 . 27 
2 . S2 
1 . 7 7 
1.12 

. 6S 

. S4 

. 43 

. 41 

. 40 

. 41 

. 24 

. 33 

. 17 

.1 9 
- . 07 

. 13 

13 . S6 

1 . 70 
1. 94 

l.OS 
. 41 

l.OS 
. 34 

2 . 8S 

3 . 14 

D- 43 1J400 
(4084.3 m) 

. 30 

. S6 

. 98 
1. 27 
1. Sl 
1. 44 
1. 24 

. 92 

. 70 

. 41 

. 26 

. 2S 

. lS 

. 18 

. 12 

. 18 

. OS 

. 10 

10 . 63 

1. 43 
2 . 40 

. 11 

. 31 
l. 36 
1. 20 

1. 14 

C-SB 3230 
(984 . S m) 

. 09 

. 26 

. 27 

. 29 

. 39 

. 38 

. 43 

. 42 

. 63 

. 37 

. 62 

. 34 

. 93 

. 3S 

. 78 

. 22 

. 40 

7. lS 

2 . S4 
s . 06 

o.n 
.10 
. 2S 
. 47 

. 82 

D-43 13 910 
(4239.8 m) 

. 17 

. 32 

. 39 

. S7 
1. S9 

. 62 

. 92 

. 72 

. 70 

. 63 

. 60 

. 49 

. 4S 

. 33 

. 34 

. 19 

. 34 

9 . 39 

1. 3S 
3 . 37 

. 14 

. 14? 

. 64 

. 29 

l. 20 

2 . 23 

Carbon No . 

13 
14 
lS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 
32 
33 

TOTAL 

OEP ( 27) 
WAX 

ISO C16 
1 SO C13 
PRISTANE 
PHYTANE 

TOTAL 

PR rs /P ll YT 

Carbon No . 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

TOTAL 

OEP (27) 
WAX 

ISO C16 
I SO C1g 
PRISTANE 
PHYTANE 

TOTAL 

PRIS/P HYT 

D- 43 13970 
(42S8. l m) 

. 09 

. 31 

. 40 

.S4 

. s 7 

. S2 

. 66 

. 66 

. SS 

. S7 

. 4S 

. 31 

. 38 

. 21 

. 22 

6 . 44 

2 . 14 

. OB 

. 14 

. 69 

.53 

1. 44 

l. 30 

B- 44 9690 
(2953 . 5 m) 

. 12 

. 23 

. 30 

. 38 

. 34 

. 45 

. 51 

. 4 7 

. 53 

. 75 

. 51 

. 94 

. S3 

. BS 

. 37 
1. 11 

. 21 

. 62 

9 . 22 

1. 98 
6 . 42 

. 11 

. 32 
l. 73 

. S4 

2 . 70 

3 . 20 

B-44 1080 
(329 . 2 m) 

. 10 

.lS 

.1 7 

. 23 

.14 

. 17 

.16 

. 16 

. 2S 

. 34 

. 17 

. 41 

. 13 

. 74 

. 08 

. S2 
- . 02 

. 23 

4 . 17 

6 . 48 
2 . 89 

. 03 

. 06 

. 20 

. 16 

. 46 

1. 22 

B- 44 10 560 
(3216 . 7 m) 

. 31 

. 3 7 

. 4 7 

. 54 

. 48 

. 60 

. 66 

. 52 

. 62 

. 71 

. 52 

. 80 

. S3 

. 77 

. 41 
1 . 02 

. 23 

. 63 

11) . 18 

1. 72 
6 . 24 

. 44 

. 50 
2 . 94 

. 64 

4 . 52 

4 . 5;; 

B-44 2910 
(887 . 0m) 

. OS 

. 10 

. 18 

. 16 

. 2S 

.26 

. 32 

. 26 

. 62 

. 27 

.48 

. 22 

. 72 

. 26 
1.19 

. 13 

. S3 
- . 03 

. 17 

6 . 21 

3 . 06 
4 . 88 

o.o 
. 09 
. 2S 
. 17 

. Sl 

1. 50 

B- 44 11 400 
(3474 . 7 m) 

. 07 

. 13 

. 2S 

. 15 

. 47 

. 58 

. 50 

. S9 

. 70 

.so 

. 69 

. 44 

. S4 

. 27 

. 62 

. 15 

. 27 

6 . 92 

1. 61 
4. 77 

B- 44 S3 70 
(1636 . 8 m) 

. 20 

. 32 

.46 

. 3 7 

. 43 

.so 

. 39 

. 41 

. 61 

. 28 

. S3 

.21 

. 74 

. 2S 

. 7S 

. 10 

. 4S 
- . OS 

. 11 

7 . 17 

3 . 10 
4 . 49 

o.o 
. 07 
. 23 
. 22 

. S2 

1. 05 



The concentration of woody fragments was quite low, 
less than 3 or 4 counts per slide, and therefore was not 
treated as a separate analytical category but rather added 
to the herbaceous total. 

The term 'coaly' is used here to describe black, opaque 
fragments and includes charcoal, true coal and blackened 
woody or herbaceous material. All of these types of organic 
debris contain low amounts of hydrogen relative to other 
types of detrital organic matter. Coal, on the other hand, 
refers to a collection of herbaceous macerals individu a lly 
recognizable under reflected light or in thin sect ions. 

The point cou nt distribution of herb aceous, coaly and 
saprope lic material is presented in Table 5. About 700 to 
1000 points were counted for each sample, the larger being 
counted when the mineral content of the slide was higher. 
Results from duplicate slides indicate that there may be as 
much as a 10 per cent variation in the quantity of any one 
group. Thi s error may be due to misidentification of organic 
matter t ype, sample inhomogeneity and/or statistical 
distribution. 

Carbon, hydrogen and nitrogen elemental analysis data 
are reported in Table 6. The triplicate analyses indicate 
that absolute error due to weigh ing, inhomogeneity of the 
sample, and instrument error, including incomplete com
bustion, is no more than 1 per cent. The atomic H/C rat io 
variation from the above analytical error (u p to 0.090 ) is 
substantial r e lative to the total range observed in this set of 
samples, but insignificant relative to the range reported for 
kerogens in general (Tissot et al., 1974). The wide variation 
in ash content reported is due to spillage of the powder 
during depressurization of the instrument sample chamber. 
The highest value is assumed to be the most reliable, but 
ash -free normalization of the carbon content of high-ash 
samples indicates that substant ial amou nts of ash are lost 
every time. This is probably because of vo lat ilization of 
some components of the ash during oxidative combustion. 

Vitrinite reflectance 
The percentage of vertica ll y inc ident light which is 
reflected from a polished surface of the coal maceral 
vitr inite has been found to increase with thermal a lteration 
and increasing rank of the coal (see Krevelen, 1961, for a 
historical summary). V itrini te reflectance (Ro) has been 
used as a thermal alteration index because it is essentially 
independent of all geological processes except temperature 
and time (Karweil, 1956). Thu s, Ro va lu es (Gunther, 
1976a, b and unpublished data) have been used as an 
independent indicator of the level of thermal a lteration of 
the organic fraction in the sed iments of the Mackenzie 
Delta area. 

Data were no t available, however, for the Kumak C-58 
well, so polished pellets of kerogen were made and Ro va lues 
we re determined by the author (Table 7). The errors caused 
by sample contam ination of caved material from higher in 
the borehole and geologically rework ed and redeposited 
material are minimized by plotting a reflectance 
distribution for 50 observations per sample. By se lecting a 
modal va lu e which is most reasonable in relation to data 
from other samples from the same borehole, bimodally 
distributed samp les can be interpreted with reasonable 
certainty (Castano and Sparks, 1974). 

Other data 

Drill cuttings gas and organic carbon logs. A substantial 
amount of chem ica l and other information pertinent to the 
study area was avai lable to the author. Cuttings gas and 
organic carbon logs (S nowdon and McCrossan, 1972; Snowdon 
and Roy, 1975) were plotted for a number of wells in the 
Mackenzie Delta. These were used primarily to identify the 
immature/mature transition zone, thereb y defin ing the level 
of organic metamorphism. Recent data from this laboratory 
(as ye t unpublished) indicate that organic metamorphic 
zones recogn ized by the cuttings gas technique are offse t 
somewhat from the transitions defined by other techniques. 

E xtract and Ro data cross into the 'mature facies' at a 
somewhat greater depth than the cuttings gas data. 

Vitrinite reflectance. Ro va lues were determined by P.R. 
Gunther of the Geological Survey of Canada, Calgary for all 
the wells used in this study except Kumak C-58. These data 
were used also to determine the level of thermal a lteration 
of the sed iments. Table B li sts Ro extrapolated from down
hole curves to the depths which were sampled for this 
study. The maximum error is probably less than 0.10 Ro 
units because the sampling density and quality of the avail
able data are quite high. For example, 25 data points were 
plotted (Gunther, 1976b, Fig. 4 ) over an BODO-foot (2438.4 m) 
interva l and a 'best-fit' reflectance versus depth curve 
drawn. 

Solvent extraction from other wells. Solvent extract ions 
have been done for samp le sets from wells in the 
Beaufort-Mackenzie Basin by technical support staff in this 
laboratory. Most of th is work is being carried out to obtain 
a broader reg ional picture of the basin than is afforded by 
this study. The data generated from we lls in or near this 
study area corroborate the author's work. 

Petroleum occurrences in the Mackenzie Delta. Well history 
reports containing drill stem test results and recovered 
sample analyses also were available to the author. These 
data were useful for indicating zo nes that may be oi l stained 
(i.e. reservoir) and thus conta in a predominance of 
epigenetic hydrocarbons. Table 9 conta ins the results of 
drill stem tests in the wells studied. 

RESULTS AND DISCUSSION 

Organic carbon 
Th e organ ic carbon conten t of the samp les (Table 2) covers a 
very wide range (0 .378 -17.514%) and both maximum and 
minimum va lu es occur in the fluviodeltaic subenvironment. 
The wide scatter in carbon content of the f lu viodeltaic 
samples (Fig. 4a) is due in part to va ri able amounts of coal in 
the samples. Th e decreasing mean organic carbon content 
from fluviode ltaic through delta front to prodelta suben
vironments also reflects the coal content in the samples. 
The delta front and prodelta modal values are essent ially 
identical but the incidence of one or two coal-bearing 
samples in the former raises the mean organic carbon 
content s ignificantly. Student T-tests (Per les and Sullivan, 
1958, p. 240 - 241) indicate that the mean organic carbon 
content of the fluviodeltaic samples is s ignificantly higher 
than that of either of the other subenv ironments at the 95 
per cent conf idence level. The organic carbon distribution is 
influ enced so strongly by the presence of coal that no other 
trends (such as might result from oxidat ion/ reduction or 
variat ion in organic production levels) can be observed in the 
data. 

Extract yie lds 

The extrac t yields (mg total extract/g organic carbon) as 
li sted in Table 2 and plotted as histograms in Figure 4b show 
a ve ry wide range of values for a ll three sub env ironme nts. 
Contamination of the sample by refined products, notably 
diesel fuel, results in a very high yield for the Ellice 0 -14 
sample from the depth of 796 feet (242.6 m). The gas 
chromatogram of the saturat e fraction (discussed below) 
clearly confirms the contami nation of this samp le and other 
c hromatograms indicate that some of the other samples may 
be contaminated sl ight ly with diesel fuel. The same 
chromatographic data indicate that in fact all of the core 
samples from the Ell ice 0-14 well have been contaminated 
somewhat by C1 9 and heavier normal alkanes. Thus the 
yields of seven of the delta front samples are probably 
s lightly high as a re three other f lu viodelta ic and two 
prodelta sa mples. The 411 mg/g yie ld from the Ellice 0-14 
sample at 796 feet (242 .6 m) was not included in the cal 
cu lation of the mean extract yields shown in Figure 4b. 
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Table 5. Percentage distribution of herbaceous, coaly, 
and saprope lic material in kerogen smear sl ides 

SAMPLE %HERBACEOUS %COALY %SAPROPEL DEPOSITIONAL 
feet (metres) ENVIRONMENT 

0-13 23401< (713. 2) 73.9 26.1 o.o delta front 
6380'' (1944.6) 52.3 46.1 1.6 prodelta 

0-14 796 (242.6) 80.0 16.1 3.8 fluviodeltaic 
1809 (551. 4) 68.7 30.2 1.1 fluviodeltaic 
6306 (1922.1) 77 .4 22.7 o.o prodelta 
6821 (2079.0) 69.7 30.3 o.o delta front 
7888 (2404.3) 84.8 14.9 0.4 delta front 
7919 (2413.7) 69.3 29.9 0.7 delta front 
8008 (2440.8) 75.4 24.6 0.0 delta front 
8867 (2702. 7) 46.5 53.5 o.o delta front 
9486 (2891.3) 72. 5 27.2 0.3 delta front 

(9514 (2899.9) 43.7 56.3 o.o delta front 
(9514 (2899.9) 51.0 49.9 o.o 

J-06 5250* (1600. 2) 65.0 34.7 0.3 delta front 
6120* (1865.4) 48.0 52 .1 0.0 fluviodeltaic 
7740* (2359.2) 44.1 55.9 o.o fluviodeltaic 
8580* (2615.2) 64.5 35.6 0.0 prod el ta 

C-58 3230 (984.5) 50.9 47.4 1. 7 prodelta 
3410 (1039.4) 61. 8 37.6 0.6 fluviodeltaic 
4340 (1322.8) 70.0 28.6 1.4 prod el ta 
4430 (1350.3) 72.5 25.2 2.3 delta front 
7010 (2136.6) 48.4 51. 6 o.o fluviodeltaic 
7520 (2292.1) 68.0 31.6 0.4 fluviodeltaic 
7970 (2429.3) 65.4 34.6 0.0 delta front 
8660 (2639.6) 61. 5 38.2 0.3 prodelta 
9890 (3014.5) 57.9 41. 7 0.4 fluviodeltaic 
9980 (3041. 9) 55.0 44.6 0.4 fluviodeltaic 

10190 (3105.9) 69.9 30 .2 0.0 delta front 
11150 (3398.5) 72. 9 26.7 0.4 prodelta 

D-43 3710 (1130. 8) 63.9 35.6 0.5 fluviodeltaic 
3950 (1204.0) 43.8 55.8 0.4 delta front 
6820 (2078.7) 53.6 46.4 o.o prodelta 

(8580 (2615.2) 56.4 43.1 0.5 delta front 
(8580 (2615. 2) 59.4 40.0 0.6 
8890 (2709.7) 75.8 23.6 0.6 prodelta 
9910 (3020.6) 76.3 17.2 6.5 delta front 

10460 (3188.2) 61. 2 36.6 2.2 prodelta 
13400 (4084.3) 50.4 49.6 o.o prodelta 
13910 (4239.8) 58.2 39.5 2.3 fluviodeltaic 
13970 (4258. 1) 68.6 31.0 0.4 delta front 

B-44 9600 (2926 .1) 66.6 30.0 3.3 delta front 
10620 (3237.0) 65.2 34.8 0.0 delta front 

(11460 (3493.0) 64.5 27.8 7. 7 prodelta 
(11460 (3493. 0) 61. 6 37.2 1. 2 

B-44 1080+ (329.2) 75.7 19.2 5.2 fluviodeltaic 
2910+ (887. O) 75.4 23 .5 1.1 prodelta 
5370+ (1636.8) 61. 7 37.8 0.5 prodelta 
9690+ (2953.5) 81. 2 15.8 3.0 delta front 

10560+ (3218.7) 71. 9 26.9 1.3 delta front 
11400+ (3474. 7) 66.9 29.2 3.9 prodelta 

*These samples are from intervals adjacent to those of other data types 
due to insuffic~ent sample. 

+These samples prepared using a flotation technique after acid digestion. 
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Table 6. Kerogen elemental analysis data: nitrogen, carbon, hydrogen, ash 

SAMPLE 
%N %C %H %ash atomic H/C atomic C/N feet (metres) 

0-13 2340* l.Sl 61. 78 4.2S 9.49 .826 47 .73 
(713.2) 1.50 61.47 4.30 9.17 .839 47.81 

1. 39 59.68 4.08 12. 72 .821 S0.09 

0-13 6380* 0.86 38 .48 2.89 3S .SO . 899 S2.20 
(1944.6) 1. 04 38. 72 2.74 36.4S .849 43.44 

0.86 38.97 2.93 33 .63 .903 52 .87 

0-14 796 0.96 5S.39 3 .78 11. 65 . 820 67.31 
(242.6) 1. 04 S4.82 3 .7S . 821 61. so 

1.02 5S.29 3.78 20.30 .821 63.24 

0-14 1809 0.80 2S .04 1. 87 41. 61 .890 36 .S 2 
(SSl. 4) 0.89 2S.10 1.83 42 .49 . 876 32.90 

0.74 26.06 1.90 40.40 .909 39.51 

0-14 6306 1. S7 5S.26 3.37 24.27 .731 41.06 
(1922.1) 1. 54 S4 .9S 3.36 23.96 .73S 41. 63 

1. 62 55 .11 3.41 24.28 .742 39 . 69 

0-14 6821 O.S8 22.28 1. 44 47 .48 . 778 44 .82 
(2079.0) 0.64 22.24 1. 4 7 4S.34 . 791 40 .S4 

O.S7 22.12 1. 43 48.46 . 773 4S.27 

0-14 7888 1. 62 58.2S 3 .70 21. 97 .762 41. 95 
(2404.3) 1.66 S8. l3 3.72 21.37 .767 40.8S 

1. 77 S8.20 3.66 22 . 21 .754 38 . 36 

0-14 7919 1.41 S6.17 3 . 31 .708 46.48 
(2413. 7) 1.46 44.79 3.31 18.36 . 712 44.58 

1. S6 SS.SO 3.27 24 .66 .706 41. 51 

0-14 8008 1. 68 SS.80 3 .29 23.45 .708 38 .7S 
(2440.8) 1. 71 S5.87 3.34 22.88 . 718 38.12 

1. 71 SS .98 3.31 22.37 . 709 38. 19 

0-14 8867 1. 46 52.46 3.04 29.81 .696 41.92 
(2702.7) 1. 3 7 S3.05 3.08 29 .63 .696 4S.18 

1.37 52.65 3.16 2S .78 . 720 44.84 

0-14 9486 1. SS 58.9S 3.47 . 706 44.37 
(2891.3) 1.60 S8.8S 3.58 24.SS .730 42.91 

1. 61 58.20 3.46 24.78 . 713 42.17 

0-14 9Sl4 1. 33 51. 39 3.07 31. 3S . 718 4S .08 
(2899.9) 1.34 S0 .97 3 .05 . 718 44 .38 

1. 26 S0 . 31 2.99 . 714 46.S8 

J-06 S250* 1. 5S S2.64 3 .6S 18.30 .833 39 .62 
(1600.2) l.S6 S2.S4 3.82 l7.S7 .872 39 .29 

1. 47 52.30 3.76 17.lS .862 41.Sl 

J - 06 6120* 0.87 32.44 2.33 37.66 .864 43.50 
(186S.4) 0.92 32.38 2 .39 36.06 . 886 41. 06 

0.89 32.S3 2.28 39 .10 .843 42.64 

J-06 7740"' 1. 77 62.52 4.60 9.37 .833 41.21 
(2359.2) 1. 76 62.98 4.73 9.15 .902 41. 7S 

1. 77 62.67 4.60 9. 73 .881 41. 31 

J-06 8S80* 1.06 35.42 l.9S 43.81 .661 38.98 
(261S.2) 1. 07 3S .42 2.18 39 .86 .73 7 38.62 

1. 00 3S.S8 2.23 38.36 .753 41. 51 

C-58 3230 0.42 13.66 0. 8S 6S.14 .749 37.94 
(984.5) 0.45 14.0S 0.88 64.15 .749 36.43 

0.4S 14.03 0.89 65.S8 .700 36.37 

*These samples are from intervals adjacent to those of 
other data types due to insufficient samples. 17 



Table 6 (cont. ) 

SAMPLES 
%N %C %H %ash atomic H/C atomic C/N feet (metres) 

C-58 3410 0.46 15.21 0.95 59.80 .746 38.58 
(1039.4) 0.45 15.17 0.95 60. 79 . 752 39.33 

0.48 15.21 0.90 64.02 .708 36.97 

C-58 4340 1. 59 51.82 3.10 . 718 38.02 
(1322.8) 1. 84 52.22 2.85 19.06 .656 33.11 

1.84 51.59 2.97 .692 32.71 

C-58 4430 0.73 19.30 1.14 54.60 . 711 30.84 
(1350.3) 0.63 19.41 1.18 51.45 . 732 35.94 

0.70 19.63 1.17 53.48 . 718 32. 72 

C-58 7010 1.94 67.18 4.51 2.91 .806 40.40 
(2136.6) 2.01 66.86 4.63 3.70 . 831 38.81 

2.14 67.39 4.58 3.00 .816 36.74 

C-58 7520 2.01 53 .86 3.61 19.36 .805 31. 26 
(2292.1) 1.87 53 .96 3. 74 20.65 . 832 33 . 66 

1.89 54.22 3.81 18.42 .844 33.47 

C-58 7970 1.18 36 . 22 2.49 39.11 .826 35.81 
(2429.3) 1. 32 36.53 2.34 .768 32.29 

1.81? 37.31 2.48 38.88 .821 24.05? 

C- 58 8660 1.46 50.02 3.40 28.37 . 816 39.98 
(2639.6) 1. 71 50. 95 3.43 25.75 .809 34.76 

1. 72 51. 70 3 . 56 25.03 .825 35.07 

C- 58 9890 1. 64 55.49 3.90 20.65 .844 39.47 
(3014.5) 1. 85 55.30 3.95 20.96 .856 34.87 

2.18 55.52 3.90 20.13 .843 29.71 

C-58 9980 1. 66 55.23 4.13 18.01 . 898 38 . 82 
(3041. 9) 1. 72 55 .16 3.99 19 . 73 . 869 37.41 

1. 76 54. 87 3.93 20.56 .860 36.37 

C-58 10190 1.44 55.24 3.81 20 . 67 . 828 44.75 
(3105.9) 1.40 54.98 3.86 .843 45.82 

1.34 54.61 3.75 19.82 .823 47 . 55 

C- 58 11150 0.92 31.96 2.01 49.86 . 755 40.53 
(3398.5) 0.97 32.35 2.00 48.41 .744 38 . 91 

0.82 31. 69 2.08 45.40 .788 45.09 

D-43 3710 o. 79 49.19 3 . 61 .881 72.64 
(1130. 8) 0.90 49.30 3.59 14.79 .873 63 . 91 

0.83 48.9 7 3.56 14. 21 .871 68.83 

D-43 3950 0.81 40. 84 2 .59 25.21 .761 58 . 82 
(1204.0) 0.95 40.87 2 . 65 25 . 58 . 778 50. 19 

0.89 4-1. 06 2.53 24 .59 . 739 53 . 82 

D-43 6820 0.97 53.49 3.82 10.44 .857 64.34 
(2078. 7) 0.92 52 .54 3. 74 12.91 .854 66 . 63 

1. 27 53. 15 3 . 81 12. 77 .860 48.83 

D-43 8580 1. 26 45.74 3 .11 33. 00 .816 42.35 
( 26 15 . 2) 1. 25 46.18 3.10 32.10 .805 43.10 

1.18 46.39 3 .18 30 .15 .822 45.87 

D- 43 8890 1.01 28. 11 1. 87 43.00 .797 32.47 
(2709.7) 0. 77 28.03 1. 89 41. 98 .810 42.47 

1.01 27 . 91 1. 89 72. 70 . 813 32.24 

D- 43 9910 1. 30 45.36 3.03 33 .10 .792 40 .71 
(3020.6) 1.40 45.56 3.05 32 . 82 .803 37.97 

1. 79? 51.38? 3.92? 34 . 40 .799 33.49 

18 



Table 6 (cont.) 

SAMPLES 
%N %C %H %ash fee t (metres) 

D-43 10460 1.32 45.54 3.30 
(3188.2) 1. 33 45.50 2.98 34 .12 

1.53 46 .17 3.30 31 . 65 

D-43 13400 0. 77 27.62 1. 79 49.70 
(4084.3) 0 . 69 27.55 1.65 50.52 

1.00 27.15 1. 72 50.44 

D- 43 13910 1. 94 65.30 4.47 14.53 
(4239.8) 1. 97 64.19 4.43 15.54 

2.00 65.29 4.16 15.16 

D-43 13970 1. 78 57.82 4.10 22.26 
(4258. 1) 1.68 57.44 4.09 

1. 71 57.88 4.09 21.49 

B-44 96901< 1. 76 57.97 3.68 
(2953 . 5) 1.65 58.10 3 . 87 20 .69 

1.65 57.98 3.90 19.98 

B-44 10560* 1.11 35.64 2.14 40.61 
(3218. 7) 1.19 35.48 2.24 40.85 

1.10 35.38 2.25 

B-44 11400* 1. 93 53 . 38 3.68 22 . 26 
(3474.7) 1. 57 58.40 3.50 22 . 71 

1. 74 58.57 3.75 21.91 

*These samples are from intervals adjacent to those of 
other data types due t o insignif icant samples. 
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Table 7. Vitrinite reflectance data for She ll Ku mak C-58 samples 

Depth Reflectance (Ro) mode(s) 

4340' (1322.8 m) 0.42 

7010' (2136.6 m) 0.52, 0.67* 

7520 ' (2292.1 m) 0.62 

8660 ' (2639.6 m) 0 . 67 

9890 ' (3014.5 m) 0 . 57 

9980' ( 3041. 9 m) 0.47 , 0.57* 

''Bimodal distributions 

Table 8. Vitrinite reflectance va lues extrapola ted from downhole reflectance curves 
and organic matter co lour observed in kerogen smear slides from this stud y 

SAMPLE 
f eet (metres) Ro Membrane colour 

0-13 2340 (713 . 2) . 58 yellow- dark yellow 
6380 (1944.6) .60 ye llow- dark yello·..., 

0- 14 796 (242 . 6) . 44 light ye llow 
1809 (551.4) .48 light ye llow 
6306 (1922 .1 ) .65 yellow- dark yellow 
6821 (2079.0) .67 yellow-dark yellow 
7888 (2404 . 3) . 71 yellow- dark yellow 
7919 (2413 . 7) . 71 yellow- dark yel l ow 
8008 (2440.8) . 72 yellow-dark ye llow 
8867 (2702.7) . 7 5 yellow- dark ye llow 
9486 (2891.3) . 78 dark yellow 
9514 (2899 . 9) .78 dark yellow 

J-06 5250 (1600.2) .48 yellow- dark yellow 
6120 (1865 . 4) . 50 yellow-dark yellow 
7740 (2359.2) . 57 yellow- dark yellow 
8580 (2615.2) . 60 yell ow- dark ye llow 

D-43 3710 (ll30.8) . 34 light yel l ow- ye llow 
3950 (1204.0) .35 l igh t yel l ow- yellow 
6820 (2078. 7) .43 ye llow- dark ye llow 
8580 (2615.2) .52 dark yellow 
8890 (2709 . 7) . 49 dark yellow 
9910 (3020.6) .49 brown 

10 460 (3188 . 2) .50 yellow-dark ye llow 
13 400 (4084.3) .62 dark yellow-brown 
13 910 (4239 . 8) .72 yellow-dark yellow 
13 970 (4258 .1 ) .72 dark yellow-brown 

B- 44 1080 (329 . 2) .27 light yellow 
2910 (887.0) .29 yellow 
5370 (1636.8) .40 yel l ow 
9690 (2953.5) .56 dark yellow 

10 560 (3218. 7) . 60 dark yellow 
11 400 (3474. 7) . 62 yellow-dar k ye llow 

C- 58 3230 (984.5) yellow- dark yellow 
3410 (1039 .4) light yellow 
4340 (1322 . 8) l ight ye llow- yellow 
4430 (1350.3) yellow 
7010 (2136 . 6) ye llow 
7520 (2292 .1 ) yellow- dark ye llow 
7970 (2429 . 3) ye llow 
8660 (2639.6) dark yellow 
9890 (3014.5) dark yellow 
9980 (3041. 9) yellow- dark yellow 

10 190 (3105. 9) dark yellow 
ll 150 (3398.5) dark yellow 
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Table 9. Drill ste m and wire line test recoveries for the Upper Cretaceous-Tertiary 
for we lls in this study 

Well Test Interval 
Recovered Fluid feet (metres) 

KUGPIK 0-13 DST 1111 6464- 6469 (1970. 2-1971. 8) sligh tly gassy mud 

ELLICE 0-14 DST 117 4866-4916 (1483.2-1498.4) mud, water 

KUMAI< J-06 DST Il l 1942-2400 (591. 9-731. 5) gas 
DST 112 9659-10 365 (2944.1-3159.3) wa t er, mud 
DST 114 8145-8180 (2482.6-2493.3) gas, condensate cut mud 

and filtrate 
DST 115 8020- 8040 (2444.5 - 2450. 6) mud 
DST 116 7761-7777 (2365.6-2370.4) gas cut mud, trace 

condensate 
DST 117 7566-7590 (2306 .1-2313. 4) oil, gas 
DST 118 7048-7068 (2148.2-2154.3) oil, wa t er, gas 
DST 11 9 6214-6243 (1894.0-1902.9) mud, filtrate, wa t er 
DST 1110 4451-4475 (1356. 7-1364.0) oil, mud, water 
WLT 112 4777 (1456.0) gas, wa t er 
WLT 113 4470 (1362.5) wa t er 
WLT 11 4 4465 (1360. 9) water 
WLT 11 5 3830 (116 7.4 ) gas, water 

KUMAI< C-58 WLT Ill 4110 (1252. 7) gas water 
WLT 112 3364 (1025.3) wa ter 
WLT 114 7068 (2154.3) filtrate 
WLT 115 6176 (1882.4) filtrate 
WLT 116 4565 (1391.4) gassy filtrate 

TAGLU D-43 DST Il l 13 942-13 982 ( 4249. 5-4261. 7) water, mud, filtrate, gas 
DST 113 12 790-12 840 (3898. 4-3913. 6) 

12 856-12 880 (3918. 5-3925. 8) water 
DST 11 4 9590-9680 (2923.0-2950.5) gas, condensate 
DST 11 5 8380-8400 (2554.2-2560.3) gas, condensate 

NETSERK B-44 DST 112 10 744-10 845 (3274.8-3305 . 6) mud 
DST 11 4 10 692-10 723 (3258. 9-3268. 4) mud, gas 
DST 115 10 334 -10 364 (3149.8-3158.9) mud 
DST 11 6 9442-9482 ( 2877 . 9-2890 .1) water 
DST 11 7 9442-9482 (2877. 9-2890 .1) mud, gas 

Unreported test numbers are for those of Lower Cretaceous or older sections or for misruns. 

The inc reasing extract yie ld averages (Fig. 4b) indicate 
an increasing richness in the delta front and prode lta 
subenvironments. However, a Student T-test indicates that 
the difference between the means is not significant and may 
be due to stat ist ic a l scatter. 

The extract yie ld similarity of all three 
subenvironments (F ig. 4b) could be a function of the relative 
levels of maturit y of the different sam ples. That is, if the 
fluviodeltaic samp les were selectively at a low er maturity 
level than the prodelta sa mples, one might expect the latter 
samples to y ie ld more extract than the former, str ictly from 
the different le ve l of alteration. The data in T ab le 2, 
how ever, indicate that the sca tter is essentially independ ent 
of both maturity and subenv ironment of deposition. For 
examp le, the fluviodeltai c samp le J-06 7740 feet (2359 .2 m) 
has only half the yie ld of the flu viodeltai c sample im
mediately above it at 6120 feet (1865.4 m). The three pro
delta samp les from the same well have yie ld s both greater 
than and less than those from th e flu viodeltai c suben
vi ronm ent and furthermore show no trend with increasing 
depth. 

A plot of Ro or le ve l of maturity versus th e total 
ex tract yield for t he three subenvironm ents (F ig. 5) al lows 
the comparison of yields of the various samples that have 
expe ri e nced similar thermal histories. The points are 
scattered widely and the only apparent trend is th e 
relative ly low yie ld of th e delta front sa mples approach ing 
maturity, that is at Ro va lues of 0.60 to 0.80. 

Four samples have ve ry high tota l extract yie lds 
(>150 mg/g). The two highest values may be somewhat in 
error. The C-58 7970-foot (2429.3 m) sample may be 
st a ined, that is, it m ay be from a reser vo ir rock or section 
that contains epigenet ic hyd rocarbons (see be low). The 
samp le from D-43 8580 feet (2615.2 m) may conta in a little 
diesel fu el con taminat ion (see discu ss ion below of gas 
chromatograms of sa turate frac tion). 

In general, th e w ide variation in yie lds doe s not seem t o 
be correlative with the various subenv ironments of de
position w ithin a delta complex. With the exception of the 
four high-yield samples, the ex tract results are consistent 
w ith those of Philippi (1956), Tissot et al. (1971), a nd other 
unpublished results from this laboratory. 
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Vitr inite reflectance versus total extract yield. 

Hydrocarbon yields 
H ydrocarbon yie lds, that is, the ratio of milligrams of 
saturates plus aromatics to grams of or gimi c ca rbon (Table 
3), have bee n used to indicate pe tro leum sou rce potent ia l 
(Ph ilip p i, ib id.; Tissot et al., ib id.). Using the hydrocarbon 
fract ion yie ld ra ther than th e to ta l ex tract yie ld 
circumvents t he prob le m caused by us ing different 
extrac ti on solvent systems. C hlorofor m extracts contain 
substanti al ly less re sinou s and asphalt ic mate rial t han do 
benzene-methanol extracts. Most sol vent syst e ms, however, 
effect the complete removal of hydrocarbo ns from a rock 
samp le. Powel l ( in prep. ), using literature va lu es (Philippi, 
ibid.; Ti ssot et al., ibid. ) and data from a lmost 200 extract ion 
samples in the Canad ia n A retie, has estab lish ed an emp irica l 
yie ld class ificat ion system based on the milligram yie ld of 
clearly indigenous hyd ro ca rbons (sa turates plus aromatics) 
per gram of organic carbon in the rock. Yields of less than 
30 mg/g hydrocarbon are considered to indicate no pet
roleum sou rce potential while yields of 30 to 50, 50 to 80 
and greater tha n 80 mg/ g a re considered as margina l, good 
and excel le nt potenti a l sources, r espect ive ly. 

To assess the yie lds of samples from th e vario us sub 
env ironments, a plot of the hyd rocarbon yie ld versus Ro was 
made (Fig. 6). Aga in, the same fo ur samp les w ith a high 
tota l extract yie ld show a high hydrocarbon y ield. Th e C-58 
7970-foot (2429 .3 m) sample, however, conta ins an a nom
a lously h igh proportion of hyd ro ca rbon s (74.7%, see T ab le 3) 
and thus probab ly contains epig ene ti c or m igra ted pet
roleum. The three D-43 samples must be classed as hav ing 
excellent sou rc e potential. A noth er sa mple, J-06 9720 feet 
(2962.7 m), is a lso an excelle nt potential sou rc e rock with a 
hydroca rbon yield of 117.6 mg/g, but was not p lotted in 
Figure 6 because no Ro data were availab le from th a t depth. 

Accord ing to the class ifica tion sche me outl ined ab ove, 
e ight of t he samples listed in T ab le 3 are good or exce lle nt 
potential source rocks. Samp les C -58 7520 feet (2292.l m) 
and 0 -14 796 feet (242 .6 m) have been exc luded because of 
the probability of ep ig enet ic hydrocarbons. The e ight sa m
ples a ll occur at a prese nt depth of 8580 fee t (2 615 .2 m) or 
more and have Ro va lues of 0 .49 or grea t er. O nly one 
fluviode ltaic sample is rated as a t least a good source ro ck, 
while four delta fro nt and three prod elta mar in e samp les fa ll 
in to th is category. This distribution of potent ia l source 
qualities amo ng th e sub env ironments of depos iti on may re
flect a differe nce in the organ ic matt e r type contained in 
the respective sed ime nts bu t is probab ly an arti fact of the 
sampling because th e fluviodeltaic samp les ana lyzed are 
fewer than fo r e ither of the other t wo sube nv ironm ents. 
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Vitrini te refl ectance versus ext ractable hydro
carbon yield (mg/g ). 

The richness of these hi gh -yield sam ples is essent ia lly 
indepe ndent of the amount of organi c carbon present. Al
though none of th e highl y coa ly samples is classed as a good 
or excellent potential source rock, the organic carbon 
conte nt of t he samples so classed ranges from 0.830 per cent 
to 4.792 per cent organic carbon. 

The high hydroc arbon extract yields are r e lated to the 
leve l of thermal a lteration only insofar as a minimum Ro of 
0.49 appears necessar y before a sa mple attains a s ignif icant 
yie ld. Most of th e high- yield sa mples in th is stu dy occur 
be tween Ro va lu es of 0.49 and 0.60 with only one good 
potenti a l sou rc e at a higher reflectance. Because hyd ro
carbon evo lves principally at Ro va lu es of 0.80 to 0.90 (Vas
soevich e t al., 1969; C orre ia and Peniguel, 1975 ; Gun t her, 
1976a), it is apparent that thermal m aturit y is no t th e 
princ ip a l factor contro ll ing the hydroca rbon yie ld in t hi s set 
of samples. 

Saturate fraction chrmoatograms 
Gas chrom a tograms were run of th e satura te fractions of 
th e extrac t s (Figs. 7 - 52), to assess the a mount of wax in th e 
ex tracts and to de te rmin e the pristane/phytane rat io. The 
peaks were integ rated by an e lec tronic integrator and th e 
quantity of n- a lk anes a nd isoprenoid s determined by using 
int e rn a l st andards (Table 4). The a mount of contaminat ion 
by diesel fuel also can be estimated from the chrom atogram 
of the saturate fr ac tion. The sa mple fr om 796 fe et 
(242 .6 m) of E lli ce 0-14, for exam ple, is c ontam ina ted 
heavi ly with di ese l fuel (Fig. 9 ). The asp ha ltene and resin 
con t ents of thi s sa mple a re much lowe r th an those of any 
other sa mple at such a lo w m aturit y leve l (see Ro va lu es, 
T ab le 3). The na rro w boiling rang e gas chrom atographic 
humps centred a t about normal heptadecane (nC 17 ) and the 
lack of n- a lkanes (Fi g. 9 ) are characteristic of the saturate 
fr acti on of diesel fue l. The E !lice 0-14 1809-foot (551.4 m) 
samp le a lso is contaminated w ith d iesel fuel (Fig. 10 ) but the 
re lat ive ly lo w proportion of saturates and aromatics in the 
ex tract (Tab le 3) indicates that th e a mount of conta min a tion 
is probab ly relati ve ly low. The C-58 3410-foot (1039.4 m) 
samp le on the other hand ha s an anomalously high hyd ro
carbo n content (T able 3) and a la rge hump in the diesel fuel 
r ange (Fig. 26), indica tin g substanti a l co ntamination. A few 
other sa mples have a hump in the chromatog ram in th e 
diese l range, but a lso have substanti a l amou nts of n- a lkane 
and isoprenoid compounds (see for examp le D-43 37 10 feet, 
11 30 .8 m, Fig. 37; u -43 6820 fee t, 2078 .7 m, Fig. 39). Since 
the percentage of hyd rocarbons in th e extract for the se 
samp les is not ab norm al ly high th e observed hump probab ly 
is rep resentat ive of the sample and c ontaminatio n by d iesel 
fuel is in s ignificant. 



Another type of contamination a lso is apparent from 
the gas chromatograms of the saturates. All of the core 
samp les (E llice 0 -14) have the same modal distr ibut ion of 
n- alkane s w ith e icosa ne and hene icosane (nC 2 0 and nC 21 ), 
the largest peaks in every case (Figs. 10 -18). T his con
tamination with Cz o and C21 (and probably by an entire ho
mo logous se ri es of n-alkanes) is c ommon t o core samples 
from not on ly t he Beaufort- Mackenzie Basin, but also the 
Sverdrup Basin in Arctic Canad a and Alberta. It ha s been 
observed a lso in other western Canadian core samples 
extracted, fractionated and chromatographed in the organic 
geochemistry labora tory in L'Inst itu t Frani;:ais du P etro le in 
Paris and t hus is not an a r tifact of thi s labora tory. The 
source of this conta minat ion has not bee n id e nt ified as yet 
but a study is presently und e r way to ascertain whethe r or 
not it is due to the shipping a nd storage containers used for 
core samp les in western Canada. 

A lthough a number of t he sa mple s ex trac ted were from 
the fluviode lta ic sube nv ironment and conta ined sub st a nti a l 
amounts of coa ly, la nd-derived org an ic m atte r (see be lo w), 
no high-wax samp les we re found in this study. Th e results of 
H edberg (1968 ) and Powell and McK ird y (1973b) on crude oils 
a nd the results of this project on extracts suggest th at 
eithe r (1) terrestrial input is a necessary but not a suffi c ient 
cond ition for the genera t ion of high-wax c rud es, or (2) 
high -wax crudes are no t necessarily generated from sed
iments with high-wax extracts. A nalyses of Mackenzie 
Delta c rud es in this lab (Powe ll and Sno wdon, 1975) indicate 
that, in fact, high-w ax c rud e petroleu ms have not been 
fou nd in the Beaufort-M ackenzie Basin and that large 
amou nts of terrestrial input into the sed iment do not 
necessarily result in th e ge nerat ion of high-wax extracts or 
c ru des. 

Ten sa mples contain more than 5 per cent wax in th e 
sa turat e fraction (Table 4). Wax is defined as n-alkanes with 
22 or more carb on atoms. S ix of these sa mples a re from the 
E lli ce 0-14 borehole a nd mu st be discounted because of the 
core conta mi nat ion prob lem discussed above. The only other 
samples with more than 5 per cent wax in the saturate 
fraction represent al l three depos itiona l subenvironments: 
T ag lu D-43 3710 feet (11 30.8 m) ( flu viodelta ic), Netserk 
B-44 9690 fee t (2953 .5 m) and 10 560 fe e t (32 18.7 m) (delta 
front ), and Kumak C -58 3230 feet (984.5 m) (prodelta). 

Ma tura ti on trends can be observed in n-a lkane dis
t ribu t ion as we ll as th e pos it ion of t he unreso lved hump. 
The odd to e ve n predominance is def ined afte r Sca lan (1970) 
as fo llows: 

~ ~
~n- 0 

C + 6C + C 
n-2 n n+z 

OEP(n) = 
3C + 3C 

n-1 n+1 

where Cn is the quantit y of the n-a lka ne with n carbon 
ato m s. Tab le 4 co ntain s t he ca lc ulated values for OEP (27) . 
Th e drop from a value of 11.0 to 1.0 for the two samp les 
from th e Kugpik 0 -13 wel l does not r e al ly consti tute a 
tre nd, but the low va lu e obta ined for t he 6380- foot 
(1944.6 m) sample ref lects it s mat urity because th e con
c entration of the nCzs to nC29 alkanes is s ignificant. Th e 
results from the 0 -14 we ll (Ta ble 4) are un c lea r, poss ibl y 
from the contami nat ion by waxy co mpone nts. 

The OEP (27) va lues drop from greater than 2.4 at 
depths shal lower than 8000 feet (2438 .4 m) to less than 1.8 
at greater depths in the Kumak J-06 we ll. The unresolved 
hump in the tr ite rp ane/ste rane region (abo ut nCz 5) de
creases in s ize be low 8000 feet (2438 .4 m) (F igs. 19 - 24) until 
there is no triterpane hump vis ible in the sa mples from 9720 
and 10,620 feet (2962 . 7 m and 3237 .Om) (Figs. 23, 24). 

The OEP (27) va lue s drop off at abou t 4000 feet 
(1219.2 m) in the Kumak C-58 wel l and rema in quite low 
except for the sample from 9890 feet (3014.5 m), for whi c h 

t he OEP (2 7) is 1.87. The interpre tation of an OEP must be 
made with co nsiderab le caution , howeve r, when the ab
so lute concentrations of the Cz s to Cz 9 components a re as 
low as they a re in this latter case. 

The T aglu D-4 3 sa mples show a co ntinuous decrease in 
the OEP (27) from 3710 feet (11 30.8 m) (3.7) through 10,460 
feet (3188 .2 m) (1.1). The two de eper D-43 samples, 13,400 
and 13,910 feet (4084.3 and 4239.8 m)(Figs. 44, 45 ) have a 
slightly higher OEP (1.43 a nd 1.35, r espective ly) . Th e factor 
controlling the OEP apparently is not related to the 
deposit ion al environment because t he former is a prode lta 
sa mple and the latter fluv iodeltaic. It m ay be t ha t the 
nature of the source materia l is ref lec t ed in th ese higher 
va lu es, but the organic facies are not co incident w ith the 
subenv ironments of deposition. The unreso lved hump cen
tred a t about nC19 for almost all of the samples in the Taglu 
D-43 well corresponds with the chromatographic retention 
of diterpenoid deri vat ives, that is, branched and cyc lic 
a lkane iso mers with ab out 20 carbon a toms. Becau se diesel 
fuel occurs a t about nC 1 7 , it is impossible to prec lud e the 
poss ibility of slight conta mination of these samples on t he 
basis of the gas chromatograms. The amount of con
taminat ion, if any, mu st be slight because the total he ight of 
th e hump at nC11 retention, whi ch would be a composi te of 
a diesel fue l peak and the C 19 distribution flank , is less than 
the he ight of nC 19 peak. A lso the diterpane hump in the 
Tag lu D-43 sa mples is considerably broader tha n would be 
expected of a highly co ntaminated sa mple. 

The maturat ion trends of decreasing OEP (27) and 
shifting hump are c learly visible in the chromatograms from 
the Ne tserk B-44 well (Figs. 47 - 52). The OEP (27) drops 
from 6.5 at 1080 feet (329 .2 m) to 1.6 at 11 ,400 feet 
(3474.7 m). Over the sa me dep th interval the hump shifts 
mark e dly from an nC z 9 pr imary mod e to a n nC 11 primary 
mod e. Again, the trends in th e chemical data du e to 
increas in g thermal maturation are not modified by si
multa neous changes in depositional subenv ironment. 

The isoprenoid concentrat ions as weight per ce nt of the 
saturate fract ion are g iven in T ab le 4 alo ng with the 
calculated pristane/phytane ratio. In c rude oil sa mples, 
rat ios of one to three have been associated with lo w- wax, 
marine sediments whi le ratios of three to fi ve have been 
corre lated with high-w ax, nearshore to terrestrial depnsits 
(Powell and McKird y, 1973 a). Pristane/phytane ratios in 
sediments (Powell e t al., 1976) ra ng e from 1.3 to 4.0 for 
marine sed ime nt s, 2.0 to 5.0 for low- sa lin ity, brackish water 
sediments, and from 4.0 to 7 .4 for coals in northern Eng land 
for sa mples with Ro va lu es of about 0.50 to 0.80 . C annan 
(1974) has shown that the pristane/phytane ratio in coa ls 
increases with increasing alteration in the reflectance range 
0.50 to 0.70. Taking thi s into account, Powell et a l. (1976) 
still observed an increasing pri stane /phytane ratio as the 
depositional environment became less marine. 

The pristane/phytane ratios for t his data set are 
independent of depositional subenvironment but confir m the 
resu lts of Brooks et a l. (1969 ) and Cannan (1974) in that the 
ratio in c reases with increas ing Ro (Fig. 53). The mag nitud e 
of t he r a tio is somewhat different from th e li te ra ture 
va lu es, however , since the m aximum rat io for Australian and 
New Zea land coa ls reaches about 12 while only one sam ple 
from this study is greater th an 7.0. Thi s may re fl ec t a 
slightly lowe r level of t hermal alterat ion of th e sa mples in 
thi s study. 

The sa turate fr act ion chromatograms show that a few 
samples conta in anomalous concentra tio ns of pr istane re l
ative to the n-alkanes: 

Kugpik 0-13 6380 feet(l944.6 m), prode lta, Figure 8 
T aglu D-43 8890 fee t (2 709.7 m), prodelta, Figure 41 
Tag lu D-43 13,910 feet (4239 .8 m), fluviodeltaic, Figu re 45 
T ag lu D-43 13,97 1J feet (4258.l m), flu v iod e ltaic, Figure 46 
NetserkB -44 9690 feet (2953 .5 m), de lt a front, Figure 50 
Netserk B-44 10,560 fee t (3218 .7 m), de lt a front, Figure 51 
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Figure 7. 

Figure 9. 
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Figure 7 
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Figure 9 

j 
Gas chromatogram of the saturate fraction of 
Kugpik 0-13 2340 feet (713.2 m). 

Gas chromatogram of the saturate fraction of 
El lice 0-14 796 feet (242.6 m). 

Figure 8. 

Figure 10. 

Pristane 

NC1s 

Phytane 
I 

NC ts 

Figure 8 

Figure 10 

Gas chromatogram of the saturate fraction of 
Kugpik 0-13 6380 feet (1944.6 m). 

Gas chromatogram of the saturate fraction of 
El lice 0-14 1809 feet (551.4 mJ. 



Figure 11. 

Figure 13. 
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Figure 13 

Gas chromatogram of the saturate fra ction of 
Ellice 0-1 4 63 06 f ee t (19 22 .1 m). 

Gas chromatogram of the saturate fraction of 
El lice 0-1 4 7888 f ee t (2404.3 m). 

Figure 12 
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Diterpane 

Figure 12. 

Figure 14. 

Gas chromatogram of the saturate frac t ion of 
Ellice 0-1 4 682 1 f eet (2079 .0 m). 

Gas chromatogram of the saturate fraction of 
Ellice 0-1 4 7919 feet (241 3.7 m). 
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Figure 15. 

Figure 17. 
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Figure 15 

Pristane 

Pristane 
Figure 17 

Gas chromatogram of the saturate fraction of 
Ellice 0-14 8008 feet (2440.8 m). 

Gas chromatogram of the saturate fraction of 
El lice 0-14 9486 feet (2891.3 m). 

Pristane 
Figure 16 

Phytane 

Figure 18 

Pristane 

Figure 16. . Gas chromatogram of the saturate fraction of 
Ellice 0-14 8867 feet (2702.7 m). 

Figure 18. Gas chromatogram of the saturate fraction of 
Ellice 0-14 9514 feet (2899.9 m). 



Figure 19. 

Figure 21. 
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f igure 21 

Gas chromatogram of the sat urate fraction of 
Kumak J- 06 5250 fee t ( 1600. 2 m). 

Gas chromatogram of the saturate fraction of 
Kumak J- 06 77 40 f eet (2359.2 m). 

Figure 20. 

Figure 22. 
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Figure 22 

Pristane 

Gas chromatogram of the saturate frac t ion of 
KumakJ- 06 6120feet(1 865.4m). 

Gas chromatogram of the saturate fraction of 
Kumak J-06 8580 f eet (26 15.2 m). 
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Figure 23. 

Figure 25. 
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Figure 25 

Gas chromatogram of the saturate fraction of 
Kumak J-06 9720 feet (2962.7 m). 

Gas chromatogram of the saturate fraction of 
Kumak C-58 3230 feet (984.5 m). 

Figure 24. 

Figure 26. 

Figure 24 
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Figure 26 

Gas chromatogram of the saturate fraction of 
Kumak J-06 10,o20 feet (3237.0 m). 

Gas chromatogram of the saturate fraction of 
Kumak C-58 3410 feet ( 1039.4 m). 



Figure 27. 

Figure 29. 

Figure 27 
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Figure 29 

Pri stane 
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Phytane 

Gas chromatogram of the saturate fraction of 
Kumak C-58 4340 feet ( 1322.8 m). 

Gas chromatogram of the saturate fraction of 
Kumak C- 58 7010 feet (2136.6 m). 

Figure 28. 

Figure 30. 
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Figure 30 

Pristane 

Phytane 

Gas chromatogr am of the saturate fraction of 
Kumak C- 58 4430 f eet ( 1350.3 m). 

Gas chromatogram of the saturate fraction of 
Kumak C-58 75 20 feet (2292. 1 m). 
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Figure 31. 

Figure 33. 
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Figure 31 

Pristane 

Figure 33 

Pris tane 

Phytane 

Gas chromatogram of the saturate fraction of 
Kumak C-58 7970 feet (2429 .3 m). 

Gas chromatogram of the saturate fraction of 
Kumak C-5 8 9890 f ee t (301 4.5 m). 

Figure 32. 

Figure 34. 
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Figure 34 

Pri stane 

Phytane 

Gas chromatogram of the saturate fraction of 
Kumak C-58 8660 fe e t (2639 .6 m). 

Gas chromatogram of the saturate fraction of 
Kumak C-58 9980 fe et (30 41.9 m). 



Figure 35 
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Figure 35. Gas chromatogram of the saturate fraction of 
Kumak C-58 10,190 feet (3105.9 m). 

Figure 37. Gas chromatogram of the saturate fraction of 
Taglu D-43 3710 feet ( 1130.8 m). 

Figure 36. 

Figure 38. 
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Figure 38 

Gas chromatogram of the saturate fraction of 
Kumak C- 58 11,150 feet (3398.5 m). 

Gas chromatogram of the saturate fraction of 
Taglu D- 43 3950 feet ( 1204.0 m). 

31 



Figure 39. 

Figure 41. 
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Pristane 
Figure 4 1 

Gas chromatogram of the saturate fraction of 
Taglu D-43 6820 feet (2078.7 m). 

Gas chromatogram of the saturate fraction of 
Taglu D-43 8890 feet (2709.7 m). 

Figure 40. 

Figure 42. 

Pristane 
Figure 40 

Figure 42 

Gas chromatogram of the saturate fraction of 
Taglu D-43 8580 feet (2615.2 m). 

Gas chromatogram of the saturate fraction of 
Taglu D-43 9910 feet (3020.6 m). 



Figure 43 

Pristane 
Figure 45 

Figure 43. Gas chromatogram of the saturate fraction of 
Taglu D-43 10,460 feet (3188.2 m). 

Figure 45. Gas chromatogram of the saturate fraction of 
Taglu D-43 13,910 feet (4239.8 m). 

Figure 44. 

Figure 46. 
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Figure 46 
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Gas chromatogram of the saturate fraction of 
Taglu D-43 13,400 feet (4084.3 m). 

Gas chromatogram of the saturate fraction of 
Taglu D-43 13,970 feet (4258.1 m). 
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Figure 47. 

Figure 49. 
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Figure 47 

Phytane 

Pristane 

Figure 49 

Pris tane 

Gas chromatogram of the saturate fraction of 
Ne tserk B-44 1080 feet (329. 2 m). 

Gas chromatogram of the saturate fraction of 
Netserk B-44 5370 feet (1636.8 m). 

Figure 48 . 

Figure 50. 

Figure 48 

Pristane 

Pristane Figure 50 

Phytane 

Gas chromatogram of the saturate fraction of 
Ne t serk B-44 2910 feet (887.0 m). 

Gas chromatogram of the saturate fraction of 
Netserk B- 44 9690 feet (2953.5 m). 



Figure 51. 

Pristane Figure 51 

Gas chromatogram of the saturate fraction of 
Netserk B-44 10,560 feet (3218.7 m). 

This phenomenon was obse rved by Deroo et al. (1974, Fig. 5) 
in Albertan heav y oils and was attributed to the selective 
remo va l of n-alkanes via biodegradation. The substantial 
n-alkanes in the anomalous pristane samples in this study, 
however, suggest from the lev el of alteration that 
significant pristane has been generated in the sediment but 
that the n-alkane generation has not yet reached its 
optimum rate. It is suggested, therefore, that the 
anomalous pristane phenomenon is a transient feature 
observed in samples with sufficient quantities of the 
necessa ry precursors and at a particular, relatively low level 
of thermal diagenesis. 

A number of samples contained large amounts of one or 
two co mpounds that did not have a chromatographic re
tention time corresponding to any of the n-alkanes or iso
prenoid co mpound s (Figs. 7, 19, 20, 21, 29, 30, 52). Mass 
spectra were run for th e two largest of these peaks in 
sample J-06 7740 feet (2359 .2 m) (Fig. 21) on a Finnigan 
GCMS quadrupole system by Eric Peake at the Universit y of 
Calgary. The fragmentation masses and relative ion in
tensities are gi ven in Table 10. The parent ion of the largest 
gas chromatograph peak (m/e = 276) suggested a saturated 
tricyclic C20 compound, that is a diterpane, related to 
abietic acid or abietane (Douglas and Grantham, 1974). The. 
main fragmentat ion peak s for authentic fichtelite as gi ven 
by Douglas and Grantham (see Table 10) are similar to those 
of the unknown compounds in the J-06 7740 feet (2359.2 m) 
sample except that the M-4 3 peak of the fichtelite, which 
corresponds to the loss of an isopropy I side chain, is not 
prese nt in the spectrum of t he unknown compound. The very 
strong M-29 peak (m/e = 247) of the unknown sample sug
gests an ethyl side chain on a neocarbon atom (quadruply 
bonded to other carbon atoms). This suggests that the 
structure is tha t of sandaracopimarane (Fig. 54), which was 
isolated from Agathis australis resin by Thomas (1969 ). 

Figure 52. 
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Figure 53. 

Figure 52 

Gas chromatogram of the saturate fraction of 
Netserk B-44 11,400 feet (3474.7 m). 
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Vitrinite reflectance versus pristane/phytane 
ratio. 

A !though no parent ion peak was observed for the second 
major unknown component, the gas chromatographic reten
tion and the mass spectral fragmentation pattern are both 
consistent with a saturated C 1 9 diterpane, which could be 
derived via the decarboxylation of sandaracopimaric acid, 
also found in A. australis resin by Thomas ( ibid. ). Because 
authentic standards of these compounds were not available 
for mass spectral analysis on the quadrupole instrument 
used, positive identification could not be made. 
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Figure 54. 
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Table 10. Fragmentation mass and relative abundance data from mass 
spectra of "extra" peaks in the saturate fraction gas chromatogram of 
sample J-06 7740 feet (2359.2 m) 

Largest Peak 
m/e relative intensity 

96 15 
97 23 
98 3 

105 10 
107 23 
108 13 
109 53 
llO 8 
lll 10 
121 28 
123 88 
124 18 
125 13 
135 23 
136 10 
137 45 
138 10 
139 5 
149 13 
150 13 
151 30 
163 98 
164 23 
165 18 
177 15 
179 8 
191 63 
192 15 
205 8 
219 
231 3 
233 3 
247 100 
248 20 
261 28 
262 10 
276 23 
277 5 

Second largest peak Fichtelite (from 
relative intensity Douglas & Grantham, 1974) 

42 
5 
8 

16 
86 
13 
13 
13 

100 
14 

5 
13 

39 
5 
8 

20 
13 

2 
2 
8 

5 
2 

25 
2 

64 
30 
22 

3 
13 

7 
100 

35 
8 

12 
30 
12 

7 
ll 

3 
12 

2 
2 
6 
4 
4 

26 
4 
3 
4 
3 

43 
7 

22 

9 
2 
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Anders and Robinson (1971) observed both C19 

Chemical structure of sandaracopimarane 

and C 2 0 tricyclic alkanes (among others) in the Green 
River Formation but interpreted these as alteration products 
of pentacyclic triterpanes. They noted also the absence of 
the IVi-43 peak or loss of an isopropyl group, but used these 
data to suggest that the m/e = 191 peak was derived from the 
ABC rings of a pentacyclic triterpane. Reed (1977), however, 
reported an entire homologous series of tricyclic diterpane 
compounds in oil seep saturated samples from the same 
geographic area. This homologous series may indicate that 
these compounds were related to diterpenoids rather than 
derived from triterpanes. The low level of thermal 
degradation of both the Green River Shale and the 
Beau fort - IV1ackenz ie samples supports this interpretation. 
Furthermore, the saturated tricyclic compounds in this study 
in substantial concentrations indicate that they were in fact 
derived from diterpenoids and that there was a high resin 
input into the sediment. One may further speculate that the 
resin-generating plants were not of the Juniperus or 
Pinus genera because of the apparent lack of abietic acid 
derived compounds such as fichtelite, which are common to 
these plants (Douglas and Grantham, 1974). 



The northward deep e ning of the high concentrations of 
sandaracopimarane(?) and related compounds (2340 fee t, 
713.2 m, in Kugpik 0 -1 3; 7740 feet, 2359.2 m, in Kum ak J-06; 
and 11,400 feet, 3474.7 m, in Netse rk B-44) follows both th e 
trend in maturation and a lso strat igraphi c tim e planes. Thus 
these compounds may be a maturation phenomenon a nd 
represent a particular stage of therm a l alteration of the 
organic m atter or, conve rse ly, their occurrence m ay be a 
tim e marker caused by the deposition in a ll three sub
environments of the de lt a complex of resins derived from a 
particular spec ies or genus of plants that grew w ithin the 
drainage basin over a restri c t e d time interval. 

Kerogen-type distribution 
Th e results of the visua l kerogen distribution anal ysis are 
contained in Table 5. The coa ly content ranged from about 
15 to 56 per cent of the organi c matter. Based on a Student 
T-test of the vari ous averages, t he distribution of coa ly 
material was found to be independent of the sub env ironment 
of deposition (Fig. 55) with th e possible except ion that ve r y 
coaly samples (>50% ) do not occur in the prodelta sub
env ironme nt. Th e herbaceous organic matter content was 
predominant in a lmost a ll th e samples and saprope lic 
material compr ised less t ha n 3 per cent of t he total in a ll 
but fou r samples (0-14 796 feet, 242.6 m, fluviodeltai c ; D-43 
9910 feet, 3020. 6 m, delta fron t; B-44 9600 feet, 2926.l m, 
delta front; a nd B-44 11 460 feet, 3493.0 m, prodelta). 

Th e saprope l content a lso was found to be independant 
of the depositional sub environment. Of the four samples 
with more than 3 per cent saprope l, on ly the B-44 
11,460-foot (3493 .0 m) samp le r epresented prodel t a 
deposition. 

Th e organic matter type distributions as determined by 
Gunther (1976a) for th e Tag lu D-43 and Kugpik 0 -1 3 wells 
a re ge nera lly s im ilar to those determined in this stud y, 
except that much less saprope l was observed in th e lat ter. 
Thi s may be a function of the s lide preparation technique or 
the objectiv ity of the po int count quantification method 
used in this study. To test the preparation technique used by 
Gunther, s ix kerogen samp les from Netserk B-44 were 
floated on a so lu t ion of zi nc brom ide in hyd rochlo r ic ac id, 
which had a specif ic gravity of 2.0, to remove the heavy 
minerals such as pyrite, anatase, rutile and synthet ic 
fluorides. The fraction wh ic h sank was noted to be black. 
Poin t counts of the organic matter types were made for 
smear slides of float fr act ion a nd result s have been in c luded 
in Table 5. The herbaceous content of the density-separated 
set is consistently high e r tha n in the co mparable samp les 
that were not density-separated. Thi s suggests that e ither 
mineral matter in the undifferentiated s lides was identif ied 
mistakenly as coaly material, or coaly fragments in the 
density-differentiated sample had a spec ific gravity greater 
th an 2.0. Opaque minerals such as pyrite a nd rutile, ho w
ever, have a r e lat ively dist inct morphology and were 
identified as inorganic by using reflected light. Thus the 
second exp la nation for the fractionation wo uld seem to be 
more probable than the former. Fragments assoc iated with 
mineral ma tter wo uld have th e exte rn a l morphology of coa ly 
mate ri a l and be identifi ed as such in transmitted light, but 
could have high densities due to the mineral content of the 
fragment. 

A third set of organic m atte r type data for the Taglu 
area (Hawk ings and Hatlelid, 1975) suggest s that the Neo
gene sediments con t a in about 40 per cent sapropel a nd that 
the Paleogene sediment s contain about 15 per cent sapropel. 
The basis of th e c lass ificat ion scheme of the var iou s organic 
types was not spec ified, but the absence of a 'coa ly' fract ion 
and the occurrence of 40 to 70 per cent woody material 
suggest th a t th e data from thi s stud y a re not re latab le in 
any way to the Hawk in gs and Hatlelid data. This third data 
set demonstrates that visual keroge n analyses are su bj ective 
at best and almost meaningless for comparison with th e 
resu lts of other workers unless th e m ethods used are 
speci fied. 
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Hi stograms of per cent coaly material in 
kerogen smear slides. 

Membrane and spore co lorations were noted for the 
smear slides du ring the point countin g, and the result s a re 
li sted in T ab le 8. There is a corre lati ve trend of increasing 
Ro and darke ning membrane w ith increasing de pth w ithin 
we ll s such as Ellice 0-14 a nd T ag lu D-43. However, given 
Ro va lues do not co rre la t e w ith g iven co lorations from one 
borehole to another. For examp le, light ye llo w membranous 
material in the 0-14 well correspo nds w ith Ro va lues of 0.44 
to 0.48, whereas esse nti ally s imil a r Ro va lu es in th e D-43 
well occur in samples in which the memb ranou s mate ri a l is 
ye llo w to dark ye llo w. The ac id preparation of all the 
samp les was the same and fu r thermore the samples we re not 
prepared in well or depth sequ enc es. Thus th e variation of 
co lour for a given Ro must be due to inherent organic 
d iffe rences between the we lls or e rrors in colour ass ignment 
or Ro va lu es. 

It is appa rent that both organic matter t ype distribution 
and co lorat ion determinatio ns are somewhat subjec ti ve. The 
subjectivity of the former is re lated to prepara tion tech
niqu es and th e id e ntificat ion and c lass ificatio n syste m. 
Sim ilarly, evaluat ions of membrane a nd spore co lora t ion are 
subject ive in that it must be decided whe ther particles are 
geologically recyc led c lasts or caved from higher in the 
borehole during drilling, or if they c onta in natural pigments 
that enhance the observed co lour. Thus compar ing results of 
different worke rs or int e rpreting any results in terms of 
hydrocarb on potentia l must be attempted w ith caution. 

Stap lin (1969), Ti ssot et a l. (1974 ) and Gu nther (1976a) 
have suggested that herbaceous and coa ly organic matter 
will t end to yie ld natural gas rather than oil in r esponse to 
thermal degrada tion. The petroleum discoveries in the 
Richards Island a rea, especia lly the T ag lu gas field 
(Bowerman and Coffman, 1975), along w ith the 
predominant ly herbaceous a nd coa ly orga nic content of all 
of the subenv ironments of deposition of the Upper 
Cretaceous - Terti a r y (Tab le 5 ), tend to su pport th e above 
conc lu s ions. Tissot et a l. (1974) also suggested that th e 
yie lds of hydrocarbons from herbaceous a nd coaly organic 
matter should be sub st a nti a lly lower than for sapropelic 
material. Typica l extract yie lds from Doua la Basin 
herbaceou s samples range up to ab out 60 mg/g 
(Vandenbroucke et a l., 1976). Results from this study, 
howeve r, indicate that much higher yie lds of hydrocarbon 
(over 100 mg/g) are possib le, even from samp les containing 
substanti a l amounts of coa ly material (F ig. 56). It is also 
signifi cant to note that y ie lds are high at Ro va lues of 0.45 
to 0.65 (Fig. 6). This leve l of maturity is lowe r than stated 
as necessary by Bowerman and Coffman (1975), who 
interpre t ed th e Tag lu gas source as being from th e more 
deeply buried flanks of the reser vo ir structure, and Gunther 
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(1976 a), who suggested that hydrocarbon generation from 
herbaceous material would be initiated at Ro va lu es of 0.50 
to 0.80 and not reach a maximum until Ro va lu es were 0.80 
to 0.90. 

A possible exp lanation for these apparently anomalously 
high hydrocarbon yields from herbaceous organic matter at 
low levels of thermal alteration is that t he evolved 
petroleum (natural gas and condensate) is derived from 
resinite, a coal maceral derived from tree resins, or from 
dispe rsed resinous material. The large diterpane hump and 
large concentration of indi vidua l diterpane compounds in the 
saturate fraction gas chromatograms d iscussed above in
dicate a n anoma lous resin input into the sed iment. The 
presence of res inite and/o r resinous material was conf irmed 
using ult ravio let fluorescence microphotometry (Gij zel, 
1971 ). Spores, pollen, cuticlar material, dinoflagellates, 
bi tu men and res ins as well as some mineral entit ies were 
observed to fluoresce under UV excitat ion. Both 
transmitted and reflected tungsten ligh t were used to 
identify the fluorescing species. Th e ora nge to dark brown 
low- leve l f luorescence of the res inous material was ob
served frequently in juxtaposition with a ye llow to green ish 
yellow fluorescent phase called exudatinite by TeichmUJler 
(1974). Thi s material frequently diffused into the s lide 
mounting medium, an epoxy cast ing resin. The halo effect 
was observed only rarely in kerogen samples t hat were 
prepared from previousl y extracted rock, and thus it is 
probable that this ye llow halo is due to extractab le organic 
matter in the kerogen and mobilized by the mounting 
medium so lvents. 

The relatively large proportion of coa ly material in the 
high extract yield samples is cons istent also with the resin 
source hypothesis. Some of the coa ly fragme nts contained 
pods of resinit e, which fluoresced under UV exc itat ion. 
Also, it is possib le that substanti al dispersed resinou s 
material was lost through so lubili zat ion or vo latilizat ion 
dur ing the ac idizat ion of the rock samp les. A small amount 
of greasy material floated on the hydrofluoric ac id phase of 
a few of the samp les even after centrifug ing and was 
decanted with the acid and not recovered. This cou ld have 
been resinous material. Because of thi s loss during the 
kerogen preparation, the atomic hydrogen/carbon ratios of 
the high-yield samples may be too lo w. 

In genera l, herbaceous organic matter at low to 
moderate levels of thermal al teration tends to yie ld 
relative ly low amounts of extractab le hydrocarbon. How
ever, the data from this study imply that specific examples 
of high-yield, herbaceous-rich sediments do occur at low 
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levels of thermal a l terat ion, and that a substantial amount 
of recoverable hydrocarbon is associated wit h them. This 
observat ion is va lid whether or not the resin source hy
pothesis is correct. 

Elemental distribution 
Tripl icate e lemental analyses of the kerogens were made to 
determine whether the organic matter tended to change 
from the Type Ill (low atomic hydrogen/carbon ratio) to 
Type I (high atomic hydrogen/carbon ratio) of Ti ssot et a l. 
(1974) as the sub environment changed from fluviodeltaic to 
prodelta. The data from this study (Table 6) a ll fall in the 
range of Type III organic matter, that is, ce llulose-, humic 
and li gnin -r ich higher land plant debris. The atomic 
hydrogen/carbon ratios do not show an increasing trend as 
the subenvironment becomes more marine (F ig. 5 7), as was 
observed by Mciver (196 7) for the Lower Cretaceous Mann
ville Shale of Alberta. In fact, on ly a s ingle analysis (Taglu 
D-43 13,910 feet, 4239.8 m) of fluviodeltaic kerogen has a 
hydrogen/carbon ratio of less than 0.80, whi le about half of 
the de l ta front and prodelta samples fa ll below this leve l. 
No trend towards lower H/C ratio with increasing 
reflectance is apparent at the leve ls of maturity represented 
in this samp le set. 

Th e nitrogen content of the kerogen is expected to 
decrease with both increasing maturity and inc reasing 
t errest rial character (ib id.). Th e atomic C/N ratios (Table 6, 
Fig. 58) are clustered in a rather small group. No trends 
with depositional env ironment are apparent, but the low
maturity samples (Ro less than 0.45 ) tend to have higher 
a tomic C/N ratios th an samples of higher maturity. This is 
the reverse of the trend observed by Mc ive r (ibid.) for the 
Mannv ille Sha le of Alberta. Th e atomic C /N ratios of t he 
Mann ville Shale range between 43. 7 and 151.0, suggesting 
that the leve l of maturity of the samples in this study, 
where the range is from about 30 to 70, may not be 
suff ic ient to result in a decreasing nitrogen content in the 
kerogen. Th e high C/N rat ios of the most immature samples 
cou ld be the result of very low nitrogen input into the 
sed iment. Another possible but e qually specu lative ex 
planat ion is that, during the iso lat ion of the ve ry immature 
kerogens, nitrogen-containing organic molecules such as 
amino ac ids were lost because of volat ili zat ion or dis
so luti on. l11creased levels of diagenesis wou ld lead to 
further po lymerizat ion and stronger binding of these entities 
to th e kerogen macromo lec ule and thus preclude this 
vo latilization/di sso lution loss, resulting in lower atomic C/N 
ratios. 
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The range of atomic hydrogen/carbon ratios of this 
study is consistent with the observed distribution of organic 
matter types. The H/C ratio of vitrinite at a low level of 
thermal alteration is about 0.60 to 0.70 (Tissot et al., 1974) 
and thus a predominantly v itrinitic coal with some of the 
exinitic maceral would be expected to have an atomic H/C 
ratio of about 0.70 to 0.90. This is also the range observed 
for T ype III or herbaceous organic matter (Mclver, 1967; 
Tissot et al., 197 4 ). 

The apparent lack of correlation of a specific organic 
matter type with hydrocarbon yield noted above is con
firmed also by the elemental analysis data (Table 6). The 
high hydrocarbon yie ld samples, C-58 7970 feet (2429.3 m) 
(140.8 mg/g), D-43 8580 feet (2615 .2 m) (112.4 mg/g), D-43 
9910 feet (3020 .6 m) (92 .6 mg/g), and D-43 10,460 feet 
(3188.2 m) (88 .0 mg/g) have respective atomic H/C ratios of 
about 0.821, 0.816, 0.792 and 0.858. All of these points fall 
in the middle of the observed H/C ratio range for the data 
set (F ig. 59 ). Thu s the hyd rogen content of the kerogen of 
the high-yield samp les confirms the coaly/herbaceous nature 
of the organic matter observed microscopically. As noted 
above, a hydrogen -rich resin fraction may have been partly 
removed during kerogen preparation, resulting in a lowering 
of the atomic H/C ratio. 

Other results 
Other phys ical and chemical data available from various 
sources and pertinent to the organic geochemical study of 
the Beaufort-Mackenzie Basin are essentially supportive of 
the analytical results described above. Cuttings gas and 
organic carbon logs (S nowdon and McCrossan, 1972; Snowdon 
and Roy, 1975) were generated in this laboratory for four of 
the we lls samp led in this stud y (Figs. 60 - 63). Total gas 
includes methane, e than e, propane, isobutane and n-butane, 
whereas 'wet gas' consists only of the homologs heavier than 
methane. Th e organic or acid - in so luble carbon is weight per 
cent as determined using a Leco combustion analysis de
scr ib ed above. Carbon determinations were not made for 
the Kumak J-06 samples. 

A predominance of wet gas indicates that hydrocarbons 
have been generated via thermal degradation (Snowdon and 
McCrossan, 1972). Unpubli shed data from the Sverdrup 
Basin suggest that heavier hydrocarbons (>C1s) are not 
present in significant quantities in the sediment until a few 
thousand metres below the crossover to a predominance of 
wet gas. Thus the mature hydrocarbon zone or 'oil window' 
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(P use y,1973) occurs at depths of greater than about 3000 
feet (914.4 m) in Kugpik 0-13, 6500 feet (1981.2 m) in Kumak 
J-06, 5000 feet (1524.0 m) in Kumak C-58, and 9000 
feet (2743.2 m) in Netserk B-44. The overmature zone or 
bottom of the oil window is not clearly apparent in any of 
the four gas logs. 

It is interesting to note that the total gas yield peaks 
essentially always correspond with organic carbon peaks, 
indicating that all the gas observed is syngenetic. Fre
quently the high gas yields a lso correspond with a decrease 
in the percentage of wet gas, indicating that the gas is 
associated with coaly material that produces predom
inantly methane. This is consistent with the substantial 
amounts of coaly material observed in the kerogen smear 
slides. 

Solvent extract data from other geographical locations 
in the Mackenzie Delta have been generated in this 
laboratory. The results are essentially similar to those of 
this study. Hydrocarbon yield calculations and alkane 
distribution have been made but elemental analyses and 
microscopic examination of the kerogen have not been done 
as yet. Some of the core samples from other Taglu wells 
show the C 19 to C 2 3 anomaly and high pristane/phytane 
ratios observed in cores from the Ellice 0-14 well. The 
proportion of contamination in the Taglu core samples with 
high y ield, however, is much lower and the C 19 to C 2 3 
contaminants are not as obvious as in the low-yield samp les. 

Table 9 contains a brief summary of drill stem and wire 
line test recoveries from the six boreholes sampled in this 
study. Reservoired condensate and natural gas occur in the 
Upper Cretaceous - Tert iary section of the Beaufort
Mackenz ie Basin in juxtaposition with the potential 
petroleum source rocks delineated in this study. Rigorous 
correlation of petroleum source rocks with petroleum 
occurrences remains to be done. 

Geological implications 
The homogeneity of the organic matter preserved in the 
Richards Island Ba sin suggests that the character of the 
terrestrial organic input into the system was more or less 
constant throughout much of Late Cretaceous- Tertiary 
time. Furthermore, the organic homogeneity indicates that 
the various geological processes that resulted in recog 
nizably different lithotopes were ineffective in sorting or 
fractionating the organic debris. Because the chemical 
parameters determined in this study were almost all essen
tially invariable w ith respect to geological parameters, the y 
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Cuttings gas and organic carbon log for Kugpik 
0-13 borehole. 

Cuttings gas and organic carbon log for Kumak 
C-58 borehole. 
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Cuttings gas log for Kumak J-06 borehole. 

Cuttings gas and organic carbon log for 
Netserk B-44 borehole. 



cannot be used generall y to e lu c idate th e geological 
processes which we re operat ive in thi s sequence of de lta 
complexes. 

Because t he org anic c he mi ca l parameters app a re nt ly 
are co ntro lled by th e input supply a nd not by the geo log ica l 
processes opera tive in the different sedimentary en
viron ments, there is no particular relationship between the 
sedimentological parameters as obse rved by Young (1975) 
and Young et al. (1976 ) and th e organic chem istry of the 
sed im ents. In other words, th e re is a range of elasti c 
partic le s izes put into th e system and the ge ological pro
cesses sort a nd alter the input mi xture to so me ex tent, so 
tha t, for example, th e prodelta facies is predominant ly but 
not tota lly shale, and delta fron t fa c ies is predominan tly but 
not wholly sand stone. The org a ni c debr is, on the other han d, 
rang es from predomin antly herb a ceou s to predomin antl y 
coaly regardless of the depositiona l env ironme nt, and th e 
controlling factor is t he natu re of the sou rce. 

Two notable excep ti ons to thi s trend, howeve r, were th e 
extractable hydrocarbon yie ld a nd th e anoma lou s con
centratio ns of tricyclic dite rp anes, whic h ma y be attri 
butable to high concentrations of tree resins in th e 
sedim ent. Howeve r, high hydroc arbon yie ld s were obta in ed 
for sa mples from two of the three de positiona l subenvi
ronm ents ca tegori z ed in this stud y and the hi gh diterpane 
concentrations were obse r ved in sa mp les from a ll three 
env ironm e nts. Thu s the con trollin g facto r was probably not 
a geologica l process a lon e, but m ore lik e ly a co mbinat ion of 
bio logica l, te mpora l and geo log ica l c ircum stances. In
suffi c ient da ta on the chemica l structure a nd probable 
precursors of the tricyclic dite rpanes prec lud e more th an 
specula ti ve interpretation of t he r esul ts. A n adequate 
hypothes is to ex plain th e spat ia l and temporal distributions 
of the anomalou s hydrocarbon yie ld s and diterpane occur
rences has not ye t been deve loped. 

CONCLUSIONS 
Th e resul ts of this study clear ly indica te t hat th e re is no 
co rr e lation o f t he orga n ic matter type and the wide ly 
var ying sube nvironme nts o f depos ition withi n the Upp er 
Cretaceou s - Te rtia r y delta comp lexes o f t he Beaufort 
Macke nzi e Basin. The on ly e nvironment-spec i f ie che mic a l 
para me t e r obser ved was the total organic ca rbon conten t, 
whi ch was found to be s ignifi cant ly higher on ave rage in t he 
flu viodelta ic sa mples than in both th e delta front and 
prode lta sa mples. Thi s r e flec t s th e high er proportion of in 
situ coa l in th e delta plain e nvironme nt. Th e ext ract ab le 
hydrocarbon content, norm a l a lka ne conte nt, pristane/ 
ph ytane rat io, a tomic hydroge n/ca rbon rat io, a tom ic 
carbon/nitrogen ratio a nd di stribution of coa ly and herb 
aceous mater ia l we re found to be independen t of th e sub
e nvironmen t of deposition . Tri cyc lic dite rp anes probabl y re
la t e d to sandaracopimaric ac id we re found in terrestri al as 
we ll as de l ta front and marine sedime nts. Waxy components 
were not restricted to nonmar ine sube nvironmen ts. Jn 
summar y, th e predominan tly la nd derived herbaceous and 
coa ly debri s dominated t he organic input throughout th e 
geological hi story of the depo s ition of the de lta complex 
system eve n during transgress ive phases and th e deposit ion 
of mar ine or prode lta sedime nt s. Ma rine organisms pre 
served in th e sediment we re dilu t e d by t e rres tr ia lly de r ived 
material to th e ext ent tha t th e organi c parame te rs 
me asure d were esse nti a lly uninfluenced by th e cha nging 
depos iti ona l sett ing. The la rge inpu t of t errestri a l organi c 
debri s and ex t ens ive sedimen t rework in g due to loca l tec 
toni c event s have resulted in an essenti a lly organica lly 
homogenous seque nce of sediment s throughout t hree majo r 
cycles o f de lta ic sedime ntat ion dur ing much of Te rti a r y 
t ime. 

A few a noma lous samples we re obser ved, howeve r. The 
so lvent -extrac table hydrocarbon yie ld of a few samples was 
mu ch higher t han the median fo r th e ent ire data set. Th ese 
indicated th e prese nce of goo d or exce llent potent ia l 
petro le um source rocks eve n though the y we re a t very low 
leve ls of th e rmal alteration. Because the organ ic matter in 
th ese samp les was la rge ly herbaceous a nd coaly and because 
th is type of organic matter does not normall y yie ld la rge 
a mounts of hydroc a rbon and does not ach ieve ma ximum 
yie ld s at reflec t a nce va lues be low a bout 0. 80, the hi gh -yie ld 
potent ia l sourc e rocks probab ly are r e lated t o res ins or 
res ini te . Thi s conc lu s ion was supported further by the 
observation of dite rp anes in some of the gas chroma to 
.graphic traces of t he saturate frac tion and flu orescent ma
te ri a l in the kerogen smear s lides. 

The che mical structure of a t least one of the high 
c oncentra ti on tricyc li c d iterpanes suggests th a t th e input 
orga nic ma tte r has not a lways been de ri ved fr om t he genera 
ind igenous to the area today. The high res in input into the 
sed im ent may have been due to th e spec ific na t ure of t he 
earl y to mid-Tert ia ry biom ass. It was not possib le on t he 
bas is of th e data ava ilab le to diffe re ntiate betwee n changes 
in th e charac ter of orga ni c inpu t and therma l d iagenesis as 
poss ible exp lanat ions for th e deepenin g north ward pa tte rn of 
occurrence of the a nomalous tricyc li c d ite rpanes. 

The inte rrelationship s of th e var iou s organic parame ters 
were not we ll e lu cidated in thi s stud y because rather narrow 
ra nges of organi c matt e r t ypes and le ve ls of th ermal 
a ltera ti on we re represente d in th e t hree delta com plexes 
sa mpled . The e lementa l analys is da ta were foun d to be 
co ns istent w ith the opt ical ke rog en data, as was th e dis
t ribu tion of saturated hydroca rb ons. Again, however, t he 
a noma lou s ly h igh hydrocarbon yie lds d id not correspo nd to 
any othe r parameter. The only che mical pa rameter whic h 
was found to be function a lly depende nt on the leve l of 
th erm al a lte r a tion was th e pri stane/phytane ratio, whi c h 
increased w ith in c reasing ref lec ta nce. The proportion of 
coa ly mater ia l in th e ke rog en smea r slides va ri ed con
s iderab ly, but the e le me ntal d istribut ions, extract yie lds a nd 
satu rate hyd roc arbon c haracter were found to be essen
ti a lly independent of th e chang ing a mount of coaly mater
ia l in the kerogens. 

There were no c lass ica l sa prope l-ri c h pet roleum source 
rocks ide nt ifi ed in the Upp e r C re taceous - T e rti a ry of the 
Beau fo r t - Mackenz ie Basin. The leve ls of th e rm al a lte ratio n 
we re genera lly too low t o ha ve result ed in th e generation of 
signi ficant quant itie s of liqui d petro le um from the he rb
aceous/coa ly organic debris in t he samples studi ed. Good or 
exce lle nt potent ial source rocks were id entifi ed, howeve r, 
and were interpreted as rela t ed to re s inous orga ni c 
mate ri a l. The n-alk a ne d istribution of the ext racts a nd 
occurrence of sub st ant ia l condensa te and gas reserves 
suggest t hat la rge a mounts of hydrocarbon have been 
evo lved from th e re la ti vely immature, predo min antly herb 
aceous and c oa ly organic deb ri s. The good to excel le nt po
tent ial petro leu m sources in rocks of lo w thermal matur it y 
suggest that the classica l petro leu m generation sequ e nce of 
heavy o il, o il , gas condensate a nd fi na lly metha ne - rich gas 
shou ld inc lu de the possibil ity of an early phase of condensate 
produ c tion. Thi s ea rl y cond e nsa t e phase would be depende nt 
on spec ific b io lo gica l precursors, na mely resins. The organi c 
ma tt e r was essent ia lly homogeneou s throughout a ll three 
depos iti ona l sub env ironments and th e good so urce pote nti a l 
was not r e lated to any pa r t icular geological proc ess. 
Because the potenti a l sou rce rocks are not sub environ 
mental ly spec if ic, it was fe lt unl ike ly that any pa rticular 
reservoir fac ies wou ld be favoured to con ta in hydrocarbo ns. 
For examp le, it is just as like ly fo r point bar or s trea m bed 
sa nds to be juxtaposed to a potent ial source as for a de lta 
fr ont sand. 
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Extrapolation of the results of this study to other 
geographical regions must be done with extreme caution. 
The conclusions of this study were essentially dependent on 
the homogeneity of the organic matter even in the prodelta 
(marine) subenvironment and also may be specific to the 
plant genera contributing to the organic debris. The char
acteristics of a sedimentary basin in which there was a more 
significant marine influence probably would be quite dif
ferent from those observed in this case. Similarly, extrap
olation of many aspects of geochemical models established 
in other sedimentary basins have not been totally applicable 
to the Beaufort-Mackenzie Basin. 

Future work 
It is hoped that gas chromatographic - mass spectrometric · 
analysis of extracted hydrocarbon fractions from the 
Beaufort-Mackenzie Basin and similar data for the con
densates and oils will support the conclusions concerning the 
source of the Upper Cretaceous - Tertiary petroleum re
serves discovered thus far. If the extracts and condensates 
contain substantial amounts of tric yc lic compounds, this 
would tend to support the resin source hypothesis. 

Carbon isotope analyses on fractions of crudes and 
extract are currently being carried out on contract by a 
commercial laboratory and these results also may assist in 
clarifying the oil/source correlation. 

Analyses of samples from far offshore of the Mackenzie 
Delta may demonstrate that marine influence does increase 
in the more distal prodelta environment. A current offshore 
drilling program shou Id provide samples to test for this 
possible change in organic character. 

Another follow-up study that would be of interest is the 
comparison of this data set for the Beaufort-Mackenzie 
Basin with similar data for other Tertiary deltas. Dif
ferences and similarities in the results of such studies would 
yield considerable insight into the influence of geological 
processes on the chemical character of organic debris pre
served in the sediment, and may permit the establishment of 
a general model usable for both quantitative and qualitative 
petroleum potential evaluation. 
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