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ABSTRACT 
The research project supported by DOE Grant #DE-FGO5-85ER13412 investigated 

various geochemical aspects of oils, suspected source rocks, and tar sands collected from the 
Anahko Basin, Oklahoma. The information has been used, in general, to investigate possible 
sources for the oils in the basin, to study mechanisms of oil generation and migration, and 

characterization of depositional environments. The Anadarko Basin was selected as a study area 
for a variety of reasons, including location and the availability of samples throughout the range 
of the oil generation window and into the gas generation zone. Furthermore, studies of 
variations in source materials, either regionally or locally, depositional environments, and 
detailed oil-source rock studies using an organic geochemical approach in conjunction with 
existing geological interpretations have not been widely reported for the Anadarko Basin in the 
existing Scientific literature. Although the results from this work were based mainly on 
Paleozoic oils and source rock samples from the Anadarko Basin the results and techniques 
developed in such a study will be generally applicable to other petroleum provinces of different 
geological ages with some appropriate modifications. 

The major thrust of the recent work involved characterization of potential source 
formations in the Basin in addition to the Woodford shale. The formations evaluated included 
the Morrow, Springer, Viola, Arbuckle, Oil Creek, and Sylvan shales. A good distribution of 
these samples was obtained from throughout the basin and were evaluated in terms of source 
potential and thermal maturity based on geochemical characteristics. The data were incorporated 

into a basin modelling p r o w  aimed at predicting the quantities of oil that could, potentially, 

have been generated from each formation. The study of crude oils was extended from our earlier 
work to cover a much wider area of the basin to determine the distribution of genetically-related 
oils, and whether or not they were derived from single or multiple sources, as well as attempting 
to correlate them with their suspected source formations. 

Recent studies in our laboratory also demonstrated the presence of high molecular weight 
components(C,-C& in oils and waxes from drill pipes of various wells in the region. Results 
from such a study will have possible ramifications for enhanced oil recovery and reservoir 
engineering studies. 

.. 
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INTRODUCTION 

The Anadarko Basin which extends through western Oklahoma, the Texas Panhandle and 

southern Kansas (Fig. 1) is one of the most active and prolific petroliferous provinces in the 

continental United States. The basin is bounded on the south by the Wichita-Amarillo Uplift, on 

the east by the Nemaha Ridge, on the west by the Cimarron Arch, and on the north by the 

Hugoton Embayment (JOHNSON, 1989). The northern portion of the Anadarko Basin is also 

called the Northern Shelf Area, which overlaps partially with the southern part of the Hugoton 

Embayment. The term, the Greater Anadaxko Basin, is used by some authors to describe the 

area of the Anadarko Basin mentioned above, plus the southwestern part of Kansas, and the 

southeastern corner of Colorado, an area of about 60,OOO square miles (DAVIS and 

NORTHCUTI', 1989). 

The Anadarko basin is the deepest sedimentary and structural basin in the cratonic 

interior of the North American Continent. Paleozoic sedimentary rocks, as much as 40,000 feet 

in thichess, are present along the basin's axis, which is near the southern margin of this 

asymmetrical bash. Even in the shallower northern portion of the basin, the sedimentary 

sequence still ranges from 10,OOO to 25,000 feet in thickness (KENNEDY et d., 1982). The 

Anadarko Basin is one of the largest oil and gas provinces in the North American Continent. 

Exploration and development activities started more than seventy-five years ago in the Anadarko 

Basin. During the period of 1919 to 1985, the basin had produced 3.2 billion barrels of crude 

oil and 28 trillion cubic feet of natural gas. These numbers represent only the part of the basin 

within the state of Oklahoma (DAVIS and NORTHCWIT, 1989). In the Texas Panhandle area 

of the Anadarko Basin, there is also substantial oil and gas production. The parts of the Greater 
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Anadarko Basin in Southwestern Kansas and the southeastern corner of Colorado also have 

produced significant amounts of oil and gas. 

A large number of companies and independent geologists have been actively engaged in 

the exploration for additional oil and gas reserves in this Midcontinent basin. Much of the early 

exploration was undertaken in a very haphazard and nonscientific manner. However the 

abundance of oil in the basin still meant that these efforts were quite successful but to use an 

oftenquoted phrase, the easy oil has now been found. It was our belief that application of a 

sophisticated geological/geochemical approach will help to evaluate the remaining potential of 

this basin. Despite the abundance of geologic, petrographic, stratigraphic and seismic data there 

are stil l  relatively few studies reported in the literature concerned with evaluating the detailed 

petroleum geochemistry characteristics of oils and suspected source racks from the Anadarko 
e 

Basin. A study published by CARDOTT and LAMBERT (1985) on the thermal maturity of the 

Woodford Shale in the Anadarko Basin is one of the more comprehensive papers published on 

the area in recent years. A number of graduate theses have also been completed at the University 

of Oklahoma which have relevance to the work currently underway and which provide a useful 

sou~ce of background information 6.e. SULLIVAN, 1983; SEDIQI, 1985; COCHRAN, 1986). 

It should be mentioned that a number of workhops on the Anadarko Basin have been held in 

Norman, organised by the Oklahoma Geological Survey, and the papers from these meetings 

have been published (JOHNSON, 1989). Other recent papers of interest include the work of 

BURRUSS and HATCH (1988) who classified oils throughout the basin into three types and 

introduced the concept of long-distance migration and the work of ENGEL et aZ. (1988) who 

classified oils from the basin using a multivariate statistical approach. 
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The major objectives of the DOWBES sponsored research program of the Organic 

Geochemistry Group at the University of Oklahoma were: 

(i) To assess and characterize the extent, nature, and quality of the major potential 

source formations in the Anadarko Basin, especially the Sylvan, Morrow, Springer, Arbuckle, 

Oil Creek, Simpson, Chester and Viola, as well as the Woodford, to reconstruct the nature of 

their depositional environments and to examine regional variations in the nature of these source 

materials throughout the basin. 

(ii) To determine the areal extent of families of genetically related oils and to determine 

the source formation(s) from which these oils were derived. 

(ii) To investigate the effects of biodegradation on the aromatic fractions of seeps and 

tar sands from the Sulphur region of the Basin and to determine whether anaerobic as well as 

aerobic biodegradation has occurred within these samples. 

(iv) To examine reservoir cores from various locations throughout the basin for the 

presence of high molecular weight hydrocarbons above C,. Data from such an investigation will 

not only be of interest from a geochemical point of view but will be of value to groups involved 

in enhanced oil recovery studies and reservoir engineers. 

(v) To incorporate the data obtained from (i) and (ii) above into a pre-existing model to 

reconstruct the thermal history of the Basin and timing of major oil generation events. It should 

be noted here that it was not our intent to develop new models for this purpose, rather 

preexisting models would be used with the data acquired from our study. 
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In addition a 

The project was under the day to day supervision of a number of postdoctoral fellows 

and visiting scientists with the overall responsibility being with Dr. Philp. 

number of graduate students worked on various aspects of the projects described herein for their 

M.Sc or Ph.D. degrees as summarized in Appendix I. Funding for the postdoctoral fellow 

working on this project was provided by DOE. The graduate students working on various aspects 

of this project were typically funded as Graduate Assistants from the Geology Department or 

from funds received from the oil industry. For example in 1991, we received $15,000 from 

UNOCAL and $5,000 from Mobil in unrestricted funds that helped with the student support. We 

have had good working relationships with various members of the Oklahoma Geological Survey 

and the U.S.G.S., Denver, who were also working on various aspects of oils and source rocks 

in the Anadarko Basin and to a lesser extent the Cherokee Platform. 

The basic theme of the research program was concerned with the origin, maturation, 

migration, and accumulation of the hydrocarbons throughout the Anadarko Basin. Additional 

efforts were directed at studying the fundamental principles involved in some of these processes 

and their inter-relationships with other important areas of geochemical research. For example 

in our biodegradation studies we examined the by-products of biodegradation in an attempt to 

determine whether any of these products may enter and contaminate the ground-water aquifers 

in the basin. In addition, implementation of results from analyses of the high molecular weight 

biomarkers (>C& in oils and waxes could have important ramifications for enhanced oil 

recovery studies and reservoir engineering studies. In a recent study funded by NSF these high 

molecular weight hydrocarbons were discovered in a number of samples. Following this 

development it was proposed to routinely analyse for these compounds in all of the samples we 
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examined to determine their significance. A recent report by CARLSON et d. (1991) suggested 

that they may be used to differentiate oils from marine vs. terrestrial sources. The major 

geochemical emphasis centered on the higher molecular weight components in the C,,C& range 

present in the oils, sowce rocks and reservoirs. The major compound classes analysed included 

hydrocarbons by GC and GC-MS, porphyrins by HPLC, organosulphur compounds by GC using 

a flame photometric detector, and organonitrogen compounds by GC with a nitrogen specific 

detector. Thermal distillation of high molecular weight waxes and pyrolysis of asphaltenes and 

kerogens were also integral parts of the andytical techniques used in this study. 

SPECIFIC PROJEC Ts. 

/A).O'& and source rocks from the Anadarko Basin 

The major study area in the first few years of the Anadarko Basin project was the 

Hunton-Pauls Valley uplift area which lies slightly north of the center of the southern Oklahoma 

aulacogen (BURKE and DEWEY, 1973; BREWER et aZ., 1983; KJXLER et d., 1983), which 

is a transverse hear trough that has accumulated sediments ca. 11.5 km of Cambrian through 

Permian age (HAM et d., 1964; BREWER et d., 1983). The southern Olclahoma aulacogen 

began as the failed arm of the rift that formed at the opening of the proto-Atlantic ocean in early 

Cambrian time (BURKE and DEWEY, 1973; BREWER et al., 1983). Paleozoic sedimentation 

began with the deposition of the Cambrian Reagan Sandstone followed by the Arbuckle 

Limestone. Deposition of the Arbuckle limestone continued into the early Ordovician 

(Canadian) time. The area has been interpreted as one of slow subsidence (CRONENWETT, 
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1958) based on many shallow water features present within the Simpson Group of the Chazy and 

Mohawk Stages of the Ordovician. Periods of subaerial exposure are also indicated in portions 

of the Simpson Group by the existence of red and maroon shales. 

Deposition following the Acadian Orogeny consists of Upper Devonknhwer 

Mississippian Woodford Shale, which exhibits many characteristics of a reducing environment. 

This differs substantially from the marine shelf type environment represented by the 

Meramecian Series, the Sycamore and Mayes limestones (BRAUN, 1959). With the deposition 

of the predominantly black and gray shales of the Springer Group, the Anadarko-Ardmore Basiis 

began to differentiate themselves from the rest of the Ouachita geosyncline UOMLINSON and 

MCBEE, 1959). Full development of the structural features in the area occunred during the 

Wichita Orogeny (TOMLINSON and MCBEE, 1959). Deposition continued in the area through 

the end of Permian time which marks the last time geosynclinal conditions existed in the area. 

Results of our detailed study in the Pauls Valley area suggested that on the basis of the 

biomarker distributions, particularly isoprenoids, steranes, triterpanes, and porphyrins, most of 

the oils in the Pauls Valley area of the Anadarko Basin were derived from the same, or similar, 

sources of organic material (JONES,1986; JONES et d., 1989; JONES and PHILP, 1990). Of 

the 30 oils examined in that area, 85% were shown to have a common source, probably 

Woodford, and 15% were derived from an alternative source probably the Viola Limestone. 

The major thrust of this early work concentrated on oils and only a limited number of source 

rocks from the basin. A concerted effort has been made subsequently to collect, from OGS and 

other core libraries, good samples of the Woodford Shale and other important source formations 

from throughout the basin to give good regional coverage. It is anticipated that ultimately the 
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data from such a study will be incorporated into a basin model to evaluate amounts of oil 

generated in the basin from these different formations. In view of the large effort already 

directed towards characterization of the Woodford Shale we are now directing much of our effort 

at the other potential source formations, such as the Viola, Morrow, Sylvan and Springer shales. 

JilSource Rock S a m ~ l e ~  

Woodford Shale. The Upper Devonian-Lower Mississippian Woodford Shale is a black 

to brownish black, pyritic and organic rich (1-14% total organic carbon) shale and is considered 

by many to be a major source rock for hydrocarbons in Oklahoma (HASS and HUDDLE, 1965; 

CARDOTI’ and LAMBERT, 1985; BURRUSS and HATCH, 1988) and hence a number of 

samples from this shale have been investigated. The Woodford Shale records a transition from 

primarily carbonate deposition in the early Paleozoic to predominantly clastic deposition in the 

late Paleozoic. The origin of the black shales has been controversial for several years, it is 

generally agreed that although they require anoxic environmental conditions to preserve organic 

matter, optimum conditions do not relate directly to water depth. The Woodford Shale was 

deposited in a euxinic, shallow epicontinental sea with sources of sediments for the Woodford 

Shale being located to the northeast and east. Few quantitative analyses have been undertaken 

on the Woodford Shale in Oklahoma (LEWAN, 1983). URBAN (1960) described the 

microfossils in the Woodford Shale from an exposure in the Arbuckle Mountains and identified 

three depositional zones; upper and lower zones indicating a nearshore-marine environment, 

whereas the middle zone indicated a more open-marine environment. SULLIVAN(1983) reached 

similar conclusions and noted that the Lower Woodford was more cherty with some 
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conglomerates on the bottom whereas the Upper Woodford contains phosphatic nodules. All 

three submembers were described as rich marine black shales formed under chemically reducing 

and quiet environment with some terrigenous input. SULLIVAN (1983) concluded that the 

Middle Woodford has the greatest petroleum generation potential. 

The other organic-rich formations sampled and characterized include the following: 

Arbuckle Grow. The Cambro-Orodovician Arbuckle Group is a thick sequence of 

limestones and dolomites. The Arbuckle has been suggested as a potential source by WEBB 

(1976) but there sti l l  exists debate as to whether or not it could have sourced significant 

quantities of oil and gas. 

Oil Creek Formation. The Ordovician Oil Creek Formation occurs in the lower part 

of the Simpson Group. It consists of an upper shale interval, approximately 300 feet thick and 

a basal sandstone approximately 75 feet thick. 

Viola Limestone. The Ordovician (Trenton) Viola Limestone is approximately 350 feet 

thick and COCHRAN (1986) found total organic carbon in the Viola to be as high as 1 % . The 

lower fifty feet of the formation is more dolomitic and susceptable to both secondary alteration 

by weathering and to fracturing. SEDIQI(1985) noted that the Viola could be subdivided into 

three lithofacies each representing different environments of deposition. The Lower Viola has 

an average thickness of about 180ft. and was proposed to be deposited in a quiet shallow water 

environment under predominantly anaerobic conditions becoming more aerobic towards the 

north. The Middle Viola ranges in thickness from 120 to 400ft and like the Lower Viola contains 

graptolites, sponges, brachiopods and trilobites but shows signs of more extensive bioturbation. 

SEDIQI (1985) describes the Upper Viola, which varies in thickness from 20 to lOOft, as 
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containing fauna and showing signs of more extensive bioturbation indicating a more aerobic 

depositional environment. It has been noted that the Lower and Middle Viola are absent in 

Northeastern Oklahoma and these lithofacies are limited to the Oklahoma Aulacogen which at 

the time of deposition was probably a stagnant inland basin. SEDIQI(1985) also proposed that 

the Lower and Middle Viola are more organic rich the Upper Viola and probably are the source 

rocks for some of the oils found in the Viola and the adjacent formations. Samples were 

collected from these three lithofacies to examine variations in source materials and depositional 

environments as manifested by their geochemical characteristics. 

Sylvan Shale. The Upper Ordovician (Cincinnatian) age Sylvan Shale a p p s  light 

greyish-green and waxy in rock samples. The Sylvan Shale, which was deposited on top of the 

Viola Limestone, forms an effective seal for structural traps. COCHRAN (1986) found total 

organic carbon to be as high as 0.6% and thus the Sylvan Shale was also sampled for source 

rock potential in the area. 

arinper Formation. Unfortunately, the term Springer has been applied to both a 

formation and a group in Oklahoma. The Springer group is made up of the Mississippian 

(Chesterian) Goodard Shale and the Springer Formation (BOHART, 1962), which is 

Pennsylvanian. The Springer Formation has several sandstones which are truncated by the Re- 

Desmohesian unconformity in the Purdy Field of the Golden Trend, thus, forming good 

reservoirs in the western part of the study area. The intervening shales are fairly rich in organic 

matter (up to 1.5% total organic carbon; COCHRAN, 1986) and were sampled as a potential 

source rock. 

Morrow Shale The Morrow Group black shale and sandstone were deposited in a 
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shallow marine to shoreline environment during the Early to Middle Pennsylvanian time. The 

lithofacies of the Lower Morrow formation are mainly black shale with interbedded sandstones 

and thin layers of limestones thought to be deposited in a transgressive sea. At the time the 

Middle Morrow was deposited the dominant facies were marine shales and carbonates with fewer 

sandstone layers than the Lower MOKOW. At the time of deposition of the Upper Morrow, the 

trangressive sea was being replaced by a regressive movement that resulted in the deposition of 

thin layers of coals and lagoonal shales, with black shales being the dominant lithofacies. TSfRIS 

(1983) in a study of the organic matter in the top MOKOW Formation concluded that it was 

mainly recycled organic materials with a small portion of indigenous woody-herbaceous organic 

matter (Type m, possibly Type IV, kerogens with a low convertibility to oil). 

Chester Group The Upper Mississippian Chester Group consists of shale with some 

limestone and marginal sandstones in the lower part, and limestones with some shale in the 

upper part. These units have been removed by post-Mississippian uplift and erosion, leaving 

only the lower shaley units at the basin margin in the north west (JOHNSON et d., 1988). The 

thickness varies from 200 to 1300 feet. Samples will be collected from shaley lithology of the 

Chester Group to evaluate its source potential. The TOC content of the Chester varies over a 

wide range (from 0.66% to 6.9%) and the average value is about 1.4%. 

For the southern and southwestern portion of the basin (the Deep Anadarko Basin), fewer 

wells exist and source rock and oil samples are limited. In addition, the Deep Anadarko is a 

thermal anomaly zone with a complicated thermal history (PERRY, 1989; and KELLEY, 1991). 

Furthermore, the source rocks in that area are buried so deeply that they have been overheated 
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and, hence have less significance for the study of geochemistry. Therefore, the source rocks 

and crude oils in the Deep Anadarko area were not studied in detail. 

rUi  oa SamD 1s 
Oil samples were collected from resemoirs of various ages throughout the Basin and 

characterized as described below. 

rii, ExDe rimental Proceedures 

Source rock samples were initially screened by Rock-Eval pyrolysis and determination 

of total organic carbon floc). Selected samples were subsequently crushed and Soxhlet 

extracted using dichloromethandmethanol (1:l) for a period of 24hrs. From this point the 

extracts and the oils were treated in a similar manner. Samples were initially deasphaltened with 

excess pentane, precipitated asphaltenes removed, and purified by reprecipitation. The purified 

asphaltenes were weighed and stored at 0°C prior to analysis by py-GC and py-GCMS. The 

deasphaltened oils and rock extracts were subsequently fractionated into saturates, aromatics, and 

polar fractions. Since all of our analyses were performed both qualitatively and quantitatively, 

internal standards were added to fractions at various stages of the analysis. Saturate and 

aromatic fractions were analysed by GC, GCMS, and in selected cases GCMSMS, and saturate 

fractions wiIl be subjected to molecular sieving where neceSSary prior to GCMS analyses. 

Aliquots of total extracts, oils, asphaltenes, saturates, aromatics and polars were used to 

determine their 13C isotopic composition and kerogens be isolated from the extracted source 

rock samples were characterized by py-GC and py-GCMS. 
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On the basis of the oils analysed it appeared that they could be divided into three groups. 

Group I occufs in the eastern and south eastem corner of the Basin mainly in Ordovician to 

Devonian reservoirs; Group II occurs in Ordovician to Pennsylvannian reservoirs in the western 

and northern part of the Basin; and Group III oils occur almost exclusively in the 

Pennsylvannian reservoirs in the east central part of the Basin. 

The Group lIi oils were of particular interest since they contained a krpane distribution 

dominated by the tricyclic terpanes with an absence of the pentacyclics (Fig.2). Such a 

distribution was previously observed by KRUGE et d., (1990) in sediment extracts from the 

Lower Jurassic synrift lacustrine black shales from the Hartford Basin, Connecticut. Only two 

of the Ordovician oils analysed showed the classic Ordovician type signature proposed by REED 

u., (1986) to be characteristic of source material derived from Gloeocap samorpha ~ r i ~ c a  

(Fig.3). Furthermore none of the Viola source rocks examined to date showed this characteristic 

fingerprint. 

B W U S S  and HATCH (1988) of the USGS reported geochemical analyses of 96 crude 

oils and condensates from the deep Anadarko Basin and demonstrated the presence of three 

major oil types. Their type 1 oils were found in the Middle Ordovician Simpson Group, type 

2 in Devonian and Mississipian reservoirs and type 3 in Pennsylvanian reservoirs. These types 

were distinguished on the basis of C,,, alkane distribution, isotopic composition of saturate and 

aromatic fractions and pristandphytane ratios. Possible source rocks for the oils were proposed 

to include Middle Ordovician Simpson Group and Upper Ordovician Sylvan Shale although for 

the most part these samples are organically lean. The Upper Devonian Woodford Shale was 
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shown to possess both Types IT and III organic matter and have good oil generation capacity. 

BURRUSS and HATCH (1988) showed that on the northern part of the Kansas shelf, their type 

2 oils occur in the Cambrian-Ordovician through Upper Pennsylvanian reservoirs. The changes 

in the composition of these oils and lack of thermally mature Woodford Shale in centxal Kansas 

led them to suggest long-distance oil migration pathways for the occurrence of these samples. 

The multivariate statistical study by ENGEL et aI. (1988) was concerned only with classifying 

the oils and did not include any oWsource rock correlations. A combination of these published 

data along with our new data should start to provide a more comprehensive picture of the oil 

producing potential of these formations throughout the Basin. 

250 Core samples were collected from the Viola, Springer, Morrow and Sylvan shales 

and screened by TOC and Rock-Eval type pyrolysis. Following this screening process a total 

of 80 samples were selected for more detailed study. The Viola samples selected after the initial 

Rock-Eval analyses had TOC values ranging from 0.2 to 2.7%; Sylvan from 0.2 to 0.4; 

Springer from 0.2 to 6.9% and Morrow from 0.2 to 3 96. It is interesting to note that a plot of 

the S, peak from the Rock Eval versus TOC show an interesting differentiation between the 

Viola/Sylvan shales and the Morrow/Springer samples as shown in Figure 4. This obsemtion 

needs to be investigated in more detail to determine whether it is related to the nature of the 

source material, depositional environment or some other factor such reworking of the organic 

matter in the Morrow as previously suggested by TSIRIS (1983). Results available from the 

analyses of the extracts suggest that the major source rocks of the Group I oils are probably in 

the Viola Formation. 
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jv) Oua ntitative Biomarker Analysk 

Qualitative biomarker analysis can only give a general idea of relative ratios for certain 

biomarkers and biomarker groups. For example, the ratios of 20S/20R of sterane epimers and 

22S/22R of hopane epimers can be used as maturity indicators. However, the absolute 

concentration of biomarkers (for example, quantitative analysis using internal standards) can 

provide more specific information. 

The initial absolute concentration of biomarkers is dependent on depositional 

environments and sources. In addition, the absolute concentration of biomarkers may vary with 

maturity, migration, and biodegradation processes. Therefore, the measurement of the absolute 

concentrations of biomarkers provides more information about sources and environments, and 

the variation of maturity, migration and biodegradation of organic matter in sediments and 

petroleum (EGIJNTON and DOUGLAS, 1988; and REQUEJO, 1992). Quantitative analysis 

is espaally useful in the comparison of concentrations of biomarkers in different source rocks 

and oils. The differences in concentrations of biomarkers in turn reflects the differences in 

sources, depositional environments and quality of the source rocks and oils. 

ivii Novel Biomarkels and Biomarker Distributions 

A special distribution of extended tricyclic terpanes (CI9 up to C& was first reported by 

MOLDOWAN and SEIFERT, (1983) in several California crude oils. Unlike most oil and 

source rock extracts, in which the concentrations of &+ tricyclic terpanes are low compared 

to regular pentacyclic hopanes, the concentrations of &+ tricyclic terpanes in those California 

oils were very high while the concentrations of regular hopanes were almost undetectable. 
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KRUGE et aZ., (1990) have also detected this special distribution, which was found in the extract 

of a lacustrine shale in the northeastern United States. In this study, the similar special 

distribution was found in the extract of marine carbonate source rocks as well as in crude oils. 

Because this kind of distribution is very uncommon, it serves as an ideal and correlation tool. 

M G  et al., (1987) have reported the identification of two homologous series of C,9 

to C, bicyclic terpanes with base peak at m/z 110 and 124. These compounds were found in 

carbonate source rack extracts and crude oils in the Anadarko Basin and were used in this study 

to interpret the environment and make oil-source rock correlation. 

MOLDOWAN et d., (1991) have r e p o d  the identification of rearranged hopanes in 

sediment and petroleum. There are two groups: One is 18a(H)-neohopane series C, and G; 

another is 17ar(H)-diahopane series from (& up to q5. These two series were found in the 

source rock extracts and crude oils of the Anadarko Basin and were used in this study to 

interpret the environment and make oil-source rock correlation. In addition, another homologous 

series of rearranged hopanes exists in these source rock extracts and oils. However, because 

of the limitation of identification techniques, the structure of these compounds has not been 

determined. 

2a-Methyl-l7a(H)-hopes (C, to C,) and 3D-Methyl-l7a(H)-hopanes (C, to &) have 

been used as carbonate source indicators for very reducing environments and correlation 

indicators (SUMMONS and JAHNKE, 1990 and 1992; and SUBROTO, 1990). These 

compounds were found in the carbonate source rocks and oils of the Anadarko Basin and were 

used as source, environment and correlation indicators in this study. 

15 



Jvii) Source Rock Evaluation 

The Lower and Middle sub-facies of the Viola Limestone in the southeastern Anadarko 

Basin, mainly Type-11 kerogens with substantial oil generation potential, are good source rocks. 

Crude oils that can be correlated with the Viola source rock by biomarker characteristics and 

other geochemical properties are found distributed in the southeastern Anadarko Basin. 

The Sylvan Shale is probably not a good source rock in the Anadarko Basin. Most 

Sylvan rock samples analyzed are organic-lean and contain mainly Type-Ill kerogens. In 

addition, the volume of Sylvan Shale in the Anadarko Basin is limited so it cannot be expected 

to have generated large amounts of oil and gas in the Anadarko Basin. 

The black shales in the Springer Formation and Morrow Group are fairly good source 

rocks, which are fairly rich in organic matter and occur in tremendous volumes in the Anadarko 

Basin. These source rocks are mainly Type-III kerogens, so that they may not make a large 

contribution to the oil generated in the Anadarko Basin. They may, however, make a significant 

contribution to the natural gas generated in the Anadarko Basin. 

The potential of the Lower Mississippian Limestone was not evaluated basin-wide. 

However, from the limited data obtained, it can be said that the Lower Mississippian Limestone 

is a fairly good source rock with a fairly high content of organic matter and oil generation 

potential. Crude oils which can be correlated with the Lower Mississippian source rock by 

biomarker characteristics and other geochemical properties are widespread in the northern 

Anadarko Basin. 

From the limited data obtained, it can be proposed that the Chester Formation (either 

limestone or shale) is not a very good source rock. The formation is generally organic-lean and 
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a Type-IKI kerogen. 

Source rock evaluation conducted by this study supports the proposal of multi-source oil 

and gas generation in the Anadarko Basin. This conclusion is also supported by the data of 

biomarker characterization and quantitation. 

jv i i i i  Biomarker Characterization of Source Rocks and Crude Oils 

The common biomarker characteristics of these Paleozoic source rocks (all the formations 

under study) are as follows: 

(1). High relative concentration of diasteranes compared to that of regular sterane 

even in carbonate source rocks, such as the Viola and Lower Mississippian 

Limestones. 

(2). High relative concentration of C, regular steranes (especially that of 1 4 8 0 ,  

178(H)-isomers in most cases) compared to that of C, and C;, regular steranes, 

even though all the formations under study are mainly of marine origin. 

(3). High relative concentrations of sesquiterpanes and tricyclic terpanes (for most 

formations) compared to that of other biomarker groups. 

The Viola Limestone has a very high relative concentration of C, regular sterna and 

a high concentration of GI+ homohopanes compared to that of the other formations. The exis- 

tence of abundant 2a-Me and 38-Me methyl hopanes and two series of bicyclic terjmes with 

base peaks at m/z 110 and m/z 124 are special biomarker characteristics of the Viola Limestone. 

The occurrence and distribution of these unusual biomarkers are good source rock-oil correlation 
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indicators. 

The Lower Mississippian Limestone has a high relative concentration of diasteranes and 

a very low concentration of pentacyclic hopanes compared to that of the other formations. The 

existence and abundance of extended tricyclic terpanes, up to C45, is a special biomarker 

characteristic of the Lower Mississippian Limestone, which is also a good source rock-oil 

correlation indicator. 

The Chester, Springer and MOKOW source rocks have very high relative concentrations 

of diastemes compared to regular stemes and relatively high concentrations of neohopanes and 

diahopanes compared to that of the other formations. A few Springer rocks have very low 

relative and absolute concentrations of pentacyclic hopanes compared to that of tricyclic terpanes 

and very low relative and absolute concentrations of dia- and regular stemes compared to that 

of pregnanes. These rocks probably underwent heavy weathering during post-Mississippian 

erosion. The biomarker characteristics of the crude oils, which can be correlated with the 

Chester, Springer or Morrow source rocks, are not very obvious. This is because these source 

rocks are mainly gas prone and the oils are the mixed products of multi-sources. 

Apparent correlations between source rocks and crude oils were conducted using biomar- 

ker distribution and the absolute biomarker concentration. The correlations are supported by 

carbon isotope data and other geochemical properties of the source rocks and crude oils. 

Jix) Ouantitation of Biomarkers in Source Rocks 

Normalization of the absolute concentrations of biomarkers and biomarker groups to the 
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TOC values of the source rocks permitted the characteristics of the formations under study to 

be compared quantitatively. The Viola Limestone has very high absolute biomarker 

concentration, while the Woodford Shale has very low absolute biomarker concentration, 

although both formations are good potential source rocks. The Lower Mississippian Limestone 

has high absolute concentration of tricyclic terpanes, but very low absolute concentration of 

pentacyclic hopes .  The absolute concentrations of biomarkers in source rocks decrease with 

maturity ( b u d  depths), migration, and weathering. The rata of the decrease depend on the 

nature of source rock matrices and the nature of different biomarkers. 

Normalization of the absolute concentrations of biomarkers and biomarker groups to the 

saturate fractions permitted the characteristics of the source rocks and crude oils to be 

investigated and compared quantitatively. The quantitation helps to distinguish different forma- 

tions and provides more evidence for source rock-oil correlation in terms of biomarker 

concentration and distribution. 

jx) PetrograD hv of Viola and Lower Mississimian Limestones 

Measured graptolite reflectance correlated with calculated vitrinite reflectance fairly well. 

This indicates the measurement of graptolite reflectance is a useful method to evaluate the 

maturity levels of source rocks, especially for those Paleozoic source rocks, which contain no 

or very little vitrinite. 

jB) Biodemdation of hvdrocarbons from tar sands. oils and seem in the Anadarko Basin 

and an investiPation of the intermediates and bv-Droducts. 
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In previous reports we described results from our studies of the biodegraded oils and tar 

sands in the Sulphur region of the Anadarko Basin. Extensive efforts in that work were directed 

at studying the effects of biodegradation on the saturated hydrocarbons and porphyrins (LIN et 

d., 1989; MICHAEL et d., 1989). The study was extended in a number of basic and 

fundamental ways, with additional emphasis placed on studying the aromatic hydrocarbon 

fractions. Aromatic hydrocarbons are typically thought to be more resistant to biodegradation 

than saturated hydrocarbons but the effects of biodegradation have not been characterized in 

such detail. The most recent summary of changes occurring to aromatic fractions of crude oils 

as a result of biodegradation is probably the paper by CONNAN (1984). The aromatic fractions 

from the Fitzgerald tar-sands samples were isolated at the same time as the saturate fractions 

from all of the samples used in the earlier study. Where possible fresh samples were collected, 

fractio~ted and compared with those from earlier studies for the purposes of quality control. 

15 Aromatic fractions from the core were analysed by GC and GCMS and their 6I3C 

composition determined. The analyses were undertaken qualitatively as well as quantitatively to 

determine the rates at which individual components are being removed plus changes in the 

overall composition of these fractions. Results from such a study will be important for a number 

of reasons: 1). Detailed studies on the qualitative and quantitative degradation of aromatic 

hydrocarbon fraction have not been previously reported; 2). It provides an opportunity to 

examine the effects of varying degrees of biodegradation on aromatic fractions, applicable to 

other petroleum systems and biodgraded oils; 3).It also provides an opportunity to formulate a 

revised scale for the biodegradation of aromatic fractions. 
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10 Hi& molecular weieht components in oils and source rock extra@ 

In a study initially funded by NSF Surficial Processes it was shown, for several oils from 

the Anadarko Basin, that the distribution of n-alkanes in crude oils collected at the well-head 

differed considerably from the n-alkane distribution of the oils in their reservoirs. Waxes 

deposited in the drill stem pipes from which the oils were produced also contained hydrocarbons 

ranging up to at least Go and probably higher (Fig.5). 

The high molecular weight n-alkanes are not produced at the well-head due to reduction 

in pressures and temperatures closer to the surface leading to the precipitation of these 

compounds in the drill-stem pipes. The presence of these compounds is exceedingly interesting 

for a number of reasons. First the presence of these compounds in oils derived from marine 

source rocks shows that the traditional concept of such oils being dominated by hydroa-bons 

in the C,rC, range may not be always correct. Second it is clear that the composition of the 

oil in the reservoir is not necessarily the same as the oil collected at the surface in terms of their 

n-alkane distributions. Many geochemical concepts concerning the origin and history of oils are 

based on the composition of the oils collected at the surface. 

We have extended the the preliminary work funded by NSF to examine a wider range 

of oils and extracts from reservoir cores. The reservoir cores were extracted and the extracts 

compared with the composition of the crude oils by high temperature gas chromatography which 

is routinely used in our laboratory. We have also investigated supercritical fluid extraction(SFE) 

techniques as an alternative method for the extraction of these high molecular weight 

components. MONIN et d., (1988) previously used SFE to extract source rock samples but did 

not analyse the extracts obtained by high temperature capillary gas chromatography. 
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The results from this part of the study are summarized in the attached reprints and 

preprints. 
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FIGURES 

1. 

2. 

Location and cross sections of the Anadarko Basin in Oklahoma. 

Characteristic distribution of extended tricyclic terpane series (Group III oils) found in 
branchedlcyclic fractions of Pennsylvanian reservoirs from east central part of the 
Anadarko Basin. 

3. 

4. 

5 .  

Gas chromatogram of saturated hydrocarbon fractions from an Ordovician (Oil Creek) 
oil showing characteristic oddcarbon predominance from nC,, to nCIg. 

Correlation of the S, peak from PYRAN pyrolysis vs. TOC of various suspected source 
rocks from the Anadarko Basin. 

Chromatograms showing the comparison between the saturated hydrccarbons present in 
an oil (top) collected from a well in the Anadarko Basin and the wax (bottom) obtained 
from the drill stem pipes of the same well. Despite differences in the n-alkanes, the 
biomarker distributions were identical. 
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