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Abstract

In this study a number o f source rock samples obtained from cores o f wells dnlled in 

different parts o f the Green River Formation o f the Uinta Basin were analyzed in order to 

characterize the geochemical variations associated with lacustrine organic-nch rocks. The analysis 

of crude oil samples from various fields m the basin was intended to document w hether the 

variation m source rock geochemistry has a consequence on the composition o f the oils produced in 

the basin and if these variations permit inferences about hydrocarbon generation and migration 

patterns.

Organic matter composition and biomarker analysis o f the source rocks can be related to 

lake evolution in the Tertiary lacustrine depositional system of the Uinta Basin, Utah. Biomarker 

data, integrated into a  stratigraphie fiamework, and used as molecular fossils, provided additional 

information for the identification o f changes in the depositional environment through time. A 

gradual transformation from a freshwater lacustrine system in the lower Green River Formation 

through a shallow water stage with fluctuating lake water chemistry is manifested in the chemical 

composition of the organic matter. Lean oil shale deposition also took place in a shallow, anoxic 

water regime and produced lithologically similar, but geochemically different source rock types 

than those of the mahogany zone.

Crude oils produced in the basin inherited the stratigraphie signature o f source rocks and 

biomarker distributions which permits detailed correlation to specific source rock sections. Apart 

from the waxy oils produced in the deepest reservoirs of the basin, 6  additional oils groups have 

been differentiated. Geographical distribution o f oil types and their correlation to the source rocks 

permit inferences about direction and timing o f hydrocarbon migration and trapping. The 

hydrocarbon kitchen is located in the north central part of the basin, where oils were generated 

from successively younger source rocks with increasing subsidence and migrated in south easterly
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direction into the peripheral fields o f the basin. Oils from the stratigraphically oldest source rocks 

are produced farthest away from the kitchen. Smaller pools in the central part of the basin received 

charges from distinct local sources, some with contribution from hydrocarbon migrating along the 

mam pathway. Molecular thermal maturity' parameters indicate that the peak hydrocarbon 

generation currently is occuring in the Colton Tongue and stratigraphically equivalent marginal and 

open lacustrine facies in the north-central part o f the basin. Basal Green River Formation source 

rocks in this area are in the late generation stage. In addition, it is suspected that nearshore open 

lacustrine source rocks in the south-central part of the basin are in the late early generation to 

beginning peak generation stage. Source rock samples from the Grater Red Wash area are 

unmature and probably have not contributed significantly to hydrocarbon generation. However, 

unmature oils, possibly generated by other mechanisms than thermal maturation, are related to the 

oil-shales occurring in this area.

The overall results o f the study demonstrate how organic geochemical data, when 

integrated into a  stratigraphie framework, can assist the investigation of different aspects of 

lacustrine petroleum systems, ranging from hydrocarbon generation and migration patterns to the 

characterization of lake evolution through time. Relatively simple multivariate statistical evaluation 

of the of source rock extract and crude oil analyses greatly facilitated the interpretation and 

correlation of the samples.
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1. Introduction

The alluvial-fluvial-lacustrine depositional system of the Tertiary Green River Formation 

of Wyoming, Colorado and Utah has been the subject o f numerous geological, structural and 

geochemical investigations since Bradley's pioneering work published by the U.S. Geological 

Survey (USGS) in 1929 and 1931. The formation is considered a classic example for lacustrine 

depositional environments and a number o f studies describe the stratigraphy, sedimentolog) and 

geochemistry in the Uinta Basin (for review see Fouch et al., 1994). Green River oil-shales have 

been examined extensively and provided the base material for the definition o f the classic kerogen 

tvpe I (Tissot and Welte, 1984). Some of the well established biomarkers such as gammacerane 

(Hills et al., 1966) and C-carotane (Murphy et al., 1967) were first described from extracts of 

Green River Formation source rocks. Green River oil-shales have also been a popular material for 

studies o f kerogen composition and structure (Bumham et al., 1982), p>Tolysis and maturation 

research (Sweeney et al., 1987). Most published investigations, however, deal with isolated aspects 

o f the Green River Formation. Observations and subsequent interpretations made in one basm 

containing the Green River Formation depositional system often are extrapolated to all other 

basins, disregarding the fact that the formation was deposited in two different lake systems (Lake 

Gosiute and Lake Uinta), which probably were neither connected for most o f  their existence, nor 

entirely contemporaneous.

A number of descriptions and analyses o f the Green River Formation in the Uinta Basm 

have focused on outcrops located in the southwest and southern areas (e.g. Picard et al., 1973), 

and at Raven Ridge to the northeast (e.g. Koesomatinada, 1970). A relatively smaller number of 

studies, particularly those involving geochemical investigations, have tried to trace and analyze the 

sediments in the deep subsur&ce (e.g. Anders et al., 1992). Source rock analyses often have been 

confined to the analysis o f “oil-shales”, most o f which came fi’om unspecified locations and
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stratigraphie positions. The investigation of core samples by Tissot's et al. (1978) and Ruble s 

( 1996) work on outcrop source rocks provide detailed geochemical analyses combined with 

stratigraphie interpretation. Reed and Henderson (1972) demonstrated the stratigraphie control of 

crude oil composition based on gas chromatographic analyses. Few other detailed accounts of 

source rock geochemistry and the relationship to the various crude oils produced in the basin ha\ e 

been published, despite the application of the Uinta Basin as a  model for a prolific lacustrine 

petroleum system {e.g. Powell, 1986). Green River source rocks are considered classic t\pe 1 

kerogen representatives, but it has been established that the Tertiary lacustrine environment 

underwent significant physical changes during the evolution o f  the Uinta Basin. These changes 

affected the biological system, part of which was preserved in the organic-rich sediments.

The present study is an attempt to extend Ruble’s (1996) outcrop based documentation of 

the temporal variations o f source rock composition in the Green River Formation into the 

subsurface o f the north-central and eastern part o f the Uinta Basin. Core samples from w ells drilled 

in different parts o f the basin also provide a lateral component in the investigation of organic facies 

variations. In contrast to the source rocks, lacustrine crude oils from the Uinta Basin have received 

considerable less attention. The effect o f the environmental variations on the organic matter o f the 

source rocks on the composition o f crude oils produced in the basin is virtually unknown. The 

stratigraphie intervals which have generated the crude oils in the basin have not been documented 

in detail. In particular, the sources o f the crude oils produced in the peripheral fields southeast and 

south o f the Altamont-Bluebell trend have not been unambiguously established.

The investigation presented in the following study may be important for resource 

estimation in some of the marginal fields of the Uinta Basin, but will not necessarily provide a 

significant alternative exploration technique for this particular basin. However, if the Uinta Basin 

is considered an analog for other less well explored petroliferous lacustrine basins, the results will
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demonstrate that it is important to consider the potential variability- of source rock composition. 

This variability- may have consequences on hy drocarbon geochemistry and needs to be evaluated if 

geochemistry- is to be used for generation, correlation and migration studies. Results based on the 

relativ ely simple and structurally- undisturbed evolution o f the Uinta Basin offer a model for 

interpreting lacustrine basins that are structurally and stratigraphically more complicated, are 

transitional with other depositional environments or may have a  stratigraphie record o f more than 

one lacustrine phase. The investigation also shows that molecular organic geochemistry has the 

potential to provide important evidence and parameters for paleoenvironmental characterization, 

stratigraphy/6 cies analysis and evaluation of subsurface flow phenomena.

2. Purpose of the Study

Despite the large number of investigations on the Green River Formation source rocks, no 

comprehensive description, employing modem analytical equipment, is available for different 

organic facies and genetically related crude oils. This study- is intended to provide additional 

documentation of source rock organic matter variations within ± e  Green River Formation o f the 

Uinta Basin and how these variations relate to changes in lacustrine environmental conditions. It is 

also intended to demonstrate how integration of geochemical data into a stratigraphie framework 

can supplement paleoenvironmental analysis.

The detailed analysis o f  source rock samples within a stratigraphie and sedimentary facies 

framework and the correlation to a  number of crude oil samples from various fields in the basin is 

supposed to document that geochemical variations in the source rocks may be inherited by the 

hydrocarbons generated from them. Geochemical characterization o f the compositional variations 

in crude oils is useful for differentiation of oil groups and the assessment of their relationship to 

specific source intervals within the petroleum system. The geochemical data provide a basis for the
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interpretation of hydrocarbon generation, kitchen location and identification of migration patterns 

in the basin. Interpretations are assisted by relatively simple multivariate statistical processing of 

the geochemical data. The study will show how statistical evaluation can differentiate genetic 

groups which are otherwise difficult to distmguish based on traditional qualitative analysis. These 

techniques provide a simple procedure to visualize and compare source rock and crude oil 

geochemical data for correlation purposes.
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3. The Tertiary Uinta Basin

3.1 Physical-tectonic Setting

The Uinta Basin is a structural and topographic trough located in northeast Utah (Figure 

I ) with a structural axis presently located only a few miles south of the Uinta Mountains range. 

The steeply south dipping Tertiary strata in the basin at the northern margin and gently north and 

northeast dipping sections at the southern margin (Figure 2) give the basin the typical asymmetric 

geometry o f Laramide basins in the Rocky Mountain region. The Uinta Basin presently comprises 

an area o f approximately 24,000 km' today (Osmond, 1964) and is filled with a section o f fluvial- 

lacustrine sediments estimated to reach a total thickness between 3,600 m (11,811 ft; Franczyk and 

Pitman, 1989) and 5,500 m (18,045 ft; Picard, 1985). Uppermost Cretaceous to lowermost 

Tertiary (pre-Lake Uinta) sediments are encountered at depths o f about 6,100 m (20,000 ft) in the 

north-central part of the basin (Fouch et al., 1994). Tertiary lacustrine/fluvial deposits south of the 

present limit o f the Green River Formation were eroded during syn- and post-Laramide uplifts.

Several Laramide and pre-Laramide structural features surrounding the basin (Figure I) 

influenced depositional patterns and facies development. The presence o f these structural features 

explains in part the complicated temporal and spatial facies associations, because they provided 

variable quantities of clastic material either contemporaneously or at différent times. The most 

pronounced structural element is the Uinta Mountain range to the north, a basement cored, fault 

bounded uplift, which was formed by two distinct uplift pulses during the Laramide orogeny 

(Bradley, 1995). The Uinta Basin boundary thrust feult separates the Uinta Basin section from the 

northern Mesozoic and Paleozoic rocks, and southerly directed thrusting along this fault line 

caused the pronounced asymmetry of the Uinta Basin sedimentary fill. The Wasatch Plateau/Sevier 

orogenic belt marks the western boundary o f the basin. Its tectonic activity is distinguished by thin 

skinned thrusting, predating Laramide deformation (Dickinson et al., 1988). Sevier and Laramide
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Figure 1: Location of the Uinta Basin and extent o f the Green River Formation in Laramide 
basins of Wyoming, Utah and Colorado (adapted from Tuttle, 1991). The figure 
also indicates the structural elements surrounding the Uinta Basin.
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Figure 2: Schematic cross-section through the Uinta Basin (adapted from Fouch, 1975) showing 
the asymmetric structure, formations and lithofacies of the Tertiary sediments. 
Prominent subsurface markers used for correlation in the basin are also indicated.
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orogenic aaiviU' is partly contemporaneous in the area (Johnson. 1992). The Uinta Basin was 

formed after the late Maastrichtian and during the transition o f the ulterior Rock% Mountain region 

from a Sevier foreland basin into an area characterized by segmentation through numerous 

continental Laramide basins and uplifts (Johnson, 1988). Epirogemc movements and sediment 

supply on the southern margin were controlled by the San Juan and Uncompahgre uplifts. The 

Douglas Creek Arch, which connects the Uinta Mountains with the Uncompahgre Uplift, forms the 

eastern boundaiy of the Uinta Basin and was an effective barrier separating the Uinta Basm from 

the Piceance Creek Basin to the east during the Paleocene and Early to Middle Eocene (Moncure 

and Surdam, 1980). According to Johnson and Finn (1976), the Douglas Creek Arch, unlike the 

other Laramide structures surrounding the Uinta Basin, has never been a major topographic 

feature.

The Uinta Basin is only one o f several basins containing sediments o f the Green River 

Formation depositional system. The regional distribution o f the formation in Wyoming, Colorado 

and Utah records the deposition in Lake Gosiute located north o f the Uinta Mountains, and Lake 

Uinta south o f the mountains which covered the Uinta and the Piceance Creek Basins (Figure 1). 

The illustration in Figure 3 is an interpretation of the extent of the lakes at maximum highstands 

during the Middle Eocene. The Uinta Basin is the only basin in which the Green River Formation is 

petroliferous and contains both source rocks and reservoirs, thereby forming an individual 

petroleum system (Fouch et a i ,  1994).

3.2 Lacustrine facies

The confusing array of local stratigraphie terms used in the Uinta Basin prompted Ryder 

et al. (1976) to propose a facies model for the subdivision of the Green River and Colton/Wasatch 

Formations. Using this facies model, the sedimentary succession can be interpreted based on three
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associated facies belts illustrated schematically in Figure 4:

1. open lacustrine facies.

2. marginal lacustrine facies.

3. alluvial facies.

The distal open lacustrme fecies is characterized by predominately dark (gray-brown to 

black) mud-supported carbonates and calcareous claystones/shales. local sand-/siltstones and 

carbonate packstones. This facies is associated with the bulk o f organic-rich source rocks including 

the oil-shales. Ryder et al. ( 1976) and Wiggins and Harris (1994) differentiated a nearshore and an 

offshore open lacustrine facies. The latter is distinguished by the distinct lamination/bedding and 

lack of (macro-) fossils. The former is characterized by the absence of lamination and the presence 

of locally abundant ostracodes. bivalve and gastropod shells.

The marginal lacustrme facies contains fluvial, carbonate flat, deltaic, and interdeltaic 

sediments, characterized by light gray to brown colors, an important property in distinguishing 

facies in outcrop and cores. Lithofacies include mud- and grain-supported carbonates, stromatolite 

boundstones. calcareous claystone/shales and locally charmelform sandstones. Paludal coals may 

form viable source rocks within these facies (Fouch and Hanley, 1977; Franczyk and Pitman,

1989; Ruble. 1996) but in general marginal lacustrine sediments are the reservoirs in the basin 

(Fouch et a i ,  1994). In addition to the marginal lacustrine sub-environments mentioned above, 

shoreline facies (Borer and McPherson. 1996) and offshore sandbars (Castle. 1990) have been 

identified.

The alluvial facies is divided into lower deltaic plain, high mudflat and alluvial fan 

environments. Charmelform sandstones deposited from braided and meandering streams distinguish 

the upper deltaic plain and are characteristically associated with non-calcareous red claystone and 

siltstone units, which show abundant desiccation cracks or other exposure features. These
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sediments originated in floodpiam and/or periodically flooded high mudflat environments. Coarse 

grained elastics and conglomerates characterize the alluvial fans.

In map-vie\v the 6cies belts more or less show a characteristic concentric arrangement in 

the basin. However, along the relatively steep northern margin, the thrusting associated with the 

Uinta Mountain uplift and the proximity o f the uplift to the basin center render the fecies belts 

relatively narrow (Figure 5). This is contrasted by the laterally extensive facies belts on the 

southern margin. The maps reproduced in Figure 5 indicate the lateral fecies variations and 

superposition of 6cies during the Paleocene-Eocene to middle marker times. Particularly 

remarkable is the extent of the open lacustrine fecies during the first major lake expansion 

associated with deposition o f the black shale facies (Fig.5c) and subsequent development of a 

broad marginal lacustrine facies belt in the southern and southeastern part o f the basin (Fouch, 

1975; Fig.5d). Not shown here is the second major expansion of open lacustrine facies during the 

deposition of the mahogany zone (see Ryder et al.. 1976).

The lacustrine sediments in the Uinta Basin are petrographically complex sections 

containing mixed siliciclastic-carbonate lithology (Ryder et a i ,  1976) and rapid alternations of 

siliciclastics and carbonates. These types o f lithologies were deposited simultaneously in different 

locations within the basin. The frequently employed term marlstone appears to have been used for 

sediments in the basin which are otherwise difficult to classify (Picard, 1953). Wiggins and Harris 

(1994) relate clastic vj. carbonate dominated deposition in the lower Green River Formation to 

changes in climate. They developed a wet climate model (high fluvial discharge) for predominately 

clastic deposition and a dry-climate model (low fluvial discharge) for dominantly carbonate 

sedimentation.
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3.3 Tertiary Stratigraphy and Evoiution of the Uinta Basin

A comprehensive summary o f the geological evolution o f the Uinta Basin dunng the 

Paleogene is showm in Figure 6 and will be briefly explained in the following sections. The 

stratigraphie terms were adopted from Ryder et al. (1976) and are incorporated in Figure 6 to 

provide a simplified but consistent overview of the nomenclature, association and temporal relation 

o f 6cies, differences between the southern and northem/northeastem part o f the basin, geological 

time, major expansion and contraction of the lake system, and climate. A generalized cross section 

from the southwestern to the northern margin, illustrating the structural asymmetr\' o f the basm. 

succession of the formations, and lithofacies association is shown in Figure 2. A detailed review of 

the stratigraphie and stratigraphie nomenclature can be found in Ruble (1996) and Ruble and Philp 

(1998).

The “basement” o f the Tertiary alluvial to lacustrine section deposited in and around Lake 

Uinta consists of the North Horn Formation which recorded the last step o f the transition between 

marine - marginal marine - continental deposition during the Cretaceous - Paleocene after the 

complete retreat of the Cretaceous Interior Seaway from the area (Franczyk et a i ,  1992). The 

Flagstaff Limestone records the earliest lacustrine sediments in the basin deposited in Lake 

Flagstaff, which in part can be considered the Paleocene precursor o f  Lake Uinta (Johnson, 1985). 

Stanley and Collison (1979) documented the extent of Lake Flagstaff which occupied much o f 

central Utah and expanded into the central Uinta Basin during the Paleocene. In the western and 

central Uinta Basin the Flagstaff and Green River Formation form a  continuous lacustrine section, 

prompting Fouch (1976) to include the Flagstaff Limestone as a  member o f the Green River 

Formation. The eastern part o f  the Uinta Basin was dominated by fluvial and alluvial processes 

during the Paleocene-Early Eocene.
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A thick clastic wedge separates the Flagstaff Member from the overlying section o f the 

Green River Formation m the southern part o f the basin. According to Ryder et al. ( 1976) the 

Paleocene-Eocene boundary falls withm the upper 1/3 of this unit. This alluvial/fluvial wedge is 

apparently only partly contemporaneous with a similar clastic wedge on the northern margin of the 

basm^ which records a period of major uplift in the Uinta Mountains. Both o f these wedges are 

termed Colton Formation, which Fouch (1976) defines as alluvial-fluvial sediments separated by 

the Flagstaff Member from the underlving North Horn Formation. In the northernmost part of the 

basin close to the Uinta Mountains a continuous alluvial-fluvial section developed which is termed 

the Wasatch Formation.

A major expansion of Lake Uinta is recorded by the deposition o f the marginal and 

predominately open lacustrine black shale facies (Picard, 1955) during the Early Eocene. On the 

southern margin this section is separated by the alluvial-fluvial Tongue of the Wasatch, which 

splits the black shale facies section into an upper and lower unit (Abott, 1957). The black shale 

facies is similarly separated uito a lower and upper unit by a thick Colton sequence in the northern 

part o f the basin (see also cross-section m Figure 2 ). The top o f the black shale facies unit is 

formed by the carbonate marker (Ruble, 1996), a continuous carbonate horizon signaling a first 

major expansion o f Lake Uinta based on facies maps published by Fouch (1975; Figure 5c). The 

overlying and partly contemporaneous extensive marginal lacustrine sediments in the southwestern 

part o f the basin have been termed green shale facies (Picard, 1957) or delta fecies (Bradley,

1931). They comprise deposits o f a large deltaic system dominating sedimentation in the area 

(compare areas o f deltas and alluvial fens at the southern margin o f Lake Uinta in Figure 3). Remy 

(1992) interprets the increasing amount of oil-shales and carbonaceous mudstones in the upper 

parts o f this unit as indicators for a gradual expansion o f the lake. Johnson (1989) named the oil- 

shale zones below the mahogany zone R4-6 and correlated them in the basin. Towards the basin
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center the green shale facies merges with open lacustrine sediments o f the upper black shale facies 

and Parachute Creek member (Ruble, 1996). Marginal lacustrine strata in the east and northeast 

parts of the basm mclude the Douglas Creek and Garden Gulch members o f Bradley (1931) which 

were later summarized into Douglas Creek Member by Picard (1957). These units occupied large 

parts o f the basin after the first major expansion of the lake and formed a broad facies belt on the 

southern margin (Figure 5d). A prominent subsurAce marker called middle marker within or at the 

base of these units separates calcareous claystones from the underlying mud-supported carbonates 

(Fouch, 1975). In this study, the middle marker is also used to informally subdivide the Green 

River Formation mto an upper and lower umt (Figure 6).

Another major expansive stage o f the Lake Uinta began during the early Middle Eocene 

after deposition of the green shale and stratigraphically equivalent strata. This expansion 

culminated in the transgression of the lake over the Douglas Creek Arch and the connection o f the 

Piceance Creek and Uinta Basins. Johnson (1985) argued for possible intermittent hydrological 

connection between the Uinta Basin and Piceance Creek Basins beginning in the late Paleocene, but 

significant differences in oil-shale composition and evaporite mineral occurrence point to a physical 

separation of the basins up to this pouit. The mahogany oil-shales mark the maximum highstand of 

the lake (Franczyk and Pitman, 1989; Fig.3) and provide an important stratigraphie marker in the 

has ms (Fouch and Cushion, 1979). Tuff horizons in the Parachute Creek Member below the 

mahogany zone record the volcanic activity in the Absaroka volcanic complex in Wyoming 

(Surdam and Stanley, 1980). Radiometric dating o f tuff horizons intercalated into the mahogany 

zone suggest an approximate age o f 45 ma (Mauger, 1977). The top o f the Parachute Creek 

Member mdicates the end of the major phase o f open lacustrine deposition during the Late Eocene 

in the Uinta Basin.
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The saline facies, included within the Green River Formation according to D\tii et al. 

(1985), records a  regressive phase o f Lake Uinta and the retreat o f  the lake into the north-central 

areas. This unit represents the final lacustrine stage involving oil-shale deposition in Lake Uinta. 

Saline minerals (Dvni et a i ,  1985) are evidence for hvpersaline conditions o f the lake water at this 

stage. Marginal lacustrine equivalents and overlying units are included into the sandstone and 

limestone fecies o f the Green River Formation (Dane, 1954). Alluvial and fluvial sediments of the 

Uinta and Duchesne River Formations represent the filling o f the Uinta Basin after cessation of 

lacustrine deposition approximately m the latest Eocene to Early Oligocene.

3.4 Lacustrine Environments of Lake Uinta

Paleontological evidence (LaRoque, 1960) indicates that Lake Uinta and its precursor 

Lake Flagstaff developed as a hydrologically open (water inflow > evaporation) system (Johnson,

1985) during the late Paleocene to Early Eocene, possibly with alkaline water (Franczyk et a i ,  

1992) from which gypsum precipitated (Ryder et a i ,  1976). During the Middle Eocene the water 

apparently became more saline, although, unlike in other Green River Formation basins, no record 

o f evaporite mineral deposition has been reported (Tuttle, 1991). Immediately before the deposition 

of the mahogany oil-shales a change of lake water chemistry and an increase in salinity is 

evidenced by the deposition o f saline minerals such as nahcolite (Johnson, 1985). The 

modifications in lake water chemistry signal the change in hydrological conditions during the late 

Early to Middle Eocene from an open to a closed lake system in which evaporation exceeded water 

supply. It is unclear, however, exactly when these conditions changed, how fest they changed and 

whether there was a fluctuation between ffesh-brackish-saline stages o f the lake.

The deposition o f oil-shale in the Green River Formation has been alternatively explained 

based on the playa lake and meromictic deep lake models. The stratified lake model invokes a deep
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perennial lake containing a stratified water column and a lower anaerobic hvpolininion 

(monimolimmon). Bradley (1931) originally interpreted the Green River Formation as a deposit of 

a deep stratified lake. In contrast, the playa lake model involves a shallow, ephemeral, hypersaline 

lake, surrounded by an extensive playa mudflat complex. The playa lake model o f Eugster and 

Surdam ( 1973) was developed fi'om investigations of the Wilkins Peak Member o f the Green River 

Formation ui the Green River Basin o f Wyoming. Later, the model was applied to the 

mterpretation o f the Tipton Member (Surdam and Wolfbauer, 1975) and the Laney Member 

(Wolfbauer and Surdam, 1975; Surdam and Stanley, 1979) within this basin. It has also been used 

to explain Green River Formation depositional environments in the Piceance Creek Basin (Lundell 

and Surdam, 1975) and Fossil Lake Basin (Buchheim, 1994), and subsequently has become a 

general depositional model for the Green River Formation. Other authors (Desborough, 1978; 

Boyer, 1982; Johnson, 1981) rejected the model and reinterpreted the formation as a deep, 

stratified lake deposit. Picard (1985) summarized arguments and interpretations for the formation 

of oil-shales in the various basins of the Green River Formation. The questionable connection and 

correlation o f Lake Uinta and Lake Gosiute, different hydrological conditions through time, and 

varying basin subsidence histories {e.g. Johnson and Finn, 1976) cast considerable doubt upon the 

scientific basis on the application of a model developed in one basin to explain depositional 

environments in other basins.

The above discussion evolved mostly around the origin and genesis of dolomite in the oil- 

shales, their sedimentary structures {e.g. lamination vs. mudcracks as evidence for subaerial 

exposure), facies association and the presence of evaporite minerals. The models were therefore 

developed strictly for sections o f the basins which contain oil-shales (i.e. laminated organic-rich 

rocks yielding hydrocarbons (3 gal/t rock (Brobst and Tucker, 1973) to 15 gal/t (Ryder et al., 

1976)) upon pyrolysis (500°C) and/or evaporites, thus not necessarily include the early lacustrine
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stage (late Paleocene to early Middle Eocene) in the Uinta Basin. The playa lake vs. deep 

meromictic lake model discussion is therefore restricted to the upper part o f the Green River 

Formation m the Uinta Basin. It is noteworthy, though, that the term oil-shale has a  rather 

universal meaning in the Green River Basins and it appears that any rock containing sufficient 

orgamc matter to give it a dark color is called oil-shale.

In contrast to the Greater Green River and Piceance Creek Basin fewer interpretations of 

the Green River depositional environments and the limnological characteristics through time are 

available for the Uinta Basin (e.g. Katz, 1995). Lake Uinta is interpreted as a  relatively deep, 

permanently stratified or meromictic. perenmal lake from Paleocene (Lake Flagstaff) to early 

middle Eocene (Ryder cro/., 1976, Stanley and Collinson, 1979; Powell, 1986). Johnson (1985) 

believes that similar limnological conditions existed during the Middle Eocene until the end of 

lacustrme deposition. However, according to Ryder et al. (1976), Lake Uinta became hypersaline 

after deposition o f the richest oil-shales (i.e. the mahogany zone) and the playa lake model may 

explain the sedimentology of the upper part of the Green River Formation above the middle 

marker. Johnson (1985) places the beginning of saline Lake Uinta (his stage 6; Figure 6) in the 

early Middle Eocene, an interpretation supported by Tuttle (1991), who described the lake 

conditions as saline enough to kill o ff freshwater fauna but not to deposit evaporite minerals. No 

doubt exists about the final hypersaline stage of Lake Uinta in which bedded halite and associated 

evaporite minerals were directly precipitated from lake brines (Dyni et a i ,  1985).

It is well established that lakes, unlike marine systems, are strongly influenced by climatic 

factors and respond rapidly to environmental changes (e.g. Gleim and Kelts, 1991). Therefore, 

paleoclimatic information has been included on Figure 6, to show the relationship between 

stratigraphy/facies and climate m the region. Most data have been derived from research done in 

the Greater Green River Basin (Leopold and McGinitie, 1972; Roehler, 1993), Bighorn Basin
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(Wing et al.. 19 9 1), and interpretations based on paleoecoiogical work on sediments of the Uinta 

Basin by MacGinitie (1969) and Baer (1969). The Eocene was the warmest interval of the 

Cenozoic and generally represents a  period o f extreme planetary warmth (Barron and Moore.

1994). A rather radical change in climate occurred at the Paleocene-Eocene boundary in the low 

latitude settmg o f the area. Average annual temperatures of 18°-19°C and a warm-humid, equable 

climate allowed a diverse assemblage o f fauna and flora to flourish during the deposition o f the 

Lower Green River Formation in Lake Uinta. Average annual temperatures fell during the middle 

Eocene and according to MacGinitie (1969), ui the Middle Eocene the climate had marked seasonal 

changes with ffost-ffee winters until dry-subhumid and temperate conditions prevailed at the end of 

the Middle Eocene.

3.5 The Green River Petroleum System

The Uinta Basin accommodates a significant petroleum system in the Green River 

Formation in contrast to related basins o f the Green River Formation depositional system in 

Wyoming and Colorado and contains one o f the world’s largest nonmarine petroleum 

accumulations (Kelly and Caste, 1990). A second petroleum system, which comprises thermogenic 

non-associated gases (Group A gases o f Rice et al., 1992) generated from the Cretaceous Mancos 

Formation and produced from tight Wasatch/Colton reservoirs will not be considered here. 

Cumulative crude oil production in the Uinta Basin (Duchesne and Uintah counties) was 467 Mbbl 

m 1998 (Utah Division o f Mineral and Energy Resources; Oil, Gas and Mining Production Book, 

1998).

The general scheme o f the Green River petroleum system in which hydrocarbons are being 

generated from open lacustrine facies in the deep north-central part o f the basin was summarized 

by Fouch et al. (1994; see Figure 7). The hydrocarbons partly fill fractured and matrix-porosity
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reservoirs adjacent to the source rocks or migrate laterally through fractures and porous strata mto 

mostly channelform, lenticular sandstone reservoirs. These reservoirs are mostly marginal 

lacustrine sediments located in the peripheral eastern and southern parts of the basm. The 

importance of fracturing is minor in these areas and no major feulting (except the Duchesne fault 

zone; Hintze, 1981) has been reported from the areas south o f the Uinta Mountain thrust fault 

zone. Stratigraphie pinchouts against impermeable alluvial fecies form the hydrocarbon traps. 

Economically most important are the deep fractured reservoirs and reservoirs in open lacustrme 

facies (e.g. turbidites) o f the Altamont-Bluebell area (Fouch et al., 1994). In addition, offshore 

sandbars (Castle, 1990) and shoreline deposits in the Greater Red Wash area (Borer and 

McPherson, 1996) have been described. Fouch et al. (1992) distinguished two groups o f reservoirs 

containing oil and associated gas (Group B gases o f Rice et a i ,  1992). Group I reservoirs are 

overpressured, low permeability, fractured deep reservoirs below 10,000 ft (3,048 m) in the lower 

Green River Formation o f the Altamont-Bluebell field. Fractures and overpressure control the 

production in these reservoirs (Montgomery and Morgan, 1998). Group II reservoirs, charactenzed 

by high matrix porosities and normal pressures, are encountered in the eastern and southern 

peripheral fields (e.g. Greater Red Wash area, Pariette Bench) and in shallow Altamont-Bluebell 

reservoirs at depths < 9,500 ft (2,896 m).

Petroleum source rocks are assumed to occur mostly in open lacustrme fecies (Fouch, 

1975), are TOC- and hydrogen-rich, and contain predominately type I kerogen. The organic matter 

consists mainly of lipid-rich algal and bacterial organic matter in various proportions (Tissot et a i, 

1978). Maximum TOC values of 33% and oil-shale hydrogen indices exceeding 1 , 0 0 0  mg HC/g 

TOC have been reported (Katz, 1995). Additional proposed source rock fecies comprise hydrogen- 

rich paludal and algal coals particularly m the lower Green River Formation (Fouch and Hanley, 

1977; Ruble, 1996). The composition o f the organic matter appears to generally change to more
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hydrogen-rich and less reworked matena' in the upper Green River Formation (Tissot et al.. 1978. 

Katz, 1995).

Despite a number o f investigations the depth, extent, and tiimng of oil-generation m the 

basin is rather speculative. Anders and Gerrild (1984) suggested a depth of 8,500-12.500 ft 

(2,590-3.810 m) as the depth of the prmcipal zone o f hydrocarbon generation. Powell (1986) 

estimates a depth of 3,900-4,500 m (12.795-14,764 ft) for the onset o f extensive hydrocarbon 

generation, with the peak and base o f  generation occurring at 5,500 m and 5,800 m (18,045- 

19,029 ft), respectively. Thermal modeling by Fouch et al. (1994) suggests that gas is currently 

generated at depths >3,050 m (10,000 ft) and that generation began in the lower Green River 

Formation some 40 ma ago. According to their model the productive zone coincides with the zone 

o f overpressuring (Figure 7) which is believed to be caused by active hydrocarbon generation 

(Spencer, 1987; Bredehoeft et al., 1994). However, hydrocarbon generation is still considered an 

unproven explanation for overpressure (Osborne and Swabrick, 1997). Tissot et al. (1978) 

suggested a deeper oil-generation window (13,000-18,500 ft (3,962-5,693 m)) due to the high 

generation threshold (Ro»0.7%) of lipid-rich organic matter with low heteroatom content. Ruble 

(1996) in his recent kinetic model, indicates that only the black shale facies and Flagstaff Member 

could have attained a maturity level for significant hydrocarbon generation, rendering these units 

the most likely hydrocarbon source. Shallow immature oils in Ruble’s (1996) model are being 

expelled as a bitumen from upper Green River Formation oil-shales.

After generation and expulsion it is assumed that hydrocarbons migrated south- and 

eastward into the reservoirs o f the marginal fields in the basin (Anders et a i ,  1992). Based on 

investigations in the Red Wash area (Kelly and Castle, 1990; Rice et a i ,  1992), Pariette Bench 

(Pitman et al., 1982) and other peripheral fields (Anders et a i, 1992) it is speculated that 

hydrocarbon generating source rocks are present in stratigraphically equivalent (Middle Eocene)
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open lacustrme units in the deeper north-central part o f the basm. These interpretations 

demonstrated that the oils in the reservoirs are relatively mature compared to the maturity of 

orgamc-rich sediments associated with the reservoir rocks (see also Anders et a i ,  1992). The 

migration models proposed comprise expulsion and migration of the generally very waxy 

hydrocarbons through fracture networks in the deep central core o f  the basin. Hydrodvnamic and 

buoyancy driven flow caused oil migration to the east and south through permeable earner beds 

into the peripheral reservoirs o f  the basin {e.g. Bredehoeft et al., 1994).

Ruble (1996) distinguished three crude oil types occurring in the Altamont-Bluebell area:

1 . black, viscous and immature aromatic types of oils produced from shallow reservoirs;

2. black solid (at standard temperatures and pressures (STP)) paraftinic crudes from reservoirs 

>8,500 ft (2,951 m);

3. yellow-brown solid (at STP) paraffmic crude oils from the deepest reservoirs (>10,000 ft).

Based on hydrous pvTolysis experiments. Ruble (1996) interpreted the mahogany type oil- 

shales as the source for type 1 oils and the black shale 6 cies as the source for oil tvpes 2  and 3. 

Montgomery and Morgan (1998) similarly reported the occurrence o f yellow waxes in the Flagstaff 

and Colton members and black waxes in the overlying lower Green River Formation. The API 

gravity for the oils is reportedly between 25-54°, with most oils falling into the 31-34° range. 

Boiling points vary between about 60-l40°F (compare Table I).

Ruble (1996) noted a  stratigraphie control on oil composition which was reported earlier 

by Reed and Henderson (1972). In the lattei <tudy high geochemical variability and strong 

stratigraphie signatures in the composition of oils from several fields in the basin were reported 

based on gas chromatographic analysis of whole oils, indicating that distinct sources for individual 

fields may be present. Bass (1964) also detected significant differences in bulk oil composition 

based on gravity and boiling points.
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4. Sam ples

4.1 Source rock samples

Source rock samples o f wells drilled in different parts of the basin (Figure 8 ) were 

obtamed from cores stored in the core libraries of the US Geological Survey (USGS) in Lakew ood. 

Colorado, and the Utah Geological Survey (UGS) in Salt Lake City, Utah. Core analysis and 

sampling, field investigation and outcrop sampling were completed during two field seasons. Cores 

were separated into map-groups based on well locations (Figure 8 ). The core samples analyzed 

were identified as follows; UB for Uinta Basin, sample number and capital E for extract (e.g. 

UBIE).

Selection of source rock samples taken from the cores after core analysis was based on 

color, lithology and 6 cies association. Detailed core descriptions are given in Appendix 3. Outcrop 

samples collected from known stratigraphie positions were included as reference samples. Prior to 

sample processing and chemical analysis fresh center portions o f the core samples were cut or 

broken off, and sample surfaces cleaned. The core fragments were subsequently crushed and 

powdered in a shatterbox (SPEX Industries, 2 min. at ca. 900 rpm) to a grainsize of 200 mesh. The 

shatterbox metal grinding contamer was cleaned with soap and water, and rinsed with distilled 

water and acetone after each sample to avoid cross-contamination.

4.2 Oil samples

The Geochemistry Department o f the USGS made available a collection of oil samples and 

donated aliquots to this study. The sample set covers most o f the larger fields and a number of 

smaller, peripheral fields from the south-central and southeastern part o f the basin. A schematic 

overview of the oil field locations is given in Figure 9. The location o f oil producing wells from 

which samples were obtained are shown in Figure 10. For further reference, oil samples were
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separated into 9 map-groups depending on field location (see also Table I). Map-groups 5 to 7 are 

sometimes referred to as Greater Red Wash area. Well and sample data were taken fi-om the USGS 

and/or the Petroleum Institute database. All relevant well information is listed in Appendix 2. field 

and reservoir data are summarized in Table 1. Samples were identified as follows: UB for Uinta 

Basm, sample number and small letter o for oil sample (e.g. UBIo).

Captions (next 4 paeesV.

Figure 8 : Location of source rock samples obtained from cored wells drilled in the Uinta Basin. 
Map-groups refer to samples grouped together depending on well location.

Figure 9: Location of the Uinta Basin oil and gas fields from which samples have been
investigated for this study. The map has been adapted from the Utah Geological Survey 
Map 6 8  (1982) and most fields have been extended since publication. Stippled pattern 
are oil fields, hatched pattern are gas fields

Figure 10: Location o f oil samples obtained from various fields (see Figure 9) of the Uinta Basin. 
Map-groups refer to samples grouped together based on well location.

Table I: Overview of fields in the Uinta Basin from which oil samples were analyzed (for 
locations see Figure 9 and 1 0 ). 
sdst. = sandstone; 
ppt. = pour point;
Map-group 4A-E are summarized as south-central fields;
cum. prod. = cumulative production as of 1998; Utah Division of Energy and Mineral 

Resources, Oil, Gas and Mining Production Handbook.
*1: Montgomery and Morgan. 1998; *2: Clem, 1985; *3: Hill and Bereskin, 1993; *4: Pitman 
ef al.. 1982; *5; Osmond, written communication; *5; CNG Producing Company, written 
communication; *7: Colburn era/., 1985; ♦8: Borer and McPherson, 1996; *9: Castle, 1990; 
*10: Kelly and Castle, 1990; *11: Osmond, 1992; *12: Morgan ef a/., 1998
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p roduction  ft

S tra tig rap h y  o f producing 
horizon

Cum.
prod.
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G ravity
(A P l“)/ppt.

R eservoir c h a rac te r Sam ple
num ber

1 Cedar Rim 3700-12595’^ Green River I'm., W asateh’’ 8832 22-54-/90-
I25°F’:

fractured sdst and siltstones’’ 1.2 , 14, 
38, 39

2 Antelope
Creek

6027-6296*’ Colton, upper Green River 
I'm .’5

2245 40-/90-lOO-F’’ fracture enlianced (mintbars and 
c h an n e ls’

11,21

3 AltainonI
Bluebell

10500-13000*' I’lagstart'M inb , lower Green 
River I 'm , Colton '

.39-/110-
125-F"'

overpressure, fractured fluvial deltaic, 
delta front and Ixnich sdst "'

4 ,2 7 , 33, 
73

4 A Eiglit M ile 
Wash

5205-5215": Lower Green River I'm , green 
shale facies, black shale facies’:

61.1 33-37-/95-F’’ delta channel s d s t , jwint bars-7 16

413 Monument
Butte

3568-5747’: Lower Green River Fm , green 
shale facies, black shale facies’:

8767 3I-34-/85-
90-F’:

fluvial-deltaic distributary mouth bars and 
ch am te ls ':, iw intbars’:, ollshore bars’’

31

4 C Pariette Bench 4000-4900*’ Douglas Creek*^ 966 22-40-/90-F’’ interbedded lluvial-alluvial channel sdst
•A

51

4 1 ) Pleasant
Valley

4000-6000’: Lower Green River I'm , green 
shale facies, black shale facies’:

60 3 17-44-/82- 
140-F’:

delta channel s d s t , |X)intbars’’ 20, 22

41- West Willow 
Creek

46004800*5 lower Green River I'm .’ ’ 759 3 2 -/n a * ’ stromato|)orid reel*’ 76

5 A Gypsum H ills/
Wonsits
Valley

5385-5495/
5118-5740’:

Douglas Creek’’ , lower Green 
River Fm.’’

27-3 l/n  a.’: nearshore barrier beach, bars, lluvial 
deltaic chamiels’’

46, 70/ 
6,24, 55, 
63,71

513 While River 4349-5823’: Douglas C reek*\ lower Green 
River Fm ’’

1472 28 -29 -/na .’’ lluvial deltaic channels*’, ostracodal 
limestone’’

64

5 C Natural Buttes 3015-9272*’ Douglas Creek’ ,̂ lower Green 
River Fm’"

3107 29-48-/60-
90-F’:

marginal lacustrine channels and |x>int 
bius*’

74 ,75

6 Coyote Basin 4204-4618’: lower Douglas Creek*^ 1379 3I-36-/95-F’’ lluvial-deltaic chamiels’’ 5 .9 , 15, 
34 ,67 . 69

7 Walker 
1 lollow

4341-5742’: Douglas Creek’’ 14428 2 6 -3 3 '/n a ’: stonn/waved dominated, shorelace, 
gravity Hows’"

23, 52, 53, 
54, 59, 60

8 A Breiuian
Bottom

2290-7275’: Uinta Fm Lower Green River 
Fm.’’, W asatch’:

1141 25-34-/95-
105-F’:

sandy ostracodal limestone’’ 13,42, 57, 
68

813 1 lorseshoe 
Bend

2578-7516’: Uinta Fm., Green River Fm , 
W asatch’:

1411 27-/80-F’: marginal lacustrine, channel sdst ’’ 8 ,4 7 , 48

9 A 12 M ile Wash 6956-6960*’ Green River Fm ’’ 5.1 2 7 -/n .u ': n a 7, 10, 26
013 Gusher 7750-12638’: Green River Fm , W asatch’’ 232 26-38-/85-95-F fractured oil-shale and sdst lenses’’ 30,61

Table 1



5. Experimental

5.1 Rock-Eval Analysis

Rock-Eval analyses were performed at the Geochemistry Division o f the USGS in 

Lakewood, Colorado using a Delsi Instruments Inc. Rock Eval II* pvToIysis system with TOC 

module. Prior to analysis, samples were decarbomzed with hydrochlonc acid. Initially, samples 

were pyrolyzed isothermally at 250°C for 3 minutes to determine SI (thermally distillable Ci—C32 

hydrocarbons). Temperature programmed pyrolysis from 250° to 600°C at 25°C/min yielded 52 

(thermal decomposition o f kerogen) and via a splitter S3 (carbon dioxide, CO2 ). The carrier gas 

was He (2 ml/min) which transported the pyrolysis products through a splitter set at 500°C to 

either a  flame ionization detector (FID; determination o f S 1 and S2) or thermal conductivity 

detector (TCD; determination o f S3). The samples were subsequently transferred into the oxidation 

module to be heated to 600°C in air for 1 J minutes. The carbon monoxide (CO) produced was 

passed to a second fiimace were it was converted via a copper oxide catalyst to CO? and detected 

by a TCD to compute S4. The TOC content was determined by addition o f the S I. S2 and S4 

peaks. Calibration of the Rock Eval system was performed using the IFP#55000 standard.

5.2 Source Rock Extraction

Samples selection for further processing was based on TOC, location and hydrocarbon 

content determined by Rock-Eval analysis. Powdered samples (20-100 mg depending on TOC, see 

Appendix 5) were extracted using a Soxhlet apparatus in which ca. 350 ml of a  mixture o f HPLC 

grade methanol (MeOH) and dichloromethane (DCM) solvents (1:1 vol.) was circulated for 24 

hours. Pre-extracted (12 hours) cotton cellulose thimbles containing the samples were closed at the 

top with cleaned glass wool. Solvent and extracts were collected in 500 ml round bottom flasks, 

which also contained boileezer chips and activated Cu for sulfur removal. Ruble (1996) reported
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high sulfur content in some source rock samples (e.g. 3.87% S for the black shale facies sample), 

but actual sulfur reaction on the Cu was not observed. After the extraction procedure excess 

solvent was removed in a rotoevaporator and the extracts placed in tarred 4 ml sample vials to 

quantify extractable organic matter (Appendix 5).

5.3 Asphaltene Precipitation and Fractionation of Source Rock Extracts and Oils

Source rock extracts and oils were treated in the same manner for deasphalting and 

fractionation and are described together. Pentane (100 ml) and sample (130-500 mg) were placed 

into glass centrifuge tubes and stored in a freezer for 24 hours. The tubes were centrifuged 

subsequently at 3000 rpm for 10 minutes and the pentane soluble maltene fraction decanted into 

250 ml round bottom flasks. The precipitated asphaltene fraction was rinsed with pentane, 

centrifuged again and dissolved in DCM for transfer into pre-weighted 4 ml vials after decanting 

the pentane and any remaining maltene fraction. Pentane was removed by rotoevaporation and the 

maltene fractions were placed in 4 ml vials for weighting. Fractionation o f the maltenes was 

performed using high pressure liquid chromatography (HPLC) for which sample aliquots were 

dissolved in hexane at a ratio o f 20 ml/50 mg sample. Samples were warmed before injection into 

the HPLC system (ELDEX 9600 equipped with a Whatman Partisil 5 Pac column, 25 cm). 

Saturated, aromatic and polar fractions were eluted according to a modified gradient program 

adapted from McDonald and Mahlon (1992) using hexane, DCM and ethylacetate as eluents. 

Hexane elution was extended to 20 minutes to insure complete fractionation o f high molecular 

weight saturated compounds. This program modification was developed after test runs using an n- 

alkane standard which included n-Cso (Mueller and Philp, 1998). Elution was also monitored using 

a Kratos Inc. LTV Spectroflow 783 set at X.=254 nm. Saturated, aromatic and polar fractions were 

collected in 100 ml round bottom flasks, excess solvent evaporated and the fractions weighted.
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Several saturated fractions o f oils and source rock extracts were selected for branched and 

cyclic compound isolation (method after West et al., 1990) to improve resolution and enhance 

relative concentration in the gas chromatography-mass spectrometry (GC-MS) analysis. Saturated 

fraction aliquots (3-10 mg, depending on availability) were dissolved in pentane and eluted through 

powdered, activated (350°C, 24 hrs) silicalite (UOP Molecular Sieves, S-115). The silicalite was 

placed into 3 ml Pasteur pipettes, which were sealed at the tip with cleaned glass wool, and nnsed 

with 3 bed volumes prior to sample elution. Samples were placed on the silicalite and forced 

through the column at very low pressures. The branched and cyclic fraction eluate was collected, 

tarred and the silicalite stored for later isolation of n-alkanes. The quality o f the isolation procedure 

was monitored by GC-analysis o f selected branched and cyclic fractions.

5.4 Gas Chromatography (GC) and Gas Chromatography-Mass Spectrometry (GC- 
MS)

Saturated Gactions o f oils and extracts were prepared for GC analysis by dissolving 

aliquots in p-xylene to 2-3 mg/ml solutions. Aliquots o f branched and cyclic fiactions were 

processed with concentrations o f 3-4 mg/ml DCM. In addition, an internal standard C24D 50 was 

added to the samples. The amount of Q-carotane normalized to pg/g TOC was calculated using this 

standard (calculation procedure in Ruble, 1996). Samples were warmed up prior to on-column 

injection o f 1.0 pi sample volume. Analysis was performed using an HP GC5890 GC equipped 

with a J&W DB-IHT fused silica column (30 m x 0.32 mm i d., 0.1 pm film). The temperature 

program was initially set to 40°C for 1.5 nun., ramping 40°-360°C at 4°C/min and a final hold at 

360°C for 37.5 min, resulting in a  total run time o f 120 min. Carrier gas was He set at 2 ml/min; 

detection system was a flame ionization detector (FID) set at 370°C.

Gas chromatographic setting for GC-MS analysis was as follows: a  Varian 3400GC 

equipped with a J&W DB-5 (60 m x 0.32 mm i d., 0.25 pm film) was programmed to 40°C hold
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for 1.5 min. 40°-310°C at 4°C/min, and 3 10°C hold for 3 1 min. The column was operated in 

slit/splitless mode using He as earner gas at 2 ml/min flow rate. Eluents were transported through 

a transfer line set at 3 IO°C to a Finnigan Mat TSQ70 mass spectrometer operated in electron 

impact (El) mode at 70 eV. The mass spectrometer was operated in the multiple ion detection mode 

(MID) to analyze the following ions:

Ion m/z Compound class GCMSVMS ion transitions m/z
95 ,98  Dinosteranes
114 Internal standard C2 4 D 5 0

123 Sesquiterpanes 123 - * ■  194,208,222
Diterpanes 123 -»• 248, 262, 276

177 Demethylated hopanes
183 Isoprenoids
191 Tricyclic terpanes 191 416,430

Pentacyclic terpanes 191 370, 384, 398, 412
205 Methylated hopanes
217 Desmethyl steranes and diasteranes 217 372,386, 400
218 pp-steranes
231 Methyl steranes, diasteranes 231 -»■ 386, 400, 414
232 pp methyl steranes
253 Monoaromatic steranes
400 C2 9  desmethyl steranes
414 C 3 0  desmethyl steranes
426 Extended (€ 3 ,) hopanes

Biomarker identification was based on GC-MS\MS experiments performed on selected

samples and the results were used to identify compounds in all other samples. The collision gas

was argon at 0.5 mtorr and a  collision energy of-lOeV was used. In addition, published

chromatograms and analyses o f standard samples were used to assist in compound identification.
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5.5 Statistical methods

Traditionally, organic geochemical data in the form of chromatograms are interpreted by 

visual comparison, computation of ratios o f biomarkers or quantitative analysis. Only relatively 

few publications describe the application o f multivariate statistical methods for the analysis of 

organic geochemical data m petroleum exploration (e.g. Telnaes and Dahl, 1986: Engel et a l.. 

1988). In some studies principal component analysis (PCA) was employed, which is basically the 

most primitive form of ftictor analysis performed on dispersion matrices (Davis, 1986). Chatfield 

and Collins ( 1980) state that PCA "consists offinding an orthogonal transformation o f  the 

original variables to a new set o f  uncorrelated variables, called principal components, which are 

derived in decreasing order o f  importance. The analyst hopes that the firs t principal components 

will account fo r  most variation in the original data, so that the effective dimensionality o f  the 

data can be reduced'. As such, PCA is not strictly a statistical method but merely a data 

ordination, which does not make assumptions about the data and has no underlying model (Rock, 

1988). Under favorable circumstances, PCA allows reduction of the variance associated with a 

multidimensional data set into just a  few components representing a large portion o f  the variance.

Statistical analysis in this study was performed using the GC-MS response peak heights of 

96 compounds measured in ions m/z 123, 191, 217 and 253 of source rock extract and crude oil 

saturated fractions (Appendix 4.1 and 8.1 ). The process was subsequently repeated using 20 o f the 

dominant peaks measured in m/z 123, 191 and 217. Peak heights were used instead o f peak areas 

because o f multiple coelutions associated with significant peaks (e.g. 17a(H),2 lB(H)-norhopane 

and 18a(H)-nomeohopane (Cig-Ts)).

Eigenanalysis provides information about the structure of a matrix, and in case o f the 

PCA, about the location and magnitude o f maximum variances. Principal components are the 

eigenvalues o f a dispersion matrix and can be visualized as mutually orthogonal axis defining an
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envelope which encloses all sample points in the n-dimensional data space, and in which the 

pnncipal components describe the maximum spread (maximum variance) in the data set (Davis.

1986). The direction o f the axis is given by the associated eigenvectors. Matrix mversion allows 

the calculation of associated eigenvectors who’s elements provide the loadings o f each respective 

variable. The loadings describe the relative influence of the variables on a  given principal 

component. Reference of onginal observations to the new coordinate system defined by the 

pnncipal components and their eigenvectors, i.e. calculation o f principal component scores, is 

performed by simple matrix multiplication of the eigenvector matrix and the original data matnx. 

Working backwards from a principal component score cross plot to the principal component 

loadings allows interpretation o f which vanables influences the composition o f a sample and how 

variables interrelate.

The first PCA applied in this study using 96 variables (peaks) is not statistically sound, 

smce a dispersion (variance-covariance) matrix technically cannot be estimated from a number of 

samples smaller than the number o f variables. Statistical valid estimation o f  the dispersion matrix 

demands that the number of samples is clearly higher than the number of variables, although the 

first principal components are affected very little by whether or not the matrix is o f full rank 

(Legendre and Legendre, 1983). Grossman et al. ( 1991) also demonstrated that the performance of 

tests o f significance of eigenvalues depends on the ratio of number o f samples and variables. The 

PCA for source rock extracts and crude oils was therefore repeated using a selected number of 

peaks (Table 2) which showed comparable absolute magnitudes of variance. The results of using 

96 and 20 variables were almost identical, both in terms of variable interrelationship and sample 

scores. Including a high number of variables suggested more details about the relationship between 

biomarkers and biomarker groups, therefore the results of this analysis are reported, too. However, 

many o f the small coefficients are not sigmficant according to the cut-off values suggested below.
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peak
no. compound

ion
m/z

peak
no. compound

ion
m/z

3 C21 tricyclic terpane 191 33 17a(H),21 Q(H),22R-30-tiomohopane 191

5 C23 tncyclic terpane 191 34 gammacerane 191

16 18o(H)-22.29.30-nomeohopane (Ts) 191 45 8 B(H)-drimane 123

19 17a(H)-22.29,30-tnsnorhopane (Tm) 191 49 8 û(H)-domodrimane 123

25 17a(H),21 B(H)-30-norhopane 191 54 40(H)-19-norisopnmarane 123

26 C]o diahopane 191 56 Isoprimarane 123

28 17B(H).21 a(H)-30-normoretane 191 59 16&(H)-ptiy1locladane 123

30 17o(H),21 a(HHiopane 191 71 14o(H). 17a(H),20R-cholestane 217

31 170(H),21 o(H)-moretane 191 77 24^nethyl-14o(H).17o(H).20R- 
cholestane

217

32 17o(H),21 Q(H),22S-30-tiomohopane 191 81 24-ethyl-l 4a(H). 17a(H),20R-cholestane 217

Table 2: List of compounds in branched and cyclic fractions obtained from source rock extracts 
and crude oils which were used for the principal component analysis with 20 vanables 
(m=20).

Most published PCA o f organic geochemical data used in petroleum exploration studies 

are based on data sets in which the number of variables clearly exceed the number o f samples. 

Mello et al. (1988) performed PCA on 94 samples using 962 variables, and Telnaes and Cooper 

(1991) explicitly state that the requirement of number of samples larger than the number of 

variables is a misconception.

Both variance-covariance and correlation matrices were tested as input matrices for the 

PCA. In the PCA of variance-covariance matrices the variables with the highest absolute variance 

will contribute most to the first principal components (Rock, 1988). Standardization {i.e. 

performing an eigenanalysis o f a correlation matrix) normalizes variances to zero mean and unit 

variance, thereby compensating for the differences in absolute variance magnitudes. Generally, the 

use o f variance-covariance (centered) matrices are recommended in geochemical applications if all 

variables are measured in the same units or if the absolute magnitudes o f variances are of interest 

(LeMaitre, 1982, and references therein; Rock, 1988). Anderson (1963) stressed the incongruity of 

standardizing all variances and then trying to maximize the variance o f certain linear combinations
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by computing pnncipal components. It is possible that with the data set m this study important 

information associated with minor peaks may be lost without standardization, e.g. the steranes 

were present only m minor concentrations in most samples. Normalization and computation o f 

pnncipal components for a reduced number of variables with comparable variances (within two 

orders of magnitude) partly compensated for this problem. However, it is also apparent that the 

vanation of the normalized magnitudes o f peaks within the sample set contains valuable 

information as well. Attempts usmg the correlation matrices in the PCA applied in this study 

resulted in loss o f variance associated with the first pnncipal components, and because o f  the 

difficult interpretation and unclear sample separation, data interpretation was based on the analysis 

o f variance-covariance matrices. It is legitimate to select which method to use based on 

performance and PC interpretability {e.g. Gower, 1966), although James and McCulloh ( 1990) 

cautioned about circular reasoning when multivariate statistics is judged based on interpretability.

Tests for evaluation o f  the significance of eigenvalues obtained from PCA have been 

developed. Several of these tests have been evaluated by Jackson (1993) who found the broken- 

stick model to be one o f the most reliable tests in the evaluation o f simulated data matrices. This 

model considers the variance as a resource shared between principal components. The distribution 

o f variance by chance can be regarded as a stick o f unit length randomly broken uito a number of 

pieces equivalent to the number o f principal components. The method was developed by Frontier 

(1976) {cf. Legendre and Legendre, 1983) who also published a table listing the % variance 

associated with successive eigenvalues according to the broken-stick model. Comparison o f 

observed eigenvalues with broken-stick eigenvalues shows which principal component comprises 

more variance than can be expected by chance alone {i.e. observed eigenvalue > broken-stick 

eigenvalue).
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In contrast the issue o f the significance o f the eigenvector loadings in PCA and what levels 

should be used to discard insignificant loadings has not been discussed widely in the literature. 

Flury and Riedwyl (1988) suggested formulas for the calculation of standard errors o f  loadings, 

but their validity depends on large samples sizes and assumption of multivariate normality. A 

recent discussion can be found in Richman and Gong ( 1999) who experimentally tested magmtudes 

o f eigenvector coefficients (loadings) which can be considered important in meteorological 

applications based on samples size and components retained. Since no formal test is available 

which does not assume normally distributed data and independence of variables, arbitrary cut-off 

values have been employed in some studies (Richman and Gong (1999) and references therein). 

Richman (personal comm.) recommended calculation o f cut-off values using 0.2 times the 

maximum loading in a given PC as a rule o f thumb when employing eigenanalysis o f variance- 

covariance matrices. Choosing these cut-off values prevents overinterpretation o f the numerical 

values and also compensates for the error in GC-MS reproducability.

Principal component analysis m this study is considered a tool for initial (exploratory) data 

evaluation and sample interpretation, which needs to be corroborated by comparison with 

conventional geochemical parameters. The method greatly aids in systematic evaluation of 

biomarker relationships and correlation o f samples but does not replace the need to investigate the 

data individually and verify interpretations made on PCA results. The statistics software PC-Ord 

Version 2.0, written for ecological studies, was used for the PCA. The software allows flexible 

calculations based on different dispersion matrices and reports the broken-stick eigenvalues as a 

measure of how many components to retain in the analysis.

-38-



6. Data Analysis and Interpretation

Source rock extract and crude oil analyses were performed using standard biomarker 

techniques and bulk geochemical parameters in case of the source rocks. The mterpretations and 

correlations descnbed in the following sections are based on the data obtained from these methods. 

Many of the biomarkers detected and used for interpretations are synthesized by a  number of 

different organisms and occur in different depositional environments, thus have only a limited 

specificity for the interpretation o f source rocks organic matter and depositional environment. 

Although interpretations made in this study are substantiated employing several geochemical 

parameters sunultaneously, additional data obtained from other geochemical methods such as 

carbon isotopic measurements (bulk analysis, hydrocarbon fractions, and compound specific 

analysis), porphvTm analysis, elemental analysis (sulfur, nitrogen) etc. would be desirable.

6.1. Source Rock Analysis

Before describing source rock geochemistry in detail it is worthwhile to examine the data 

set as a whole using bulk, Rock-Eval and gas chromatographic analyses. These analyses allow an 

initial grouping o f the large number o f samples investigated. In subsequent chapters the 

geochemical character of the source rocks will be interpreted based on multivariate statistics of 

GC-MS data as described in Chapter 5.5. The interpretation will then be verified by correlation to 

other data obtained from GC and Rock-Eval analysis and supplemented by observations from core 

descriptions (Appendix 3). All relevant source rock geochemical data and sample descriptions are 

summarized in Appendix 5; abbreviations used are listed in Appendix 1.1.
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6.1.1. General Observations

6.1.1.1. Bulk Data

Histograms of TOC-values o f source rocks (41 samples) which have been processed for 

detailed geochemical analysis show an expected lognormal distribution (Fig. 1 la), with the most 

frequent values varying between 2-4% TOC (median=2.4%). Maximum TOC values (>30%) 

occur in coaly samples (UB26E. UB42E and UB45E). High values were also measured in outcrop 

samples from the mahogany zone. Sample UB29E from the south-central area (map-group 3) 

shows extremely high TOC-values, but is classified as a massive shaley mudstone with occasional 

large pelec>pod shells, similar to the nearshore open lacustrine fecies o f Wiggins and Harris 

(1994). However, most other samples do not show exceptionally high TOC values, although some 

would qualify- as oil-shales based on lithology, lamination and color. The distribution o f HI values 

is less consistent (Fig. 1 lb) which may be explained by source, maturity range or organic matter 

oxidation levels. A maximum value o f  1,020 mg HC/g TOC was measured in an outcrop sample 

from the mahogany zone (UB39E).

Rock-Eval data for samples used for extraction are illustrated in conventional Hydrogen- 

Index (HI) vs. Oxygen-Index (01) and Tm« cross plots (Fig. 12). Although oil-shale type samples 

(see Chapter 6.1.2.) plot along the expected pathway o f type I kerogens m Figure 12a, a number of 

samples classify as type II and possible mixtures of types l+II or II+III. An alternative explanation 

for the apparent mixing are oxidation processes prior or soon after burial through bacterial 

reworking or weathering. Horsfield et al. ( 1994) favor bacterial reworking in their investigation of 

Green River Formation samples from the Greater Green River Basin in Wyoming. Extensive 

reworking has also been interpreted for upper Green River Formation oil-shales in the Uinta and 

Piceance Creek Basins by Dean and Anders (1991). Despite the analytical problems associated 

with the 01 (Peters, 1986), this parameter is nevertheless an indication o f extensive organic matter
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Figure 11: Histograms o f TOC (a) and Hl-Indices (b) o f Green River Formation source rock 
samples analyzed in this study. Bimodal distribution in (a) is caused by high 
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UB42E, and the maximum value in (b) was obtained from the mahogany zone 
outcrop sample UB39E. Note class change at TOC >16% in (a).
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reworking m the analyzed core samples, since weathering can be excluded, and pétrographie 

analyses in other studies do not indicate sufficiently high vitrinite contents to decrease HI markedly 

(e.g. Ruble. 1996; Dean and Anders, 1991). Companson of the HI vs. 01 distribution o f the 

investigated samples with analyses published elsewhere (e.g. Tissot et al., 1978; Dean and Anders. 

1991), in which samples generally plot close to the type I pathw ay, makes the bias o f published 

Green River Formation source rock investigations towards the analysis of oil shales (at least for the 

Uinta Basin) apparent.

Rock-Eval Tm»-values have been used extensively for source rock maturity studies, 

although the quality of the measurement depends strongly on the kerogen type and is often 

inconclusive for type 1 kerogens (Tissot et al., 1987). Figure 12b shows the sample distribution in 

a T t o k  v s . h i  cross plot. The Hl-values decrease with increasing maturity, whilst Tm« increases. 

The beginning of the oil window (hydrocarbon generation zone) has been proposed to correlate 

with a Tnux-value of 440°C for kerogen type I (Espitalié, 1986). Most o f the samples in this study 

fall below or within this oil-window. A few samples (Appendix 5) show erroneous T^ax values, 

possibly caused by extensive weathering (outcrop sample UB44E) and extremely low TOC 

(UB30E) and are not displayed in the graph. Sample UB3 IE also appears to have a  anomalously 

high Tmax-value, considering its location (Cedar Rim field) and shallow depth (8507 ft). All other 

samples plot below the suggested upper oil window level o f 460°C (Anders et a i ,  1992). In 

pvTolysis experiments, Huizinger et al. (1988) reported invariable trends for Tm« in Green River 

oil-shales, while Ruble (1996) demonstrated that Tm« may be useful for certain source facies in the 

Uinta Basin. In naturally matured samples. Anders and Gerrild (1984) and Anders et al. (1992) 

reported considerable scatter or invariant Tm« vs. depth profiles for samples from various fields in 

the basin.
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6.1.1.2. High Temperature Gas-Chromatoqraphv (GC) Analysis

Gas chromatographic analysis o f the saturated fractions permits separation o f two tvpes o f 

source rocks based on n-alkane abundance and distribution relative to isoprenoids and naphthenic 

compounds. A third group comprises samples identified as coals in outcrop and core. Examples for 

comparison of the former two groups are given in Figure 13 and average bulk and GC derived 

geochemical parameters are summarized in Table 3. Individual samples o f these sample groups are 

differentiated in Appendix 5.

Source
rock
type

ASPH
%

SAT
%

EOM
ppm Pr/Ph CPI

8-
carotane

(pg/g
TOC)

TOC
%

HI
(mg

HC/g
TOC)

"T

Oil-
shale

avg. 23.5 38.9 1065 1.39 1.23 971 4.02 721 434

type range 14.6-
346

12 6 0 287-
2486

a i9 -
131

0.75-
264

æ-6038 12-1&6 314-
1(00

424-
444

n=29 std.dev. 5.4 15.0 669 0.57 0.52 1446 3.51 188 4.6
Regular avg. 17.2 58.5 490 1.78 1.04 82 3.3 359 441
type range 26-

220
326-
872

12-
2684

0.77-
3.48

096-
1.17

0-581 0.31-15.7 39-775 423-
4S0

n=12 std.dev. 13.8 11.4 625 1.05 0.37 133 11.1 270 314
Coals avg. 59.7 25.9 6410 4.11 1.68 0 40.4 261 426

range 425-
7S

318-
39.5

224S-
13494

3.36-
567

124-
211

0 21.3-67.7 230-5» 417-
432

n=3 stddev. 15.7 36 6168 1.10 0.S2 0 242 198 8.1

Table 3: Selected averages and ranges for geochemical parameters o f source rock extract saturated 
fractions investigated in this study. Source rocks are separated into groups as described 
in the text. Abbreviations in Appendix 1.1; n = number of samples.

Samples of the first group are here referred to as oil-shale type samples and include 

samples known to originate from the mahogany zone (outcrop samples UB39E, UB40E). The oil- 

shale type group is distinguished by GC traces characteristically dominated by isoprenoids 

(pristane and phytane), pentacyclic terpanes, gammacerane and B-carotane and show only minor n- 

alkane abundances (Fig. 13a and b). Similar geochemical characteristics o f organic-rich lacustrine 

sediments have been reported from Brazil (e.g. Mello and Maxwell, 1990) and China (e.g. Carroll 

et a i ,  1992). B-Carotane has been interpreted as a general biomarker for algal, archaebacterial or

- 4 4



photos\'nthetic bactenal derived compounds deposited in hypersaline and anoxic environments 

(Jiang and Fowler, 1986; Fu Jiamo er al.. 1990). High concentrations of B-carotane generally 

indicate a biosphere of low diversity but high productivity (Killops and Killops, 1993, and 

references therein). Whilst the typical mahogany zone oil-shale shows a dominance of B-carotane 

and Pr/Ph values < 1.0 (see sample chromatograms in Appendix 6), this is not necessarily true for 

other samples of this type (Table 3). Ruble (1996) detected similar geochemical variations in 

outcrop samples stratigraphically ranging from the upper black shale facies to the saline facies (see 

Fig. 6 for stratigraphy). Bulk and biomarker parameters are also highly variable, TOC-values e.g. 

vary from 1.2% to 13 .6% in the oil-shale type samples, EOM is also generally high in these 

samples (Table 3). The geochemical signature of the oil-shale type samples is in part related to 

their low thermal maturity. The relative concentration o f n-alkanes in source rock extracts 

increases with maturity, as a  result of their generation from the kerogen matrix during maturation 

(Tissot and Welte, 1984). Thermal generation and destruction o f compounds may have obliterated 

an initial oil-shale type signature in samples from the stratigraphically deeper sections o f the basin. 

However, hydrous pyrolysis o f mahogany zone samples by Ruble (1996) demonstrated that distinct 

geochemical features such as high relative pristane, phytane and B-carotane concentrations were 

still visible at elevated pyrolysis temperatures (330°C/72 hrs; Lewan’s (1993) beginning primary 

oil generation stage). Since Tm« and molecular thermal maturity indicators suggest that most o f the 

samples investigated in this study are immature to early mature, it is assumed that that the 

proposed distinction o f extracts is valid for the majority o f the samples investigated and reflects 

major differences in source and depositional environment o f the source rocks (see also Tissot et al. , 

1978). However, the differentiation to samples of regular type samples described below may be 

transitional.
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The second type of source rock displays a dominant and homologous senes o f «-alkanes 

(Fig. 13c and d) with varying carbon number range and carbon preference patterns (CPI > 1.0 for 

«-alkanes >n-Cz5). A number of samples display an even predominance between n-C\g and n-Czi. 

possibly characteristic for bactenal orgamc matter (see Hunt (1996) for review). However, 

hypersalinity, as suggested by R22 »  1.5 (ten Haven et al., 1988; definition in Appendix 1.1) is 

not indicated in any sample. Still, in most samples R22 ranges between 1.0 and 1.5. suggesting 

elevated M-Cz: concentrations. Some of the samples show minor traces of tnterpanes and B- 

carotanes (see Fig. 13c). In general, TOC and HI are lower in these samples compared to oil-shale 

type samples. Maturity ranges appear similar, although sample plots in Figure 12b suggest 

generally slightly higher maturities based on Tma*. Besides the problems associated with Tm« as 

described above, its suppression at high HI is also a known phenomenon (e.g. Snowdon, 1995) and 

the interpretation requires some caution.

Lithologie and macroscopic/microscopic pétrographie analysis (thin sections were 

available at the USGS core library) o f the core samples shows that, although oil-shale type samples 

are laminated dolonucrites, there is no apparent general sedimentological criteria which would 

separate oil-shale and regular source rock types. It appears that the absence o f lamination (except 

in streaked and bebbly type o f oil-shales described from the Piceance Creek Basin by Cole (1984)) 

excludes oil-shale type geochemical composition.

A third type of potential source rock comprises the coaly samples (UB26E, UB42E, 

UB45E), distinguished by their physical appearance and high TOC coupled with a  comparatively 

high HI. Samples UB26E and UB42E show high Pr/Ph-values, high n-alkane concentrations, 

recognizable triterpane peaks but no B-carotane. The GC trace of UB45E (Appendix 6-1) on the 

other hand would qualify this sample as an oil-shale type. Ruble (1996) investigated a coal sample 

from the black shale facies o f the lower Green River Formation (sample UB42E in this study) and
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considered paludal coals as a potential hydrocarbon generative facies.

6.1.2. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

General observations made during GC-MS analysis of the branched and cyclic fractions of 

source rock extracts and implications o f the biomarkers which were identified are briefly discussed 

below. For easier reference interpretations for all biomarkers detected in GC and GC-MS analysis 

are summarized in Table 4. Biomarkers m the aromatic fractions were not investigated.

Exploratory inter-sample comparisons are subsequently made based on multivariate statistical 

analysis, which provides a first means to identify composition and genetic differences o f the source 

rocks, in addition to their separation into oil-shale type, regular and coal source rocks as described 

in the previous chapter.

Compound
n-alkanes
relative abundance, distribution and 
cartxjn-numt)er range 
B-carotane

pristane

phytane

tricyclic terpanes

pentacyclic terpanes (hopanes)

methyl hopanes

diahopanes

gamm acerane

oleananes

desmethyl-steranes

diasteranes

methyl steranes

sesquiterpanes

diterpanes

monoaromatic steroids

Interpretation - source/depositional environment
algae (n-Ci, - n-Cj*) particularly n-C,5 . n-C,7 . n-C , 9  

bactena (rj-C,s - n-C,j) 
higher plants (n-Cjj - n-Cjt)
algae, phototrophic bacteria, hypersaline and/or reducing environments 

chlorophyll

chlorophyll, also in methanogenic bacteria and archaetiacteria 

algae (Tasmanites). bacteria 

bacteria, archaebacteria 

methylotrophic bacteria

clay-catalyzed rearrangement of regular hopanes 

halophilic protozoa, bacterivorous dilates 

angiosperms

higher plants (particularly C^). phyto- and zooplankton (particularly C2 7 ) 

clay-catalyzed reairangement of regular steranes 

phytoplankton, dinoflagellates

bacteria associated with œdc decomposition of higher plant material 
degradation of regular hopanoids 
higher plant resins

diagenetic transformation of desmethyl steranes

Table 4: Brief summary o f biomarker interpretations described in Chapter 6.1.; after Peters and 
Moldowan (1993), Fu Jiamo et al. (1990) and references listed in the text.

48 -



6.1.2.1 Biomarker Distributions in the Source Rock Extracts

Representative examples of biomarker distributions detected in the branched and cyclic 

fractions of source rock extracts are illustrated m Figures 14-17, 19, 20 and 21 and provide 

examples for some of the geochemical differences discussed in the following chapter. The branched 

and cyclic fractions are generally dommated by relative amounts o f isoprenoids, sesquiterpanes. 

diterpanes and tnterpanes, including gammacerane. Steroidal biomarkers are generally less 

abimdant (Fig. 14). It should be noted that relative biomarker distributions are modified during 

thermal maturation by thermal destruction or the release of compounds from the kerogen matnx. 

However, since the maturity of the most samples ranges from immature to early mature (see 

Chapter 6.2), it is assumed that diagenetic composition of the organic matter is still preserved and 

recognizable in the extracts .

TRICYCLIC TERPANES

Tricyclic terpanes (Fig. 15) were determined to extend from carbon number C,g to Cn 

based on GC-MS/MS data. A number of components occurring between 17a(H),2 lB(H)-hopane 

and 17a(H),2lB(H)-bishomohopane could not be positively identified. Some of these compounds 

may represent extended tricyclic terpanes {e.g. de Grande et a i ,  1993) which alternate, or coelute, 

with extended moretanes and methyl hopanes. Relative amounts o f tricyclic terpanes vary 

considerably from barely detectable to dominating over the pentacyclic hopanes. The 

concentrations of tricyclic terpanes increase relative to pentacyclic terpanes with increasing 

maturity (Aquino Neto et a i ,  1981), but due to the low maturity of most samples, relative 

abundances are assumed to mostly reflect differences in source input. Although synthesized by 

procaryotes (Ourrison et a i ,  1982), the occurence of tricyclic terpanes is usually associated with 

contribution of algal material to the sedimentary organic matter (Aquino Neto et a i ,  1981 ;
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Volkman et a i .  1989).

HOPANOIDS

In many samples pentacyclic terpanes dominate the terpane fraction relative to tncyclic 

terpanes. In most of the chromatograms three peaks were present which could not be identified to 

any degree of certainty. The unknown compounds represented by peaks 17 and 22 (Fig. 15) may be 

diahopanes and/or norhopanes; peak 22 may be a  bisnorhopane. Other terpanes detected include 

17B(H),21a(H)-22,29,30-trisnormoretane (peak 21, Fig. 15b), a compound also identified in 

immature oils from China (Hong et al., 1986). The thermally more stable 17a(H),21B(H)- 

22,29,30-trisnorhopane (Tm) is present along with 18a(H),21B(H)-22,29,30-trisnomeohopane 

(Ts) and permitted calculation of the Ts/Tm ratios for nearly all samples (Appendix 5). Also 

identified was a C 30 diahopane (17a(H)-15a-methyl-27-norhopane; peak 26; Fig. 15a and b), as 

confirmed by GC-MS/MS m/z 412 to 191 metastable ion transition monitoring and comparison o f 

analyses published by Moldowan et al. (1991). Formation o f this compound through clay- 

catalyzed, diagenetic transformation of regular hopanes has been proposed but partial oxidation of 

17a(H)-hopanes may provide an alternative origin (Moldowan et al., 1991). The suspiciously 

broad peak o f 17a(H),21B(FI)-norhopane in many m/z 191 traces is caused by coelution o f this 

compound with Cig-Ts (18a(H)-30-nomeohopane; e.g. Fig. 15a). This coelution is one o f the 

reasons why peak-heights were reported for analysis as opposed to the usually more reliable peak- 

areas. The two identified nomeohopanes indicate that a homologous series o f these compounds 

(Moldowan et a i ,  1991) may be present in the samples. The Cig-Ts has been shown to be 

thermally stable {e.g. Fowler and Brooks, 1990) and is suspected to originate from diploptene or 

diplopterol (Moldowan et al., 1991). With no exception, extended homohopanes show a  regular 

decrease o f the relative abundance with increasing carbon number. Peters and Moldowan (1991)

52-



suggested that, as a result of to low sulfur in lacustrine settings, the sequestration and preservation 

o f Cjs-homohopane in anaerobic environments is inefficient, thus enhanced concentration of 

extended hopanes rarely occurs.

A C:4-tetracyclic terpane was tentatively identified in a number o f  samples (e.g. Fig. 15a). 

but was not mtegrated into the GC-MS data matrix because of coelution with C:g tricyclic terpane 

20R. The compound was found in samples from peripheral areas of the basm and was not 

identified in oil-shale type extracts. Its presence is qualitatively indicated in Appendix 5. The C:4- 

tetracyclic terpane is considered to be a thermocatalytic degradation product o f regular pentacv clic 

terpanes (Ekwezor et al., 1981). Philp and Gilbert (1986) report the compound in terrigenous 

Australian oils and its occurrence was recently found to be more closely related to oxic, paludal 

environments (Philp, 1994). A C 2 4  tetracyclic terpane was also identified in oils derived from 

carbonate and evaporite environments and related to microbial degradation o f hopanes (e.g. Clark 

and Philp, 1989).

In the extended hopane region of the chromatograms of some samples, a series of methyl 

hopanes is present based on comparison o f m/z 191 and 205 chromatograms (Fig. 16) and their 

relative abundances compared to regular hopanes are qualitatively indicated in Appendix 5. The 

series found in the source rock extracts examined in this study were tentatively identified as 2 a -  

methyl and 3B-methyl hopanes. Ruble and Philp (1991) described a series o f 3B-methyl hopanes in 

their investigation of Uinta Basin solid bitumens. Methyl hopanes are present in most samples but 

appear to be more abundant in regular type source rock extracts. Methyl hopanes are interpreted to 

originate from aerobic methylotrophic bacteria (Summons and Jahnke, 1990), which, in turn, 

implicate the activity o f obligate anaerobic methanogenic bacteria in the anaerobic hypolimnion or 

surface sediments of the lake (Killops and Killops, 1993). Schoell et al. (1994) and Ruble et al.
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(1994) interpreted the ô'^C-depIeted methyl hopanes in Uinta Basin gilsonites. which are generated 

from mahogany zone oil-shales, as a product of methylotrophic bactena living above an 

oxic/anoxic mterfece in Lake Uinta.

NON-HOPANOID TERPANES

Minor traces o f l8a(H)-oleanane. eluting immediately before l7a(H),2lB(H)-hopane, 

were tentatively identified in many extracts {e.g. Fig. 15a and b). Although metastable ion 

transition of m/z 412—>191 confirmed oleanane, the general low concentration in the branched and 

cyclic fractions did not allow the verifications suggested by Peters and Moldowan (1993). 

Relatively high oleanane-indices in Appendix 5 (samples UB5E, UB30E and UB47E) are due to 

low Cjo-hopanes abundances. The presence o f oleanane may indicate a constant "background” o f 

angiosperm-derived organic matter (ten Haven and Rullkotter, 1988), although its preservation and 

concentration also depends on diagenetic conditions (Murray et a i ,  1997). Oleanane was generally 

present in very low concentration relative to 17a(H),21B(H)-hopane in oil-shale type samples.

Gammacerane is present in highly variable relative concentrations. It should be noted that 

gammacerane and l7a(H),2lB(H)-hopane fragment into two ions with m/z 191 during GC-MS 

operation, thus overestimating the abundance of these compounds (Peters and Moldowan, 1993). 

Gammacerane is interpreted as a marker indicating hypersalinity and anoxic environments (ten 

Haven et a i ,  1988) and is also present in highly variable absolute concentrations in the extracts 

(Appendix 5). The biological precursor o f gammacerane, tetrahymanol, is a lipid in protozoan 

membranes and in phototrophic bacteria (Peters and Moldowan, 1993, and references therein). 

Recent reports indicate that tetrahymanol is also a neutral lipid in marine bacterivorous ciliate 

species, and has been proposed as a  principal maricer for these organisms in marine sediments 

(Harvey and McManus, 1991). Sinnighe Damsté et a i  (1995) proposed gammacerane as a marker
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for water stratification, since its occurrence is not restricted to sediments deposited under 

h\persaline conditions. Water densit>’ interfaces were shown to be locations of extensive microbial 

activitv’ by Wakeham (1990) which provides a substrate for ciliates. Schoell et al. (1994) 

interpreted gammacerane as a marker for the stable density stratification in Lake Uinta during 

mahogany oil-shale deposition, and not as a marker for hypersalinity. Similar interpretations 

mvolving gammacerane and biomarker carbon-isotopic composition were recently made by Santos 

Neto et al. (1998) for lacustrine source rocks o f the Poitugar Basin, Brazil.

DESMETHYL STERANES

The m/z 217 chromatograms are dominated by regular desmethyl steranes and highly 

variable relative concentrations o f diasteranes (Fig. 17). The distribution of C27-, Cm- and C ^- 

desmethyl steranes in Figure 18 is irregular and no trend associated with location or source rock 

type IS apparent. The scatter of the samples is caused by the multiple sources that contribute 

desmethyl steranes to sedimentary orgamc matter within a lacustrine environment (e.g. Volkman. 

1986). Note also the wide scatter o f sterane distributions in the oil-shale type samples. As will be 

shown in the statistical analysis o f the data, positive correlation o f steranes and hopanes may 

indicate that both biomarker groups in part may be synthesized by organisms feeding on primary 

organic matter, i.e. bacteria in the case of the hopanes and possibly herbivorous zooplanton in the 

case o f the steranes.

Compounds tentatively identified as C21- and Czz-steranes (diginane and homodiginane; 

Requejo et al., 1997) and minor concentrations o f possibly other lower molecular weight steranes 

are present in a number o f samples (Fig. 17a and b), most notably in those from deeper 

stratigraphie sections. Except for traces in samples UB2E and UB19E, lower molecular weight 

steranes do not occur in oil-shale type samples. The C2 1- and C 2 2-steranes are interpreted as
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indicators o f elevated salinity (Wingert and Pomerantz, 1986). but a number of other possible 

origins have been suggested by Matveeva and Petrov ( 1997).

DIASTERANES

Diasteranes are more abundant in stratigraphically lower, regular type source rock 

samples, which may be partly due to the higher thermal stability o f diasteranes (Peters et al..

1990). However, since the samples involved are generally o f low maturity, it is assumed that the 

diasterane-index (definition m Appendix 1.1.: Appendix 5) reflects primarily the depositional 

environment. It has been proposed that diasteranes are formed via clay-catalysis in clastic-rich 

depositional environments (Sieskind et a/., 1979), although their occurrence has also been related 

to low pH, high Eh environments (Moldowan et a i,  1992). Lower molecular weight (Cn and C::) 

diasteranes have been described recently by Requejo et al. (1997) and may be present as well. No 

clear correlation could be foimd between diasteranes and C 30 diahopanes

METHYL STERANES

Methyl steranes are present in a number of samples and have been identified in GC- 

MS/MS experiments (Fig. 19) and by comparison with published chromatograms {e.g. Wolff et 

a i,  1985; Summons and Capon, 1991; Peters and Moldowan, 1993). The GC-MS/MS metastable 

ion transitions allowed identification of abundant 4a(Me)-steranes in the black shale 6cies outcrop 

sample from Indian Canyon (Fig. 19a). These compounds were not positively identified in 

mahogany zone shales and are rare or not present in other oil-shale type source rocks. Interestingly, 

Horsfield et al. (1994) found 4a(Me)-steranes to be the dominant steranes in Green River 

Formation oil-shales collected from the Luman Tongue and Laney Member of the Washaki Basin, 

Wyoming. In most cases when methyl steranes have been found, it appears that a series of 3B(Me)-
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steranes is present (Fig. I9c), which has been identified by comparison o f m/z 217, 218. 231, and 

232. The 14B(H),17B(H)-isomers of the 3B(Me)-and 4a(Me)-steranes form a characteristic 

sequence o f doublets apparent in the m/z 232 chromatograms but otherwise coelute with regular 

desmethyl and diasteranes m the chromatograms o f the other ions (Fig. 19c). The 2a(Me)-steranes 

elute closer to the desmethyl counterparts than either 3B(Me)- and 4a(Me)-steranes (Summons and 

Capon, 1988; Wang and Philp, 1997) and were not identified in any o f the samples. Unequivocal 

methyl sterane identification was not possible in many cases and coelution problems, often also 

caused by fragments of the dominant hopane series, prevented incorporation of methyl steranes mto 

the GC-MS data matrix. A qualitative indication o f the abundance o f methyl steranes relative to 

desmethyl steranes and diasteranes in m/z 217 is given in Appendix 5. The occurrence and 

abundance of methyl steranes is rather erratic in the lower Green River Formation samples and 

they are rare or do not occur in most o f the oil-shale type samples o f the upper Green River 

Formation. In cases when the 4a(Me)-steranes are present in oil-shale type samples, they are by no 

means as significant as in samples o f the lower Green River Formation. Although not as diagnostic 

as dinosteranes, their abundance is viewed as indicative for the presence of dinofiagellates 

(Robinson et a i ,  1984). However, other algae possibly synthesize these compounds (Goodwin et 

a i ,  1988). Less diagnostic are the 3B(Me)-steranes, which may be formed from sterols via 

bacterial rearrangement processes (Summons and Capon, 1991) but their occurrence may also be 

related to the depositional environment (Dahl et a i ,  1992).

MONOAROMATIC STEROIDS

Monoaromatic steroids (m/z 253) were present in many of the samples (Fig. 20), their 

abundance apparently related to the maturity o f the samples. Oil-shale type samples show distinct 

m/z 253 responses while monoaromatic steroids in regular source rock type samples are often
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obliterated by isoprenoid fragments. Identification of compounds is tentative and based on standard 

and published chromatograms {e.g. Seifert et al., 1981). However, the separation capacity o f the 

column used in GC-MS analysis was not sufficient to resolve all peaks and rendered peak 

identification difficult. Therefore, peaks are only identified according to carbon number. 

Monoaromatic steroids are early diagenetic products derived from sterols with side chain double 

bonds (Riolo et a i .  1986) and may be more specific for their precursors than steranes (Peters and 

Moldowan, 1993).

SESQUITERPANES AND DITERPANES

Investigation o f bicyclic sesquiterpanes and diterpanes with ion m/z 123 showed high 

variations in the distribution of the identified compounds and also relative to other biomarkers (Fig. 

14). Evaporative loss o f sesquiterpanes during sample preparation may have altered the relative 

sesquiterpane abundance in some samples, and their distribution has to be interpreted with caution. 

Sesqui- and diterpanes are related to the contribution of bacterial organic matter (Alexander et a i ,  

1984) and higher plant (conifer) resins, respectively {e.g. Alexander et a i ,  1987). The dominant 

components were tentatively identified as drimane and homodrimane (peaks 45 and 49), an 

unidentified diterpane (peak 53), norisoprimarane (peak 54) and 16B(H)-phyllocladane (peak 59). 

Eudesmane could not identified unequivocally in the samples. Identification was performed using 

GC-MS/MS parent to m/z 123 transitions, standard chromatograms and comparison to published 

chromatograms {e.g. Weston et a i ,  1989; Oung and Philp, 1994). Representative examples for 

sesqui- and diterpane distributions are shown in Figure 2 1.
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6.1.2.2 Principal Component Analysis (PCA) of Source Rock Extract GC-MS data

The PCA of the first principal components (PC) based on variance-covanance matrices 

using 96 (m=96; peak heights are listed Appendix 4)) and 20 (m=20) selected variables of the same 

data set (peaks for PCA with m=20 are listed in Table 2) and 35 source rock samples are reported 

m Table 4a and b. Additionally, a PCA usmg a correlation matnx with m=20 is provided in Table 

4c for comparison o f PCA performance. Samples o f very high maturity (UB33E, UB34E and 

UB46E) and a sample with potential contamination based on Rock-Eval PI (UB32E) have been 

excluded from the analysis.

m = 96, v a rian ce -co v a rian ce  m atrix
a) P C E igenvalue % V ariance C u m u la tiv e  

%  v a ria n c e
B roken-stick
e ig en v a lu e

1 3.785 41 .4 4 1 .4 0.491
2 1.625 17.8 5 9 .2 0 .395
3 1.045 11.4 70 .6 0 .348
4 0.607 6.6 7 7 .2 0 .3 1 6
5 0.499 5.5 82 .6 0 .292
6 0.358 3 .9 8 6 .5 0 .273
7 0.319 3.5 90 .0 0 .257
8 0.203 2.2 92 .2 0 .243

m = 20 , v a rian ce  co v a rian ce  m atrix
b) PC E igenva lue % V ariance C u m u la tiv e  

%  v a ria n c e
B roken-stick
e ig e n v a lu e

1 3.877 46 .6 46 .6 1 .497
2 1.655 19.9 6 6 .5 1.081
3 0 .974 11.7 78 .2 0 .873
4 0 .594 7.1 85 .3 0 .7 3 4
5 0.425 5.1 9 0 .4 0.630

m =20 , correlation  m atrix
c) PC E igenva lue % V ariance C u m u la tiv e B roken-stick

% v a ria n c e e ig en v a lu e
1 8.113 40 .6 4 0 .6 3 .598
2 3.356 16.8 57 .4 2 .598
3 2 .363 11.8 6 9 .2 2 .0 9 8
4 1.317 6.6 7 5 .8 1.764
5 1.065 5.3 81.1 1.514

Table 5: Principal component analysis results (using 96 variables in (a) and 20 variables in (b)), 
based on the variance-covariance matrix o f GC-MS peak-heights obtained from the 
analysis o f the branched and cyclic fractions o f source rock extracts. Results o f the PCA 
using a correlation matrix with 20 variables (m=20) are shown in (c).
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According to the broken-stick model PCI to 7 compose more variance than explicable by 

chance alone when usmg 96 variables and the variance-covanance matnx (Table 4a). Thus the 

dimensionality o f the data set is not reduced sufficiently. Restnctmg the number o f variables to 

m=20 shows that the dimensionality in this analysis can be reduced to 3 significant principal 

components which comprise 78.2% of the total vanance (Table 4b). A similar result is obtamed m 

the PCA of the correlation matrix o f 20 variables, although the first 3 principal components are 

associated with a reduced portion o f the total variance (69 .2%; Table 4c).

6.1.2.2.1 Principal Component Loadings - Source Rock Extract Analysis

The first step in the PCA is the interpretation of the vanables which influence the 

mdividual principal components. In Figure 22 bar diagrams of the first three principal components 

obtained from the variance-covariance based PCA using 96 variables (Fig.22a) and 20 variables 

(Fig.22b) are shown. Comparison of the loadings o f variables used in both analyses show similar 

patterns and magnitudes. Although many variables in the first analysis have to be considered 

insignificant, the bar diagram in Figure 22a mdicates a well defined separation o f biomarker 

groups in the analysis. Loadings distribution and signs obtained for PC 1 of the correlation matrix 

based PCA (m=20) in Figure 22c are comparable to the results o f the variance-covariance analysis 

in Figure 22b. However, the patterns o f the loadings of PC2 and PC3 in Figure 22c are difficult to 

mterpret, e.g. the high loadings and sigmficance o f C 31 hopane S+R (peaks 32 and 33) could not 

be verified by inspection o f the raw data. The relative abundance of gammacerane as expressed by 

PC2 (Figure 22b) in the PCA o f the vanance-covariance matrix on the other hand was found to be 

most useful in the characterization and differentiation of the extract samples. Therefore, and for 

reasons given in Chapter 5.5, the results o f the variance-covariance based PCA with 20 variables 

are used in the exploratory analysis o f the source rock extracts GC-MS analysis. The input matrix
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of normalized peak heights is given in Table 6 . which also lists the original vanance associated 

with each vanable. The complete results of this PCA are given in Appendix 4.2.

VARIANCE-COVARLANCE BASED PCA (m=20) - PCI

The PC I is dominated by the high absolute magnitude o f C 3 0  hopane (peak 30), which is 

negatively loaded with other hopanes (Figure 22a and b) and the C 29 a a  20R desmethyl steranes 

(C : 7  and C^ sterane fell below the suggested cutoff value o f |0 .118(; Appendix 4.2). These 

compounds are negatively correlated to the tricyclic terpanes, sesquiterpanes, diterpanes and C 3 0  

diahopane. This PC appears to represent the relative proportions o f bacterial and primary organic 

matter derived from algae and higher plants. Bacterial biomarkers both may represent primary 

organic matter {e.g. derived from autotrophs such as cyanobacteria) or prokaryotes reworking 

pnmary organic matter. Bacterial production is generally high in lacustrine systems (Kelts, 1988), 

although bacterial rew orking of organic matter proceeds at the expense o f primary organic matter 

with no net addition o f organic carbon (Meyer and Ishiwatari, 1993). The sesquiterpanes are also 

derived from bacterial sources through degradation of hopanoids (Alexander et al., 1984), but 

recent interpretations associate these compounds with the degradation o f higher plant material in 

oxic environments (Philp, 1994). The positive correlation o f hopanes/moretanes and C» a a  20R 

desmethyl sterane in this PC is possibly related to variance introduced by maturity variations 

between samples and does not represent source differences. Maturity related variance may also be 

the cause for the positive loading of C30 diahopane, considering the high thermal stability of this 

compound (Moldowan et al., 1991). Maturity also influences the relative abundance of tricyclic 

terpanes, sesquiterpanes and diterpanes and PC 1 has to be used with caution. However, the 

maturity of the 35 samples included in the analysis ranges from immature to early mature (see 

Chapter 6.2) such that the biomarker distributions and PC 1 are assumed to represent mainly source
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differences in the extracts. A negative correlation is indicated between tricyclic terpanes and 

desmethyl steranes, although both are reportedly synthesized by algae and phytoplankton 

(Volkman, 1986). They may simply represent different types of algae but positive correlation to 

hopanes suggests herbivorous zooplankton as a potential source for desmethyl steranes. These 

orgamsms are known to synthesize C ; 7  steranes and may also have contributed a portion o f the C;s 

and C : 9  steranes (see Killops and Killops. 1993, for review). Negative correlation to diterpanes 

similarly can indicate that C 29 steranes, which are often interpreted as markers for higher plant 

mput (Huang and Meinschem, 1979), have a different source.

VARIANCE-COVARIANCE BASED PCA (m=20) - PC2

The PC2 in Figure 22b is clearly controlled by the relative abundance of gammacerane and 

to a  lesser degree by the tricyclic terpanes. The loadings o f  most other variables fall below the 

suggested cut-off value o f |0.141| (Appendix 4.2). A positive correlation to C:9 norhopane (peak 

25) and homodrimane (peak 49) is indicated. Visual inspection o f the chromatograms identified 

gammacerane as a useful compound for the characterization o f extract samples. The gammacerane 

concentration was quantified and correlated to the source rock samples of different map-groups m 

Figure 23. Gammacerane concentrations and PC2 show similar trends, although extremely high 

concentrations do not coincide with high PC2 scores. However, the graph supports the 

mterpretation o f PC2 as representing the abundance o f gammacerane in the samples. As outlined in 

Chapter 6 . 1  2.1, gammacerane is considered a marker for hypersaline conditions, and recently has 

also been related to the presence of bacterivorous ciliates living at density interfaces o f water 

columns (Sinninghe Damsté et a i ,  1995).
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VARIANCE-COVARIANCE BASED PCA (m=20) - PC3

The tnoretanes (peaks 28,31) and a a  20R desmethyl steranes (peaks 71,77 and 81) are 

negatively loaded on PC3, suggesting that PC3 is partly determined by the relative abundance of 

thermally less stable compounds, thus represents thermal maturity (Fig. 22c). However, positive 

correlation o f these compounds with diterpanes suggests that there is also a source component 

determining PC3.
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6.1.2.2.2 Source Rock Extract Principal Component Scores

The second aspect o f PCA is to use the loadings above as coefficients in a set of 

simultaneous equations and calculate sample scores as combinations o f data values and eigenvector 

elements (see Chapter 5.5). Cross plotting scores on individual PCs can reveal compositional and 

therefore genetic differences between samples. The inversion o f sample scores permits the 

interpretation o f depositional environment, source and maturity of the samples (depending on PC 

loading interpretations). Relating PC 1 and PC2 of the Uinta Basin source rock extract data, for 

example, results in isolation o f  variance caused by source and depositional environment from a 

portion o f  those variances introduced by maturity differences (PC3) into the data.

Sample associations are shown in score cross plots in Figure 24 with annotated PC 

mterpretations in Figure 24a, as described in the preceding chapter. The samples have been 

separated into map-groups (see Fig. 8) to facilitate identification o f spatial relations, and were also 

distinguished based on GC responses into oil-shale type and regular type samples. Samples plotting 

close to zero of either PC are unweighted toward the respective PC, i.e. there is a balance between 

opposite loadings characterizing the PC. Sample UB25E from the Ourray/Natural Buttes area 

(Fig. 8 and 9) illustrates the approach o f interpreting scores on PCA cross plots and relevant 

chromatograms are given in Figure 25. The sample is unweighted on PC 1, i.e. opposite loadings 

compensate. The RIC trace confirms high relative abundances of sesquiterpanes and pentacyclic 

hopanes, explaining PC 1 scores close to zero (Fig. 25b). High negative PC2 score indicates 

relatively insignificant or absent tricyclic terpanes and/or gammacerane, and high sesquiterpanes 

(Fig. 25e). The cross plot of PC 1 and PC3 reveals that immature biomarkers are insigmficant (e.g. 

moretanes), and that sample composition is determined by hopanes and sesquiterpanes with no or 

only minor gammacerane (Fig. 25c). The sample can be interpreted to have a  mature biomarker 

composition dominated by bacterial derived organic material. These bacteria were probably
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mainly herbivorous protozoa reworking the pnmaiy organic matter, since autotrophic bacteria 

require extreme conditions (e.g. hypersaline or anoxic (Killops and Killops, 1993)) not indicated by 

other biomarkers. However, the example m Figure 25 also shows non-unique PCA results smce. 

e.g. no definite conclusions can be drawn regarding the diterpane distribution. Balanced PC I 

scores can be caused by either high sesquitcrpane, tricyclic terpane and/or diterpanes v̂ . hopane 

relative concentrations, and inspection o f other cross plots does not definitely exclude one or the 

other.

It is obvious, however, that the cross plots facilitate the visualization of sample 

relationships and recognition o f unusual sample compositions (outliers in Figures 24). In this 

context it should be noted that PCA is constrained by variances introduced by outliers and does not 

model non-linear relations well (James and McCulloch, 1990). It appears that samples obtained 

from the south-central part o f the basin (map-group 3) plot in a fairly well defined and separated 

region (Fig. 24a), with the exception of sample UB35E and 2 IE. Both samples have very low TOC 

values. The PC mterpretation indicates dominance of bacterial derived organic material, low 

relative concentrations of gammacerane and tricyclic terpanes, and relative high maturity. Oil-shale 

type samples also plot consistently in quadrants II and III on PCI and PC2 cross plots (Fig. 24a). 

However, the fact that samples show opposite signs on PC2 confirms that there are significant 

differences in the composition o f oil-shale type samples, notably in the gammacerane abundance.

All oil-shale type samples (except UB16E) have high relative hopane concentrations and an 

example for the terpane distribution is given in Figure 15c. Their dominance is also obvious in the 

RIC trace example o f Figure 14b and GC trace in Figure 13b. Within the field of oil-shale type 

source rocks, samples obtained from the Greater Red Wash area (map-group 2, Fig. 9) cluster in a 

well defined area in Figure 24a. They appear to be similar in biomarker composition to the 

mahogany zone outcrop sample (UB39E), with the exception o f sample UB20E. This sample.
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unlike the other oil-shaie tvpe samples from the area, has a TOC < 1.0%. Samples obtained from 

the Altamont-Bluebell area (map-group I) scatter over the entire cross plot, a feet which is 

mterpreted to reflect the larger stratigraphie range represented by the samples. However, samples 

from deeper stratigraphie intervals (see also Chapter 6.2) cluster in quadrant I, whilst samples 

from higher stratigraphie levels plot close to the samples from the Greater Red Wash area.

A similar sample distribution pattern results in a cross plot o f PC 1 vs. PC3 (Fig. 24b), m 

which south-central and Greater Red Wash area samples cluster closely together. However, 

maturity variations appear to cause a large spread in the oil-shale type samples along PC3.

Because o f the relatively low total variance included, PC2 vs. PC3 shows a  large scatter (Fig. 24c) 

and is useful only for verification o f score interpretations made based on PCI vs. PC2 and PC3, 

respectively.
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6.1.2.2.3 Correlation o f PCA Sample Scores and other Geochemical Parameters

The original idea o f employing PCA to gain insight into the data matrix created by GC-MS 

analysis was to use it as a means to compare variations associated with certain biomarker groups 

and develop an initial interpretative model for source rock composition. Comparison with 

geochemical parameters derived from other methods (GC and Rock-Eval) can be integrated into the 

interpretation by simply correlating the PC scores o f samples and the interpretation o f the 

individual PCs as described above. The correlation coefficients (Pearson’s correlation coefficient r) 

are shown in Table 7. Correlation coefficients o f  r > I0.45| are arbitrarily considered to imply 

significant covariation. Statistical significance at levels o f significance levels o f p=0 .05 is indicated 

for r > |0.34|.

The correlation o f PC 1 to HI suggests that this PC is related to the type o f organic matter. 

Positive PC 1 scores apparently coincide with decreasing hydrogen content, which can be attributed 

to mcreasing proportions o f terrestrial organic matter. The positive correlation o f PC 1 to GC 

parameters reflecting the distribution of n-alkanes {CiiJCn- and Czi+CzVCa+Czg; definition in 

Appendix 11) and to the oleanane-index supports the interpretation of PC 1 as a source parameter. 

Algae are known to synthesize mostly low molecular weight n-alkanes (n-Cu to n-C:i) while higher 

molecular weight n-alkanes (n-C-a to n-Cjs) are typical for higher plant input (for review o f n- 

alkane distributions see CoUister et a i ,  1994). Oleanane is a  compound related to the occurrence of 

angiosperms (ten Haven and Rullotter, 1988). Correlation to Pr/n-Cr may be reflecting the 

transformation o f  phytol side chains to pristane in oxic envirorunents, but the restricted use of 

pristane (and phytane) as environmental indicators (ten Haven et a i ,  1987), possible multiple 

sources {e.g. Goosens et a i ,  1984) and sensitivity to maturity {e.g. Peters and Moldowan, 1993) 

make this interpretation less definitive. All parameters correlating with PC 1 are sensitive to 

changes in maturity and, since some of the variance associated with PC 1 appears to be maturity
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related, the correlations have to be interpreted with caution.

A high negative correlation between PC2 and Pr,Th (r=-0.599) supports the interpretation 

that PC2 represents the relative abundance o f gammaceranes which, in turn, can be related to 

salinity- and/or redox potential o f the lake environment. A common source for pristane and phytane 

has been interpreted based on compound 5'^C ratios by Schoell et al. (1994) for Uinta Basin 

gilsomtes, which are derived from mahogany zone oil-shales. However, the Pr/Ph value is only in 

the Mahogany zone outcrop sample UB39E (Appendix 5) distinctly smaller than I, which would 

be expected for hypersaline systems (ten Haven et a i.  1988).

The high correlations of maturity parameters to PC3 support the hypothesis that this 

component is associated with the variance introduced by maturity differences between the samples. 

The CPI (Marzi era/., 1993) and R22 (ten Haven era/., 1987; for definition see Appendix 1.1) 

appear to be maturity dependent, as is the oxygen content measured as S3 and Ol, respectively. A 

decrease in the latter two parameters and a convergence o f CPI and R22 to I in association with a 

positive PC3 score {i.e. a decrease o f the relative concentration o f thermally unstable isomers), 

indicates a relatively higher maturity level o f the sample under consideration. Conventional 

molecular maturity parameters have been mcluded into the correlation coefficient matrix o f Table 7 

and show positive correlation to PC3. Lack o f correlation of other maturity sensitive parameters 

such as Pr/n-Ci7 may indicate that these ratios reflect primarily a source signal.

None of the PC’s show a definite relationship to the absolute G-carotane concentration in 

the samples, but there is a correlation o f G-carotane to CPI and Pr/a-C,?. Both G-carotane and 

phytane are indicators o f hypersalinity {e.g. Fu Jiamo era/., 1990). Lack of correlation of G- 

carotane to gammacerane and PC2 may indicate that gammacerane is not necessarily dependent on 

the occurrence of hypersalinity alone and can indeed also be a marker for water column 

stratification (Sinnighe Damsté et a/., 1995) when other salinity indicators are not present or
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present only in minor abundance. The B-carotane concentration vanes extensively (Appendix 5; see 

also Table 3), but is generally highest in some oil-shale type samples. The Pearson’s correlation 

coefficient is sensitive to outliers (Rock, 1988) and the lack o f correlation may thus also be caused 

by the number o f extreme outliers in the analysis. Based on compound specific 6"C measurements 

Schoell et al. (1994) mterpreted B-carotane m Uinta Basin gilsonite (which is generated from the 

mahogany zone) as a compound synthesized by halophilic algae or photosynthetic bactena living at 

or near a  halocline. In this study, isotopic similarity to pristane and phytane was interpreted as an 

indication that the B-carotane synthesizing organisms also lived in the photic zone of the lake.
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6.2 Stratigraphie and Fades Related Aspects of the Source Rock Geochemistry

In order to permit further source rock interpretations within a geological framework, 

samples were divided into tfiree map-groups depending on well locations (Fig. 8) and. where 

possible, related to a common subsurface datum within their group. The depth of the datum used in 

each well are listed m Appendix 2. The subsurface datum are lithostratigraphic markers and were 

obtained from published structure maps. The temporal relationship between these markers and the 

spatial and stratigraphie association o f the map-groups are illustrated schematically m Figure 26. 

Fouch (1981) published a cross section correlating the southwestern and north-central part o f the 

basin and regional correlations based on wells and outcrop data exist for the southern part o f  the 

basin (e.g. Johnson. 1989; Franczyk and Pitman. 1989). No subsurface correlation between the 

north-central and the eastern part of the basin has been published. However, the approximate 

temporal relationship between the markers is known (see Ryder et a i,  1976) and the stratigraphie 

association shown in Figure 26 is useful as an approximation. Some of the samples included into 

the geochemical analysis could not be integrated into the map-groups because of lack of w ell 

mformation or well position outside published structure map areas. The gas chromatograms o f 

these samples are shown in Appendix 6.

Relative biomarker abundances and many organic geochemical parameters are sensitive to 

thermal maturity. Thermal maturation may modify or obliterate geochemical signals representing 

source input or depositional environment, thus the maturity assessment must be also considered in 

terms o f potential interference with source and environmental interpretations. As described below, 

the maturity of the samples integrated into the different map-groups ranges from immature to early 

mature and it is assumed that the extracts still carry the diagenetic signal of the organic matter. In 

this context, Tissot et ai. (1978) reported that hydrocarbon generation for Uinta Basin source rocks 

occurs at higher maturity levels (>0.7 Ro%) then for other source rock types.
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6.2.1 Altamont-Bluebell Area - Map-group 1

An attempt to reference samples from the Altamont-Bluebell area to the middle marker 

datum was made usmg structure maps published by Peterson ( 1973) and Morgan and Tripp 

(1996). Peterson (1973) used a log marker in the lower Green River Formation but structural 

equivalency and interpolation permitted estimation of the depth difference to the middle marker for 

the well included in this map (Appendix 2). The wells are located in T1S-R2W and TIS-RIW  and 

the cores comprise an estimated total section o f about 4,800 ft (Fig.27 and 28). A large sample gap 

exists between the upper and lower black shale facies, leaving the Colton Tongue and equivalent 

open lacustrine strata uncovered. Sample UB35E (Appendix 2 and 5) is interpreted to originate 

from this interval, but the well is located outside the datum control area. According to Fouch's 

(1975) and Ryder’s et al. (1976) facies maps (see also Fig.5), the area was close to or located 

within the open lacustrine core during the existence of Lake Uinta. Because o f the large 

stratigraphie section covered and the significance of the middle datum as a lithostratigraphic 

marker, there is little stratigraphie control over the relative position o f samples from different wells 

representing only short depth intervals. Although the stratigraphie associations of samples at 

relatively small scales is only approximate, the stratigraphie ranking on a large scale is consistent 

and the samples can be separated into a lower black shale facies, upper black shale facies/green 

shale facies and upper Green River Formation section. The stratigraphie framework for map-group 

1 was derived from Fouch’s (1981) assignment in well Mapco George E Fisher (API no. 43-013- 

30131-00; SW NE-Sec7-TlS-R3W) located approximately 3 mi west o f map-group 3. The top of 

the Colton was identified in well Chasel Unit Flying 1 (Appendix 3.1-7) but otherwise the locations 

and boundaries between the units are also only rough approximations.
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THERMAL MATURITY

Selected maturity parameters vj. depth are shown in Figure 28a to assess the maturity 

range represented in the samples. The plots permit evaluation of systematic maturity trends and 

fecies dependence o f maturity parameters. Systematic depth trends are visible for C ; 9  sterane 

isomerization at C20 and a a -  vs. BG-isomerization. The sterane isomerization parameters show- 

higher variability than the hopane C22-isomenzation. The slope for the hopane C22-isomerization 

slightly increases with depth and it appears that equilibrium for this reaction has been attained in 

the samples at the base of the black shale facies/green shale fecies interval. The hopane C22- 

isomerization equilibrium occurs earlier than the equilibrium of other isomerization reactions. 

Reversal of isomerization reactions at higher maturity levels has been reported (Moldowan et al. , 

1991) and a reversal is suspected to occur in the sterane C20- and a a -  vs. BG-isomerization o f the 

stratigraphically deepest samples (UB33E, UB46E). This reversal is an indication that the peak 

generation maturity level presently occurs above the lower black shale fecies, probably within the 

Colton Tongue o f this area. No, or very low concentrations of biomarker were detected in sample 

UB34E due to thermal degradation o f biomarker compounds. Thermal degradation o f biomarkers, 

extremely low HI, EOM, T™», and n-alkane distributions suggest high thermal maturity o f the 

samples beyond the maximum generative stage (Fig.27; Fig.28a). Although irregularities in sterane 

and terpane isomerization parameters have been reported for hypersaline sediments (ten Haven et 

al. , 1986), elevated salinities are unlikely to have occurred before the deposition of laminated oil- 

shale facies (see Chapter 3 .4) and only thermal control on isomerization is assumed. The use of 

moretane/hopane values as maturity indicators has been suggested by Seifert and Moldowan 

(1980). This parameter shows an exponential decay trend vs. depth. Equilibrium is reached before 

hopane C22-isomerization equilibrium and, according to Peters and Moldowan (1993), invariance 

o f the ratio is equivalent to maturity levels o f Ro»G.7%. Not surprising is the scatter o f T™ data
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points vs. depth, although this parameter may be more useful at maturity stages beyond biomarker 

isomeiization equilibrium. The ratio o f Ts and Tm showed considerable scatter vs. depth and was 

not useful for the assessment o f thermal maturit} (Appendix 5). Variation of Ts/Tm values 

depending on source rock facies has been reported by Moldowan et al. ( 1986). The parameters 

controlling Tm vs. Ts are speculative and may be related to lithology {e.g. McKirdy et a/., 1984), 

salinity (Rullkotter and Marzi, 1988) and Eh (Moldowan et a i ,  1986), any of which may have had 

major influence during deposition of the Green River Formation in the Uinta Basin. A distinct 

depth trend is displayed by PC3 which drops sharply with thermal conversion of moretanes and 

may thus be a measure for the suggested equilibrium at Ro»0.7%.

GEOCHEMICAL INTERPRETATION OF SOURCE ROCKS

Gas chromatograms of the samples included in map-group 1 are shown with their 

interpreted stratigraphie association in Figure 27. Increasing thermal maturity with depth has 

probably modified the diagenetic distribution o f compounds, but it is assumed that the variation in 

the relative abundance o f n-alkanes, isoprenoids, terpanes and B-carotane visible in the 

chromatograms primarily reflects source input. Samples UB17E and UB18E taken from the same 

core about 100 ft apart support this assumption. Both samples show similar TOC and HI but 

UB 18E shows relative higher abundances of isoprenoids, terpanes and B-carotane relative to the n- 

alkanes, although both have approximately similar maturity. The stratigraphically deepest samples 

(UB33E, UB34E, UB46E) are thermally mature or overmature, as indicated by the low HI, T^* 

and the distribution o f n-alkanes. Samples from the stratigraphically highest section show oil-shale 

type composition (UB2E, UB3E, UB37E). Sample UB16E obtained from sections below the 

middle marker also displays oil-shale type signature and is compositionally similar to a carbonate 

marker outcrop sample analyzed by Ruble (1996). Other samples from this section are dominated
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by n-alkanes with vanabie distnbutions and preference patterns. Because of high values o f 

samples UB5E and UB36E and particularly UBIE it was suspected that these samples onginate 

from stratigraphically deeper, thermally more mature sections. However, the samples show distinct 

rt-alkane distributions (UBIE), clear preference patterns (UB5E) and relatively high HI values 

mterpreted to reflect source differences.

Depth profiles o f parameters related to source input and depositional environment based on 

the stratigraphie ranking o f the samples are shown in Figure 28b and c. A distinct trend o f PC I vs. 

depth (Fig.28b) suggests a high relative proportion o f primary organic matter derived from algae 

and higher plants in samples from the upper black shale facies/green shale facies section beneath 

the middle marker. Odd carbon number preference o f the n-alkanes (Fig.27), high % diterpane and 

oleanane-indices (Fig.28c) also suggest higher plant contribution in this section. The presence o f 

methyl steranes in a number of samples (Appendix 5) also suggests algal contribution, possible 

from dinoflagellates. The relatively high influence o f clastic material is indicated by high 

diahopane- and diasterane-mdices. Reduced B-carotane concentrations in this section may be a 

consequence of the elevated maturity o f the samples, but the variability is preserved and may 

reflect fluctuations in lake water salinity. The plots o f PC2 vj. depth (Fig.28b) also show a 

systematic trend, roughly paralleled by the absolute gammacerane concentration (Fig.23).

Although often interpreted as a  marker for hypersalinity, the lack of correlation with B-carotane 

and Pr/Ph values in samples beneath the .niddle marker suggests other controls on gammacerane 

abundance. The presence o f water column stratification in relatively fresh water and origin o f 

gammacerane from bacterivorous ciliates living along the density interface as proposed by Sinnighe 

Damsté et al. (1995) provides an alternative interpretation for the presence of this compound.

Lithofacies observations (Appendix 3.1) suggest that samples UBIE, UB5E and UB47E 

are derived from open lacustrine sediments, based on the of laminated dark brown to black shales.
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mudstones and packstones. Shallow water structures such as algal lamination, syneresis cracks, 

cross- and flaser-bedding characteristic for marginal lacustrine rocks were identified in these cores 

and suggest rapid facies changes, which is apparently also reflected in the variable source rock 

geochemistry This agrees with the interpretation o f the black shale facies and green shale facies as 

deposits o f a phase o f lake transgression and subsequent contraction associated with expansion of 

marginal lacustrine and deltaic fecies (see Chapter 3 .4). The sediments o f  the other cores from the 

black shale fecies/green shale facies section also represent marginal lacustrine facies rangmg from 

light colored mudstones and packstones (Hiko Bell 1) to medium sandstones with basal lag 

conglomerates in Lamicq Urruty 2-8C (Appendix 3.1) and exhibit dominately flaser- and lenticular 

bedding.

The sign of the PC 1 scores changes up section and oil-shale type samples are characterized 

by the dominance of bacterial derived biomarkers. The organic matter is also dominated by 

variable proportions o f terpanes, isoprenoids and B-carotane, with minor contribution of «-alkanes. 

Parameters representing the input o f allochthonous inorganic and organic material decrease, also 

suggesting a change in the dominant source o f the organic matter. Decreasing PC2 in the oil-shale 

type samples UB2E and UB3E and reversal to high positive scores in UB37E indicate differences 

in the source and depositional environment o f the organic matter in these sediments. Low B- 

carotane and variations in Pr/Ph support this conclusion and argue for saline water conditions 

during the deposition o f the oil-shales represented by samples UB2E and UB3E. These samples 

possibly originate from the low grade oil shale zones beneath the mahogany zone (Johnson, 1989). 

Sample UB37E is geochemically similar to the mahogany shale sample UB39E (compare PCA 

cross plot in Fig. 24a), although it has much lower TOC and HI values and less distinctly low 

Pr/Ph ratio. Extremely high B-carotane in UB37E and dominance o f hypersaline markers in the 

mahogany shales (UB39E) indicate increasing saline conditions relative to the lean oil-shale zone.
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Lithofacies o f the cores from which samples UB2E and UB3E were obtained indicate shallow 

water, marginal lacustrine deposition (flaser-bedding, bioturbation, dewatenng and desiccation 

structures, svneresis cracks, algal boundstones eic. ) interrupted by the deposition of laminated oil- 

shales (Appendix 3 .1-1). Planar lamination of UB2E and UB3E suggests lack of bioturbation, 

possibly due to anoxicity or possibly salinity of the bottom water Possibly, these oil-shales were 

deposited during short term transgressive periods, when marginal lacustrine areas were mandated 

by water sufficiently anoxic and/or saline to preserve sediment lamination and orgamc matter.

Well Blanchard 1-33-3 is the longest, most complete section available for the area and is 

mterpreted to cover parts o f the uppermost black shale fecies/green shale facies transition to oil- 

shale fecies. This section therefore represents the development o f the lake system from stratified, 

fresh-water, through shallow, fluctuating alkaline and hypersaline lake systems. It is therefore 

instructive to observe changes in bulk geochemical parameters derived from Rock-Eval analysis 

with depth and lithofrcies (Fig. 29). The upper section (black shale facies/green shale fecies and 

lean oil-shale facies) is generally more TOC- and hydrocarbon-rich (9,360-9,480 ft), although 

TOC vanes considerably. Source rock units, however, appear to be thinner and alternate frequently 

with organic-lean sand-, silt- and limestones. The lower section beneath the middle marker (below 

10,320 ft core depth) is distinguished by a uniform mudstone to packstone sequence with relative 

invariant TOC and HI. Rock-Eval PI is constant at 0.2 to <0.4 and in combination with Tm« (430- 

435°C) supports that this section is entering the hydrocarbon generation stage. The dark mudstones 

and shales of lower Green River Formation (upper black shale - green shale facies section) 

represent organic facies deposited after the first major lake expansion and are more organic-lean 

and lower in hydrogen concentration. However, constant TOC values around 1.0% indicate 

consistent sedimentation o f  organic matter, unlike in the upper Green River Formation (8,940- 

9,180 ft), which shows erratic episodes of high quality source rock deposition.
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Captions (next 4 pages)

Figure 27: HTGC analysis o f source rock extract saturated fractions from cores o f the 
Altamont-Bluebell area (map-group 1). Sample depths are referenced to the 
middle marker datum (see text); stratigraphy adopted from well Mapco George 
E Fisher (SW NE, Sec7-TlS-R3W) published by Fouch (1981). Sample 
information includes sample number, depth o f sample in well and Rock-Eval 
bulk data. *= Internal standard C^^Dĝ ; black rectangles=cores, hatched 
rectangles=core chips.

Figure 28a: Maturity related biomarker indices and principal component 3 v̂ . depth in the 
Altamont-Bluebell area (map-group 1). Sample depth datum is the middle 
marker (see text) ); stratigraphy adopted from well Mapco George E Fisher 
(SW NE, Sec7-TlS-R3W) published by Fouch (1981); abbreviations and 
ratios are explained in Appendix 1.1.; black rectangles=cores, hatched 
rectangles=core chips.

Figure 28b: Biomarkers and principal components 1 and 2 vs. depth in the Altamont- 
Bluebell area (map-group 1). Sample depth datum is the middle marker (see 
text) ); stratigraphy adopted from well Mapco George E Fisher (SW NE, Sec7- 
T1S-R3W) published by Fouch (1981); abbreviations and ratios are explained 
in Appendix 1.1., black rectangles=cores, hatched rectangles=core chips.

Figure 28c: Biomarker ratios as proxies for clastic and higher plant organic matter input 
vs. depth in the Altamont-Bluebell area (map-group 1). Sample depth datum is 
the middle marker (see text); ); stratigraphy adopted from well Mapco George 
E Fisher (SW NE, Sec7-TlS-R3W) published by Fouch (1981); abbreviations 
and ratios are explained in Appendix 1.1; black rectangles=cores, hatched 
rectangles=core chips.
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Figure 29: Rock-Eval vs. depth profile from well Blanchard 1-33-3 from the Altamont 
Bluebell area. Core comprises mostly the green shale facies and Parachute 
Creek Member below the mahagony zone. Legend in Appendix 3.
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6.2.2 Greater Red Wash Area - Map-group 2

Similar to the procedure described for the Altamont-Bluebell field, samples from the 

Greater Red Wash area were referenced to the top of the Douglas Creek Member (Red Wash K- 

marker) based on structure maps published by Castle (1990) and Kelly and Castle (1990). The 

wells cover a large area (T9-10S, R21-23E) and stratigraphie associations of the samples to each 

other are only very approximate. The section covered comprises approximately 1.200 ft. including 

the upper marginal lacustrine Douglas Creek and lower to middle Parachute Creek Member.

Lateral stratigraphie equivalency to the Altamont-Bluebell area is only speculative but the sections 

of map-group 2 probably correlate to upper part of the green shale fecies to Parachute Creek 

Member below the mahogany zone, based on correlations o f Johnson (1989). Most o f the samples 

therefore cover the oil-shale intervals R4-R6 of Johnson (1989) and, in terms of lake evolution, the 

transitional period between the o f the black shale facies/green shale facies and mahogany zone 

(equivalent to samples UB3E and UB2E in the Altamont-Bluebell area). Sample UB22E of well 

Red Wash 32 was obtained from shallow drilling depths and probably represent saline 6 cies 

equivalent oil-shales.

THERMAL MATURITY

Plots of the GCs of extract saturated fractions (Fig.30) and thermal maturity parameters 

vr. depth (Fig. 3 la) confirm the results of Anders et al. (1992) that the organic matter o f  the source 

rocks in the Greater Red Wash area is at or near the beginning of the oil generation stage, i.e. still 

too immature for significant hydrocarbon generation. The sterane C2 9  aot20R and a a -  and BB- 

sterane isomerization indices indicate considerable variations related to source and depositional 

environment control on these parameters. As mentioned before, processes other than thermal 

maturation may generate geologic isomers o f steranes and terpanes in hypersaline environments
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(ten Haven et a i .  1986) and the erratic trends may be attributed to changes in lake water and/or 

sediment pore water chemistrv'. Moretanes and homohopane stereoisomers appear to be less 

influenced by these factors and apparently most closely reflect thermal maturitvv The geochemical 

variability of the source rock extracts, despite the similar maturity levels of the samples, supports 

the assumption that the relative abundance o f biomarkers reflect primarily source input or 

depositional environment.

GEOCHEMICAL INTERPRETATION OF SOURCE ROCKS

As in the case o f the oil-shale ty^ie samples in the Altamont-Bluebell field, the organic 

matter o f the Greater Red Wash area is composed mostly o f bacterial and algal organic material 

(Fig.30 and PC 1 in Fig.3 lb). Relative abundances o f  «-alkanes are variable and odd carbon 

number predominance points to varying degrees o f higher plant input. Low relative abundance of 

rearranged compounds, oleanane and diterpanes indicates reduced influence of clastic and 

allochthonous organic matter (Fig.3 Ic), although the presence o f diterpanes suggests comfers as 

contributors to the organic matter (Alexander et al. , 1987). High molecular weight alkanes m 

UB7E and UB 1 IE are possibly biopolymers derived from algal cell walls (Tegelaar et al. , 1989). 

B-Carotane is present in variable absolute concentrations in all samples but was detected in all 

cases significantly below the concentration measured in the mahogany zone sample UB39E 

(Fig.3 lb. Appendix 5). Gammacerane is present in low absolute concentration (Fig.24; Appendix 

5) and relative abundance as represented by PC2 (Fig.3 lb). Sample UB20E shows high 

gammacerane abundance relative to pentacyclic terpanes, but the sample has a low TOC and is 

also unusual comparing the HI and the compound distribution in the other samples. Sample UBl IE 

has a regular source rock type n-alkane distribution and its geochemical composition does not 

resemble the other samples analyzed from this area (Fig.30). The high relative abundance o f  n-
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alkanes in sample UBl l E indicates that their presence is a source related feature of the organic 

matter. The TOC and HI values indicate that this sample represents a viable source facies. Overall, 

the geochemistry o f  map-group 2 samples supports the correlation to similar samples in the 

•AJtamont-Bluebell area (UB2E, UB3E), and represent a  relatively shallow, alkaline lake 

environment with a productive algal and bacterial population. It is likely that the bacterial biomass 

in this case at least partially represent autotrophic bacteria, which flounshed in the saline lake 

water. It appears again, though, that the water was less saline than the during the deposition of the 

mahogani' oil-shales, based on the lower concentration o f hvpersaline markers in the samples. This 

is also suggested by low absolute gammacerane concentrations (Fig.23), with the exception of 

sample UB8E. This sample is compositionally related to the Mahogany zone outcrop sample 

UB39E (compare plot of sample points on PC 1 vs. PC2 in Fig.24a), but has different Pr/Ph values 

and fi-carotane concentration. Similar to the lean oil-shales o f the Altamont-Bluebell area, the 

sediments are interpreted to have been deposited in a marginal lacustrine setting. These areas were 

mundated by frequent, short term lake expansions which resulted in saline shallow lacustrine 

environments possibly with anoxic bottom water. The lithology o f  the cores consist of variable 

light brown-gray siltstones, occasional sandstones in addition to dark shales and mudstones which 

often exhibit lamination. Sedimentary structures (frequent cross-, flaser- and lenticular-bedding) 

also suggest marginal lacustrine setting (Appendix 3.2).

Well 23-24 Federal comprises a 120 ft thick interval composed mostly o f shales and 

dolomite/dolomitic limestone in which algal and shallow water sedimentary structures have been 

identified (Appendix 3.2.-1). However, exceptionally TOC-rich shales are present (UB19E), 

mdicating that this type of setting is also ''onducive to the deposition o f  thick, organic-rich source 

units. Figure 32 shows a Rock-Eval depth profile o f this core. Thickness and pervasive lamination 

o f shales with variable colors and TOC content are interpreted as products o f transitional distal
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marginal lacustrme and open lacustrine deposition. However, algal boundstones in addition to the 

facies context and the geochemistry o f TOC-nch beds in other wells o f this area indicate that they 

are deposits of probably short term open lacustrine incursions with extremely high productivity 

(possibly algal blooms) and/or preservation potential. Lamination indicates the absence o f bottom 

feeding scavengers and borrowers, thus also providing evidence for lake bottom water anoxicity 

and/or salinitv.

Captions (next 4 pages)

Figure 30: HTGC analysis o f source rockextract saturated factions from cores of the 
Greater Red Wash area. Sample depths relative to top o f Douglas Creek 
Member (K-marker) datum (see text). Sample information includes sample 
number, depth o f sample in well and Rock-Eval bulk data. *=Intemal standard 
C:4Dso; abbreviations and ratios are explained in Appendix 1.1; black 
rectangles=cores, hatched rectangles=core chips.

Figure 31a: Maturity related biomarker indices and principal component 3 v5. depth in the 
Greater Red Wash area (map-group 2). Sample depth datum is the top of the 
Douglas Creek Member (see text); black rectangles=cores, hatched 
rectangles=core chips.

Figure 31b: Selected biomarkers and principal components 1 and 2 v.s. depth in the
Greater Red Wash area (map-group 2). Sample depth datum is the top of the 
Douglas Creek Member (see text). Sample information includes sample 
number, depth o f  sample in well and Rock-Eval bulk data; abbreviations and 
ratios are explained in Appendix 1.1; black rectangles=cores, hatched 
rectangles=core chips.

Figure 31c: Biomarker ratios as proxies for clastic and higher plant organic matter input 
vs. depth in the Greater Red Wash area (map-group 2). Sample depth datum is 
the top o f the Douglas Creek Member (see text); abbreviations and ratios are 
explained in Appendix 1.1.; black rectangles=cores, hatched rectangles=core 
chips.
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area. Rocks are from the upper Douglas Creek Member. Legend in Appendix 3.
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6.2.3 South-Central Area - Map-group 3

A datum for reference of wells in the south-central area o f the basin was provided by 

Colburn et al. (1985). Based on their structure map. samples were referenced to the 3pt. marker m 

the green shale facies, a consistent log marker for the area some 150-200 ft below the middle 

marker. The sections covered by the cores therefore are interpreted to range from the lower Green 

River Formation (upper and lower black shale facies to green shale facies). Similar to the markers 

of piap-groups 1 and 2, the 3pt. marker has only lithostratigraphic significance and the 

stratigraphie association o f the samples within this group is only very approximate. According to 

the cross section published by Colburn et al. (1985), the Colton Tongue is present only in the 

southernmost part of the area and the black shale fecies forms a continuous section to the top of the 

Wasatch Formation some 1,800 ft below the 3pt. marker. Based on this interpretation, the 

lowermost sample (UB21E) may be located in the Wasatch Formation-black shale facies transition. 

Sample ÜB32E has a high Rock-Eval PI and is probably stained by migated bitumen. All other 

samples originate from sections below the carbonate marker and thus represent, together with the 

stratigraphically deepest samples from the Altamont-Bluebell area (UB33E,UB34E, UB46E), the 

stratigraphically lowest sections o f the Green River Formation. These source rocks represent 

orgamc facies from the early stages o f Lake Uinta.

THERMAL MATURITY

Thermal maturity parameters show an early mature stage o f the source rocks. The 

dominance o f n-alkanes in the GCs of the extracts (Fig.33) is a source related feature. Ruble 

(1996) suggested that Tm« is a reliable maturity parameter for the black shale facies, and the 

samples show a T ^  o f around 440°C (Fig. 34a). The scores on PC3 are positive except for 

UB21E, which indicates the presence o f thermally labile moretanes and dominance o f aa20R
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sterane isomers. Sterane isomer ratios were measured below the suggested equilibrium values 

(Fig.34a). The low TOC content o f sample UB21E renders the maturity measurements on this 

sample less reliable, as is also suggested by comparison of maturity parameters measured in 

sample take from higher stratigraphie levels. Organic-rich samples at similar depths may therefore 

be in the late early to beginning peak generation stage. Frequent oilstamed sand- and silt-units 

intercalated between organic-rich sections, however, mdicate that hydrocarbon generation may be 

occurring. It has also been suggested that isomerization reactions o f molecular thermal maturity 

indicators (sterane and hopane/moretane isomerization) in Tertiary source rocks and oils are often 

incomplete due to the lack o f sufficient time for the reactions to occur (Grantham et al. , 1986). It is 

therefore possible, that the biomarker maturity ratios presented in Figure 34a underestimate the 

maturity of the samples.

GEOCHEMICAL INTERPRETATION OF SOURCE ROCKS

The difference compared to the upper Green River samples o f the Bluebell-Altamont area 

and the Greater Red Wash area becomes apparent in the stratigraphically ranked GC plots o f 

Figure 33. The samples display abundant n-alkanes and only minor traces of B-carotane are 

recognizable in two samples (UBI3E and UB32E). Samples are more or less indifferent to PC 1 vs. 

depth (Fig. 34b), suggesting that inversely correlated variables have similar influence on this PC 

and compensate each other. In combination with observation o f PC2 an abundance of bacterial 

organic matter in these samples is apparent. Surprisingly, diterpanes and oleananes are present in 

low relative concentrations, suggesting low input of conifer resins and angiosperms compared to 

the upper black shale facies analyzed in the Altamont-Bluebell area. Rearranged hopane and 

sterane-indices are also relatively low, possibly due to the lack of clastic sediment input (Fig. 34c). 

The portion of terrestrial organic matter, however, is significant, as is obvious from the high
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relative concentration o f «-alkanes > n-Czs and distinct odd predominance displayed in the samples 

o f Figure 33 (except for UB2 IE). This can indicate that the surrounding flora o f higher plants was 

different from the upper Green River Formation, possibly related to climatic changes occurring 

during the Early to Middle Eocene (Chapter 3 .4). Methyl steranes are ubiquitous in the orgamc- 

rich samples providing evidence for the presence of dinoflagellates m the photic epilimnion. The 

samples have no or only minor B-carotane concentrations, confirming that the synthesizing 

orgamsms were not abundant during the early stages of Lake Uinta. Low absolute and relative 

gammacerane concentrations (Fig.24; Fig.34b) also suggests minor contribution from 

bacterivorous ciliates or other tetrahvnianol-synthesizing prokaryotes. Low concentrations o f fi- 

carotane and gammacerane indicate that the lake was indeed in a freshwater stage, perhaps 

thermally stratified, which did not support a 6una and flora o f organisms requiring higher 

salinities. However, organic carbon production and preservation was sufficient for the deposition 

o f viable source rocks. Two samples (UB29E, UB12E) are massive pelecypod packstones. a facies 

tv̂ pe that has been interpreted as nearshore open lacustrine (Wiggins and Harris, 1994). The 

sedimentary facies of cores and the location of the area in marginal lacustrine settings during the 

mitial stage of Lake Uinta (compare Fig.5d for facies distributions) also suggest that the organic- 

rich rocks represent nearshore to marginal lacustrine, littoral source rocks and are not o f profundal 

open lacustrine origin. Organic-leaner samples apparently originate from silt- and sand-rich 

proximal facies. The core from well Island Unit 16 (sample UB29E, Appendix 3.3 -2) records 

approximately 125 ft of open lacustrine facies in the lower Green River/black shale facies, in 

which massive and laminated shales with occasional gastropods and pelecypods are interrupted by 

partly organic-rich fossiliferous or oolitic packstones. The pelecypod and gastropod fauna has also 

been interpreted as evidence for freshwater lacustrine deposition (LaRoque, 1960).
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Captions (next 4 pages)

Figure 33: HTGC analysis o f source rock extract saturated fiactions from cores o f the 
South-central area (map-group 3). Sample depths relative to the 3pt. marker 
datum Colburn et al. (1985). Sample information includes sample number, 
depth o f sample in well and Rock-Eval data. *=Intemal standard C 24D 5 0 ; black 
rectangles=cores.

Figure 34a: Maturity related biomarker indices and principal component 3 vs. depth in the 
south-central area (map-group 2) of the Uinta Basin. Sample depth datum is the 
3pt. marker o f Colburn et al. (1985); black rectangles=cores.

Figure 34b: Selected biomarkers and principal components 1 and 2 vs. depth in the south- 
central area (map-group 3) o f the Uinta Basin. Sample depth datum is the 3pt. 
marker o f Colburn et al. (1985); black rectangles=cores.

Figure 34c: Biomarker ratios as proxies for clastic and higher plant organic matter input 
vs. depth in the south-central area of the Uinta Basin (map-group 3). Sample 
depth datum is the 3pt. marker of Colburn et al. (1985; see text); ratios are 
explained in Appendix 1.1.; black rectangles=cores.
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6.3 Crude Oil Analysis

After the geochemical characterization o f the source rocks and documentation of the 

relationships between extract composition and stratigraphie position, the question is how the 

vanabilitv- in source rock composition affects the geochemistry- o f crude oils in the Uinta Basin. An 

attempt was made to define this stratigraphie control by analyzing 52 crude oil samples from 

various fields m the basm (see Appendix 7 for well data). Samples from all major fields were 

obtained, except for the Red Wash field. All oils are separated into map-groups based on well 

location (Fig. 10) and appear non-degraded, although some samples may have lost lower molecular 

weight alkanes and possibly sesquiterpanes through evaporation during sample preparation. 

Otherwise no signs of severe secondary alterations were recognizable. Except for the Altamont- 

Bluebell, Cedar Rim and Brennan Bottom/Horseshoe Bend areas, the wells in the individual fields 

produce approximately from the same stratigraphie interval such that lateral variations in oil 

composition between the fields are expected to be larger than vertical variations within a field. 

Reservoir descriptions (Chapter 3 .5; see Fouch ec a i,  1994 for review) indicated that, except m the 

deep Altamont-Bluebell and Cedar Rim areas, the reservoirs are generally thin (maximum 

thickness lO’s o f ft), unfiactured and consist o f individual reservoir compartments with 

stratigraphie closure (see also Table 1, and references therein).

6.3.1 General Observations

Similar to the source rock analyses, it is convenient to first describe common features 

observed in the sample set before describing the details of the geochemical composition. The API 

gravity o f Uinta Basin crude oils varies considerably (22° to 54°; Table 1), but are mostly ~31°. 

Generally, the oils are viscous to solid at STP, low in sulfur (Fouch et a i ,  1994) and vary in color 

from black to greenish brown and yellow.
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The crude oils can be differentiated into an immature t>pe (see also Ruble. 1996) and a 

more frequently occurring regular oil-t\pe based on GC analysis m a similar manner to the source 

rock extracts (see Appendix 10 for gas chromatograms of the oils analyzed). A third group is the 

green to yellow colored waxy oils from the deep reservoirs of the Altamont-Bluebell and Cedar 

Rim areas. A ternary plot describing the relative amounts of fractions for the three oil-tvpes is 

shown m Figure 35a, in which the oil-types are fairly well separated. Immature oil-types are 

characterized by relatively high aromatic and polar fiactions, waxy oils consist almost purely of 

saturated compounds. Samples o f the regular type show a wide scatter, indicatmg that there is a 

larger compositional heterogeneity inherent to this group. Representative high temperature gas 

chromatograms of the different oil-types are shown in Figure 36, and average parameters obtained 

from fractionation and GC analysis are listed in Table 8. The differentiation o f crude oil types is 

based on relative abundance of «-alkanes other compounds such as isoprenoids and B-carotane m 

the chromatograms.

Oii-tvpe %ASPH %SAT %POL %bran.

8-caro- 
tane 

(pg/g oil) Pr/Ph
Pr/

n-Ci7
Czt-n/C

31-» CPI
waxy avg. 6.9 91.6 3.9 43.1 0 3.93 0.26 1.54 0.99
n=5 range 3.3-13.1 86.9-

97.2
1.6-6.8 20.1-

60.8
0 23 -6 .6 0.14-

0.32
1.24-
190

0.96-
1 .œ

std.dev. 4.0 3.8 2.2 15.0 0 2.1 0.07 0.30 0.02
immature avg. 11.9 69.3 15.2 80.8 1332 1.44 2.97 0.84 1.27
n=8 range 1.2-530 61.1-

78.9
8.1-
24.3

76.4-
88.3

550-
3287

0 5 7 -
2 1 2

1.74-
8.43

0.55-
1 2 4

1.06-
1.54

std.dev. 16.8 7.8 5.8 4.4 944 0.39 1.67 0.21 0.17
regular avg. 7.4 77.6 8.5 69.1 316 1.18 0.72 1.07 1.04
n=39 range Z5-2&3 50.3-

88.8
3 8 -
19.8

$0.7-
94.2

0 4 6 6 0.65-
2 0 7

0.07-
2 4 7

0.52-
1.90

0.37-
1.11

std.dev. 4.4 7 3 3.4 8.3 222 0.39 0,44 0.11 o .œ

Table 8: Averages and ranges o f selected geochemical parameters for waxy, immature, and regular 
oil types produced in the Uinta Basin (n=number of samples, avg.= average, 
std.dev.=standard deviation).

A more differentiated picture arises when comparing relative amounts o f «-alkanes, 

branched and cyclic and aromatic+polar fractions shown in Figure 35b (after Tissot and Welte,
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Figure 35: Ternary diagrams o f crude oil saturated, aromatic and polar fractions in the 
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(labels indicate sample numbers) (b). Based on classification suggested by 
Tissot and Welte (1984) oils are paraffinic and napthenic crudes.

1 1 9



a)

Ph

b -ca to u n e

| | | | j>  Alu-

UB260
Twelve Mile Wash 
Federal 1 
DST 5960ft
map^group 9

W
o retention time (min )

UB670
Coyote Basin 
Federal 1-27 
3867-3872ft
m ap-gioup 6

I 1̂1 j iiÜ) w i

20 40 60 80 100

UB420
Brennan Bottom 
Federal 15-8 
6615-6913ft
m ap g ioup 8

600 20 40 too80

l i / UJA

d)

UB390 
Cedar Rim 
Ford 2-13C7 
88239652ft
ntapgioup 3

40 60

Figure 36: HTGC o f  representative samples o f oils produced in the Uinta Basin. Chromatogram in (a) is an immature type oil, (b) and (c) are 
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1984). Waxy oils have the highest n-aikane concentrations and, due to incomplete separation o f 

high molecular weight compounds during fractionation, it can be expected that some waxy 

compounds eluted in the aromatic or polar fractions. Immature samples plot at the opposite side of 

the diagram with high concentrations o f branched and cyclic compounds and relatively high 

aromatic and polar fractions. Some regular type oils plot close to the immature types, indicating 

that both types are transitional and there is no clear separation {e.g. sample UB75o, Appendix 

10 .5-1). Waxy oils are characterized by the dominance o f «-alkanes extending to > « - € 4 5  (Figure 

36d). No biomarkers were detected in the branched and cyclic fiactions, and isoprenoids (pristane, 

phytane) are in present in minor concentrations only. In the high temperature region of the oils a 

new homologous series o f monocyclic and branched compounds (Carlson et a i ,  1993) dominates 

over n-alkanes. Two regular oil type samples are shown in Figure 36b and c to illustrate the 

variability within this group. Both unimodal and bimodal distributions are present and most 

unimodal samples are skewed towards the high molecular weight n-alkanes. A distinct odd carbon 

number predominance between n-C- ŝ and n-Cjo is characteristic of most samples. However, a  slight 

predominance o f even numbered homologues between n-C 19 and n-C^ is also frequently present.

An elevated n-C:: concentration (Appendix 8 ) was described as characteristic for source rocks 

deposited in hypersaline environments but the R22 ratio (Appendix 1.1) never exceeded the 

suggested limit of »  1.5 (ten Haven et al. 1988). Small peaks o f high molecular weight 

compounds were visible ui the high temperature range o f the chromatograms. A few samples m this 

group displayed a distinct C-carotane peak {e.g. Fig. 36c). Sample UB26o in Figure 36a illustrates 

the typically high isoprenoid, terpane and B-carotane dominance over the distinctly odd 

predominated n-alkane series in immature oils. The compound distribution is comparable to the 

composition o f mahogany zone extracts described in Chapter 6 .1 (compare sample U639E in 

Appendix 6-1). Similar to the source rock extracts the differentiation between immature and
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regular t\pes is somewhat artificial and their geochemical properties are transitional. Samples 

UB33o and UB9o from shallow reservoirs in the Altamont-Bluebell and Coyote Basin area, 

respectively, are very immature and show properties of both groups (Appendix 10.4-1 and 10.6-1).

6.3.2 Crude Oil Biomarker Composition - GC-MS Analysis

The variety of biomarkers detected in the branched and cyclic fractions o f the crude oil 

samples is sumlar to those described for the branched and cyclic fractions o f the source rock 

extracts. The geochemical implications o f biomarker occurrences and distributions are summarized 

m Chapter 6 .1.2.1 and Table 4. In most cases the hopane series with regular extended hopanes 

dominate in the crude oils, which also show varying abundance o f gammacerane and tricyclic 

terpanes. Methyl hopanes (2a(Me)- and 3û(Me)-hopane series) and C2 4-tetracyclic terpanes were 

detected in minor concentrations in a number o f samples (Appendix 9). Desmethyl steranes are 

present in higher relative abundances in the oils than in the extracts. Methyl steranes were detected 

as 3B(Me) and 4a(Me)-sterane series, and their presence confirmed by GC-MS/MS.

Sesquiterpanes, diterpanes and monoaromatic steroids were also detected with compound 

distributions comparable to the source rock extracts. The sesquiterpanes and diterpanes in the m/z 

123 chromatograms show high variabilities in their distributions and relative abundance compared 

to other biomarkers. While conventional oil-source rock correlations often rely on the presence and 

absence of compounds, the biomarker fractions o f source rock and crude oil samples investigated 

in this study qualitatively show the same range o f composition. Differences between the oils and 

genetic relationships to the source rocks are detectable by comparing the relative abimdances of 

individual compounds or biomarker groups.

-  1 2 2 -



6.3.2.1 Principal Component Analysis of Crude Oil GC-MS Data

Similar to the evaluation o f GC-MS data obtamed from the analysis o f branched and 

cyclic fractions o f source rock extracts the peak-heights for the 20 compounds (Table 2 ) detected 

in the m/z 191. 217 and 123 mass-chromatograms o f 52 crude oil branched and cyclic fractions 

were determined (Appendix 8 .1). Using the same variables for the PGA facilitates the comparison 

o f oil and extract composition. Some rare compounds detected in the extracts were not present in 

the oils (e.g. some low molecular weight steranes). The peak-height table was arranged in matrix 

form, normalized to the response total (Table 10) and the variance-covariance matrix calculated. 

Eigenanalysis was performed as described in Chapter 5.5, after testing various data 

transformations and input data combinations similar to the source rock analysis. The use o f the 

original untransformed data again provided the most consistent results and facilitated the PCA 

interpretation. The apparently very mature waxy crude oil samples (UB2o, UB4o, UBl lo, UB38o, 

UB39o), in which most biomarker concentrations were below the detection limits, were not 

included in the analysis. The results obtamed from the PCA are listed in Table 9 and Appendix 8.2.

m = 20 , v a ria n c e  c o v a r ia n c e  m atrix
P C E ig en v a lu e % V arian ce C um ulative  

% v a ria n c e
B roken-stick
e ig e n v a lu e

1 3 .497 59 .2 59 .2 1 .063
2 1.172 19 .8 7 9 .0 0 .7 6 8
3 0 .419 7.1 86.1 0 .620
4 0 .242 4.1 90 .2 0.521
5 0.181 3.1 93 .3 0 .448

Table 9: Principal component analysis results using 20 variables, based 
on the variance-covariance matrix o f GC-MS peak-heights 
obtained from the analysis o f the saturated fractions o f 47 
crude oil samples.

The first two PCs represent 79.0% o f the total variance associated with the data set, with 

PCI alone incorporating 59.2%. According to the broken-stick model, only these two PCs
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NJ

3 5 16 19 25 28 28 30 31 32 33 34 45 49 54 58 59 71 77 81
UB140 0  05325 0  04178 0  00885 0 1 8 0 4 7 0  48918 0 0 06837 0  73965 0  25114 0 1 5 7 8 2 0 1 1 0 8 8 0  19978 0  0354 0  05328 0  00777 0  00821 0  00899 0  04495 0 1 5 0 2 3 0 1 4 8 1 8
UB1o Ô 05349 0 0 3 8 0 9 0 0 1 2 6 2 0 1 5 3 8 4 0  40995 0 0  05272 0  79375 0 1 7 1 9 0 1 3 9 3 8 0 1 2 0 5 7 0  25679 0  04558 0  07843 0  00645 0  00642 0  0 083 0  03679 0  1407 0 1 0 4 9 8
UB210 0  27568 0  26628 0 1 2 1 7 3 0  03722 0 1 0 8 4 5 0  0 958 0  0 2556 0  3169 0  04598 0  09348 0  05304 0  3235 0  40711 0 55025 0  25672 0  20715 0  09154 0  00548 0  00788 0  01193
UB330 0 0 5 8 0  0777 0  02556 0 1 7 7 1 8 0  43803 0  0 3223 0 0 3 3 0 2 0  87557 0  08287 0 1 8 7 9 8 0 1 0 4 9 7 0 1 7 3 2 2 0 1 7 0 7 8 0 1 3 5 8 9 0 0  01794 0 0 1 4 5 7 3 0 2 3 2 7 5 b  32599
UB27o 0  34795 0  34567 0  07049 0  08438 0  23Ô43 0  06594 0  02151 6  80259 0  0 8353 0 1 0 4 2 3 0  07249 0  26074 0  32158 b  32537 0 1 4 6 5 5 b  04964 0  08769 0  00725 b o b è o o 0  0132
UB730 0 1 Î 3 2 7 0  12584 0  05986 0 0 9 4 3 8 0  37883 0 0 4 6 4 5 0  03614 0 8 1 1 2 2 0 1 1 0 1 5 0  17348 0 1 3 1 7 8 0  30859 0 0 0 4 8 8 0  00887 0  00275 0  00125 0 0 0 2 3 7 0  02096 0  01753 o o x é
UB160 0  22516 0  30192 0 1 1 6 9 6 0 0 5 0 8 1 0 20587 0  1332 0  0 M 3 3 0  59019 0 0 5 0 2 9 0 1 3 4 0 4 0  09878 0  58384 0 1 2 5 1 8 0  24239 0  07152 0  08193 0  03119 0 01156 0 0 1 2 8 2 0 0 1 5 6 3
UB310 0  2176 0  27144 0  09111 0 0 7 8 8 7 0 1 1 5 1 8 0 1 1 5 1 1 0 0  24785 0 0  0821 0  03997 0  30807 0 3 9 9 0 5 0  59139 0  32223 0  24209 b b 7 7 l é b o n s Ô 00783 0  0118
U B SIo 0  22329 0  25085 0  09956 Ô 05449 0  26572 0 1 1 0 1 8 0 0 2 2 1 3 0 7 1 5 0 8 0 0 6 4 8 8 0 1 5 3 8 4 0  0913 0  48275 0 0 1 8 3 0  08745 0  06028 0  02548 0  03141 0  01234 0  01197 0 0 1 4 8 9
UB22o 0  27028 0  31987 0  09903 0 0 8 0 8 8 0  21233 0 0 6 0 0 5 0 0  52311 0  06393 0  09185 0  0577 0  44882 0  20343 0  39507 0 2 0 0 8 2 0  15335 0  0839 0  00851 b b l 4 7 0  00837
UB76o 0  20333 0 1 5 2 3 1 0  07289 0 0 8 4 0 1 0 1 8 4 8 4 0  0 7335 0  01822 0  74994 0 0 7 7 1 4 0  13588 0 0 8 7 7 0  50287 0 1 1 8 4 0 1 8 9 6 2 0  03751 0  02308 0 0  02377 0 0 1 1 6 9 O b2946
UB70O 0  22182 0  22505 0 1 1 7 9 8 0  0559 0  23488 0 1 1 1 3 5 0 0 1 8 7 2 0 8 5 9 2 7 0 0 8 8 1 8 0 1 8 3 4 4 0  10874 0  4391 0 1 2 5 8 3 0  32223 0 1 3 0 0 2 0  07188 0  05538 0 0 1 0 1 8 0  00679 0 0 1 1 3
UB46o 0 1 7 0 6 0 1 9 4 0 9 0  09188 0 0 8 5 5 4 0  24471 0  07697 0  02595 0 8 8 1 9 0 0 7 1 2 9 0  13079 0 0 8 9 8 7 0  38584 0  20855 0  38635 0 1 1 0 5 3 0 0 5 5 2 5 0 0 5 0 7 8 0 0 0 8 3 0Ô 0724 b 01147
UB740 0 0 5 8 3 5 0 0 4 8 9 9 0  01789 0 1 5 5 0 2 0 4 9 3 9 1 0  01079 0  08818 0  75228 0  22308 0 1 5 8 5 3 0 1 0 8 7 1 0 1 8 1 8 4 0 0 0 2 3 1 0 0 0 3 0 2 0 0 0 0 3 5 0 b b 0 4 0 0 0 0 8 5 0 0 6 9 2 5 b  0 8 9 Ï4 b 17412
UB750 0  08483 0  05388 0 0 1 9 1 9 0 1 5 2 5 7 0 4 9 7 3 7 0 0 1 1 0 8 0 0 7 1 2 7 0  72869 0  23539 0  14248 0 1 4 5 1 0 1 7 8 9 9 0  00389 0 0 0 3 5 4 0 0 0 0 4 7 0 0 0 0 5 7 0 00077 0 0 8 2 8 8 0 1 1 9 0 1  

0  0117
0 1 9 1 2 2  
b  01805UB20o 0 1 4 1 3 8 0 1 4 9 1 8 0  08181 0  08481 0  26628 0  0 8183 0  0 3199 0  7888 0  06044 0 1 4 8 3 8 0  08077 0  39785 0  12381 0  20913 O b422 b b l8 7 1 0  033Ô7 b 01143

UB640 0 1 4 8 8 1 0 1 7 4 4 8 0  05085 0 0 7 4 9 4 0  28144 0 0 6 9 7 2 0 0 3 0 2 7 0  7182 0  09042 0 1 7 2 0 9 0 1 0 7 8 3 0  54579 0 0 0 b  ' '  b  ' b 02988 0  01863 b  02951
UB8o 0 ^ 3 0  20432 0  09518 0 0 7 3 1 1 0  24821 0  08704 0 0 7 1 5 7 3 0  0 7428 0 1 4 9 2 1 0 1 0 9 2 1 Ô 38687 b  18283 0  29802 0  09273 0  04588 0  05835 0  02024 0 0 0 7 9 3 b 0 1 7 1 9
UBSSo 0  23881 0  23267 0  08394 0 0 6 8 1 8 0 2 4 0 3 2 0 0 8 5 1 1 0  02396 0 7 1 5 8 5 0  0 883 0 1 4 2 4 3 0 0 9 3 8 0  3757 0 1 1 2 5 2 0  2 9 6 Ï9 0  12639 0 0 5 0 8 4 Ô Ô7787 0  01159 0  00915 b 01704
UB710 0 2 1 1 3 0 2 2 1 4 2 0  0 9 ^ 0  07828 0  2861 0 1 0 8 7 2 0  02531 0 8 9 8 8 9 0  08981 0 1 8 5 0 8 0 1 2 4 8 7 0  42408 0 1 3 7 2 5 0  2389 0 0 9 8 3 8 0  0387 0 0 5 8 0 9 0  01477 0  01059 0 0 1 9 0 8
UB630 0 1 7 4 8 7 0 1 7 5 7 8 0 1 0 4 7 0 0 5 5 8 3 0 1 8 5 4 5 0  0 9749 Ô 02529 0  73417 0 0 8 0 0 4 0 1 8 7 7 2 0 1 1 0 8 1 0  48551 0  08935 0  23834 0 1 0 0 7 7 0  04002 0  04078 0  00842 b  00578 0 0 l b l 7
UB240 0 1 8 2 3 8 0  20548 0 0 5 8 : 0 0 9 1 1 8 0  35785 0  02381 0  03484 0  75712 0 0 8 2 1 4 0 1 4 9 8 2 0  09593 0  34287 0 1 4 1 5 8 0 Î 7 Î 5 9 0 0 2 4 2 8 0 0 1 8 5 OÔ4069 0 0 2 2 6 7 0  02298 0  0 323
UBSo 0 Î 2 0 3 5 0 1 2 0 4 0 1 2 Û d Ô 07335 0 1 8 8 0 2 0 1 8 7 0 8 0 0  49368 0  0 9 7 /8 0 1 4 8 1 7 0 1 2 8 5 1 0 1 1 2 1 3 0  41994 0 8 1 7 1 0  11981 0  09175 0  04278 0  Ô2827 0  O lb48 0  02747
UB890 0 1 3 8 8 3 0 1 7 0 7 3 0 1 9 0 8 3 0  08928 0  2784 0 1 4 3 3 8 0  02837 Ô817Ô8 0 0 7 5 1 2 0 1 8 0 3 4 0 1 1 7 8 7 0 1 8 3 3 4 0 2 2 5 2 4 0  51307 0 1 4 5 5 7 0  1004 0  03558 "0 0404 0  01387 b 02696
UB ISo 0 1 1 0 0 1 0 1 4 7 1 8 0 1 8 2 4 8 0 0 8 8 8 6 0 21105 0 1 1 8 9 5 0 0  50818 0  0 5156 0 1 3 8 2 5 0 1 1 0 5 7 0 1 2 7 3 2 0  33791 0 6 4 5 2 7 0 1 4 9 3 9 0 1 1 0 8 3 0  03222 0  03369 0  01101 b  03334
UB670 0  17034 0  21728 0  20907 0 1 0 5 5 3 0  31349 0 1 9 2 7 5 0  0327 0  80474 0  0 786 0 2 0 0 5 8 0 1 4 5 8 3 0 1 9 9 8 8 0 2 1 3 7 7 0  41583 Ô 15196 0 1 0 8 8 8 0  0532 0  03945 0 0 1 3 9 4 b 03327
UB9o 0 0 5 3 4 7 0 0 8 Î 9 2 0 0 3 9 0 0 9 9 8 9 0 2 8 1 4 5 0 0 1 2 1 1 0 IK 7 5 3 0  8 4545 Ô 0 8828 0 0 7 4 3 8 6  08857 0  28791 0  01765 bÔ 339S 0 0 3 9 7 7 0 0 0 8 8 1 0  03468 0  57723 0 1 1 9 3 1 b 18786
UB340 0 1 3 5 4 3 0 1 5 9 2 5 0  13408 0 0 7 7 6 0  23587 0 1 1 8 4 8 0  01557 0  5828 0  0 7848 0 1 5 2 2 4 0  10825 0 1 4 ^ 0  38413 0  53257 0 1 8 8 2 7 0  07428 0  03011 0  05378 0 0 Ï 9 0 b 3 8 2 6
UB230 0 1 9 3 7 4 0 2 1 4 7 2 0  0887 0 0 8 5 9 2 0 3 1 2 1 7 0 0  03924 0  78548 0 1 0 8 7 8 0  15402 0 1 0 9 2 5 0  3475 0 0 7 7 0 8 0 1 8 4 9 7 0  07273 0  02207 0  05273 0  03357 0  02364 b 03712 

0 b 4 B 4 9UBS2o 0  22718 0  224 0  0 8318 0  0959 0  34348 Ô 05485 0  04721 0  74847 0 1 0 4 5 4 0 1 5 5 3 8 7)1 0 8 2 3 0  34283 0 0 8 9 7 7 0 1 4 5 8 4 0 0 0 1 2 8 5 0 0 5 5 4 4 0  0 3 9 4 Î b  03108
UB590 0 1 9 1 8 5 0 1 9 1 1 2 0  075 0 0 8 8 8 0  35318 0  0 5979 0 0 4 3 0 8 0  77585 0 1 1 0 4 2 6 18933 0 1 1 1 5 8 0  33978 0  02218 0  08182 0 0 5 0 6 6 0  01496 0  03508 0 0 2 4 8 7 0 b l8 3 2 b b 2 3 3 8
UB53o 0  22728 0  23 0  0 7288 0 0 7 6 6 3 0  28898 0  0 5803 0  04078 0  79973 0  0 9599 0 1 8 8 1 8 0  09478 0  25097 0  07328 0 1 8 1 7 0 0 7 0 2 6 0 b Î 8 6 4 0  b5552 0 0 2 3 7 4 0  01945 0 0 3 2 5 9
UB540 0 1 9 8 8 8 0  23448 0  05893 0 0 9 3 6 5 0  31713 0Ô 5 7 3 3 0  04381 6  7845 0 1 2 1 3 8 0 1 5 7 5 4 0 1 2 3 7 4 0 3 3 0 9 5 0  08386 0  14789 0  08347 0  01982 0  05562 0  03364 0 b l 7 Î 9 b  03225
UBSOo 0 1 8 0 4 2 0 1 7 0 5 1 0  0 8928 0 0 9 2 6 9 0  32058 0 0 1 4 0 1 0  0 4843 0  81089 0 1 2 2 8 0 1 5 8 3 4 0 1 2 4 8 2 0  31075 0 0 4 8 5 5 b~09èÏ9 0 0 5 2 3 9 0 0 1 5 2 8 0  03842 0  02178 0  01759 b b 2 8 5 2

b 0 4 b 3 3UB88 0 0  20108 0  25614 0  0 7418 0 1 1 0 0 6 0  25081 0 1 3 2 4 2 0 0 4 0 9 0  85034 0  08877 0  23058 0  18972 0  4027 0 0 9 8 2 2 0  29757 0 1 1 8 2 5 0  03598 b  03828 b b 5 4 5 7 b b l4 1 3
UB420 0 2 8 5 3 1 0  27157 0  07842 0 0 9 6 3 4 0  2382 0 0 8 1 4 3 0 0 1 4 3 0  5912 0 0 5 7 8 8 0 1 3 5 5 3 0 1 1 3 0  2 9 7 4 6 0 2 4 2 6 4 0 4 8 1 9 8 0 1 4 9 7 3 0 0 5 0 9 8 0  05622 0 0 5 1 2 1 0  01824 

O b l Ï 3 5
0 0 2 5 6  
b  0138UB130 0  23788 0  28442 0  0 8832 0 0 4 8 0 9 0 1 8 9 3 9 0  10485 0  0 0708 0  51883 0  05928 0 1 3 8 5 7 0  07835 0  5 958 0 0 7 5 9 9 0  35857 0 1 8 8 4 5 0  04141 0  07773 0  01513

UBS70 0  21441 0 2 5 7 3 4 0  0957 0 1 0 7 1 8 0  27703 0 1 4 1 2 4 0 0 2 9 8 8 0  72154 0 0 8 4 3 8 0 2 2 0 8 0 1 5 9 1 5 0 4 0 3 8 6 0 0 1 1 8 7 0 0 4 1 5 3 0  01551 0 0 0 4 8 5 0 0 0 8 0 4 0  03754 0 0 1 4 3 9 0  02949
UB80 0 1 7 8 1 1 0  17275 0  05217 0 0 7 1 5 6 0  24531 0  0 3548 0  0 323 0  82803 0  0 882 0 1 1 8 4 2 0  08501 0  23821 0 1 8 7 4 8 0  24108 0  08043 0 0 2 8 4 5 0 b 5 8 3 2 0  01573 0 b l2 8 2 b 01845
UB47o 0  27018 0  28503 0  08401 0  04444 0  22789 0 1 0 0 5 5 0  02535 0  58592 0 0 3 0 2 7 0 1 3 0 2 5 0  09187 0  30207 0  26623 0  43828 0 1 9 3 5 3 0  07282 0 0 8 3 1 9 0 0 1 4 0 0 O b l 122 0 0 1 8 6
UB480 0  27855 0 3 0 5 5 0  09418 0 0 6 7 5 5 0 23478 0 0 8 0 5 9 0  03457 0  81589 0  07849 0 1 5 7 3 7 0  09235 0  35453 0 1 5 7 2 1 0  3878 0 1 9 1 7 5 0  08478 0  06287 0  01862 b  01015 b  01788
UB26o 0 1 8 8 9 7 0 1 1 0 1 5 0  01472 0 1 8 4 1 7 0  52225 0  0 0485 0 0 5 6 6 8 0  71791 0 1 9 1 5 8 0 0 9 4 1 9 0  07541 0  21314 0  13375 0 07527 0  00901 0  00899 0  02046 b b 3 6 8 9 o b é o b è b 09028
UB7o 0 1 8 2 3 9 0 1 2 5 2 5 0  01578 0 1 7 5 8 8 0  48385 0  0087 0  05338 0  77546 0  1884 0 1 1 1 8 2 0  08916 Ô Î9 8 2 9 0  0637 ~ b 0  00902 0  01183 0  0 248 0  03566 b b 6 8 7 8 0  0721Ô
UBIO0 0 1 7 1 8 9 0 1 2 2 9 8 0  01432 0 1 8 7 8 2 0  45909 0 0  04532 0  77217 0 1 8 9 5 5 0 1 0 4 4 1 0  06501 Ô 19991 0 1 0 2 8 3 0  08358 0  00954 b 00757 0  0 189 0  03435 0Ô 6973 0  1001
U B S to 0  28204 0  27319 0 1 0 0 0 4 0 0 8 0 2 7 0  27212 0 0 7 9 5 8 0 0 2 4 0 4 0 7 1 0 1 1 0 0 7 4 5 8 0 1 3 9 0 8 0  10827 0 3 5 2 8 9 0  14049 0  23882 0 1 2 1 9 8 0  05552 0 0 5 2 8 4 0  01029 0  00736 0  0 lb 8 3
UB30o 0  27885 0  24814 0  07421 0  07517 0  24583 0  0 6538 0  0231 0 66439 0 0 7 5 3 7 0 1 0 7 2 7 0 0 9 1 3 4 0  31913 0  28597 0 31643 0 1 4 9 1 5 0  0785 0  06844 boÔ 847 0 b 0 6 4 o b i ô i 5
UB3o 0 1 7 0 1 0 1 8 0 0 8 0  08108 0  08847 0  28389 0 0 5 0 8 3 0  03588 0  79928 0 0 9 8 7 5 0 1 2 0 5 8 0 0 9 9 0 3 8 5 5 2 0 0 7 8 7 2 Ô1SÔ95 0  07085 Ô 02422 0  04038 0 0 5 2 0 6 0  0 U 5 2 0 (Â 9 4

M ean 0  1840 0 1 9 3 8 0  0779 0 0 9 1 3 0  2897 6 0 7 1 7 0  0314 0  8782 0Ô 965 0 1 4 4 2 0 1 0 2 3 0  3214 0 1 4 3 1 0  2435 0 0 9 0 8 0  0472 0  0422 0 0 4 1 5 0  0334 0  0491
Vai 0 0 0 4 8 b ô o é ô 0  0019 0 0 0 1 5 0 0 0 9 9 0 0 0 2 3 0 0 0 0 3 0 0 1 4 8 0 0 0 2 7 0 0 0 1 1 0  0007 0 0 1 4 0 0 0 1 3 3 0 0 3 2 9 Ô 0058 0 0 0 2 6 0  0007 0 0 0 7 0 0  0022 b 0 0 3 9
S td  dev 0  0892 0  0778 0  0438 0 0 3 9 3 0 0 9 9 8 0 0 4 8 1 0  0 179 0 1 2 1 8 0 0 5 1 9 0  0337 0 0 2 5 8 0 1 1 8 3 0 1 1 5 4 0 1 6 1 5 0 0 7 5 8 0  0 5 Î3 0Ô 285 0Ô 835 0  0471 0  0823

Table 10: Normalized peak-heights of 20 GC-MS peaks used in the PCA (m-20), crude oils; peak (variable) numbers are listed in Appendix 1.2, 
var -  variance, std.dev. = standard deviation.



represent more variance than can be explained by chance. However, it needs to be emphasized 

again that the first prmcipal component in this analysis reflects the weight o f the variable with the 

highest absolute variance in the data.

6.3.2.1.1 Principal Component Loadings - Crude Oil Analysis

PC 1 is influenced mostly by the relative abundance of C ; 9  and C% hopanes vs. 

sesquiterpanes and diterpanes (Fig. 37), similar to PC 1 in the source rock extract analysis. As 

noted in the extracts, Tm and C 3 0  diahopane are inversely correlated to hopanes, although the Tm 

coefficient falls below the cut-off value of |0.126j (Appendix 8.2). The similarity between PC I 

loadings of the source rock extract and crude oil PCA is conceivable considering their general 

genetic relation, and the comparable covariations determined between biomarker groups and 

individual biomarkers. Because o f obvious similarities o f PCI, implications are similar to those 

derived from the source rock extract analysis. Thus, PC 1 is considered to represent the relative 

proportions o f primary (higher plants and associated bacterial fauna, algal material) and bacterial 

organic matter either generated by herbivorous or autotrophic prokaryotes in the respective source 

rocks. However, unlike in extract PC I a maturity influence cannot be clearly identified (compare 

moretanes in Fig. 37 and Fig. 22), since only the loading o f C 3 0  moretane exceeds the suggested 

cut-off. Also, a distinct negative correlation appears to exists between C:? to Czg steranes and the 

tricyclic terpanes.

The PC2 o f the crude oil analysis also shows similarities to PC2 obtained from the source 

rock extract analysis, and is determined by the relative abundance of gammacerane. A positive 

correlation to tricyclic terpanes, and negative association to certain hopanes, sesquiterpanes are 

visible in Figure 37b. The steranes again display a positive correlation to hopanes. PC2 o f  the 

crude oil GC-MS analysis bears the same implication as PC2 derived from the source rock extract
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analysis, thus representing a  second source of primary organic matter input (halophilic protozoa 

and/or ciliates, algae) in addition to the organic matter sources represented by PC I .

6.3.2.1.2 Principal Component Scores of the Crude Oil Analysis - Correlation to Source 
Rocks

After establishing the significance of the loadings in the statistical analysis, pnncipal 

component cross plots are used to reveal biomarker distributions and compositional similarities 

between samples. Sample clustering in different areas of the cross plot implies genetic differences, 

which can be attributed to variations in the composition o f source rocks, as described in Chapter 

6.2. A cross plot o f PC 1 and PC2 is shown in Figure 38, and reveals separation of oils into distinct 

groups more or less associated with the map-groups into which the samples have been divided.

Differences in relative biomarker distribution are illustrated using five representative 

samples from map-groups 4, 5, 6 , and 7 as well as one immature type oil from the Cedar Rim area 

(UBlo) in Figure 39.1-4, Inspection o f the chromatograms also visualizes the potential problems 

associated with recognizing subtle geochemical differences in 47 samples if no statistical 

evaluation is employed. This is illustrated by the similarity between hopane distributions of 

samples from map-groups 4, 5, 6  and 7 in Figure 39. Ib-e. More distinct variations are 

recognizable in the relative abundance of tricyclic terpanes and particularly gammacerane. 

Differences in geochemical composition also become more apparent when comparing sterane 

(Fig.39.2) and sesquiterpane (Fig.39.3) distributions, although caution needs to be exercised when 

interpreting sesquiterpanes, due to the potential evaporative loss o f these compounds duiing sample 

preparation. The immature oil-type sample (UBlo, Figures 40. l-4a) is easily distinguishable based 

on the absence of tricyclic terpanes, Cag-sterane dominance, low diterpane content and 

characteristic monoaromatic sterane distributions.

Source rock - oil correlation is problematic because o f the heterogeneity of organic matter.
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different expulsion rates and efficiencies for different compounds, geochromatographic effects 

during migration and other secondary alteration processes (e.g. Cunale. 1993). Correlations often 

rely on qualitative (presence or absence) identification of compounds in source rock extracts and 

crude oils. The samples m the investigation contam a similar suite of compounds and the primary- 

distinguishing factor IS their relative abundances o f these compounds. Multivariate analysis usmg 

PGA IS ideal for exploratory comparison o f biomarker distributions and relative abundances smce 

this method presents an unweighted combination o f all variables included.

Cross plots o f PCI vj. PC2 (Figure 38) distinguish samples from the Wonsits Valley, 

Coyote Basin and Walker Hollow area (map-groups 5, 6 , 7). The cluster o f samples in quadrant III 

are immature crude oils and a regular type sample from the Altamont-Bluebell field (UB33o) with 

biomarker distributions obviously different from other samples of regular oil type group. Although 

the immature samples origmate from different fields, their comparable composition suggests a 

similar source. The Coyote Basin samples (map-group 6 ) are distinguished from other samples by- 

enhanced relative concentrations of sesquiterpanes and compounds derived from higher plants and 

algae. Low gammacerane, Cig-sterane and B-carotane suggest source rocks from the basal 

stratigraphie sections o f the Green River Formation. Comparison of scores from extract cross plots 

(Fig. 24) implies source rocks similar to those analyzed from the south-central area o f the basin 

(map-group 3 in the source rock extract analysis). The higher PCI scores o f the Coyote Basin oil 

samples indicate higher relative abundance o f compounds representing primary organic matter 

derived from algae and higher plants in <,e respective source rocks. Source rock samples analyzed 

from the south-central area are more or less indifferent to PC 1.

Only rather subtle differences in relative biomarker concentrations differentiate the 

Wonsits Valley and Walker Hollow crude oil samples, mostly related to variations in the signature
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of sesquiterpanes, C:9 -steranes and diterpanes. Also, the relative abundance o f gammacerane 

compared to hopanes appears lower in the Walker Hollow (group 7) samples, as is visible in the 

m/z 191 chromatograms o f Figure 39.1c and e. Some overlap along the PCI axis also indicates 

mixing and/or related sources for the oils. The tight clustering, particularly for the Walker Hollow 

samples, suggests geochemical homogeneity o f the group, whilst the wider radius o f the Wonsits 

Valley envelope reveals a higher degree of heterogeneity (assuming no sampling bias). Comparuig 

the chromatograms o f Walker Hollow samples (map-group 7), however, imply distinct 

compositional differences between the oils (see Appendix 10.7-1), based on relative «-alkane 

concentrations. Significant maturity differences exist between oil samples o f map-group 5 and 7 

(Wonsits Vallev' and Walker Hollow) as is obvious from the sterane isomer and monoaromatic 

sterane distributions (Figure 39.2c and e. Figure 39.4c and e, respectively). Sterane isomerization 

values for the Walker Hollow samples indicate that these oils are generally less mature than those 

o f the Wonsits Valley and other areas (Table 11). The Walker Hollow oils are immature based on 

sterane isomerization scales published for Chinese non-marine basins (Huang Difan et a i ,  1988). 

The Wonsits Valley wells (map-group 5) reportedly produce from stratigraphically lower 

reservoirs than those o f  the Walker Hollow area (see Table I). The geochemical differences 

between the oils appear to be mostly related to the relative proportions o f higher plant and algal 

biomarkers and bacterial derived compounds (which are lower in the Walker Hollow samples) as 

described by PCI A change in relative concentrations of compound groups defining these two 

organic matter types in source rocks was found in the upper black shale facies/green shale facies to 

lean oil-shale zone transition o f the Altamont-Bluebell cores and, considering the low oil maturity, 

these stratigraphie sections are interpreted to be the source of the Walker Hollow oils. Sources for 

the Wonsits Valley oils are suspected to be upper black shale facies sediments, probably open 

lacustrine equivalents o f the Colton Tongue. Sample UB35E, obtained from a well drilled
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T able 11: Comparison o f  averages and ranges o f biomarker ratios and parameters between different mapgroups (a) and immature ky. regular type 
oils (b). Abbreviations and ratio formulas are listed in Appendix 1.1.



southeast of the core sample map-group 1 (Appendix 3.1-10, chromatogram m Appendix 6-2), and 

the organic-leaner samples UB17E and UB18E are representatives of this facies.

Considerable scatter of sample points o f  crude oils produced from the Brennan 

Bottom/Horseshoe Bend fields (map-group 8 ) are visible in Figure 38. The spread o f sample points 

indicate heterogeneous composition within the group, in which most samples are related to oils 

from the Wonsits Valley area, and some appear associated with oils from the Walker Hollow field. 

Regular type samples from the Gusher area (map-group 9) appear to have similar biomarker 

compositions. These oils are produced from reservoirs approximately 200-300 ft deeper than those 

which produce immature type oils (samples UB7o, UBlOo and UB26o). The rather minor 

differences in PC-scores and the close clustering o f samples from map-groups 5, 8 , and 9 suggest 

similar, if not the same source based on the biomarkers integrated in the statistical analysis.

The consistent wide scatter of map-group 4 samples from the south-central fields in Figure 

38 strongly suggests that significant geochemical differences exist within the group and also 

compared to oils of other groups. Exceptions are samples UB22o and UB76o, which appear to 

have biomarker compositions similar to the Walker Hollow and Wonsits Valley oils, respectively. 

The appearance of the chromatograms from samples of this map-group in Appendix 10.2-1 and

10.4-1 does not necessarily imply the same conclusions, and rather suggests that partly similar 

organic matter composition in the respective source rocks. This is also indicated by generally low 

B-carotane concentrations, presence and odd predominance patterns, and carbon number range 

>C4o in the south-central oils. The abundance o f gammacerane is variable, but generally high 

relative to C 30 hopane. Rearranged compounds are inconsistent as a correlation tool for samples of 

map-group 4 (Table 11; Appendix 9). The partly rather unique composition of samples UBI6 0 , 

UB2 lo, UB22o, UB3 lo, and UB5 lo and their occurrence in small fields suggests multiple small, 

local pods o f generating source rocks, possibly adjacent to the reservoirs. Integration o f GC data
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into the analysis indicates mixing of sources for some oils. The GC of sample UB76o (Appendix

10.4-1 ) shows a distinctly different n-alkane profile compared to the Wonsits Valley (map-group 5) 

crude oils to which the sample plots close in the PC cross plot (Fig.38), which is not explicable by 

evaporative loss in the Wonsits Valley sample. Samples UB 16o and UB5 lo fall adjacent to the 

Wonsits Valley and Brennan Bottom/Horseshoe Bend sample clusters in quadrants I and II o f 

Figure 38, but comparison of GC-MS chromatograms confirmed differences (namely elevated 

gammacerane concentrations in UB 16o and 5 lo; see also Appendix 9). In general it is not possible 

to clearly relate map-group 4 oils to any o f the source rock samples analyzed. Comparison of PCA 

scores o f samples UB3 lo and UB2 lo to extract PCA scores suggest a similarity to an unusual, 

algal organic matter rich source rock comparable to sample UBIE from the upper black shale 

facies interval (Figure 24 and Figure 38). Direct comparison of GC-MS data o f  these samples, 

however, showed significant differences.

The Altamont-Bluebell crude oil samples are similarly are unrelated to each other (UB27o, 

UB33o, UB73o) based on their biomarker composition, and strongly suggest stratigraphie control 

on composition. There are only three samples out o f an area with several hundred producing wells, 

and the samples cannot be regarded as representative. The distinct geochemical signature o f the 

samples (Appendix 10.3-1) verify the hypothesis that individual source rock units generate crude 

oils with characteristic compositions. The score plot of samples UB27o and UB73o close to the 

samples o f the Wonsits Valley and Walker Hollow areas (Figure 38) reveals interesting genetic 

relations. These samples are possibly an equivalent oil generated from the same stratigraphie 

intervals located in the deeper north-central part of the basin but which have been trapped closer to 

the source. Depths o f production (Appendix 7) suggest an upper black shale fecies/green shale 

facies source at the initial phase o f oil generation, as they have been identified in cores from the 

Altamont-Bluebell area described in Chapter 6.2.1.
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Samples UB9o and UB33o from the Coyote Basm and Altamont-Bluebell areas plot close 

to the immature samples in Figure 39a. Chromatograms in Appendix 10.6-1 and 10.3-1 also 

suggest a rather unique composition. Oil UB9o is very immature (Appendix 9), possibly 

originating from generation processes other than thermal maturation. The GC analysis o f other 

immature oils (UBlo. UB14o. UB74o, UB74o) compares these to mahogany type oil-shale 

extracts, but inspection o f the PC cross plots in Figures 24 and 38 indicates differences in 

biomarker distribution not explicable by varying maturity levels for oils and extracts. The 

differences are interpreted to be a result o f the heterogeneous nature o f the organic matter in oil- 

shales from different stratigraphie intervals (i.e. lean oil-shales vf. mahogany zone oil-shales). 

These generate immature oils simultaneously which causes oil mixing. This interpretation is also 

supported by the occurrence o f methyl steranes in the oils, which have been detected in the lean oil- 

shales but not in the mahogany shales.

6.3.2.1.3 Other Geochemical Data of the Crude Oils

The interpretation o f GC-MS data from compositionally different oil-types using PCA has 

to be supported by additional geochemical data. Since PCA confirmed the validity o f separatmg the 

crude oil samples according to their location m the basin, it is convenient to compare averages and 

ranges of selected biomarker ratios in the different sample groups (Table 1 la). The parameter 

selection is based in part on the evaluation of the PCA loadings and the selection o f the parameters 

ui the source rock extract analysis. For comparison, averages and ranges o f the same parameters 

for regular and immature type oils are given in Table 1 lb. A correlation coefficient matrix 

comparing principal components and parameters derived from GC analysis is shown in Table 1 2 . 

Correlations between a number o f GC parameters, B-carotane and absolute gammacerane 

concentrations with PC 1 was found, possibly due to the high total variance represented by PC 1
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Table 12: Correlation coefficient matrix (Pearson's correlation coefficient r) relating crude oil principal components to other parameters obtained by 
GC analysis; r > |0.45| are highlighted.



High correlations to sterane isomenzation ratios reflect the maturity related variance associated 

with PC 1, similar to the PC 1 obtamed from the source rock extract analysis. A correlation between 

PC2 and Pr/Ph values and 6 B/BB+aa Cjg sterane ratios also appears to exist, which was also found 

for Pr/Ph in the source rock extract analysis. Some of the biomarkers ratios in Table 1 la  relate the 

oils to specific source intervals, such as rearranged hopanes and steranes, and the oleanane-index. 

High diahopane indices for the south-central fields and Coyote Basin (map-groups 4 and 6 ) 

samples compare to high ratios in lower Green River Formation extracts, therefore also suggesting 

basal Green River Formation as potential source rocks. However, the diahopane-index shows 

correlation to maturity sensitive parameters in Table 12 which also indicates that this parameter is 

not only related to source and depositional environment. Significantly different gammacerane- 

indices and absolute gammacerane concentrations appear to exclude a common source within the 

basal Green River Formation. The ranges for the ratios o f the south-central samples are large, 

confirming that this map-group comprises different oil-tvpes. Higher B-carotane suggests 

stratigraphically younger source rock intervals for the Wonsits Valley and Walker Hollow oils 

(map-group 5 and 7). Low rearranged sterane and hopane indices characterize samples from the 

Altamont-Bluebell area (map-group 3). Selected biomarker parameters o f Table I la  are displayed 

graphically in Figure 40 for representative oil samples (samples in Figures 39.1-4) to illustrate the 

geochemical differences between the samples with conventional biomarker ratios.

A frequently used technique to distinguish oil groups and establish correlations is the use 

of the distribution of C 2 7 ,  C:g and C» desmethyl steranes shown in a ternary diagram in Figure 4 1. 

Some separation o f map-groups is recognizable, such as map-group 6  samples have relatively high 

concentration o f CzT-sterane. Immature samples are distinguished on the plot as well, again 

indicating similar sources irrespective of the location (e.g. map-group 12). Most other samples
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from the Greater Red Wash area and Brennan Bottom/Horseshoe Bend cluster around the same 

area on the plot. South- central samples (map-group 4) generally tend to higher C;g-sterane 

concentrations.

Comparison of molecular maturity indicators listed in Table I la  show some maturity 

differences between the oil map-groups. Maturity parameters indicate that samples from the 

Gusher (map-group 9) and Walker Hollow (map-group 7) areas are the least mature, apparently 

the hopane isomerization has not reached equilibrium in the Gusher samples. The ranges m other 

samples are at the proposed equilibrium equilibrium of 0.57-0.62 (Peters and Moldowan, 1993). 

Hopane and moretane maturity indicators were found to be most reliable in the source rock 

analysis, i.e. they displayed a reasonable depth trend with little scatter. However, they are only 

useful parameters for the beginning and early stages of oil generation (Peters and Moldowan, 

1993). Sterane isomerization maturity parameters fell below the equilibrium values and suggest 

that the oils represent relatively early generation products from their respective source rocks. 

Maturity differences are also seen in the relative amounts and distribution of monoaromatic 

steroids (Figure 39 4). The mature samples (Pariette Bench (Fig.39 4b) and Coyote Basin 

(Fig.39.4d)) show low monoaromatic steroid concentrations and interference with isoprenoid 

peaks. Maturity parameters for immature and regular type oils in Table I lb support the suggested 

distinction between the two groups and indicate that immature type oils are indeed early generation 

products. Considering the ranges of ratios in the regular oil type samples, it is apparent that some 

samples in this group are also early generation products, but do not show the typical low n-alkane, 

high isoprenoid, terpane and 6 -carotane pattern of other immature oils. Examples are samples 

UB9o (Appendix 10.6-1) and UBlOo (Appendix 10.4-1). In sample UB9o, a second homologous 

series o f compounds, proposed to represent monomethyl-branched compounds (Carroll, 1998) 

elutes close to the n-alkane peaks.
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7. Syn thesis of the Source Rock and Crude Oil Geochem istry and  
Implications for the Petroleum System  o f the Uinta Basin

7.1 Green River Formation Source Rocks in the Uinta Basin

The geochemical analysis o f source rocks within the stratigraphie Aamew ork o f the 

Tertiary Uinta Basin indicates that changes in the lacustrine depositional environment are reflected 

in the composition of the organic matter preserv ed in the sediments. Some biological markers are 

proxies for specific processes or conditions, e.g. the abundance of gammacerane can be related to 

water salinity or lake water stratification if  other salinity indicators are not present or present in 

minor concentration. Higher plant biomarkers, in combination with compounds modified by clay- 

catalyzed structural rearrangement, monitor the proportion o f allochthonous sedimentary material 

and also suggest changes in the type o f vegetation surrounding the basin. Specific markers such as 

B-carotane and their concentration correlate with the salinity of the lake water and indicate mass- 

occurrence of specific algae or bacteria. Other markers such as methyl steranes, tricyclic terpanes 

and isoprencids reflect the development o f phytoplankton living in the epilimnion o f the lake.

Basal Green River Formation source rocks (black shale facies) were encountered in the 

south-central area of the basin and represent Uttoral nearshore open lacustrine to marginal 

lacustrine facies. Equivalent open lacustnne rocks are probably present in the deep, high maturity 

sections at depths > 1 1,000 ft in the Bluebell -Altamont area. Low absolute B-carotane and 

gammacerane concentrations indicate low salinity, and the presence of gammacerane may be 

related to water density stratification (possibly thermally induced as is typical for low latitude lakes 

(Talbot and Allen, 1997)), which created a temporary dys- or anoxic hypolimnion. Anoxia is 

evidenced by preservation of lamination in the organic-rich sediments and ubiquity o f 

methanogenic bacteria on one hand, but is not expressed in low Pr/Ph values. Proportions o f algal 

and higher plant derived biomarkers and bacterial biomarkers are balanced, and a  comparatively
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low input of clastic material in regards to the upper black shale facies is interpreted. Extracts of the 

upper black shale facies are umque in terms o f their relatively high amount o f allochthonous 

material as manifested by high relative concentrations of rearranged steranes and hopanes and 

other biomarkers mdicating higher plant organic matter. Lake conditions were similar to the lower 

black shale fecies, with low salinity, temporal stratification and lake bottom water anoxia. The 

upper black shale facies/green shale facies section is characterized by fluctuating biomarker 

composition of the organic matter. The variable composition o f source rocks is interpreted to 

mdicate rapid changes in lake conditions, possibly with an overall shallowing and episodes of 

elevated salinity in the lake water.

Composition and litho&cies association o f the low grade oil-shales located above the 

middle marker show evidence for shallow and saline water conditions. The high abundance of 

hopanoid biomarkers indicate the activity of possibly autotrophic bacteria. Preservation of 

lamination was possible due to anoxia and/or salinity of the lake bottom water, which permitted the 

preservation of hydrogen-rich organic matter. Preservation of similar rocks in the Greater Red 

Wash area and their fecies relation record episodes o f short term lake expansion towards the east 

and southeast over vast, flat marginal lacustrine areas. High B-carotane and gammacerane 

concentrations in mahogany zone oil-shales coupled with low terrestrial input indicate a high level 

o f production of autochthoneous organic matter, but, due to high salinity, a low diversity biosphere 

in the lake system. The lake water salinity during the deposition of the mahogany zone oil-shales 

was probably higher than during the deposition o f the underlying lean oil-shales, based on the 

Pr/Ph values and absolute concentrations of B-carotane and gammacerane.

The variations in lake conditions summarized above and determined on the basis o f 

geochemical data and supporting sedimentological observations, lead to the deposition o f various 

source rock types. All of these are generally TOC- and hydrocarbon-rich and geochemical
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vanabilitv' is expressed in the relative abundances of biomarker compounds. No compounds which 

could be classified as umque and characteristic o f only a few samples were detected, and the range 

o f biomarkers is generally similar in all o f the samples examined.

Thermal maturation parameters suggest that the beginning o f the oil generation window is 

presently located at approximately the upper black shale facies section in the Altamont-Bluebell 

area. The peak oil generation window is expected to be located in the Colton Tongue and 

stratigraphically equivalent open lacustrine facies. Organic-rich sediments beneath this alluvial 

section have already lost most o f their generative potential. The same parameters confirmed the 

immature stage of Greater Red Wash area samples. Samples from the south-central area 

representing source rocks deposited in the initial freshwater stage o f Lake Uinta are in the late 

early generation stage to beginning peak generation stage.

7.2 Uinta Basin Crude Oils and their Correlation to Source Rocks

Significant variations in the biomarker distribution o f crude oils suggest distinct sources 

for a number of oils and aids in refining the initial GC analysis based grouping into immature, 

regular and waxy type oils. Several additional subgroups within the regular oil types have been 

identified using a combination o f statistical evaluation of GC-MS data and parameters obtained 

from GC analysis. Immature samples can be subdivided into two subgroups, the regular t>pe 

samples into four subgroups. For the most part, genetic separation is equivalent to geographical 

separation, i.e. specific oil groups occur in specific fields. A direct correlation o f source rock 

extract and crude oil compositions based on PCA is possible because o f the similar loadings on 

PC 1 and PC2 (Fig.42). An overlay o f PC 1 vs. PC2 obtained from the PCA of source rocks extract 

and crude oil GC-MS data permits a direct comparison of biomarker composition (Figure 43). 

Since the loadings are similar but not identical, this technique can only be a rough guide but
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nevertheless provides a means to rapidly compare source rock and oil analyses for correlation 

purposes. Several crude oil-types have been identified and correlated to source rock intervals: 

i) Immature oils with dominant isoprenoid, terpane and B-carotane signatures, which can be 

correlated to mahogany zone and lean oil-shale source rocks, 

li) Unusual oils with regular oil-type n-alkane distribution, both relatively mature (UB33o) and 

immature (UB9o, UB20o), derived from unknown sources, 

lii) Regular t\pe oils with common dominance o f homologous n-alkane series and which can be 

subdivided into the following subgroups:

a) Walker Hollow immature oils derived from shallow stratigraphie intervals o f the green 

shale facies to lean oil-shale zone and possible contribution or migration dissolution from 

organic matter of the mahogany zone;

b) Wonsits Valley, Brennan Bottom, Horseshoe Bend, Gusher and shallow Bluebell-Altamont 

oils; probable source rock intervals are upper black shale 6 cies sections occurring m open 

lacustnne facies equivalents o f the Colton Tongue to the south and southeast o f  the 

Altamont-Bluebell area;

c) Coyote Basin oils, generated from the stratigraphically lowest source rock intervals similar 

in composition to those rock samples investigated from the south-central area; geochemical 

differences point to more distal and profimdal sources to the north.

d) South-central oil fields (Monument Butte (UB31o), Antelope Creek (UB21o), Pleasant 

Valley (UB220), Eight Mile Wash (U B I6 0 ), Pariette Bench (UB5 lo). West Willow Creek 

(UB76o)). The small fields in the south-central area of the basin were charged from local, 

unidentified sources with, in some cases, a  possible contribution from upper black shale 

facies sources. Oil samples from other fields o f this area do not show any relation to
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nearshore open lacustrine to marginal lacustrine source facies found in cores from the 

same area.

iv) Waxy, high maturity oils from the deep reservoirs in the Altamont-Bluebell area.

A comparison o f two examples for the source rock - oil correlation based on PCA are 

shown m Figure 44. The examples show how differences in the relative abundance o f 

gammacerane, triterpanes, sesquiterpanes and diterpanes can be used to separate samples and 

establish correlations. Other compounds such as methyl steranes in samples UB12E and UB67o 

(Fig.44b) support the correlation.

7.3 Secondary Migration

The presence of geochemically distinct crude oils in various reservoirs and their spatial 

distribution suggest complex generation and migration pathways in the basm. Although there is 

probably mixing o f oils, particularly in the Altamont-Bluebell area with reservoirs close to the 

sources, geochemical signatures of oils m the peripheral fields can be used to trace subsurface fluid 

flow and migration patterns. The oils migrated through hydrodynamic and buoyancy driven flow to 

the southeast (see fluid flow models o f McPherson, 1996), possibly also being forced by the 

continuous generation of hydrocarbons from successively younger source rock intervals. The 

sequential generation and expulsion is a possible explanation for the minor mixing o f oils and 

preservation of their geochemical signatures which they inherited from the source rocks.

The oils of the Coyote Basin field originate from the stratigraphically oldest source rocks, 

which have generated oils early during the subsidence of the Uinta Basin. They are interpreted to 

have migrated from structurally deeper locations to the northeast of the reservoirs, probably those 

sections of the lower black shale 6cies and Flagstaff Formation which are presently beyond the
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mam generative sta^e. Oils generated from vounger source rock umts are trapped in the reservoirs 

of the Wonsits Valley, Brennan Bottom, Horseshoe Bend and Gusher fields, and lastly those o f the 

Walker Hollow area. An alternative explanation for the spatial pattern is the simultaneous 

generation and expulsion of oils from a thick source rock section and secondary migration along 

stratigraphically equivalent carrier beds into the reservoirs. However, this would result in oil 

mixing and oils similar to those in the Coyote Basin should be present m the deep reservoirs of the 

Brennan Bottom, Horseshoe Bend Wonsits Valley, and Walker Hollow areas. The south-central 

fields apparently are not located along the primary north-southeast directed migration routes 

described above, otherwise geochemically similar oils would be expected to be present. Only local 

sources with some contribution from the mam generative sections supply hydrocarbon charges to 

the fields, thus significantly reducing the amount of reserves which can be expected. The migration 

model is illustrated in Figure 45 and agrees with fluid flow models published in Bredehoeft et al. 

(1994) and McPherson (1997).

Another source of crude oils are apparently extremely rich but immature oil-shales, which 

generate entirely different oils than those described above by means other than thermal maturity. 

Warren ( 1986), for example, described the conversion of gypsum to anhydrite and similar 

diagenetic dewatering of hydrous evaporite minerals in organic-rich-rocks and simultaneous 

flushmg of hydrocarbons as a potential mechanism. In Chinese immature lacustrine shales, liquid 

hydrocarbons were generated directly from specific organic matter components (such as 

dinoflagellates) instead of the kerogen (Quiang and McCabe, 1998).
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8. C onclusions

Organic matter composition and biomarker analysis of source rocks can be closely related 

to the evolution o f the Uinta Basin lacustrine depositional system from freshwater to saline and 

hypersaline during the Paleogene. Biological markers, considered as molecular fossils, can support 

interpretations regarding environmental conditions and changes thereof through time. Prerequisite 

IS the analysis and interpretation o f source rocks in a stratigraphie framework. Changes in lake 

conditions caused deposition of compositionally variable source rocks, identifiable by monitoring 

overall biomarker distributions and specific compounds in source rock extracts. Multivariate 

statistical analysis significantly fecilitates the evaluation of these geochemical variations. Analysis 

o f thermal maturity parameters suggests that the oil generation window is presently located 

approximately between 10,000-12,000 ft depth in the deep north-central part o f the basin (Colton 

Tongue and stratigraphically equivalent intervals).

Crude oils in the basin inherited the stratigraphie signature of the source rock geochermstry 

and allow detailed correlation to specific sources. Based on this correlation, 6 different oil-groups 

m addition to the waxy oils from the deepest reservoirs o f the Altamont-Bluebell area have been 

identified. Similar to source rock analysis, compositional differences and similarities can be 

revealed using simple multivariate statistical techniques, and genetic relationships o f source rocks 

and crude oils can be directly compared based on PCA results.

Distribution of oil-types and geographical location o f oil fields permit inferences o f 

migration patterns in the basin. The main migration routes from the north-central area is to the 

southeast, and oils from the stratigraphically oldest source rock are trapped farthest away from the 

source. Smaller pools in the central part o f the basin receive charges from distinct sources, in some 

cases with contribution from hydrocarbon charges of the main migration pathway.
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APPENDIX 1.1

Abbreviations and formulas used in the text and appendices.

EOM
% A SH P
% M ait.
% SA T
% A R O
% PO L
% b ran .

P r/P h

Pr/n-C i7
Ph/n-Ci8
Pr+n-Ci7/Ph-nCi8

C 2 1 .2 2 /C 2 8 - 2 9

C2iiC22»

R 22

CPI

2 2 S /(2 2 S + R ) C31 h o p a n e s  

T s/T s+ T m

D iah o p an e-in d ex

O ie a n a n e -in d ex

C 3 0  M oretane / 
M o re tan e+ h o p an e

E x trac tab le  organ ic  m atte r 
% A sp h a ite n e s  a fte r deasp h a itin g  
% M alten es  a fte r  d easphaiting  
% S a tu ra te d  fraction in m a lten es  
% A rom atic  fraction in m a lten es  
% P o la r  fraction in m a lten es
% B ran ch ed  and  cyclic co m p o u n d s  a f te r  m o lecu la r  sieving

P ris ta n e /p h y ta n e  ratio
(2 ,6 ,1 0 ,1 4  te tra m e th y lp e n tad e c a n e /
2 ,6 ,1 0 .1 4 te tram e th y lh ex ad ecan e )
P ris ta n e /n -C i7 ratio 
P h y ta n e /n -C i8ratio 
P r is ta n e + n -C i7/phy tane+ n-C i8 ratio

R atio  of r7-C2i+n-C22/n-C28+rj-C29 ratio
R atio  o f n -a lk a n e s  with c a r to n  n u m b e rs  < 21 v s . n -a lk a n e s
> 22 ( ran g e  n-C^5 to n-Cjs)

(2*n-C22)/(n-C2i+n-C23) ten  H av en  e f  a/. (1987)

C arb o n  p re fe re n ce  index a fte r  M arzi et ai (1993)

n - C 2 3 + n - C 2 s + n - C 2 7 ) '* ' ( n - C 2 5 + n - C 2 7 + n - C 2 9 )

2  * (r7-C24+n-C2G +r?-C28)

R atio  of 17a(H ),21Q (H ),22S an d  22R  b ish o m o h o p a n e s

R atio  o f 1 8 a(H )-2 2 ,2 9 ,3 0 -n o m eo h o p an e  (T s)/17a(H )- 
2 2 ,2 9 ,3 0 -n o rh o p an e  (Tm)

R atio  o f  C 3o-d iahopane/17a(H ),21S (H )-30-norhopane

R atio  o f  18a(H )-O lean an e /1 7 a(H ),2 1 S (H )-h o p an e

R atio  o f 17B (H ),21a(H )-m oretane an d  17a(H ),21S (H )- 
h o o a n e

T ricyclic/pentacyclic

G a m m a c e ran e -in d e x

C29/C3o-Hopane

C 2 3  tricyclic/C3o h o p an e

R atio  o f su m  of tricyclic an d  p en tacy c lic  te rp a n e  p e a k s  
d e te c te d  in m /z l 91 chrom atogram

R atio  o f  g am m aceran e /1 7 a(H ),2 1  B (H )-hopane

R atio  o f  l7 a(H ),2 1 S (H )-3 0 -n o rh o p an e /1 7 a(H ),2 1 S (H )- 
h o p a n e

R atio  o f C23 tricyclic te rpane /17a(H ),21  S (H )-h o p an e
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C34S/C31S aS  hopane

U nknow n te rp a n e /C 29 17 a  h o p an e

S esq u it./se sq u it.+ d ite rp an e

S e sq u it./
se sq u it.+ p e n ta c .te rp a n e s

S e sq u it./se sq u ite r .+ s te ra n e s

D ite rp an es /
d ite rp an es+ p en tacy c l. te rp a n e s

D ite rp a n e s /d ite rp an e s+ s te ra n e s

2 0 S /2 0 S + R  aaC zg

SS/BB+aa C29

S te ra n e s /te rp a n e s

P re g n a n e s /s te ra n e s

M eth y l-s te ran es 
4 a (M e )-s te ra n e s  
3 B (M e)ste ran es 
m ethyl h o p a n e s

% S e sq u ite rp a n e s , % d ite rp an es, 
% tricyclic te rp a n e s , % pentacyclic  
te rp a n e s , % s te ra n e s+ d ia s te ra n e s , 
“/od ig inane+ hom odig inane

%C27, %C28, %C29

R atio  of 1 7 a(H ),2 1 S (H )-te trak ish o m o h o p an e  2 0 S an d  
17a(H ),21B (H )-hom ohopane 2 0 8

R atio  o f unknow n te rp a n e  3 a t s c a n  n u m b e r 
1935 /17a(H ),21 B (H )-30-norhopane

R atio  o f su m  of s e q u ite rp a n e s  a n d  d ite rp a n e s  d e te c te d  in 
m /z  123 ch ro m a to g ram s

R atio  o f su m  o f se q u ite rp a n e s  an d  d ite rp a n e s  and  
p en tacyclic  te rp a n e s  d e te c te d  in m /z  123 a n d  m /z  191 
ch ro m a to g ram s

R atio  of su m  o f se q u ite rp a n e s  a n d  d ite rp a n e s  an d  
p re g n a n e s , s te ra n e s  an d  d ia s te ra n e s  d e te c te d  in m /z 123 
an d  m /z  217  ch ro m a to g ram s

R atio  o f su m  o f se q u ite rp a n e s  a n d  d ite rp a n e s  an d  
p en tacy c lic  te rp a n e s  d e te c te d  in m /z  123 an d  m /z  191 
ch ro m a to g ram s

R atio  of su m  o f s e q u ite rp a n e s  an d  d ite rp a n e s  and  
p re g n a n e s , s te ra n e s  an d  d ia s te ra n e s  d e te c te d  in m /z 123 
an d  m /z  217  ch ro m a to g ram s

R atio o f 1 4 a(H ),1 7 a(H ),2 0 S  a n d  2 0 R  desm ethy l-e thy l- 
c h o le s ta n e s

R atio  of 14B (H ),17B (H ),20S + 20R /14a(H ),17a(H ),20S + 20R  
d esm e th y t-e th y l-ch o les tan es

R atio  of sum  o f p e a k s  o f s te ra n e s / te rp a n e s

R atio  of p re g n a n e s  an d  C 27-C 29-s te ra n e s + d ia s te ra n e s  
d e te c te d  in m /z  217  c h ro m a to g ra m s

Q ualita tive  ind icator fo r th e  p re s e n c e  o f 3B -m ethyl s te ra n e s  
an d  4 a -m eth y l s te ra n e s ; 3B -m ethyl s te r a n e s  (relative 
a b u n d a n c e  in m /z 217); m ethyl h o p a n e s  in m /z  191 
- not p resen t,
+ p re sen t,
++ ab u n d an t,
+++ very  ab u n d an t

R ela tiv e  a b u n d a n c e  of b io m ark er g ro u p  to th e  sum  of 
d e te c te d  p e a k s  in m /z  191, 2 1 7  an d  123 ch ro m a to g ram s

R ela tiv e  a b u n d a n c e s  o f 1 4 a (H ),1 7 a(H ),2 0 R -ch o les tan e , 
m ethyl- and  e th y l-ch o le s tan es
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PI
TO C
HI
CI

M axim um  carbon  n u m b e r in G C

M axim um  p e a k  in G C

T em p e ra tu re  o f m ax im u m  hydrocarbon  g e n e ra tio n  (S 2) 
during R ock-E val pyro lysis °C 
P roduction  ind ex  (S 1 /S 1 + S 2 )
%  Total o rg an ic  ca rb o n  
H ydrocarbon  index  
O xygen  index

Q ualita tive  indication o f  th e  h ig h est m o lecu lar w e ig h t 
com pound  d isc e m a b le  in high te m p e ra tu re  g a s  
ch ro m a to g ram s

Q ualita tive  indication o f  th e  m o st in ten se  p e a k  in high 
te m p e ra tu re  g a s  c h ro m a to g ra m s

m odal
n .a .
n .d .
MID
DTD
KB
G R /G L
ML
DF
s.l.
API
S T P

M odality in high te m p e ra tu re  g a s  ch ro m a to g ra m s
not ava ilab le
no t d e te c te d
Multiple ion d e tec tio n
Drilled to tal d ep th
Kelly bushing
G round level
M ap level (e leva tion  re a d  from  topog rap h ic  m a p  1 :1 0 .0 0 0 ) 
Derrick floor 
S e a  level
C rude oil g rav ity  "API
S ta n d a rd  te m p e ra tu re  a n d  p re s su re
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APPENDIX 1.2
Peakn

o. Compound
Peak
no. Compound

Tricyclic terpanes Diterpanes
1 Tricyclic terpane C „ 51 C17-tricyctane
2 Tricyclic terpane Cjo 52 C18-tricyciane
3 Tricyclic terpane Cj, 53 unknown diterpane
4 Tricyclic terpane C n 54 4S(H)-19-norisoprimarane
S Tricyclic terpane Cg 55 Cl 7 tricyciane
6 Tricyclic terpane C^, 56 C19 tricyciane
7 Tricyclic terpane C a 57 17-nottetracyclic diterpane
8 T ricyclic terpane Cj* 22S 58 isoprimarane
9 Tricyclic terpane Cm 22R 59 168(H)-ptiytlocladane

1 0 Tricyclic terpane C2 7  225 Stiort-ctiain steranes
1 1 Tricyclic terpane C27  22R 60 5a(H). 148(H), 178(H)-diginane
1 2 Tricyclic terpane Cm 225 61 5a(H). 148(H), 178(H)4iomodiginane
13 Tricyclic terpane Cm 22R Steranes, diasteranes
14 Tricyclic terpane Cm 225 62 138(H). 17a(H) ,205-diachotestane
15 Tricyclic terpane Cm 22R 63 13B(H), 17<x(H) ,20R-diacliolestane
18 Tricyclic terpane Cm 225 64 13a(H), 17B(H),205-diactioiestane
2 0 Tricyclic terpane Cm 22R 65 13o(H), 178(H) ,20R-diacttoleslane
23 Tricyclic terpane C,, 225 6 6 24-methyt-138(H), 17a(H) ,205-diacttoleslane
24 Tricyclic terpane C „ 22R 67 24-methyi-138(H), 17a(H).20R-diacliolestane

Pentacyclic terpanes 6 8 24-methyi-13a(H), 178(H) ,205Hjiacltoieslane 
♦ 14a(H),17o(H),20S-cliolestane16 18o<H)-22.29.30-nomeohopane (Ts)

17 1 . unknown terpane 69 24-othyt-13o(H),178(H) ,20S-dlactiolestane 
♦ 148(H), 178(H) ,20R-ctiolestane19 17a(H).22.29.30-trisnortiopane (Tm)

2 1 17a(H)*22.29,30-lrisnormorelane 70 24-methyt-13a(H), 178(H) ,20R-diacholestane 
+ 148(H), 178(H) ,20S.cliolestane2 2 2 . unknown terpane

25 17a(H) ,218(H)-30-norttopane 71 14a(H), 17a(H) ,20R-cliotestane
26 Cm diahopane 72 24-etttyl-138(H), 17a(H) ,20R-diactiolestane
27 3. unknown terpane 73 24-ettiyl-138(H), 17a(H) ,20S-diaciiolestane
28 178(H) ,21 o(H)-30-normoretane 74 24-metttyl-14o(H), 17a(H),205-ctiolestane
29 18a(t-t)-oteanane 75 24-ettiyt-l 3a(H), 178(H) ,20R-diacholestane 

-  24-metttyl-14B(H).178(H),20R-ctiotestane30 17a(H).21 8 (lri)'tiopane
31 178(H) .21 a(H)-moretane 76 24-melttyl-148(H), 178(H) ,205-cliolestane
32 17a(H).21 8(H),225-304iomotiopane 77 24-mettiyt-14o(H), 17o(H) ,20R-ctiolestane
33 17a(H).21 8(H),22R-30-riomofiopane 78 24-elttyl-l 4<%(H),17a(H) ,20S-cltoieslane
34 gammacerane 79 24-elltyl-148(H),178(H) ,20R-chotestane
35 17a(H),21 8(H),225-30.314)ishomottopane 80 24-ethyt-148(H),178(H),205-cltoieslane
36 17o(H) .21 8(H).22R-30.314)istiomohopane 81 24-elttyl-14a(H),17a(H),20R-chotestane
37 17o(H) ,21 8 (H) ,225-30,31.32-tristiomotiopane Monoaromatic sterane
38 17a(H),21 8(H),22R-30,31,32-tristiomotiopane 82 monoaromatic sterane C2 7

39 17a(H),21 8(H),225-tetrakistiomoliopane 83 monoaromatic sterane Cp
40 17o(H),21 8(l-0,22R-tetrakistiomotiopane 84 monoaromatic sterane C3 7

41 17a(H),21 8(H),22S-pentakistiomohoi>ane 85 monoaromatic sterane C37

42 17a(H) ,21 8 (H) ,22R-pentakisttomohopane 8 6 monoaromatic sterane Cjt'C m

Sesquiterpanes 87 monoaromatic sterane Cjt -̂Cm

43 CIS-bicyctane 8 8 monoaromatic sterane Cu*Cjm
44 C15-bicyclane 89 monoaromatic sterane Cjt^Cm

45 8 8 (H)-drimane 90 monoaromatic sterane Cm^Cm

46 C15-bicyctane 91 monoaromatic sterane Cm+Cm

47 C15-bicyclane 92 monoaromatic sterane Cm'*-Cm

48 C16-bicyctane 93 monoaromatic sterane Cm^Cm

49 8 8 (H)-tiomodrimane 94 monoaromatic sterane Cm-*-Cm

50 C17-bicyclane 95 monoaromatic sterane Cm
96 monoaromatic sterane Cm
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APPENDIX 2
Core Well Data

No
Ub.
no. Operator Well Name

core d 

Min

epths (n 

Max

location 

1/4 Sec -Sec -Twn-Rnq API
1 0304 Chevron Oil Co. 1  Chasel Unit Flying 10630

1 1 0 0 1

10827
1 1 2 2 2

SE NW NE 18 IS  1W 43 13 30030

2 RG93 Chevron Oil Co. 1-33-3 Blanchard 8924

9023

9112

9366

10310

10965

9020

9085
9174

9485

10540

11053

NW SE 3 IS  2W 43 13 20316

3 0400 Bow Valley Exploration 2-19 AIE Or Long 9213

9628

9216

9720
SW SE 19 IS  IE 43 47 31470

4 A690 PanAm Petroleum 1 USA Lyle Ungelbach 6910

6988

7600

6937

7040

7616

NW SE SE 29 6 S 21E 43 47 10869

S A690 PanAm Petroleum 1 Mctish Unit 6110 6160 SW SE 34 6 S 22E 43 47 10870

6 A6A9 PanAm Petroleum 3 Unit/Pelicane Lake Unit 5777 5799 NW SE 34 75 21E 43 47 10876

7 A679 PanAm Petroleum 4 USA Peart Broadhurst 4661

5269

4764

5417

SW SE 9 7S 23E 43 47 15694

8 B592 Gulf Oil Co. 1-20-4B Costas 5215

5242

5237

5262

NE SW 20 8 S 21E 43 47 31006

9 0257 Natural Gas Co. 22-30 Bench Glen 4700 4730 NW SE NW 30 8 S 22E 43 47 31260

1 0 C703 Diamond Shamrock 24-8 Pariette Federal 4724

5434
4739

5478

SE SE SW 8  9S 17E 43 13 30675

1 1 E202 Natural Gas Co. 13-16 State 4238

5350
4328

5385

NE NW SW 16 9S 19E 43 47 31128

1 2 0172 Mapco Inc. 4 -110  River Bend Unit 4783 4821 SE NW NW 11 105 18E 43 47 30718
13 A687 Oavis Oil Co. 5 Pariette Bench Unit 5407

5435

5450

5423

5445

5457

SE SE 9 95 18E 43 47 10298

14 SOSO Coors Energy 3-100 Ute Tribal 6205 6280 10 45 4W

15 0209 Rio Bravo Oil Co. 20-2 RU 9678 9696 SE SE SW 17 IS IE 43 47 31422

16 E109 Chevron Oil Co. (2-8C) Lamiq Urruty 1-8-A2 10824

10846

10845
10964 NW SW 8  IS  2W 43 13 30036

17 0273 Natural Gas Co. 23-24 Federal 4859
4902

4899
4978

NE SW 24 85 21E 43 47 31253

18 1823 California Oil Co. Red Wash 32 3800

5259
7753

8873

9252

9989

10183

4553

5599

7795

9249
9986

10259

10802

SW SW NE 22 7S 22E 43 47 15159

19 1373 Sun Oil Co. South Ourray No I.Unit 1 3228

3540

3535

5346

NE NE 22 95 20E 43 47 11162

2 0 n.a. Celsius Energy Co. 

/Wexpro Co

Island Unit 16 4690

4746
4738

4815

NW NE SW 11 105 18E 43 47 31505
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No
Ub.
no. Ofierator Well Name

cored

Min

epths [ft 

Max

location 

1/4 Sec.-Sec -Twn-Rnq API
2 1 1891 Carter Oil Joseph Smith 1 8551 8560 16 3S 5W 43 13 10491
2 2 92 Mountain Fuel Supply Cedar Rim 3 7890

8166

8220

8487

7910

8186

8240

8508

SW NE 19 35 6 W 43 13 30040

23 206 Diamond Shamrock Co. Allen 34-5 4995 5044 NW SW SE 5 9S 17E 43 13 30721
24 2723 Quinex Energy Co. Leslie Taylor 24-5 12180

12195

12193

12238

24 IS  1W 43 47 31828

25 n.a. Bow Valley Petroleum Inc. U1e2-22A16 12297 12407 NE SW NE 22 IS IE 43 47 31265

26 2272 Page Petroleum Inc. Page Esson Ute 1-14B1E 8446 8518 SE NW NE 14 2S IE 43 47 30774
27 Chevron Oil Co. Hiko Bali Unit 1/1 Walker 10480 10627 NE SW NE 12 IS 2W 43 13 30031
28 Gulf Oil Co. 1 Whitlock/1 Lynn Whitlock 5969 9179 10 IS IE 43 47 05727

29 outcrop Indian Canyon - mahogany zone NE NE 2 7S 8 W
30 outcrop Gate Canyon - mahogany zone NW SE 17 I t s  15E
31 outcrop Indian Canyon - black sfiale facies NE NW 26 I t s  1 0 E
32 outcrop Indian Canyon - black sfiale facies coal NW SW 26 I t s  1 0 E
33 outcrop Raven Ridge - lower Green River coal SW SW 12 2N 04W

datum 1: lower Green River Formation log martcer after 

Peterson (1973); map-group 1 

datum 2: middle marker after Morgan and Tripp (1994); 

map-group 1

datum 3: Top Douglas Creek Memtier (K-marker) after Castle 

(1990) and Kelly and Castle (1990). map-group 2 and 

Kelly and Castle (1990), map-group 2 

datum 4: 3pt. marker (green shale facies) after Cobum eta/. 
(1985), map-group 3
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APPENDIX 2
Core Well Data

No
Ub
no. Operator Well Name

core d 

Min

epths [ft 

Max

di

spud

■tes

completicr

sam ples 

depth ft from - to ft No.
1 0304 Chevron Oil Co. 1 Chasel Unit Phr rg 10630

1 1 0 0 1

10827
1 1 2 2 2

11/27/70 12/13770 10727 IE

2 R693 Chevron Oil Co. 1-33-3 Blanchard 8924

9023

9112

9366

10310

10965

9020

9085

9174

9485

10540

11053

10/22Æ7 3731/68 8954

8992

9056.2

9393.5

2E

3E

4E

47E

3 0400 Bow Valley Exploration 2-19 AIE Or Long 9213

9628
9216

9720

5/5/84 7/2/84 9716.5 SE

4 A690 PanAm Petroleum 1 USA Lyle Lingelbach 6910

6988

7600

6937

7040

7616

10/5/63 2/8/64 6925 6 E

5 A690 PanAm Petroleum 1 Mclish Unit 6110 6160 2/12/64 3/13/64 6111 7E
6 A689 PanAm Petroleum 3 Unit/Pelicane Lake Unit 5777 5799 5G0Æ4 6/26/64 5789 8 E
7 A679 PanAm Petroleum 4 USA Pearl Broadhurst 4661

5269

4764

5417

3G0/64 777/64 4687 9E

8 8592 Gulf Oil Co. 1-20-48 Costas 5215

5242

5237

5262

7/3/81 9/26/81 5224.5 10E

9 0257 Natural Gas Co. 22-30 Bench Glen 4700 4730 11/1/82 12/18/82 4702 4703 11E
1 0 C703 Diamond Shamrock 24-8 Pariette Federal 4724

5434
4739

5478

8/18/83 7/4/83 5450 5452 2 1 E

1 1 E2 0 2 Natural Gas Co. 13-16 Slate 4238

5350
4328

5385

1/16/82 4/30/82 5381 5382 12E

1 2 0172 Mapco Inc. 4 -110  River Bend Unit 4783 4821 11/9/80 4/4/81 4786 4787 13E
13 A687 Oavis Oil Co. 5 Pariette Bench Unit 5407

5435

5450

5423

5445

5457

2/29/64 5/5/64 5422 5422.5 14E

14 SOSO Coors Energy 3-100 Ute Tribal 6205 6280 6272.8 6273.5 48E
15 0209 Rio Bravo Oil Co. 20-2 RU 9678 9696 12^0/83 6/1/84 9692 9693 16E
16 E109 Chevron Oil Co. (2-8C) Lamiq Utruly 1-8-A2 10824

10846
10845
10964 3/25774 6/6/74

10844 10845 

10950

17E

18E
17 0273 Natural Gas Co. 23-24 Federal 4859

4902
4899

4978

10/23/82 11/12/82 4882.5 

4978 4978.5

19E

20E
18 1823 California Oil Co. Red Wash 32 3800

5259

7753

8873

9252
9989

10183

4553

5599

7795

9249

9986
10259

10802

9/27/54 6/16/55 3950 3953 

9745 9751

22E

23E

19 1373 Sun Oil Co. South Ourray No.l/Und 1 3228

3540
3535

5346

6/25/51 10/25/51 4938 4955 

4955 4957 
5170 5173

25E
26E

27E
2 0 n.a. Celsius Energy Co. 

/Wexpro Co

Island Unit 16 4690
4746

4738

4815

7/28/84 277/85 4695.5 4696 29E

A2-3



No.
Ub.
no. Operator Well Name

core di 

Min

splhs (ft 

Max

da

spud

tes

completion

samples 

depth ft from - to ft No.
2 1 1891 Carter Oil Joseph Smith 1 8551 8560 7/5/52 12/4/52 8551 8560 30E
2 2 92 Mountain Fuel Supply Cedar Rim 3 7890

8166

8220
8487

7910

8186

8240

8508

6/3f70 1 1 / 1 0 0 0 8507 31E

23 206 Diamond Shamrock Co. Allen 34-5 4995 5044 9/11/83 11/28/83 5021.5 32E
24 2723 Quinex Energy Co. Leslie Taylor 24-5 12180

12195

12193

12238
50/88 12224 33E

25 n.a. Bow Valley Petroleum Inc. Ute2-22A1E 12297 12407 904/82 1/16/83 12315.5

12366.5
34E

46E
26 2272 Page Petroleum Inc. Page Esson Ute 1-14B1E 8446 8518 100/80 1006/81 8463 35E
27 Chevron Oil Co. Hiko Bell Unit If 1 Walker 10480 10627 1/1800 5 0 0 0 10587.4 36E
28 Gulf Oil Co. 1 Whitlockfl Lynn Whitlock 5969 9179 8/15/52 7583

9020
37E

38E
29 outcrop Indian Canyon - mahogany zone 39E

30 outcrop Gate Canyon - mahogany zone 40E
31 outcrop Indian Canyon - black sftale facies 41E
32 outcrop Indian Canyon - black shale facies coal 42E
33 outcrop Raven Ridge - lower Green River coal 45E

datum 1 ; lower Green River Formation log marker after 

Petersen (1973); map-group 1 

datum 2; middle marker after Morgan and Tripp (1994); 

map-group 1

datum 3: Top Douglas Creek Member (K-marker) after Castle 

(1990) and Kelly and Castle (1990). map-group 2 and 

Kelly and Castle (1990). map-group 2 

datum 4: 3pt. marker (green shale facies) after Cobum et al 
(1985). map-group 3
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APPENDIX 2
Core Well Data

No.
Ub.
no. Operator Well Name

core d 

Min

splhs [ft 

Max OTO KB GR/GL OF datum

depth of 
datum to 

s.l. (ft)
1 0304 Chevron Oil Co. 1 Chasel Unit Flying 10630

1 1 0 0 1

10827
1 1 2 2 2

11376 5686 5672 1 -4471

2 R693 Chevron Oil Co. 1-33-3 Blanchard 8924

9023

9112

9366

10310

10965

9020
9085

9174

9485

10540

11053

11190 5863 5851 1 -4551

3 0400 Bow Valley Exploration 2-19 AIE Or Long 9213

9628

9216

9720

10655 5430 2 -3354

4 A690 PanAm Petroleum 1 USA Lyle Ungel bach 6910

6988

7600

6937

7040

7616

8102 4904 4892 4900 3 -2150

5 A690 PanAm Petroleum 1 Mclish Unit 6110 6160 6600 5129 5117 5125 3 -850
6 A689 PanAm Petroleum 3 Unit/Pel'icane Lake Unit 5777 5799 6175 4773 4783 3 -750
7 A679 PanAm Petroleum 4 USA Peart Broadhurst 4661

5269

4764

5417

5900 5192 5190 5180 3 - 1 2 0

8 BS92 Gulf Oil Co. 1-20-4B Costas 5215

5242

5237

5262

5425 4693 4679 3 -400

9 0257 Natural Gas Co. 22-30 Bench Glen 4700 4730 5501 4756 4769 3 too
1 0 C703 Oiamond Shamrock 24-8 Pariette Federal 4724

5434
4739

5478

7475 4712 4705 4 1 2 2 0

1 1 E202 Natural Gas Co. 13-16 State 4238

5350

4328

5385

7475 4712 4705 4 600

1 2 0172 Mapco Inc. 4 -1 1 0  River Bend Unit 4783 4821 4893 4980 4971 4979 4 1760

13 A687 Davis Oil Co. 5 Pariette Bench Unit 5407

5435

5450

5423

5445

5457

5998 4990 4978 4987 4 840

14 SOSO Coors Energy 3-100 Ute Tribal 6205 6280 5741 map n.a.
IS 0209 Rio Bravo Oil Co. 20-2 RU 9678 9696 10690 5522 5474 2 -3385
16 E109 Chevron Oil Co. (2-8C) Lamiq Urruly 1-8-A2 10824

10846

10845
10964

15300 6153 1 -4675

17 0273 Natural Gas Co. 23-24 Federal 4859

4902

4899

4978

5864 4835 4819 3 1 0

18 1823 California Oil Co. Red Wash 32 3800

5259

7753

8873

9252

9989

10183

4553

5599

7795

9249

9986

10259

10802

11288 5270 3 -420

19 1373 Sun Oil Co. South Ourray No.l/Unit 1 3228

3540

3535

5346

8457 4832 4820 n.a.

2 0 n.a. Celsius Energy Co. 

/Wexpro Co

Island Unit 16 4690

4746

4738

4815

5000 5094 5079 5093 4 1780
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No.
tjb.
no. Operator Well Name

core d 

Min

epths [ft 

Max DTD KB GR/Gl OF datum

depth of 
datum to

s.l. (ft)
21 1891 Carter Oil Joseph Smith 1 8551 8560 9103 5694 2 -3487
22 92 Mountain Fuel Supply Cedar Rim 3 7890

8166

8220
8487

7910

8186

8240

8508

9738 6304 6286 n.a.

23 206 Diamond Shamrock Co. Allen 34-5 4995 5044 6067 5216 5205 5215 4 1000
24 2723 Quinex Energy Co. Leslie Taylor 24-5 12180

12195

12193

12238
14016 5518 5497 2 -3487

25 n.a. Bow Valley Petroleum Inc. Ute2-22A1E 12297 12407 13640 5354 2 -3204

26 2272 Page Petroleum Inc. Page Esson Ute 1-14B1E 8446 8518 11843 5079 5068 n.a.
27 Chevron Oil Co. Hiko Bell Unit 1/ 1 Walker 10480 10627 11745 5925 5908 5917 1 -4478
28 Gulf Oil Co. 1 Whitlock/1 Lynn Whitlock 5969 9179 9660 5464 2 -3430

29 outcrop Indian Canyon - mahogany zone

30 outcrop Gate Canyon - mahogany zone

31 outcrop Indian Canyon - black shale facies

32 outcrop Indian Canyon - black shale facies coal

33 outcrop Raven Ridge - lower Green River coal

datum 1 : lower Green River Formation log marker after 

Petetaon (1973); map-group 1 

datum 2: middle marker after Morgan and Tripp (1994); 

ma|>-group 1
datum 3: Top Douglas Creek Memtjer (K-marker) after Castle 

(1990) and Kelly and Castle (1990), map-group 2 anu 

Kelly and Castle (1990). map-group 2 

datum 4: 3pt. marker (green stiate facies) after Cobum et al. 
(1985), map-group 3
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Appendix 3; Core description
LEGEND

â

â â â

e

m fis t

d

®

o

pei«cypod snails

aeunoant peiecypod sn«iis

gastropoâs

abundant gastropods

sne<l riasn

ostracodes

ostracodes abundant

algal raaments/aigai boundstone

plant/organic debns

pelads

estimated gralnsize 
sand

clastic |cl | s i [ , , m i e |c |

v f T
carbonate ■ § |-g |.£

V

I

n

/
mud=mudstone ^
pack=wacke-/pacKstone
grain=grainstone
cartwnate classification after Dunham (1962)

color 
r=red 
g=green 
b=brown l=light d=dark 
gr=grey l=light d=daiK 
bl=black

□
shaly sitt-/sandston«

conglomerate

conglomeratic sAWsandstone

mudcracks

cough cross oeddmg 

synsedimentary faults 

loop structures 

current nppies 

nonzontai tammabon 

mud drapes/wavy beddmg 

lenticular beddmg 

flaser beddmg

synsedimentary déformation 

syneresafdostesa ('’) cracks

gradation 

root structures 

styioQtes

coarsening upward 

finmg upward

organc*nch nohzon
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C hevron
Blanchard 1-33-3
NWSE3-R2W-T1S 
5863FT KB

!.

119!

 8925ft
  TOC 0 44%

- H   ̂ 8932ft
=  TOC 0 04%

8940 -

" 8936ft 
TOC 0 31%

8960 '

. 6954ft UB2E 
TOC 3 22%
M l 749 mg HOg TOC 

434-C

8980

• 8976fl 
TOC 0 17%

' 8992ft

9000

9 0 2 0 -

J  TOC 1 23%

 9010ft
J  TOC 0 94%

"9025ft 
TOC. 0 36%

9035ft
TOC 1 29%

9040-

'ü  =

MAPGROUP1

r  0 j  3 tu £  o

9 0 6 0 -

9056 Mt 
TOC 0 53»

9060

•9071tt 
TOC 0 02%

9100 -

9ii7n 
, TOC 1 40%

9120

9140

-9153ft 
TOC 3 59%

9160 -

9180

e

la l«l ' i'” i = Ici

A3.1-1



MAPGROUP 1

I I

9360

9371ft

9380 -

9400

X

9 4 2 0 -

kJ -------- 9416H UB3E
TOC 2.76%
HI 830 mg HC/g to c  
T ^  444'C

9440

-9430 5a 
TOC 4 02%

=  ^  9439 5a 
 roc 1 40%
 9440a

  TOC 0 66%

9460 -

tJ fS i

9459tt
TOC 1 BÂ%

-9467ft 
TOC 203%

9480

9463ft
TOC 150%

kl U ti * j e t

l'î'i'

II

e
iQ3lOft 
TOC 2 20%

10320 -

10360

10380

Q
a

10400 -

o
a

10420

10440

T0329ft 
TOC 2 33%

10340   :0340fT
=  TOC 1 46%

. 10359ft 
TOC 1 42%

1Q372ft 
TOC 1 00%

ti —
10384ft 
TOC 0 61%

  10400ft
=  TOC 0 94%

I0413ft 
TOC 1 71%

. 10420ft 
TOC 2 28%

A3.1-2



j  ai c  o 1 0 4 4 0

I,

II

II

-10U8R 
TOC a 82*

10460

10480

a

a  10500

-1048in UB8E 
TOC 1 83*
HI 520 mg HOg TOC 
T ^  437*C

-10497B 
TOC 0 37*

-lOSiSIt 
TOC 0 65*

10520

S

S

10540 -10539ft 
TOC 0*4»

MAPGROUP 1

I I 10960

10980 -

11020 -

I 11040

-I0960ft 
TOC 0 11%

É
?

"10997ft 
TOC 0 31%

• li004ft 
TOC 0 16%

■ 11018ft 
TOC: 0 61%

J  —  il028fl
^  TOC 0 14%

11039ft UB47E 
TOC 0 84%

HI 304 mg HO 
g TOC 

T_^ 437~C
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MAPGROUP 1

-a- r -  ç  a
g , , 0 1  c  S 10820

10840

Chevron
2-80  Lamicq Urruty
NWSW8-R2W-T1S 
elev : 6153ft GL

10844.10845ft u8î7E 
TOC 1 68%
Ml 414 tr>Q MOg TOC 

439*C

10860

?
10880 ■

10900

-1 0 9 0 5 -I0 9 0 6 tt 
TOC 1 5S»

10920
\

10940 - M é t i
\

10960ft UB18E 
TOC 1 08%
H\ 477 mg HOg TOC 

439-C

1 a  10960

k* l«l ' i"*i: le I

A3.1-4



10480

10500 ■

10520 4

10540

I
M APGROUP1

Chevron Hiko Bell Unit 
1/1 Walker
NESWNE12-R2W-T1S 
elev.: 5464ft GL

I
10560

10580 tJ

P

10600

10620

UB36E 10587 4m 
TOC 3 3%
HI 217 mg HOg TOC 
T .^  445 C

A3.1-5



MAPGROUP 1
Bow Valley Inc. 
2-19A1E Dr Long
SW SE 19-R1E-T1S 
elev.; 5430n GR

Ji- w
s i  3 M a

1 1

■ I
I I

I

II

9220 -

=  mm.

9620

9640

9660

9680 -

9700

9720

9716 5ft UB5E 
TOC Z 38%
HI 405 mg MC/g TOC 
T ^  446*C

Ici |« l |  ’ 1- 1= I c i

ITF
A3.1.6



Chevron 
1 Chasel Unit
SENWNE 18-R2W-T1S 
elev.: 5683ft

-C olor -

MAPGROUP 1

10640

10660

10680

10700 ■

a

g  10720

JTL

m e t

UBIE. 10727ft 
TOC 2 06%
Kl 380 mg H Og TOC 
T .^  446*C

10740

10760

n ' ï A3.1-7

10760

a a 
: U £ 3

10780 -

10800 -

El

10820

10840



Quinex Energy Inc. 
Leslie Taylor 24-5
24-R1W-T1S 
elev ; 5518ft KB

MAPGROUP1

S 2
s  .  = »  o  ,2180

! 12200 ■

12220

12240 J

S I

• '2180 7ft 
TOC 0 13%

jd |«i I ’ I-1 = j e  I

l ' î ' r

-12209 art
TOC 0 55%

.1 2 2 0 9  art UB33E 
TOC 3 65%
HI 73 mg MC/g TOC 
T ^ .  446 'C

Rio Bravo 
20-2 RU
SESESW  17-R1E-T1S 
elev : S522ft

9680

9700

i ’ "

i

9692-9693rt UB16E 
TOC 2 * 4 %
Ml «77mB HClg TOC 

436-C

k l  1 * 1  '  1 - 1 '  l e  I

i l s
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Bow Valley Petroleum Inc. 
Ute2-22A1E
22-R1E-T1S 
elev.: S354ft GR

M APGROUP1

— c a o f -----

I I

I

12300

12320

12340

12360

12380

12400

, 12315 5ft UB34E 
TOC 1 10%
HI 84 mg HOg TOC 

444 C

_tJ_

tJ

12366 6ft UB46E 
TOC 0 71%
HI 39 mg HOg TOC 
T..^ 444 C

12390,1ft 
TOC 0 18%

lË.

iT F
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Altamont-Bluebell area
well outside mapgroup 1

Page Petroleum Inc. 
Esson Ute 1-14B1E
SENWNE 14-R2S-T1E 
elev.: 5079ft KB

8460

8480

8500

fl460ft 
r o c  7 2%

UB35E 8463ft 
TOC 11 3%
Ml 573 mg MC/g TOC 
T ^  450-C

II 8507ft
TOC. 0  36%

8520

I W

A3 1-10



MAPGROUP 2

Natural G as Co.
23-24 Federal
NESW 24-R21E-T8S 
elev.: 4835ft KB

I -  iC OiQf —' -  g
0 y g 2

I

4860

4880 -
. UB13E « 8 2  Sit 

TOC 8 28%
Ml 824 mg MC/g TOC 

434'C

4900 -

4920 -

4940 -

4960

4980 -

m st

m tk

Id l»i|’ i"i = |e |

n r

UB20E 4978ft 
TOC 0 94%
HI 429 mg MC/g TOC 
T _  423*C

A3.2-1



MAPGROUP 2

4660

4680 -

4700

I
4720

Ü

Ü

4665ft 
• TOC 0 38%

HI 523 mg HOg TOC 
T . .  421-C

Pan American 
Broadhurst 4
SWSE 9-R23E-T7S 
elev.:5192fl KB

UB9E 4687%
' r o c  2 23%

HI 7S2 mg HOg TOC 
432-C

4706ft
TOC 1 28%
Ml 578 mg MOg TOC 
T ^  430-C

4725%
TOC 0 07%

4740

4760

4755%
TOC 0 72%
Ml 531 mg MOg TOC 

f \ ^  T ^  425-C

S
lia

m
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— Cofof g
B y z 5

3 : a  C O

I

I

5260

5280 -

5300 -■

5320 -

5340 -
»««»««

5360

5380

MAPGROUP 2

Pan American 
Broadhurst 4
SW SE 9-R23E-T7S 
elev ;5192tt KB

5277fl
TOC 0 56%
HI 653 mg MOg TOC 
T ^  420*C

5299ft
TOC Q 11%
HI n a.
T .^  n d

—  Color —
5 a

0 i :  M & 8

5321 4ft 
TOC 0 13%

5332 5ft 
TOC 0 63%
HI 119 mg HOg TOC 
T ^  429*C

5371ft
TOC 0 04%

5400

5420 -I k l M l 0 4: Ic I
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G u l f  Oil
1-20-4B C ostas Federal
NESW 20-R21E-T8S 
eJev.; 4693ft KB

MAPGROUP 2

5220 -

5240

5260

Id itil  ̂i«"ic Ic I

UBlOe 5224 5ft 
TOC 2 44%
M l 659 mg HOg TOC 
T_^ 435*C

U810E 5256 5ft 
TOC 1 39%
Ml 566 mg HOg TOC 
T_^ 437*C

Natural G as Co. 
22-30 Bench Glenn
NWSENW 30-R22E-T8S 
ELEV.; 4756ft GL

4700

4720 -

fCl I »  I  * | c  I

6 a

UB11E 4702-4703ft 
TOC 4 63%
HI 775 mg HOg TOC 
Tmar 439*C

4707 6ft TOC 0 73% 

4712-7ft TOC 4 31%

4729 7ft TOC 3 70%
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Pan American 
Lyle Lingelbach 1
NWSESE 29-R21E-T6S 
elev.; 4904ft

MAPGROUP 2

I

6920 -

6940

6960

6980

7000

7020

7040

A3.2-5

UB6 E  6925ft 
TOC 2 4 2 %
HI 840 mg HOg tqc 

43l*C

-  C olor 

3 :  '  W 5  SS «
7660

7680 .

7007fl
TOC 0 3 1 %

7015ft
TOC 0 31%



Pan American 
McLish 1Unit
SW SE 34-R22E-T6S 
elev.: 5129ft

MAPGROUP 2

a S

n

6120

6140 -

6160 -

UB7E su m
TOC 1 18%
HI 314 mg HOg TOC 

424-C

6117 2ft 
TOC 0 12%

Ici In  I • l» l  = Ic I

r i 'ï

6137 2ft 
TOC 0 02%

6143ft
TOC 0  03%

6152ft
TOC. 0  04%

Pan American 
#3 Pelican Lake/SUnit
NWSE 34-R21E-T7S 
elev.: 4773ft GL

- S Ir g i  M C  5

I 5780

5800

UBSe 5789ft 
TOC 3 6%
HI 723rag H O g  TOC 
T ^  *36*C

E S. S,

A3.2.-6



Pan American 
McLish 1 Unit
SWSE 34-R22E-T6S 
elev.: 5129ft

MAPGROUP 2

(I

6120

6140 -

6160 .

i  i '  â

UB7E et t t f t  
TOC 1 18%
Ml 314 mg MOg TOC 
T ^  424'C

6117 2fl 
TOC 0 12%

6137 2ft 
TOC 0 02%

6143ft
TOC 0 03%

6152ft
TOC 0 04%

|e i  | s i [  ' | - ^ i c  Ic  I

Pan American 
#3 Pelican Lake/SUnit
NWSE 34-R21E-T7S 
elev.; 4773ft GL

' '  | L "I 5780

5800 3

tJ

d"
U88E 5789ft 
TOC 3 6%
HI 723mg HOg TOC 
T ^  436*C

A3.2.-7



-2_ï_ s I
3 I I H ~  o

. g  4240 -

4260

4280 - ~~~T

i  4300

MAPGROUP 3

Natural G as Co. 
13-16 State
NENWSW 16-R19E-T9S 
elev.: 4712tt KB

4320 -

W

I I 5360 -

5060

Ici |m [ ' I » I =  le I

53ai-5382n UB12E 
TOC 3 32%
HI 479 mg MC/g TOC 
Tm*c 446*C

E a.m

A3.3-1



Celsius Energy Inc. 
Island Unit 16
NWNESW 11-R18E-T10S 
elev.; 5094R KB

_ S _ Z _  5  I
g % :  M f a

1 I :
I
I

I

I

4700

4720

4740

4760

4780

4800 -

MAPGROUP 3

«esssrt UB29E
TOC 15 7%
HI <79 mg HOg TOC
T „  4«rC

4766 5-4767ft 
TOC 0  2%

â  e 4765 5fl 
TOC 2 5 6 %

4788 5ft 
TOC 2 1 2 %

Ici I s i h  | " | e  [ c l

A3.3-2



MAPGROUP 3

,» _ z _  z  I  
r a , , M £ s 4720 -,

4740 -

Diamond Shamrock
24-8 Pariette Federal
SESESW  8-R17E-T9S 
elev..; 4712ft KB

tJ

5440

5460 -

5480

5450>5452R U821E 
* TOC 0  40%

Ml 112 mg MC/g TOC 
T ^  440*C

Mapco Inc. 
4-11D River Bend Unit
SENWNW 11-R18E-T10S 
elev.: 4980ft

U # 4780 1
2 fi

;
4800 ■

4820
| c i | a i | > , » i , | e |

4786-4787R UB13E
' toc 260%

HI 659 mg HOg TOC 
T ^  «42-C

■ aaom TOC 0 28%

E a 5

A3.3-3



MAPGROUP 3

ï i

5000 -

5020

5240 -

Diamond Shamrock 
Alien 34-5
NWSWSE 5-R17E-T9S 
elev.: 5216ft KB

5021 5fl UB32E 
TOC 0 92%
Ml 461 mg MC/g TOC 
T ^  432*C

ï î ' i '

— •Color g
S 5

r  g  3 3 M £  o

5400

5420

5440 -

5460

Davis Oil 
Pariette Bench 5
SESE 9-R18E-T9S 
elev.; 4490ft KB

5422-45225ft UB14E 
TOC 0 69%
HI 243 mg MC/g TOC 
T ^  438-C

A3.3-4



APPENDIX 4.1 Source Rock Extracts - GC-MS Peak Heights [pV]

Compound UB1E UB4E UB5E
Terpanes m/z 191

1 T n cy d ic  te rp a n e  Ct« 12735 9331 12677 9 950 9 9 7 8 2000 8000 600 0 7000

2 Tncyclic te rp a n e  Cjo 3 2317 323212 393721 139489 4 3 7 2 2 59187 54152 171090 7 3330

3 T n c y d ic  te rp a n e  C?i 8 5 1 7 2 386324 500867 305 6 5 4 165332 171476 143883 477225 123498
4 T n cy d ic  te rp a n e  C « 14292 5 3585 99745 54608 3 0 9 1 8 16375 11068 6 9 5 0 0 0

5 T n c y d ic  te rp a n e  C » 6 8 5 4 5 313516 4 9 8 7 7 6 29 9 4 9 9 161047 171080 '7 4 4 1 9 514630 70972

6 T n cy d ic  te rp a n e  Cz. 49121 139150 2 9 0 2 9 9 346 2 0 9 9 8 3 1 8 70378 124873 2 09590 90 5 3 2
7 T n c y d ic  t e r p w e  C * 21491 4 7587 127743 7 1717 3 8 3 4 9 41329 54631 107668 2 8 7 1 0

a T n cy d ic  te rp a n e  Cz# 2 2 S 15674 59303 172548 91792 5 1 2 6 6 73376 77647 158792 4 1 5 9 4

9 T n cy d ic  te rp a n e  C »  22R 18422 9 1528 2 1 9 1 9 6 9 7 2 2 7 52515 79770 85390 180241 70905

10 T n cy d ic  te rp a n e  C z r2 2 S 0 0 0 9 170 8 789 0 32569 28882 a
11 T n cy d ic  te rp a n e  C t? 22R 0 0 0 12710 10407 0 12008 24313 0
12 T n c y d ic  te rp a n e  C n  2 2 S 13516 50605 123878 8 3865 4 2 7 1 9 52029 41416 120801 15018

13 T n cy d ic  te rp a n e  C «  2 2 R 10217 4 2586 9 4865 5 7 9 9 0 33578 46416 33038 100642 17238
14 T n cy d ic  te rp a n e  C »  2 2 S 16890 31885 105602 7 4926 3 5 2 4 5 4 3523 43659 8 0928 2 4 1 3 3

15 T n c y d ic  te rp a n e  C »  2 2 R 15760 33801 108300 7 8290 3 2 0 2 2 45337 46306 73481 2 4 3 7 9

16 1 BaOH )-22.2 9 .3 0 -n o m e o h o p a rte  (T s  ) 2 4 0 1 8 6 8 6 6 5 111151 128965 34031 90102 49409 2 22482 4 2 2 5 6

17 1 unknow n te rp a n e 0 0 0 0 4 5 5 3 4 15416 0 4 4944 14738

18 T n cy d ic  t e rp a n e  C 3 0  2 2 S 11689 2 2290 8 38 8 5 5652 2 4 8 6 7 27565 32858 6 5234 1 8118

19 17a(H V 2Z 29.30-tn5nortK )pane (Tm) 1 1813 337773 6 9 8 7 4 9 183292 11754 129466 114085 250623 199298

2 0 T n c y d ic  te rp a n e  C «  2 2 R 1 2903 11552 4 9 4 5 3 5 7 0 0 0 2 4 8 3 3 0 0 0 0

21 l7 Q (H > -2Z 29 .304nsnorm ore tane 0 2 8675 7 6800 2 4 0 3 2 0 17063 26268 2 7170 3 0 9 5 2

22 2 . unknow n te rp a n e 0 2 0394 4 0 6 9 7 4 0 1 1 3 14591 40850 52149 107883 0

23 T n c y d ic  te rp a n e  C si 2 2 S 0 4 0837 104924 68691 2 7 0 5 2 52019 34359 94626 0

24 T n cy d ic  te rp a n e  C i,  2 2 R 1 1044 36304 9 8274 6 4 1 1 4 3 2 2 4 6 37626 32108 101195 0

2 5 17 a(H » .2 ia(H > -3£M om opaoe 2 0 9 1 9 751167 2 3 8 3 6 8 2 6 2 2 8 5 0 3 1 5 4 8 351297 2 59370 8 9 1 0 1 6 5 3 5 2 7 3

26 d tah o p a n e 16711 3 7252 6 2 6 3 9 6 6 5 2 4 8 5 6 6 8 76327 3 4863 214011 18055

2 7 3  unknow n te rp a n e 0 0 0 2 8 4 8 7 0 9568 0 0 0

26 17Q<H).2l a (H )-3 0 -n c rm o re tan e 16711 104877 27 0 7 1 9 5 6 2 3 9 11080 6 8658 66578 140683 2 9 1 2 6 9

29 l 8a (H )-o ie an a n e 12981 41898 1 69887 5 6417 24781 102417 341987 80950 27 6 1 9 5

30 i7 a (H ) .2 l  0 (H H iG oane 4 3 3 6 9 6 4 5 4 3 6 3 156 4 5 8 1180201 8 9842 1191547 1442191 2 8 9 5 3 1 8 1891403

31 17 Q( H1.21 a( H H n o re ta n e 0 378484 44 8 9 0 8 129260 11375 144045 164955 35 5 4 2 9 521731

32 l7a(H ).21  a(H).22S-3G4iofTW hooane 19190 229 3 3 7 560232 198773 2 6 6 0 8 135983 8 7615 3 20217 125406

33 i7 a (H ).2 l tt(H \.22R -3G -hom cnooane 14378 195268 3 65905 1 38986 17613 9 3142 73267 213413 162111

34 g a m m a c era n e 2 6 7 1 6 233980 562696 348388 2 7 6 9 6 0 4 65567 381481 1106337 2 5 7 0 0 0

35 i7a(H ).21IW H ).22S-30 31-to isnom cnopane 14162 143247 391403 1 32216 2 1 2 9 9 93357 58288 252166 75211

36 17a(H ).21(y  H ).22R -30.31-O isnom ohopane 12646 108872 26 2 2 3 0 86571 14062 70076 73503 198417 154225

37 i7a< H ).2 lO (H I 2 2 S -3 0  3 1 .3 2 -tn sh o m o n o o an e 910 3 6 6073 194738 6 0 6 1 7 11942 44433 23202 160578 3 6762

3 8 17a< H ).2 10(H) 2 2 R -3 0 .3 1 .3 2 -tn sh o m o h o p an e 0 53342 135436 4 3 1 5 9 9981 35038 27793 118452 5 5382

3 9 17 a(H ) 21 £y H ).2 2 S -te trak ish o m o h o p an e 0 18943 71034 2 1 7 4 4 7887 16135 13291 72092 4 0 3 6 5

4 0 17a(H ).210(H ).22R -tetrak ishom onQ pane 0 17274 54824 2 3124 0 0 24640 54079 13009
41 i7 a(H ).2 1 0 < H )2 2 S 'p en tak ien o m o h o p an e 0 9742 21720 13249 0 6 658 13201 41245 8998

4 2 17 a(H ) 2 1 0(H ).2 2 R -p en tak ish o m o h o p an e 0 9853 35717 842 8 0 12733 14987 30396 Q

Sesqui-, Diterpanes m/z 123
43 C tstM cydane 0 0 0 0 2 1 6 0 8 0 0 0 0

4 4 C .aP icy d an e 16488 0 0 16663 32431 0 12624 11323 8202

4 5 8 0 (H H )n m an e 4 3625 9118 2 8 9 2 7 8 3 8 0 0 36446 0 30516 21352 2 7456

4 6 C,g b icy d a n e 13833 0 0 18208 2 4 6 8 8 4134 13626 17182 7681

4 7 C tsO tcy d an e 8 4 5 0 0 0 10232 976 2 0 0 6 3 4 3 0

4 8 C „  b icy d a n e 19168 3997 6 4 9 2 2 5 5 6 4 3 6 2 5 9 4070 10360 17415 18158

4 9 80(H )-nom oonm ane 155827 4 6554 5 9059 154102 119043 25973 59583 86571 2 8963

5 0 C l ,b ic y d a n e 11106 8618 7493 12970 10485 0 11023 10358 0

51 C irb ic y d a n e 2 6717 4 0270 3 6800 4 5 1 2 5 2 6 0 0 7 16892 2 1934 4 1080 16396

52 Cl# b icy d a n e 2 6 7 7 0 2 7940 2 5 5 6 3 3 5008 2 5197 13067 2 0355 2 5 4 2 3 2 1 6 7 9

5 3 unkrxiw n d te rp a n e 5 4337 164139 132244 99371 8 7 3 7 9 109884 165385 29 2 8 9 2 75045

54 4 0 (H )-l9 -n o n $ o p n m aran e 7 1643 9 0710 16289 8 9 9 6 2 133694 8 9136 130132 187416 4 1 0 6 5

55 C irb ic y d a n e 11776 8 6346 4 0 0 1 0 4 5602 3 3626 4 8755 54630 115105 34304

56 Cl# b icy d a n e 0 0 0 0 0 0 0 0 0

57 17 'n o n e tra c y d ic  d iterpane 8 209 10969 515 8 2 6418 3 9 6 3 3 2 0027 18470 4 2 7 1 6 0

58 •sopnm arane 23358 17882 15631 3 3210 2 9 5 5 8 16955 24074 3 2984 14419

5 9 16 0(H H > hytlodadane 1 2435 8 4470 5 3 4 7 6 5 5906 3 7 4 9 5 6 4 9 0 0 73191 120389 4 6346

A4.1-1



n”  ? i
C o m p o u n d U B I E p i a S a i U B S E ^

------- 1 Steranes. diasteranes m/z 217
60 5 a(H ) 140(H ) i7lW HH3iginarw 2058 0 0 0 0 0 0 0 0

51 5a(H ). 140(H ). l70(H)-ftOfTXXJiçinan« 2927 2573 0 Q 0 0 0 0 0

62 130(M) 17a(H ) 2 0 S -d iacn o ies tan e 13191 0 0 0 6588 0 16513_ 6852 0

6 3 130(H ). 17a (H ).2 0 R -d iacn o (estan a 7516 0 0 0 4310 0 16011_ 4801 0

i3 a (H ). rO (H )  2 0 S -d tacn o ies tan « 3432 0 0 0 1886 0 Q 3125 0

6 5 i3 a (H l  i 7Q(H) 2 0 R .d iac tx )le stan e 3790 0 0 0 0 0 A 2 7 6 3 ’ 0

6 6 24-m etttyl-130(H ). 17a(H ).2 0 S .e jae tx 5 lestan e 4458 0 0 0 4160 0 0 3341 Ô

67 24.<7iem yl-130(H ).17a(H ).20R .O iacfw lestane 2571 5723 10978 3352 2319 0 0 4665 4 2 9 8

6 8 2 « -C »  oO d ia  2 0 S - a n  C ; ,  20S 11006 31918 3 9 1 7 8 5918 3232 9967 73123 28933 2 7 3 0 5

6 9 2 4 .C »  o O  d ia  2 0 S -  0 0  C^r 20R 11706 16497 19042 6596 10948 8897 30891 23645 0

70 2 4 .C n  dO  O M  2 0 R - 0 0  C rr 20S 11560 13755 13162 5723 4576 6 482 13320 17417 15855

71 14a(H ),17a(H ).2Q R <fK 3lestane 8698 47345 3 5 9 6 7 5930 3882 20481 306935 44715 42 4 4 6

72 24.etriy t-130(H ) 1 7 a (H )2 0 R K P acn o lesta tte 3810 5734 23 7 5 8 1947 0 0 ______0_ 0 0

73 24.etM yi-t30(H ) 17a(H ).2 0 S 4 ]iac tx sies tan e 3605 4197 9 9 6 3 0 2858 0 _ 1 0 5 C Q ^ 4786 0

74 244Tieltivi-l4a(H ). 17a(H ) 2 0 S < flo le s ta n e 2780 19574 4 7 4 2 9 2184 3377 3986 157 i T 15715 12920

75 2 4 C n  o O  d ia  2 0 R - C n  OO 20R 3660 22908 6 9 6 4 5 4661 4087 10038 42256 31789 2 9 1 3 0

76 2 44nethy l-140(H ). 170(H ) 20S<*X )lestane 3677 17336 4 7 0 0 0 3094 2845 7335 10459 23510 2 1 9 %

77 2 4 .m e tn y l.1 4 a(H ).1 7 a(H ).2 0 R < n o les ta n e 2325 49998 105095 3963 1931 19179 119486 40887 3 7 M 4

78 24 .ethy l-14a(H ). 1 7 a (H ).2 0 S 4 Jx )le s tan e 7866 48456 213101 3129 2795 3535 37207 21518 17015

79 2 4 .e th y |.l  40 (H ). 170(H ).20R < (K )lestane 5724 29109 175196 9448 6656 4911 60870 23915 19085

80 2 4 .ethy l-140(H ) 17 0 (H ).2 0 S < rio le s tan e 5060 19000 8001 4308 6068 2988 0 1 7 2 4 9 _ 0

81 2 4 .etfty l-i 4a(H ). 17 a (H ).2 0 R < n o le s ta n e 4437 75488 279931 4023 3265 13906 3 0 5 4 3 1 _ _ ^ 9 5 ____ 3 ^ 7

Monoaromatic steroids m/z 253
82 m o n o aro m ab c  s ta r a n e  C77 0 3235 3 173 60 2 0 1867 7 6 4 9 _ 5620% _ 2 0 7 7

83 m o n o aro m atic  s ta ra n e  C n 0 64 6 995 418 442. 2141 8444 5 3 1 3 ___ 2 88

84 m o n o aro m atic  s ta ra n e  C n 420 1128 5 557 471 388 879 ___^ 2 ___ 3 0 ^ 6 0 3

85 m o n o aro m atic  s ta r a n e  C77 756 2302 2 3 3 9 1029 777 3269 15259 8550 3 9 %

86 m o n o aro m atic  s ta ra n e 601 8901 9 4 9 4 928 427 4018 15507 J 2 ^ 6 9 ^

87 m o n o aro m atic  s ta ra n e 0 1150 1627 299 0 1624 7055 6537 48 2

88 m o n o aro m atic  s ta r a n e  Cz7* C « 406 3601 ___ 2 6 7 2 46 9 1 1 Q 2 _ 1312 7573 4083 5796

8 9 m o n o aro m atic  s ta r a n e  C ^ r ^ » 490 15918___ 36 3 9 9 1633 1114 8278 48646 31872 ;c a 9 S

90 m o n o aro m atic  s ta ra n e 763 87 8 —  A 0 8 3 2 ^ 3 9 9 2 ^ 2730~ 0

91 m o n o aro m atic  s ta ra n e _ _  0^ 1 3 4 6 _ 6 2 0 3 _  0 ___ 0 ____ 682 13989 4 0 4 9 _ 0

92 m o n o aro m atic  s ta ra n e ___ 2 8 8 ^  _ 14741 3 7 8 4 ^ 393 0 ^ 2763 16544 10057_ 7516

93 m o n o aro m atic  s ta r a n e  C:%*Ca 0 6 124 13890 1158 0 ^  2 5 ” 34792 12241 5 8 K

94 m o n o aro m atic  s ta ra n e 0 8097 14455 804 340 3257 2 6 0 5 _ « 7 7 ^ 4 ^

95 m o n o aro m atic  s ta ra n e  C » 0 _ 793 2 7 1 0 609 524 489 11714 3118 0

96 m o n o aro m atic  s ta ra n e  C » 0 9325 2 7 7 9 6 75 7 " 0 1906 15472 7613 7034

o il-shala  ty p a  sa m p le  

coal sam p le  

[ I regu lar ty p e  sa m p le

A 4 .1 - 2



APPENDIX 4.1

C o m p o u n d tu m o E UB11E UB12E UB13E UB14E UB15E UB16E UB17E UB18E

T erp an es  m /z 191
1 T n cy d ic  te rp a n e  C,$ 4 000 6000 32673 5000 ^3713 0 3 5 1 4 13828 3000 12433

2 T n c y d ic  te rp a n e  C » 90571 8 6 8 0 2 3 9452 15481 31313 0 9 1 3 5 5 6 4 7 7 4 2 7 162 192983

3 T n c y d ic  te rp a n e  C n 23 8 9 9 6 190025 112595 62128 5 9502 0 2 6 3 0 9 9 2 1 4 2 1 6 '4 8 7 8 365512

4 T n cy d ic  te rp a n e  C » 3 7702 21497 20651 11188 0 0 5 2066 4 4 3 6 2 13526 50901

5 T n c y d ic  te rp a n e  C n 194913 148104 8 3 2 5 6 63962 4 3 8 9 3 0 2 4 1 7 0 2 22 4 9 8 3 '4 2 1 8 327113

6 T n c y d ic  te rp a n e 118700 50948 39117 36177 2 5706 0 143196 154398 5 1 4 5 0 181596

7 T n cy d ic  te rp a n e  C * 5 2 1 4 4 29219 18631 27439 9520 0 5 7 7 6 3 50281 18315 6 2889

8 T n c y d ic  te rp a n e  C *  2 2 S 8 6 8 5 4 39647 18529 15339 0 0 79 7 6 4 59472 28622 79902

9 T n c y d ic  te rp a n e  C n  22R 9 5 0 1 9 43593 67371 19923 17497 0 9 0 0 9 6 5 8 1 1 9 30334 110008

10 T n c y d ic  te rp a n e  C;? 22S 0 0 0 0 0 0 0 0 ■2 M 132

11 T n c y d ic  te rp a n e  C r  22R 0 0 0 0 0 a 0 Q 0 10964

12 T n c y d ic  te rp a n e  C »  2 2 S 68 0 3 3 30098 10124 15242 0 0 6 6 6 0 6 54434 22 9 0 9 62995

13 T n c y d ic  te rp a n e  C »  22R 60 1 6 5 2 6068 12942 14044 0 0 5 7 3 8 3 5 2218 19410 52123

14 T n c y d ic  te rp a n e  C *  22S 4 9 0 3 9 187C3 10380 14688 0 0 5 5913 4 3 2 3 4 22088 52671

15 T n c y d ic  te rp a n e  C »  22R 4 7172 20237 10758 14478 Q 0 5 2 6 4 9 3 9303 21902 49951

16 i8 arH )> 2 2 .2 9 .3 0 -n o m eo n o p an e  (Ts) 152371 4 6 9 6 0 195387 11891 46432 0 9 1 2 0 6 9 6 1 8 0 3 7546 176712

17 1 unknow n te rp a n e 11605 0 39639 24994 21356 0 12398 2 1 7 0 0 18497 a
18 T ncydiC  te rp a n e  C 3 0  2 2 S 4 1 8 7 6 2 0476 10237 13901 0 0 3 0523 3 1 1 4 4 18887 33011

19 17a(H |-22.29.30-tnsnofTx>pane (Tm i 91151 8 4 4 7 0 167259 19054 35738 Q 4 7 7 8 9 5 7 6 4 4 18592 274712

20 T n c y d ic  te rp a n e  C »  22R 38245 2 0502 0 12857 0 0 0 32333 18000 :

21 17 ty  H V 2 2 .29 .30-tnanorm ore tane 12314 18072 10395 0 0 0 0 0 18914 2 5230

22 2 unknow n te rp a n e 6 3 3 9 6 18072 7 0496 7430 20486 0 4 5 8 2 9 4 5 5 0 9 18592 6 8048

23 T n c y d ic  te rp a n e  C n  2 2 S 53534 2 3187 15236 8218 10110 0 5 3385 3 5846 21561 4 5446

24 T n c y d ic  te rp a n e  C n  22R 55884 2 3002 14277 0 0 0 5 9915 4 0 4 5 6 2 5553 36991

25 17 a (H ),2 i (WH)-30-norTioQane 388211 21 3 0 7 9 41 4 9 3 9 83041 104386 0 174434 164053 70751 808776

26 Cio d ian o p a n e 111819 28217 103568 38216 4 1030 0 123193 9 5 1 9 7 4 1 5 3 6 85126

27 3 unknow n te rp a n e 12963 0 2 8238 0 0 0 31988 13946 55 7 9 Q
28 i 7Q(H) 2 ia (H )-3 0 -n o rm o re tan e 55459 4 4 5 6 0 35515 11297 12189 0 ^9045 16197 867 7 132781

29 i 8a (H )-o ie an a n e 28083 3 7548 47640 30302 11249 0 21702 37701 2 1847 61941

30 i7 a (H )2 1  (W H)-nooane 1101188 4 5 4 6 2 5 779703 219002 152640 0 6 4 0 9 2 7 48 2 1 0 5 179046 16323S2

31 17ûf H ). 21 a( H H rx)re tano 119172 83608 6 9 2 8 4 33204 2 2917 0 6 5 6 1 6 5 2 6 6 0 2 0 2 0 3 244171

32 i7a(H > 21  0 (H )2 2 S -3 0 -n o fn o n o o a n e 22 5 0 5 8 113934 217178 88130 52606 0 1 22822 102304 4 1 3 8 7 322062

33 i7a(H V 2 i a iH i2 2 R -3 0 -n o m o n o p an e 142107 7 9314 151600 52763 3 4069 0 70177 6 9 9 7 9 33071 2 19136

34 g a m m a c era n e 306886 198649 149753 78295 2 8805 0 2 0 8 1 7 9 185713 7 5477 719679

35 i7a<H) 21QIH) 2 2 S -3 0  3 1 -b tsn o m o n o o an e 138620 6 6 2 3 6 163652 72220 38049 0 3 9 7 4 4 7 7038 30741 171233

36 173(H) 2lQ (H i 22 R -3 0  3 i-t> isnom onooane 8 9 2 9 9 5 2217 114013 48039 2 5 0 2 9 0 5 8 0 8 5 4 8 9 1 2 19833 132348

37 i7 a (H ) 218(H ) 2 2 S -3 0  31 3 2 4 n sh o m o n o p a n e 8 7566 4 0 1 6 6 70205 43516 16382 0 4 6 8 3 7 34071 16287 103320

38 i7 a(H ) 2 1 Û(H) 2 2 R -3 0 .3 l 3 2 -tn sn o m o n o o ao e 59137 3 5918 58100 30545 12595 0 3 7160 2 3 6 4 0 11160 55572

39 ^7a(H) 210(H ) 2 2 S -te trak isn o m o n o o an e 2 9862 16453 30511 2 7056 12589 0 18791 1 4044 9 8 9 4 30488

40 17a< H ) 2 10(H ),2 2 R -te trak i* h o m o n cp an e 15305 17552 2 0957 17628 9591 0 13893 15057 4 6 7 5 33702

41 i7 a(H ) 210(H ) 2 2 S -p e n ta k isn o m o n o p a n e 12346 8357 7866 18382 0 0 9 2 4 0 7723 4 1 8 9 15148

42 i7 a(H ) 210(H ) 2 2 R -p en tak ish o m o n o p an e 10950 6 7 6 2 7776 10554 0 0 9761 4 05 7 3021 13413

Sesqui-, D iterpanes m /z 123
43 C ,s b icy d a n e 8568 0 8 7915 3753 15713 2 9 7 3 8 6 8 3 0 2 3 5 9 6 7946 11354

44 C „  b icy d a n e 14194 6 04 5 20 5 6 5 9 5938 13888 6 7 8 6 2 2812 50671 1 9330 38374

45 8Q<H H u m a n a 3 1287 17477 264132 8284 2 0224 0 4 4 5 6 7 3 9 5 5 9 4 0 1 9 3 91248

46 C „  b icy d a n e 34136 10548 113015 5327 838 5 0 2 3103 5 8 1 7 4 19655 45495

47 C „  b icy d a n e 11364 0 5 3678 0 4 388 0 11898 28221 0 373 18679

4 8 C ,i  b icy d a n e 2 7827 756 5 108608 9 330 19875 8 161 2 6 0 5 7 3 9 1 6 9 1 5298 26382

4 9 aiK H H x x n o an m an e 127395 5 6085 49 1 9 0 5 6 4230 66161 0 108327 2 2 1 3 2 5 56211 205421

50 C „  b ic y d a n e 11910 524 4 2 5493 4596 11979 5932 9 106 13427 5 238 17894

51 C t,b ic y d a n e 38801 2 2 3 2 8 2 7106 12424 2 2673 1 0 1 3 9 3 0 7 1 0 4 1 0 3 3 1 1208 47346

52 C „  b icy d a n e 2 2945 11352 19832 12074 2 3 3 5 4 0 3 0918 3 0 8 5 4 12771 32026

53 unxnow n d ite rca n a 141323 101326 86241 28717 5 5397 9 1 4 4 107295 9 7 7 5 0 3 2460 192278

54 e U H V i 9 -n o n eo o n m afan e 8 9104 4 2 3 2 5 8 9 2 3 9 24616 5 2088 2 0 6 1 3 121712 1 27214 3 9 3 1 7 98821

55 C ., b icy d a n e 4 6188 3 7012 2 5208 10519 12131 0 3 1728 3 2732 12375 74466

56 C ,a b ic y d a n e 0 0 17035 0 8007 0 0 0 0 0

57 17 .n o n e tra c y d ic  d ile rpane 35486 8 0 8 9 17515 4776 12166 2 5 0 1 8 3 6204 3 7488 1 3309 15408

58 iso o n m aran e 2 4528 915 2 2 8617 5390 2 8 0 1 0 12615 2 9 7 5 8 3 3315 8 9 6 0 19969

59 l 6 Q (H H )nv llodadane 5 1154 4 1 2 4 9 2 9785 11503 13484 0 6 3 3 4 6 5 8339 16162 92275

A4.1-3



Compound B12E UB13E |uB14e |uB15e 1uB16E UB17EB B18EtDBf9E
Steranes, diasteranes m/z 217 '

6 0 SafHI 140fH). 17 iy H H iiq in a n e 0 0 0 0 0 0 0 0 0 0

61 5a(H ). 140(HV l7Q (H )-hom odigtnane 0 0 2 9 1 6 0 1018 0 0 0 0 3107

6 2 T 3aiH ).i7a<H ) 20S-<3iacf)oiesfane 3597 0 7083 5 805 3212 0 0 0 1074 4141

6 3 30(H  V17a( H v20 R -a» acn o tes ian e 0 0 3 195 3771 1951 0 0 0 873 3 099

5 4 i3 a(H ), rtW H ) 20S-<Siacfioie5tane 0 0 2 1 7 7 1894 93 5 0 0 0 0 2 1 2 0

5 5 13 a( H). 17iy  H) 2 0 R -d iac fto le s jan e 0 0 1764 1785 8 9 2 0 0 0 Q 0

6 6 24-arethv<*i 30<H). 17a (H ).2 0 S -P iacn o iestan e 0 0 2 9 4 4 3 960 1634 0 0 0 0 1911

6 7 2 4 -m e th y t- l3 a (H ) l7a< H ).20R -d iac tio ies tane 0 1881 45 6 8 2 2 2 3 1220 0 0 0 0 4 0 5 7

6 8 2 4 ^ »  oG d ia  2 0S < m a C j r  2 0 S 13006 19422 6 1 2 7 9671 2 4 0 0 0 3214 5897 1787 34034

6 9 2 4 -C n  a û  d ia  2 0 S +  GO C jr  20R 12263 7581 16175 13140 5 924 0 4130 7508 2358 2 0 4 2 3

70 2 4 X n  oG d ia  20R+GG C „  2 0 S 10688 4 838 6 5 5 9 5592 2 995 0 3147 6915 1328 13324

71 l4a(H ). 17 a (H ).2 0 R -ch o lestan e 13941 42 0 1 7 5 5 3 8 9 0 8 8 2 1 2 6 0 2000 4949 1007 76772

72 2 4 -e tn y i'l3 G (H ).i7 a (H l.2 G R -d iach o tes tan e Q 0 0 0 0 0 0 Q 0 0

73 2 4-ethy l-i3G (H ). 17 a (H ).2 0 S -d iacn o les tan o 8561 0 0 1690 1962 0 0 0 0 2 866

74 24-m etnyi> l4a(H ). 17a(H ).20& < f)o lestane 0 0 4 3 7 7 5311 1558 0 0 0 G 12177

75 2 4 ^  o G  d ta  2QR-*Cm  GG 20R 6 8 9 2 10049 8 3 8 9 8896 2 0 0 4 0 4774 6393 3 21575

76 24-m etr»yl-l4G (H ).i7G <H ).20S-cftoiestane 4 334 6 2 0 8 0 6 3 7 4 1632 0 4457 5162 0 14796

77 2 4 -m e ttiy l- i4 a { H l.l7 a (H ) .2 0 R < n o le s ta n e 6 8 4 9 30193 4 2 9 3 7 4 8 0 1000 0 2589 3396 670 4 1 6 9 0

78 2 4 -em y i-i 4a< H ).l 7a( H ) .2 0 S x d ic le s ta n e 10090 21 8 7 6 9 6 0 9 10205 2 4 1 6 0 7862 6964 1803 32759

79 24-etfv /l-l4Q (H V l7a(H V 20R 'C fto (estane 5991 1 6992 13 9 1 0 11771 4 0 3 7 0 4127 7457 1173 28 7 1 6

8 0 24-etHyl-l4G (H ), l7 tU H ).2G S -cno lestane 5 356 2592 11991 9 5 9 4 3 629 0 3098 6048 1557 32000

81 2 4 -eth y U l 4a<H). 17a< H ).2 0 R < tio tea tan e 7463 59457 8 3 4 3 10923 2 8 7 8 0 2529 4974 1189 6 3 0 1 6

Monoaromatic steroids m/z 253
8 2 m onoarom atic  s ta ra n e  O n 1938 4 288 6 1 3 1243 0 88 0 284 0 9 610

83 m onoarom atic  s ta ra n e  C7? 4 426 3 156 2 4 3 9 3146 0 97 282 683 0 6 9 6 4

84 m onoarom atic  s ta ra n e  C ,? 1665 1730 1689 2458 0 119 0 1098 212 3 699

85 m onoarom atic  s ta ra n e  C77 5135 7057 2501 3831 0 382 521 1075 175 15318

8 6 m onoarom atic  s ta r a n e  C tt^ C » 5028 9 638 2921 4 3 7 0 45 9 0 0 458 0 23 3 8 9

87 m onoarom atic  s ta r a n e  C r f * C n 2438 1991 1683 4 7 9 5 0 149 379 331 243 3974

8 8 m onoarom atic  s ta r a n e  C r r ^ » 2055 4321 8 0 9 66 5 0 0 261 1723 0 11084

8 9 m onoarom atic  s ta ra n e 7781 22321 7575 8206 0 0 1328 0 0 42 8 4 8

90 m onoarom atic  s ta ra n e 806 1198 1290 2571 Q 0 335 401 531 2775

91 m onoarom atic  s ta ra n e  C ïr^ C n 1765 3228 28 2 2 5662 0 0 221 463 207 7326

92 m onoarom atic  s ta ra n e 2967 16440 1712 1844 0 0 0 1321 360 34563

93 m onoarom atic  s te ra n e 3665 10595 3 488 4 1 3 9 1127 480 343 498 204 20 4 2 5

94 m on o aro m aü c  s te r a n e  C n * C n 2439 7577 0 0 801 0 798 250 0 12211

95 m onoarom atic  s te r a n e  C » 816 1589 2 3 9 3 4172 0 881 1 4 4 288 0 3917

96 m o n o aro m ab c  s te ra n e  C m 1871 11667 1023 1259 0 0 0 397 203 23168

o i i 's n a ie  ty p e  sam p le  

c o a t sa m p le

I ]  reg u la r  ty p e  sam p le

A4.1-4



APPENDIX 4.1
1HS r, Compound UB20E UB21E gtm ggp U 8 2 5 E J U827E UB29E UB30E UB31E UB32Em !**

T erp an es  m /z 191
t T n c y d ic  le ro a n e  C.« 4000 14070 1000 37 9 2 0 0 13385 14615 5707 Q 40GQ

2 T n cy d rc  te rp « n e  C » 97117 29029 321880 3 8 1 7 7 0 58433 39710 14048 3 18813

3 T n c y d ic  te r c a n e  C ;, 219401 54173 23 6 5 0 0 8 8 9 5 4 11960 10840 110119 22508 G 51652
d T n c y d ic  te rp a n e  C n 43838 8035 7475 tS 8 5 6 Q 0 19228 3260 3 10495

5 T n c y d ic  te rp a n e  C n 206175 48031 57661 5 9 8 1 5 9891 85907 30338 26100 3 51729

B T n c y d ic  te rp a n e  C;« 75223 21079 3 5232 2 1 5 2 7 0 35688 37482 17912 j 45781

7 T n c y d ic  te rp a n e  C n 57156 0 16072 10941 0 26197 2 7345 8352 a 2 6904

9 T n c y d ic  te rp a n e  C ?, 22S 75651 Q 4 6 4 5 5 12376 9 188 12346 16057 5688 0 2 8669

9 T n c y d ic  t e rp a n e  C:« 22R 76936 0 50926 ■8466 0 29418 55449 7244 3 2 7757

10 T n c y d ic  t e rp a n e  Cz? 22S 0 0 0 0 0 G G G G G

11 T n c y d ic  t e rp a n e  Ctt 22R Q 0 0 0 0 Q 0 0 3 0

12 T n c y d ic  te rp a n e  C »  22S 49437 0 11771 0 0 14412 13592 6188 G 26239

13 T n c y d ic  t e rp a n e  C »  22R 52056 0 11119 0 0 12429 10604 7263 3 31069

14 T n c y d ic  te rp a n e  C »  22S 37497 0 10309 0 0 13879 10083 7541 0 33544

15 T n c y d ic  t e rp a n e  C »  22R 36672 0 10593 0 0 14108 12028 6563 0 31150

16 i8a(H > -22.29  3 0 -o o m e o h o p a n e  (Ts) 30166 13362 14528 126063 9775 66371 6 9612 6463 3 27711

17 1 unknow n te rp a n e 0 13565 0 44511 9 2 2 6 36106 27511 Q 0 0

18 T n c y d ic  te rp a n e  C 30  22S 32987 0 8153 0 0 7503 12155 9442 G 26196

19 i7 a(H )-2 2 .2 9  3 0 < (n sn o m o p an e  (Tm) 47016 9099 311575 2 2 8 1 0 6 102673 154262 92828 7513 0 15435

20 T n c y d ic  te rp a n e  C »  22R 33000 7393 0 0 0 0 0 0 G 27229

21 17 % H ) '2 2 2 9 .3 0 -tn sn o rm o re tan e 0 0 11870 10023 0 8188 5850 0 G 0

22 2  unknow n te rp an e 9570 8000 0 56338 0 40339 28582 4525 G 15440

23 T n c y d ic  te rp a n e  C)t 22S 31885 4500 7591 0 0 20917 7539 8107 0 24417

24 T n c y d ic  te rp a n e  22R 40426 5000 21506 0 0 65747 6492 8755 0 24528

25 17a( H ) .2 i (MHV-30-nomopane 130490 14712 49 2 9 5 9 48 6 3 6 2 21 0 3 2 6 464701 252960 5827 0 72498

26 Cm d iah o p an e 30271 17132 7421 9 3 3 2 6 21207 69977 72546 14706 0 37227

27 3 unknow n te rp a n e 0 0 0 12842 95550 17354 0 5158 G 10636

28 17û(HV21 a(H >-30-norTnoretane 23915 686 9 268677 5 1903 51805 81247 33818 5375 Q 7567

29 i8 a(H H > iean an e 28724 7989 27671 59921 G 36709 39130 5107 0 9342

30 i7 a (H ) .2 i  Q(H>-hopane 453396 32874 2352 1 8 0 8 4 3 7 9 9 20 3 7 1 2 644002 515131 5585 0 213021

31 17Q (H ).2 ia(H )-m orB tane 56362 9470 1142949 167175 82 2 9 5 100396 81581 G Û 19275

32 i7a<H) 21 0(H ) 2 2 S -3 0 -n o m o n o p an e 58663 12057 225904 195901 112171 179859 148820 0 G 43325

33 i7 a (H ) ,2 l  (W H i.22R -30-nom ohooane 48426 6808 308954 160562 71155 120408 104849 G 0 27436

34 g a m m aceran e 584864 6328 494738 124163 24 0 0 0 57461 262205 7304 ■3 180739

35 i7 a (H ).2 i& (H ).2 2 S -3 0  31 -p isn o m o h o p an e 64979 8023 41293 156473 59046 111653 117538 0 0 27747

36 17a< H ).2 1 G (H ).22R -30.3 1 -O isnom ofxw ane 48862 6532 48601 9 9233 39965 73546 78712 G G 18923

37 17a(H) 21 QfH) 2 2 S -3 0  31 3 2 -tn sh o fix jn o p an e 37801 7206 17378 8 3 6 9 6 24315 54452 53370 0 Q 21113

38 l7 a(H ) 2 i ty H )  22R -30 .31  3 2 -m sn o m o n o p an e 32519 5785 17974 5 3837 20 9 1 4 41024 37515 0 0 12870

39 i7 a(H ) 21Q0H) 2 2 S -te tra k isn o m o n o p a n e 17488 7086 0 3 6577 9765 25505 22564 0 0 8675

40 i7 a(H ).2 ia (H ).2 2 R -te ira k isn o m o h o p an e 16069 0 0 2 4202 10166 17575 17459 G 0 8364

41 17a(H ) 2 iO (H ).2 2 S -p en tak Jsn o m o h o o an e 8759 O-Jan-00 7433 13653 0 15151 14081 0 3 7679

42 17 a(H ).2 i tMH) 2 2 R -o en tak isn o m o n o p an e 8229 0 8734 7652 0 9939 7719 0 0 0

Sesqu i-, D ite rpanes m /z 123
43 C tsb ic y d a n a 8824 31256 0 7 7979 16006 22832 27822 0 6 6 7 6 3 3538

44 C rt b icy d an e 17257 55289 7146 9 5442 23 0 6 6 37240 42202 0 4 1 1 2 5 7424

45 80(H>-ânm ane 41177 6 9256 51287 133043 29911 68208 65829 4222 24911 12216

46 C t9 b icy d an e 27866 38795 0 8 1 9 2 6 19357 34209 26677 0 7448 10175

47 C «9 b icy d a n e 10318 15040 0 3 4835 7497 13146 12813 0 0 3814

48 C „  b icy d an e 17481 60678 14495 7 2987 15317 34390 28901 0 15337 11116

49 8(3( H H x )m odnm ane 93481 175124 2 7 1 5 9 5 6 7 3 1 7 153939 261844 228006 13068 2 9 8 7 6 33710

50 C irb ic y d a n e 10630 29738 0 2 8 8 1 8 5187 10795 12916 0 6 7 7 6 3222

51 C irb ic y d a n e 31181 46826 16138 3 4 3 7 3 0 16567 15929 0 0 11782

52 C iib ic y d a n e 17283 40008 2 1 2 8 9 19064 0 8237 13837 5143 G 12039

53 unknow n diterpane 117296 58697 145725 105006 2 2 9 2 4 60879 68499 21599 2 1 4 1 0 26271

54 4Q( H )• 19> nonsopnm arane 75498 102842 10370 6 9 0 9 3 13730 34673 53425 47988 0 24514

55 C irb ic y d a n e 43742 20409 17398 2 9 4 7 3 45 7 8 10310 24830 6786 0 5135

56 Cl» b icy d a n e 0 0 0 7649 0 G 0 0 0 Q

57 i7 -n o r te tra c y d ic  d ite rpane 18218 17283 0 16039 0 7951 6864 6728 2 0 8 2 8 9735

58 iso p n m aran e 18049 44052 9999 2 2 1 5 5 0 11068 9692 24520 65 4 0 22614

59 16 0 ( H )-prty ilodadane 48094 21113 30062 24831 0 8200 23260 11270 0 11908
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1  ? Compound U B 2 0 E |u B 2 1 E ^ ^ É i UB25e 1 a B u B 2 7 E UB29e 1ij B30e !l B31E UB32E

S te ran es , d ia s te ra n es  m /z 217
GO 5a«H) 14Q H ) i70«H H Jiginan« 0 5192 0 0 0 0 0 1306 0 Q
61 5 a(H l l4G < H ï.i7 iyH H vïm odiq inane 0 6 7 5 2 a 0 0 0 Q 0 Q Q
6 2 i3 (U H ).i7a(H ) 2O S -diactio lestan0 3415 3198 0 6 3 8 2 1945 14347 5244 2061 3 1432

6 3 130(H). 17a(H ).20R-diacho<estan« 0 2048 0 2557 1456 9692 3387 1350 0 0
6 4 i3 a (H ). r O (H ) 2 0 S - d ia m ie s ta n e 0 0 0 2 8 6 0 0 4189 1628 0 a G
6 5 13 a t H) 170(H) 20R -diacno<estan« 0 0 0 0 0 5082 2064 0 G a

6 6 24-m ernvi-130(H ) i7 a(H ) 2 0 S -d iacfto iestane 0 0 0 4044 2221 6 127 3169 1076 0 3
6 7 24-m «triyl-i 30 (H ) 173(H) 20R -diaO xjJ«stan« 2881 0 3426 2825 1573 3754 3404 0 0 3

6 8 2 4 ~ C j »  oO d ia  2 0 S * o a  C z ?  20S 23405 0 71339 9837 1921 9164 13015 0 a 2901

6 9 2 4 -C »  oO d ia  2 0 S »  0 0  C , ,  20R 10562 0 6363 15403 12331 34232 15517 1136 3 4 3 1 3

70 2 4 -C »  aO  dia 2 0 R * 0 0  C j? 20S 7878 0 4474 7260 2102 8260 7821 2884 0 2930

71 i4 a (H ) i7a(H ).2G R -cho(eatane 38713 0 1 9 9 9 3 4 10470 5297 18125 12275 898 3 2089

72 24-em yl-130(H ) l7 a(H ) 2 0R -d iacfto las tane 0 0 0 0 0 0 0 1148 3 3
73 2 4 -eth v i-130(H ). 17a( H ).20S -d iacfw i«stana 0 0 0 3590 0 3979 7348 0 ] G
74 2 4-m ethv i-l4a(H ). 17 a(H ).20& < no(estana 5239 0 21067 5451 6249 12219 6115 0 G 0

75 2 4 < „  aO  d ia  2 Q R ^ »  0 0  20R 11637 0 65904 6 8 8 3 1979 5 603 9 166 0 0 3793

76 24-m etfiv*-l4a(H ) l7 0 (H ).2 0 S -cfw iestan e 8714 0 16821 4 7 2 3 0 0 7 3 7 7 1061 0 3232

77 24 -m etfV -i4 a (H ),l7 a (H V 2 0 R -c tio ie s tan e 23524 0 474571 7434 2250 4 060 9228 856 0 1686

78 24-atfiy l-l 4a(H ). 17a(H ) 2 0 S -c h o te s ta n e 16465 0 143414 10352 12460 13473 15800 905 0 2764

79 24-«m yl-l40(H ). 17Q (H ).20R-ctw i«atane 13396 0 177765 9144 7159 15662 13131 1122 0 5354

80 24-etfiv l-l 40(H ). 170(H ).20S-ctx3(estan4 8700 0 0 6 6 7 6 4095 13997 10420 1078 0 4 1 5 4

81 24-am v**i4a(H). 17 a(H ).20R -cno iestane 36166 0 792163 13464 15644 18680 16524 1511 0 2666

M onoarom atic  s te ro id s  m /z 253
32 m onoarom atic  s ta ra n a  C 37 4201 767 748 150 0 415 2063 0 0 0

83 m onoarom atic  s ta ra n a  C?, 5784 558 0 393 1713 1861 7144 0 0 0
84 m orxsarom atic s ta ra n a 2491 101 379 157 1950 836 4958 0 291 0

85 m onoarom atic  s ta ra n a  C77 9947 1215 1143 4 5 7 1118 1693 7283 741 0 720

86 m o rx w o m a tic  s ta ra n a 12222 977 5291 27 3 6279 1953 9686 148 0 565

87 m onoarom atic  s ta ra n a  C r r ^ C z » 3614 0 291 3549 1613 9201 0 0 20 9

88 m onoarom atic  s ta ra n a  C z r ^ C j t 6696 703 1310 47 4 650 1582 789 933 536 91

8 9 m onoarom atic  sie ra r\a 26486 1628 19364 1516 20390 8 140 17578 0 a 1137
9 0 m onoarom atic  s ta ra n a 2480 0 0 162 0 0 3758 0 0 154

91 m onoarom atic  s ta ra n a  C ? r ^ 7t 3910 0 232 338 10348 2716 10115 0 0 296

92 m onoarom atic  s ta ra n a  C m * C m 13604 32 9 20819 30 0 2076 1454 4142 1131 0 247

93 m onoarom atic  s ta ra n a 10631 133 16685 2 4 9 11399 4 035 9359 0 0 333
94 m onoarom atic  s ta ra n a 8038 382 12820 201 2094 2798 1317 0 248 107

95 m onoarom atic  s ta ra n a  C » 2923 2 95 184 441 5487 2116 6 914 950 312 258

96 m onoarom atic  s ta ra n a 10062 202 27811 396 1973 1004 3166 0 0 320

oii-sna/e type sample 

coal sample 

I I regular type sam ple

A 4 . 1-6



APPENDIX 4.1

f  ? Compound UB33E UB34E UB35E UB36E m UB38E ÛB99E UB40E UB41E
T erp an es m / z  191

1 T n cy d ic  la ro a rw  C „ 0 0 34522 12386 20 0 0 5 000 0 a 4000
2 T n cy d ic  ta rp a n a  C x 0 0 358478 237633 3 2 6 6 7 7 22841 156475 0 22970
3 T n cy d ic  te rp a n e  C „ 0 0 587484 382061 348 6 4 7 6 6 1 2 9 155792 0 30648

04 T n cy d ic  te rp a n e  C n 0 0 93828 50447 44931 11710 0 0
5 T n cy d ic  te rp a n e  C n 0 0 369803 301625 316021 6 3 1 8 3 42 4 2 0 0 26568
6 T n cy d ic  te rp a n e  C j . 0 0 207849 198523 9 8 6 1 4 50 5 7 9 32751 a 12100
7 T n cy d ic  te rp a n e  C b 0 0 84637 62225 57351 18342 14419 0 3750

Qa T n cy d ic  te rp a n e  C b  2 2 S 0 0 64098 89383 77 6 1 3 3 3 4 4 5 39267 0
9 T n cy d ic  te rp a n e  C b  2 2 R 0 Q 68038 96454 100019 33 7 4 5 4 7 8 9 6 0 24682
to T n cy d ic  te rp a n e  C b 2 2 S 0 0 0 Q 0 0 a G 3
11 T n cy d ic  te rp a n e  C j .  2 2 R 0 0 0 0 0 0 0 0 3
12 T n c y d ic  te r t ta n e  C b  2 2 S 0 0 39299 72695 72801 2 2 7 7 6 9641 0 0
13 T n cy d ic  te rp a n e  C b  2 2 R 0 a 34711 62949 6 0 4 4 3 2 8 1 1 2 0 0 0
14 T n cy d ic  te rp a n e  Cb 2 2 S 0 0 31979 48595 38 9 5 0 2 7 1 1 0 12713 3 0
IS T n cy d ic  te rp a n e  C b  22R 0 0 30476 55002 4 4 5 3 6 2 6 7 3 7 13917 0 0
16 1 8 a(H )-2 2 .2 9 .3 0 -n o m eo n o can e  (Ts) 0 0 90410 36340 4 2 9 2 2 6 6 1 2 5 21801 0 36219
17 1 u nknow n te rp a n e 0 0 0 0 0 0 0 0 0
IS T n cy d ic  te rp a n e  C 3 0  2 2 S 0 0 23503 40550 3 6 9 1 9 2 0 5 8 5 1660 0 8705
19 l7 a(H )-2 2 .2 9 .3 0 -tn in o m o o a n e  (Tm) 0 0 107238 100670 4 8 0 6 3 5 2 9 1 6 3 3 175 9 0 0 131325
20 T n cy d ic  te rp a n e  C «  22R 0 0 0 41000 0 2 1 5 4 9 0 0 0
21 17(S (H )-22 .29 .30-lnsnonncretane 0 0 16574 11759 4 7 1 8 5 0 13908 0 14387
22 2  unknow n te rp a n e 0 0 0 9988 0 2 3 9 7 5 0 0 0
23 T n cy d ic  te rp a n e  C »  2 2 S 0 0 11921 49999 0 3 2 1 4 0 0 0 0
24 T n cy d ic  te rp a n e  C „  22R 0 0 Q 63166 52103 3 3 0 7 7 3 1497 0 0
25 i7 a(H ).2 t(K H ).3 0 .n o m o o a n e 0 0 316703 254977 1364124 1 379 6 7 2 932 9 2 0 316026
26 C x iC ia n o p a n e 0 0 16103 18736 24 1 5 8 6 1 2 4 7 18040 0 30572
27 3 unknow n te rp a n e 0 0 0 9953 11334 0 0 0 0
28 17S )H ).21a(H )-30-oorm oretane 0 0 26137 23320 220 3 7 3 2 4 6 7 8 264183 0 6 5 9 2 7
29 tS a (H > -o tean an e 0 0 13449 28955 5 8 8 4 8 8 6 5 1 7 13449 0 79069
30 l7a(M ).21 (J(H )uiooano 0 0 6003 8 4 525577 2 8 4 4222 5 4 4 7 3 6 2 8 3 8 9 6 6 a 540537
31 i7 (i(H ).2 la(H > -m o re tan e 0 0 52430 54699 1297165 5 8 8 6 0 715150 0 126912
32 i7 a ( H ) 2 l  l3 (H ).22S -30-nom onooane 0 0 95820 82597 295671 8 3 1 5 7 83292 0 92906
33 17a(H).21 (W H )22R -30-non tonopane 0 0 73820 61516 2 53 7 2 7 6 5 0 6 7 129873 0 106684
34 g a m m a c ara n e 0 0 529183 196954 1978573 136297 1663697 0 112314
35 t7 a (H ).2 ia (H ).2 2 S -3 Q ,3 t-O iitx x n o n o o a n e 0 0 4 9804 53955 163832 6 9 7 0 0 2 0752 0 97549
36 i7 a(H ).2 lB (H ).2 2 R -3 0 .3 H )ish o rT io n o o an e 0 0 39000 31768 138262 4 7 5 5 7 4 9 9 2 4 0 112687
37 l7 a(H ).2 l(5 (H ).2 2 S -3 0 .3 l 3 2 -tn sn o m o n o o an e 0 0 18714 20519 91568 3 6 6 9 8 6 8 6 8 8 0 41193
38 17a(H ).21B (H ).22R -30.31 3 2 -tn sn o m o n o o an e 0 0 21280 17472 80858 2 6 6 2 3 17849 0 43621
39 l7 a()4 ).2 lO (H ).2 2 S -ie trak isn o m o n o o an e 0 0 10553 0 34398 12 1 5 4 0 0 22205
40 i7 a(H ).2 ll5 (H ).2 2 R -te trak isn o m o n o p an e 0 0 6 558 0 32107 14183 0 0 2 9783
41 17a(H ) 2 t  (Kti) 2 2 S -o e n ta k isn o m o n o p a n e 0 0 0 0 10233 7688 0 0 23831
42 17a()4) 2 1 3 ()4 ).22R -oen tak isnom onopane 0 0 0 0 2 4163 3 7 9 3 0 0 26152

S esqui-, D iterpanes m /z  123
43 C „  b icy d a n e 2 9 6 7 2 12275 23206 5269 0 6 7 8 0 0 0 0

44 C „ b ic y ca a n e 0 10165 131022 65411 0 11036 1728 2980 0
45 S(3(H )-dnm ane 15335 3406 437 6 8 2 8992 11428 2 0 5 3 0 12003 18377 6651
46 C „  b icy d a n e 0 0 114013 4508 Q 22341 0 0 0
47 C b  b ic y d a n e 18429 0 4 4 8 3 9 20856 0 8 6 9 5 0 0 3232
48 C ,(  b icy d a n e 2841 7062 85956 103972 2 8 5 0 19638 7584 7019 0
49 8(U H )-hom odnm ane 0 36419 473848 15274 0 8 0 1 0 7 8 257 13933 16317
SO C „  b ic y d a n e 14583 0 46259 62574 0 7 8 6 2 0 0 0
51 C „  b icy d a n e 0 0 100844 51908 16519 3 0 2 5 2 3371 7 373 5493
52 C ,i  b ic y d a n e 71209 0 81767 126144 15435 1 7994 13653 13706 7910
53 unknow n d ite rp an e 0 0 302979 51169 100232 5 8 0 4 8 9 8 5 1 9 136563 42011
54 4 tJ (H )-l9 -n o n so p n m aran e 0 7590 63 4 2 0 44530 12341 4 3 7 4 8 30802 13041 14222
55 C ,r  b ic y d a n e 0 0 65 4 0 9 0 30 8 1 9 16046 2 2 4 6 3 33240 8663
56 C b  b ic y d a n e 11081 0 0 18306 0 0 2 6 6 8 0 0 0
57 t7 -n o r te tra c y d ic  d ite rp an e 0 0 18739 32467 0 1 6 2 1 9 0 0 0
58 iso p n m a ra n e 8107 17642 41 4 6 4 46208 12087 15001 4 1 6 8 5 600 0
59 16B (H )-pny tlodadane 0 0 117619 176849 30588 16552 20071 33961 11369
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n® ? Compound UB33E UB34Ê UB35E UB36E UB38E iS40E UB41E

S teranes, d ia s te ra n e s  m /z 217
6 0 SaiH ) Î4Û(H) l7 ty H H liQ in a n e 0 0 1678 0 1867 0 0 0 3

61 5a(H) i4 û (H ).i7 iy H H io m o d ig in a n e 0 0 7093 0 0 0 0 0 Q

6 2 13& H) i7 a(H ) 20SH 3jacf)O i«stane 0 0 0 a 0 5157 0 0 0

6 3 Î30IH ) i7 afH ) 2C R -(3 iacno lestane 0 0 0 0 0 2437 0 0 0

6 4 t3 a (H v  i*Q lH V 20S -O iacno ieatane Q 0 Q 0 a 0 Q Q a

65 i3 a iH )  17CUH) 2 0 R -O ia c n o ie s ta n e 0 0 0 0 Q 0 0 0 6 3 7 3

6 6 24-metnyi-i3G<H) t7 a(H ).2 0 S -O iac fio ie stan e 0 3 0 0 0 0 1668 a 5 0 2 4

67 24< netnyi-i 38(H). 17a(H ).20R -< 3iacnoiestane G 0 0 0 0 1881 5584 3 5 3 3 3

68 2 4 -C n  o 8  d ia  20S*m %  Cz* 2 0 S 0 3 12130 3276 59083 8862 31969 0 57481

6 9 2 4 -C »  oA  d ia  2 0 S »  8 8  C 77 2 0 R 0 0 11620 3934 9 6 6 2 10808 7613 0 21 8 0 7

70 2 4 .C z , o 8  d ia  2 0 R * 8 8  C 37 2 0 S 0 0 12326 3425 7268 6257 3813 a 5 6 1 7

71 l4 a (H l. l7 a(H ) 2 0 R -c h o ie s ta n e 0 403 8492 2342 118752 6764 156898 0 ’ 3 6 5 7 9

72 24 .ettiyM  38(H ) 17  a t  H ) .2 0 R -d ia c tio le s tan e 0 0 3171 0 8 030 0 0 0 a

73 24-etHyi-138(H ). 17 a( H) 2C S -< Jiachoiestane 0 0 1344 0 11251 0 44812 0 19907

74 2 4 .m e th v i- i4 a (H ).l7 a (H ).2 0 S -c f io ie s ta n e 0 210 4645 1674 0 0 0 0 ’ 5 7 5 7

75 2 4 .C z , a 8  d ia  2 0 R * C z . 8 8  2 0 R 0 163 15904 4 5 1 6 2 8 2 9 8 5573 53664 0 9 4 9 1 6

76 24 .m eth v l-t4 S (H ) l7 Q (H ).2 0 S -c tio ies tan e 0 0 15601 3782 14001 3871 14604 0 0

77 2 4 .m eth v i-i4 a(H ) i7 a(H y 2 Q R * cn o iestan e 0 492 13503 2681 1451 0 6 3230 376064 0 8 7 0 4 5

78 2 4 .eth y l-l4 a(H ). l7 a(H ).2 G S -c fio ie s tan e 0 463 13268 29 4 7 98701 7822 167342 0 41231

79 24 .etnvl-148(H ) 178(H) 2 0 R -c h a le s ta n e 0 665 20578 7064 50486 5007 164865 0 5 0 3 6 9

80 24 .e th y l-l4 a(H ). i7 8 (H ).2 Q S -c h o (e s ian e 0 423 15986 4 927 11250 4350 0 0 9 3 9 5

81 2 4 -e th y i-i4 a (H ).l7 a (H > .2 0 R -ch o ies tan e Q 1049 J 6 0 5 7 ____ 3 7 K 2 5 Q S ^ _ 5649 1103335 3 17 0 9 9 8

M onoarom atic s te ro id s  m /z 253
8 2 m o n o aro m atic  s te r a n e  C 77 0 0 434 0 3711 534 3212 4145 9 2 2 8

83 m cn o a ro m a o c  s te r a n e  Cz? 0 0 495 0 0 1756 0 0 7340

8 4 m o n o aro m au c  s te r a n e  C 77 0 0 437 0 9 7 9 6 3 9 2827 1573 7 2 1 4

85 m crx)arom atic  s te r a n e  Czr 0 166 846 0 3062 1499 3459 5336 15392

8 6 m o n o aro m atic  s t B r a n m  C zr*C z, 0 0 939 293 11682 1304 24595 25100 18514

87 m onoarom atic  s te r a n e  C zr*O z, 0 75 312 0 27 5 706 289 523 5 2 1 9

88 m onoarom atic  s te r a n e  C zr^C z, 978 277 308 133 6 3 7 3 435 5508 7811 4 3 6 4

89 m onoarom atic  s te r a n e  C zz^Cz, 276 637 2465 39 3 22421 2494 108520 96415 85891

90 m onoarom atic  s te r a n e  Czr*Oza 0 0 193 110 4 8 0 234 533 1873 2 7 5 7

91 m onoarom atic  s te r a n e  C zr^C z, 0 78 387 106 8 4 9 502 1814 3059 13103

92 m onoarom atic  s te r a n e  C z ,*C z, 205 381 743 0 2 0 8 0 5 708 302179 162865 34 4 5 0

93 m onoarom atic  s te r a n e  C z ,* C z, 184 0 1047 394 6 0 0 0 1303 67423 40000 0

94 m onoarom atic  s te r a n e  C z ,*C z, 175 544 540 158 12178 944 75478 62249 4 6 2 9 6

95 m onoartynatic  s te r a n e  Cz, 9 0 6 609 141 0 56 0 552 1060 2150 6 9 0 3

96 m onoarom atic  s te r a n e  Cz, 294 633 527 130 16107 414 263645 164088 2 8 2 1 9

□

o ti-snale  type  sam p le  

coal sam ple  

regu lar type sam ple
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h Compound w f t
B46E UB47E

S teran es. d ia s te ra n es  m /z 217
6 0 SaiH) 14Q<H), 170iH)-<3iginane 0 0 3 0
61 5aiH ) 14IUH). 17aiH )-nornocnoinane 0 2971 a 0
62 138(H) 17a<H) 20S < diacnc iestane 13855 2 384 0 3868
63 138(H) i7 a(H ) 20R -< ltacnoiestane 12833 3667 0 2119
6 4 13at H). 1 ~8i H) 2 0 S -d iach o ies tan e 6 9 2 0 0 0 791
65 ^3a(H \ 178(H) 20R -<haclio iesiane 7 099 0 0 1320
66 2 4-m etnyM  38(H). 17a iH ).20S -O iacno iestane 5852 0 0 1815
67 24>m etnyt-i3B (H ).l7a(H ).20R *O iacnolestane 6 3 5 2 2 286 0 a
68 24"C:# o 8  Oia 2 0 S * a a  C tt 20S 6 6 7 2 7 9127 421 1017
69 24-C m  dO d ia  2 0 S -  8 8  C tt 20R 26018 0 6 5 3 5312
70 2 4 -C »  a û  d ia  2 0 R * 8 8  C jr 20S 7861 5078 0 1953
71 i4 a(H ) i7 a (H ).2 0 R 'c n o ie s ta n e 127395 32457 97 6 967
72 24-« thy(-i38(H t l7 a(H ) 20R -d iacf)o lestane 0 0 0 0
73 24-ethy i-l38(H ) i7a< H ).2 0 S -d ia c n a le s tan e 66 0 5 3557 0 a
74 24w nethyt-l4a(H ). 17a(H ).20S-cf»o(estane 14578 0 0 0
75 24-C ri a 8  o ia  2 0 R -H :»  8 8  20R 2 4 0 4 7 0 372 1503
76 24-m ethyi-l48(H ). 178(H ) 2 0 S -c n a la s ta n e 0 0 24 0 1495
77 24-m etfiy i-i4a(H ) l7 a(H ) 2G R -cftoleaiane 38608 90197 984 919
78 24-ethyl-l4a(H ). 17a(H ) 2 0 S -c fto ie s tan e 24784 20363 1040 1080
79 24 -em y |.l4 0 (H ). 178(H ).2 0 R -ch o les tan e 19841 52154 1028 1974
80 24-ettiy1-l48(H). 17 8 (H ).2 0 S -ch o lestan e 3044 18905 6 64 1744
81 24-cttiy l-i4a(H ). 17 a(H ).2 0 R -ch o les tan e 83925 475119 1783 1460

M onoarom atic s te ro id s  m /z 253
82 m onoarom atic  s te ra n e  C t? 9733 577 0 79
83 m onoarom atic  s te ra n e  C tt 18887 922 0 264
84 m onoarom atic  s te ra n e  C tt 13725 13851 0 0
85 m onoarom atic  s te ra n e  C tt 25827 1810 0 577
86 m onoarom atic  s te r a n e  C7r* C » 0 3190 0 287
87 m onoarom atic  s te r a n e  C ir^ C n 16192 551 0 211
88 m onoarom atic  s te ra n e  C tt^ ti 7612 1671 0 375
89 m onoarom atic  s te r a n e  C tt^ C t* 4 1 1 6 1 5 51598 0 6 2 2
90 m onoarom atic  s te r a n e  C tt^ t* 8 409 0 0 142
91 m onoarom atic  s te r a n e  C tt̂ ts 6 2 9 5 7 5739 0 389
92 m onoarom atic  s te r a n e  C m > C » 103600 52911 0 184
93 m onoarom atic  s te ra n e  C ^ ^ C n 2 3 1 3 1 7 29219 0 236
94 m onoarom atic  s te r a n e  C ^+C :# 25186 9072 0 99
95 m onoarom atic  s te ra n e  C » 38071 3103 0 274
96 m onoarom atic  s te ra n e  C » 61368 40211 0 136

□

o il-snale  type  sam ple  

co a l sam ple  

reg u la r  type sam ple
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APPENDIX 4.2
PC A  R esu lts , S o u rc e  R o ck  A naly sis  G C -M S D ata

PGA, 20 variables, normalized, variance-covariance matrix

V ariance extracted, first 10 axis
AXIS Eigenvalue % variance cum. %var. broken-stick

1 3.877 46.6 46.6 1 497
2 1.655 19.9 66.5 1.081
3 0.974 11.7 78.2 0.873
4 0.594 7.1 85.3 0.734
5 0.425 5.1 90.4 0.63
6 0.275 3.3 93.7 0.547
7 0.155 1.9 95.6 0.478
8 0.128 1.5 97.1 0.418
9 0.072 0.9 98.0 0.366
10 0.05 0.6 98.6 0.32

F irst 6 eigenvector load ings
Eigenvector

attribut 1 2 3 4 5 6
3 #1310 0.2665 0.2023 0.2395 -0.2515 -0.0976 -0.6082
5 #1441 0.2623 0.2141 0,1852 -0.265 -0.1569 -0.1992
16 #1816 0.0481 -0.0488 01476 -0.0616 0.0442 0.0683
19 #1841 -0.0843 -0.1562 -0.0478 0.0024 -0.2815 -0.0095
25 #1915 -0.2266 -0.2887 0.3133 -0.0315 -0.6438 0.0568
26 #1924 0.1016 0.0064 0.033 -0.0955 -0.0725 0.2771
28 #1947 -0.0654 -0.1006 -0.275 0.0073 -0.1468 -0.1292
30 #1967 -0.5882 0.1029 0.4304 -0.144 0.4643 0.0393
31 #1995 -0.2008 -0.0606 -0.339 0.1224 -0.078 -0.1861
32 #2034 -0.0504 -0.1326 0.2279 0.0724 -0.2207 0.1271
33 #2043 -0.0688 -0.1093 0.0044 0.0687 -0.1754 -0.0382
34 #2063 0.0955 0.7064 0.0889 0.5528 -0.2065 0.1924
45 #727 0.1554 -0.1478 0.1313 0.1791 0.1744 -0.2966
49 #814 0.4099 -0.4723 0.2376 0.499 0.2422 -0.023
54 #1134 0.3705 -0.0222 -0.175 -0.3475 0.0727 0.4444
58 #1219 0.1505 -0.0405 -0.0961 -0.2403 0.0277 0.1489
59 #1234 0.0798 0.0531 0.0317 -0.1768 -0 025 -0.141
71 #1791 -0.0577 -0.0057 -0.1063 0.0104 0.0147 0.0061
77 #1852 -0.0539 0.0151 -0.143 0.0291 0.0479 -0.0795

81 #1901 -0.1324 -0.0022 -0.4507 0.0977 0.0368 -0.2526
cut-off: 0.118 0.141 0.09
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Coordinates (scores) of source rock samples
Axis (Component)

No sam ples map-group 1 2 3 4 5 6
1 UB5E 1 0.635 0.3633 -0.0754 0.1062 -0.1118 0.0322
2 UB1E 1 0.7536 -0.2648 -0.0341 0.0727 0.1029 -0.1185
3 UB2E 1 -0.2637 -0.0269 0.0445 -0.1508 -0.0189 -0.0551
4 UB3E 1 -0.2969 -0.0942 0.0669 -0.0985 -0.165 0.0036
5 UB4E 1 -0.1367 0.0147 0.1542 -0.0786 -0.0442 -0.007
6 UB47E 1 0.4709 0.4165 -0.0738 0.1725 -0.1277 0.1501
7 UB36E 1 0.066 0.188 0.1239 -0.2484 -0.1175 -0.2243
a UB17E 1 0.192 0.0163 0.1548 -0.0469 0.0682 -0.0411
9 UB18E 1 0.119 0.0528 0.159 -0.0481 0.0175 -0.0293
10 UB37E 1 -0.2486 0.2173 -0.0966 0.1466 -0.0916 0.0389
11 UB38E 1 -0.186 0.0305 0.1003 -0.0396 0.17 0.088
12 UB35E 1 0.3629 0.0832 0.1528 0.1506 -0.0089 -0.2715
13 UB16E 1 0.042 0.1243 0.1389 -0.1507 00758 -0.031
14 UB22E 2 -0.364 0.0197 -0.2931 0.0206 0.1427 -0.1004

15 UB10E 2 -0.1614 0.0477 0.1332 -0.0745 0,0614 0.04
16 UB11E 2 -0.079 0.1104 0.0612 -0.049 -0.0878 -0.0925
17 UB19E 2 -0.1574 0.0792 0.1007 0.0152 -0.0592 0.0182
18 UB20E 2 0.1553 0.4435 -0.0037 0.1859 -0.0554 0.0064

19 UB7E 2 -0.2559 0.1196 -0.0922 -0.056 0.2218 0.018

20 UB6E 2 -0.2188 0.1696 0.0615 -0.0398 0.0781 0.0788

21 UB8E 2 -0.205 0.17 0.0781 -0.0476 0.0753 0.0595

22 UB9E 2 -0.3658 -0.0218 -0.0583 -0.0784 0.1429 0.0141
23 UB29E 3 -0.0117 -0.0337 0.1302 0.1555 -0.0207 0.059

24 UB14E 3 0.0975 -0.1987 0.1251 -0.1214 -0.0862 0.057

25 UB21E 3 0.805 -0.4016 -0.1405 0.0692 0.2019 -0.0004

26 UB13E 3 -0.0374 0 0.1285 0.008 -0.0184 0.0222
27 UB12E 3 0.0376 -0.3008 0.1703 0.1272 0.0807 0.0346

28 UB25E 3 -0.0284 -0.3426 0.1152 0.1394 0.0455 0.0479

29 UB26E 3 -0.0782 -0.452 0.0061 0.1625 -0.2115 0.0431
30 UB27E 3 -0.1633 -0.3209 0.1058 0.0341 -0.0722 0.0822
31 UB30E 4 0.7682 -0.0201 -0.3358 -0.4295 -0.0586 0.1606

32 UB42E 5 -0.3247 -0.1775 -0.1349 0.0155 -0.1104 0.0359

33 UB41E 5 -0.3529 -0.0955 -0.1423 -0.0122 -0.0748 00088
34 UB39E 5 -0.2744 0.2755 -0.2624 0.1612 0.1771 0.0117
35 UB45E 5 -0.3146 -0.1911 -0.5683 0.027 -0.121 -0.1397
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APPENDIX 5 S o u rc e  R ock  E x trac ts  - R ock-E val, G C  a n d  G C -M S P a ra m e te rs

E x i r a c t i o n G C

2 5-

U

1 4

1
2
2 EDM £

Û Ü
c

Ü 4

W ell d ep th  ft (3 ppm A S P % M alt %SAT % A R O % PCL % bran 1 1 a u

C hevron 1 C h a se l Unit Flying 10727  0 I E 1 176 1 7 4 8 2 6 5 9 6 2 3 6 1 6 8 74 1 3  4 7 0 74 0  28 1 78 1 95

C hevron B lanchard  1 -33-3 8 9 5 4 0 1 1007 30 1 6 9 9 1 2 41 1 5 7  6 8 5 9 2 2 5 5 55 3 3 7 2 3 3 0 8 9

C hevron B lanchard  1 33-3 9 4 3 0 0 1 267 1 4 6 8 5 4 4 9 8 2 3 8 2 6 4 9 3 6 1 19 n a 1 19 n a

C hevron B lanchard  1-33-3 10481 5 4 E 3 91 11 8 8 6 4 57 6 2 1 7 2 0 7 6 0 4 1 93 1 22 0 5 4 1 23 1 48

Chevron B lanchard  1 -33-3 1 1 0 3 9 0 4 7 E 1 266 1 6 0 8 4 0 85 2 2 0 7 14 1 7 2 9 1 56 2 21 1 6 6 1 41 0 7 7

B ow  Valley 2 - l9 A lE D r  
Long 9 7 1 8  5 5 E 1 601 1 7 2 8 2 8 6 3 1 2 1 6 1 5 3 7 2 5 1 13 0 6 5 0 6 4 1 12 1 76

P an A m  ^ USA Lyle 
U n g e lb ach

6 9 2 5 0 2 834 2 3 1 76 9 27 6 3 3 1 3 9 2 8 7  2 2 6 3 3 6 5 2 5 0 2 2 5 1 51

P an A m  1 M c ü sh  Unit 6111 0 2 278 3 4 8 6 5 2 3 9 0 2 6 2 3 4 8 6 8 9 1 4 9  ; 1 38 1 35 1 48 0 88

P an A m  3 U nit/Pelican L ake 5 7 8 9  0 2 1517 2 3 0 7 7 0 3 9 7 2 9 0 31 2 9 4 6 1 6 3 5 4 0 4 12 1 56 1 04

P an A m  4 USA P ea rt 
B roadhurst

4 6 8 7  0 0 2 400 2 2 4 7 7 6 2 9 7 2 3 1 4 7  2 81 4 0 9 6  , 2  61 2 6 8 0 9 6 0 7 3

Gulf Oil 1 -20-48  C o s ta s 5 2 2 4  5 2 1470 2 0 5 7 9 5 4 2 0 2 7 9 30 1 81 9 1 2 2 1 54 1 5 7 1 23 1

N atural G a s  C o  22-30 
B ench  G lenn 4 7 0 2  0 11E 2 473 1 3 0 8 7  0 3 3 9 2 9 0 3 7  2 79 5 1 17 0 6 8 0 57 1 OS 1 58

N atural G a s  Co 13-16  S ta te 5381 0 12E 3 353 26 8 7 3 2 63 5 2 3 4 13 1 4 0 3 2 0 6 0 2 6 0 14 1 20 1 47

M aoco 4.11 0  River B ent 4 7 8 6  0 13E 3 66 6 2 6 9 6 4 6 5 9 1 6 9 1 7 2 6 4 3 1 51 0  78 0 4 5 1 07 1 69

O avis Oil 5  P a n e tte  B ench 5 4 2 2  0 14E 3 275 1 3 5 8 6 5 6 9 3 1 7 3 1 3 4 4 8 5 1 8 0 0  41 0 2 2 1 12 1 46

C o o rs  U te Tnbal 1 3 -1 0 0 6 2 7 2 8 1SE 4 l i e 8 9 91 1 8 0 0 4 4 1 5 6 6 9 4 1 59 0  91 0 6 7 1 34 2 1 9

R i o  B ravo Oil 20-2 RU 9 6 9 2 0 1 1078 2 3 1 76 9 5 4 1 2 7 6 1 6 3 9 1 0 1 4 8 3 1 0 2 7 1 1 43 1 00

C hevron Lam icq Urruty 2-6C 1 0 6 4 4 0 17E 1 260 2 7  4 7 2 6 5 2 1 26 4 21 4 75 3 1 28 0 70 0 4 9 1 02 1 79

C hevron Lam icq Urruty 2-6C 10950  0 18E 1 552 27 5 7 2 5 51 1 2 8 1 2 0 8 8 3 0 1 4 7  : 1 20 0 73 1 14 1 52

N atural G a s  C o  23-24 
F ed e ra l

4 8 8 2 5 2 651 1 8 7 81 3 41 4 2 2 0 3 6 6 8 0 8 1 2 6  . 1 26 0 9 6 1 11 1 33

N atural G a s  Co 23-24  
F ed e ra l

4 9 7 8  0 20E 2 197 8 1 91 9 4 8 8 2 0 2 31 0 7 9  0 1 0 0 1 21 1 84 1 13 0 6 4

D iam ond  S h a m ro c k  24-8 
P a iu te  Federal 5 4 5 0 0 21E 3 70 11 5 8 8 5 6 6 8 1 7 7 1 3 5 5 9 7 1 9 7 0 3 8 0 24 1 39 2 2 8

C alifornia Oil R ed  W a sh  32 3950  0 2 946 2 7  3 7 2 7 4 2 6 1 8 8 3 8 8 9 0 1 0 9 3 3 11 17 6 7 1 17 0 3 5

C alifornia Oil R ed  W a sh  32 9 7 4 5  0 23E 2 122 4 0 9 59 1 n a. n a n a n a n a n a n a.

S u n  Oil C o  S o u th  Ourray 
No 1/Unit 1 4938  0 25E 3 199 1 8 6 81 4 8 3 4 19 7 1 7 0 28 6 1 52 0 8 3 0 5 6 1 20 1 88

S u n  Oil C o  Sou th  Ourray 
No lA Jnit 1

4 9 5 5 0 3 2 245 4 3 5 5 6 5 3 6 3 41 4 2 2 3 53 1 5  3 7 3 81 0 8 8 3 18 0  72

S un  Oil C o  Sou th  Ourray 
No 1/Unit 1

5 1 7 0  0 27E 3 2330 3 2 4 6 7  6 47 0  . 3 2 3 2 0 8 6 7  5 3  4 8 2 3 3 0 6 5 1 97 1 02

C e ls iu s  E nergy C o  Island 16 4695  5 29E 3 2 684  : 4 4 8  1 55 4  ; 80  0  : 25  6  i 14 3  1 6 3 8  ; 1 6 4  : 0 3 8 0 24 1 19 1 65

C arte r  Oil J o s e p  Sm ith  l 8551 0 3 0E 4 224 9 7  4  1 74 7  : 11 8  1 1 3 5  ' 5 4 3  1 0  91 0 5 5 0 42 0  76 1 24

M ountain Fuel Supp ly  C e d a r  
Rim  3 8 5 0 7  0 31E 4 195 11 2 88 8  , 5 7 2 33.7  I 9 1  : 5 8 4 2 8 9  ; 0  5 2 0  18 1 31 2 4 8

D iam ond  S h am ro ck  Allen 34
S 5021 5 32E 3 ' 745 ; 6 9  i 9 3 1  j 89 2  { 15.1 1 5 7 6 6 4  , 0 7 7  ! 0 7 7 0 6 8 0 7 2 1 11

Q uinex  E nergy  L eslie  Taylor 
24-5

12224  0 33E 1 , 190 2 7 0  i 7 3 0  : 56  0  ' 3 4 5 9 5 6 3 4 2 8 6  ’ 0  28 0 10 1 17 3 07

A5-1



Extraction GC

EOW
ppm ASP HS A T %ARO

B ow  Valley P e tro le u m  U te 2- 
22A 1E

3 4E 67 143 4 32 1 7 3  0  0 6  0  04 1 03 2 9 0

S o w  Valley P e tro leu m  u te  2  
22A 1E

54 0  46  0 32 8  5 2  3  14 9  2 7 2  5  2  4 2  0  44 0 2 3 1 50

P a g e  P e tro le u m  (rtc P a g e  
E sso n  u t e  1-14B 1E

3SE8 4 6 3 0 343 24 0  76 0 46 2  31 1 22  7  6 7  3  0  9 9  0  46 0 5 6 2 16

Chavrort Hiko Bell Unit 
1/Walker 36E 83 9 79 2  1 8 9  1 24 0  78 1 50 1 4814 1

7 5 8 3  0Gulf Oil 1 W hitlock 24 7  75 3 6  70 1 0 5 0 70

G ulf Oil 1 W hitlock 9 0 2 0 0 38E 705 0  978 2 1 1 33 062
O utcrop  s a m p le  irtdian 
C an y o n  9 6 0 7 1 4 -2

19 4  8 0  6 1 34

O utcrop  s a m p le  G a te  
C an y o n  960714-1 1 139 3 0

O utcro p  s a m p le  B lack  S h a le  
F a o e s  930922-1

41E 3 2 9  6 7 1 1 27 0 6 01 5 3  1 13 0  79

O utcrop  s a m p le  B lack  S h a le  
c o a l T R 1928

0 6 00 9 04 61

O utcrop  s a m p le  EM -RR6 3 1 8  15 1 0  8 0  2  0 5  0  51

oii-shale type sample 

coal sample 

regular type sample □

A5-2



APPENDIX 5

G C G C - M S

s r p a n c IS

1 1

g

8

1
g

1
S

1

1
J

1 E

1

1
1
g

?
I

1

5

!
1
§
g
%

8

I
g

i
W ell d e p th  ft Î

y

U

I
R
GC s

H

Ü 1 1 Î
g

1 h
1

E
E
5

E
5

C hevron  1 C h a se l Unit Flying 10 7 2 7  0 I E 2 6 6 13 0 9 3 1 0  19 0  5 7 0  67 0 8 0 0 3 0 0 0 0 1 9 0 0 6 2 4

C hevron  B lancnaro  1 3 3 -3 8 9 5 4  0 1 05 79 0 9 8 1 23 0 0 3 0 5 4 0 1 7 0 0 5 0 0 3 0  19 0 3 9 0 14 2

C hevron  B lanchard  l  33-3 9 4 3 0 0 n a 59 0 5 0 n a 0 0 3 0 6 0 0 14 0 0 3 0 0 5 0 1 2 0 3 2 0 18 51

C hevron  B lanchard  1-33-3 10461 5 4 E 3 0 4 9 581 1 0 2 1 02 0 0 3 0 5 9 0  41 0  11 0 0 5 0  10 0 61 0 3 0 2791

C hevron  B lanchard  1-33-3 1 1 0 3 9 0 4 7E 0 4 8 174 0 9 7 0 9 8 0 0 5 0 5 7 0 5 4 1 64 0 6 8 0 1 2 1 2 8 2 3 6 157

B o w  Valley 2 - i9 A lE D r  
Long 9 7 1 6  5 SE 0 6 6 60 1 04 1 09 0 0 6 0 6 2 0 74 2 7 2 0  28 0 11 1 9 6 3 0 8 125

P a n A m  1 USA Lyle 
U n g e lb a ch 6 9 2 5 0 1 0 9 85 1 18 1 10 0  01 0 5 9 0  41 0 2 2 0 0 9 0 11 0 3 6 0 3 9 157

P a n A m  1 M cLish Unit 6111 0 1 03 438 1 0 9 1 01 0 0 5 0 54 0 3 0 0  13 0  24 0  10 0 3 5 0 2 6 8 9

P an A m  3  U nit/Pelican L ake 5 7 8 9  0 0  4 2 753 1 0 0 1 0 3 0  01 0 6 0 0  47 0  24 0 0 3 0  11 0 3 9 0 3 6 543

P a n A m  4  USA P eart 
B ro ad h u rs t 4 6 8 7  0 0 0 5 4 238 1 06 1 09 0 1 0 0 4 4 0 17 0 0 3 0 1 5 0 2 2 0 1 3 0 14 38

Gulf Oil 1 -20-48  C o s ta s 5 2 2 4  5 1 08 623 1 10 1 10 0 0 2 0  61 0 6 3 0 2 9 0 0 3 0 10 0 4 5 0 2 8 77

N atural G a s  C o 22-30 
B e n c h  G lenn 4 7 0 2  0 1 1E 0 81 87 1 0 3 0 9 8 0 0 5 0 5 9 0 3 6 0 1 3 0 0 8 0 18 0 5 5 0 4 4 19

N atu ral G a s  C o 13-16 S ta te 5381 0 12E 1 08 0 1 03 1 03 0 3 9 0 5 9 0 5 4 0  25 0 0 6 0 0 8 0 18 0 19 4

M ao co  4 - 1 1 0  R iver B en t 4 7 8 6  0 13E 0 4 0 16? 1 18 1 03 0 0 8 0 6 3 0 3 8 0 4 3 0  14 0 13 0 3 9 0 3 6 67

O avis Oil 5  P a n e tte  B ench 5 4 2 2  0 14E 0 9 0 0 0 9 5 1 06 0 31 0 61 0  57 0 3 9 0  07 0 13 0 3 2 0 19 32

C o o rs  U te  Tnbal 1 3 -100 6 2 7 2  6 15E 1 12 74 0 9 9 1 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rio B ravo Oil 20 -2  RU 9 6 9 2 .0 0  70 558 1 14 0 75 0 0 4 0 6 4 0 6 6 0  71 0 0 3 0 0 9 0 8 0 0 3 2 162

C hevron  Lam icq Urruty 2-6C 1 0 8 4 4 0 17E 0 6 5 61 1 0 7 0 9 5 0 0 6 0 59 0 6 3 0  58  ; 0 0 8 0 10 0 3 3 0 3 9 41

C hevron  Lam icq Urruty 2-6C 1 0 9 5 0 0 18Ê 0 5 6 327 1 05 1 07 0 0 4 0  56 0 6 7 0 5 9 0 1 2 0 1 0 0 79 0 4 2 79

N atu ral G a s  C o  23-24 
F ed e ra l 4 8 8 2 5 0 8 0 189 1 05 0 9 5 0 0 4 0 6 0 0 3 9 O i l 0 0 4 0 13 0 3 8 0 4 4 9 7

N atural G a s  Co 23-24 
F ed e ra l 4 9 7 8  0 2 0 E 0 5 8 30 1 0 0 1 17 0 0 2 0 5 5 0 3 9 0 2 3 0 0 6 0 11 1 0 2 1 2 9 264

D iam ond  S h a m ro c k  24-3 
P a iu te  F ederal

5 4 5 0  0 2 1 E 4 01 0 0 96 1 08  . 0  2 9  1 0 6 4 0 59  ' 1 16 0  24 0 2 2 1 03 0 19 0

C aliforn ia Oil R ed  W a sh  32 3 9 5 0  0 0 4 0 5038 0 8 3 2 6 4 0 0 2 0  42 0 0 4  ! 0 0 2 0 01 0 3 3 0 16 0 21 218

C aliforn ia Oil R ed  W a sh  32 9 7 4 5  0 2 3 E n a n a. n a. n a . n  a n a.

S u n  0*1 C o  South  Ourray 
No lA Jnit 1 4 9 3 8 0 2 5 E 1 2 4 10 1 00 1 12 0 6 3 O SS 0 3 6 0  19 0  0 7 0  17 0  12 0 1 5 26

S u n  Oil C o  Sou th  O urray 
No 1/Unit 1 4 9 5 5  0 1 01 ! 0 0 9 2 1 24 OOG 0  61 1 0 0 9  : 0  10 ooo 0 2 9 0 0 3 0 1 2 3

S u n  Oil C o  Sou th  O urray 
No lA Jnit 1 5 1 7 0  0 2 7 E 0  52  . 0 1 0 0 1 16 0 1 8  , 0 6 0 0 3 0 0  15 0 0 6 0  13 0  18 0 0 9 20

C e ls iu s  E nergy  C o  island  16 4 6 9 5 5 2 9E 0  86 : 0 1 0 5  ! 1 0 0  ! 0  16 0  5 9  ! 0 4 3 0  2 9  : 0 0 8  ' 0 1 4 0 2 6 0 51 9 9

C a rte r  Oil J o s e p  Sm ith  l 6551 0 3 0 E 0 3 6 0 0  9 8  ; 1 04 0 2 6  1 0  0 0 0  48  ' 2 5 2  ; 0  91 0 0 0 2 7 5  ! 1 31 0

M ountain Fuel S upp ly  C e d a r  
Rim  3 8 5 0 7  0 31E 1 78 i

Î
0  : 0  9 8  : 0  9 8  I 0 0 0 0 0 0  ; 0  0 0  ' 0  0 0 ooo . 0 0 0 OOO OOO 0

D iam o n d  S h a m ro c k  Allen 3 4
5 5021 5 3 2 E 0 3 4 218 0  9 8  ‘1 10 0 0 8  : 0  61 10 6 4  : 0  51 : 0 0 4  . 0 0 8 0  81 0 8 5 713

O uinex  Energy  L eslie  Taylor
24-5 1 2224  0 3 3 E 1 62 0 0 9 9  : 1 0 3  ' 0  0 0  : 0 0 0 0  0 0  : 0 0 0  : 0  0 0  . 0 0 0 0 0 0 OOO 0

A5-3



GC GC-MS
tsrpane\s

W ell d ep th  ft
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1  
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1
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i
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B ow  V alley P e tro leu m  U te 2- 
22A 1E 12315 5 34E 1 40 0 0 9 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OOO coo 0

B ow  V alley P e tro leu m  u t e  2-
22A 1E

1 2 3 6 6 5 4flE 1 01 4 1 0 7 1 0 0 0 1 9 0 0 0 0 0 0 0 0 0 ooo 0 0 0 0 2 7 0 57 0

P a g e  P e tro le u m  Inc P a g e  
E a s o n  U te  1 -1 4 8 1 E 8 4 6 3 0 3SE 1 49 4 0 9 5 1 0 6 0 0 9 0 5 6 0 4 6 0 0 5 0 0 2 0 0 8 1 31 0 3 8 42

C hevron Htko Beil Unit 
1/W alk er

1 0587  4 38E 1 07 87 0 9 8 1 0 4 0 0 4 0  57 0 2 7 0 0 7 0 0 6 0 0 9 1 3 9 0 3 7 119

Gulf Oil 1 W hitlock 7583  0 0 1 7 1118 0 9 5 1 4 2 0  01 0 5 4 0 0 8 0 0 2 0 0 2 0  31 0 2 2 0 70 6472

Gulf Oil 1 W hitlock 9 0 2 0 0 38E 0 3 2 206 1 0 0 1 0 5 0 0 8 0 5 6 0 6 9 0 4 4 0 1 6 0 10 0  3 7 0 2 5 166

O u tc ro p  s a m p le  Indian 
C an y o n  9 6 0 7 1 4 -2

n a 2470 n a. n a 0 0 0 0  39 0 0 6 0 0 6 0  0 0  ' 0 2 0 O i l 0 5 9 745

O utcro p  s a m p le  G a te  
C an y o n  960714-1 0 42 749 0 6 2 2 5 0 0  00 0 0 0  : 0  00 0 0 0  , 0  0 0 0 0 0 0 0 0 0  00 96

O u tc ro p  s a m p le  B lack  S h a le  
F a c e s  930922-1

41E 0 52  : 57 1 0 5 1 1 0  , 0 1 5  ; 0  4 7  i 0 2 2 0 1 0 0 1 5 0  19 0  0 7 0  21 47

O utcro p  s a m p le  B lack  S h a le  
coa l TR192B

0  47 0 n a .  ; 0 1 9 0  5 6  : O i l 0  14 0 13 , 0 24 O i l 0 1 7 14

O utcro p  s a m p le  EM -RR8 3 5 E . 0 2 6  ' 0 0  91 2 1 1 0 6 9 0 1 8  ' 0  12 0 2 5 0 2 0 0 4 6 0 0 5 0 11 6

oil-shale type sample 

coal sample 

regular type sample □

A5-4



APPENDIX 5

G C - M S

tisrpanie s Se squiterpanes and diterpanes

W ell d ep th  ft

S

t
E

7?

Î

1

3

<J

1

1
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1
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i
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«

1
5

1
3

1

1

1
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1 1

I
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i

1

1
&

1
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i

1 1 I I

g

i

1

1 1

g
2
I

1

I I

C hevron i C h ase l Unit Flying 10727  0 I E 0 4 8 0 0 0  51 0 5 4 4 0 6 8 0 533 0  871 0  21 9 J 6 5 3 87

C hevron B lancharü   ̂ 33 .3 8 9 5 4 0 0 4 6 0 0 8 0 0 0 0 10 0  01 0  13 0  11 0 5 6 0 16 0 1 7 0  72

Chevron B lanchard  1 -33 .3 9 4 3 0  0
0 1 1 1

0  76 0 1 3 0 0 0 0 2 2 0 01 0 0 8 O X 0 2 3 O X O X 0  79

Chevron B lanchard  1 33-3 10481 5 4 E 3 0 5 3 O i l 0 0 5 0  41 0 0 9 0 8 3 0 1 2 0  87 O X 0 37 0 8 2

Chevron B lanchard  1-33.3 11039  0 4 7 E 0 3 3 0 2 6 0 0 0 0 3 4 0 1 7 0  70 0  28 0  82 o x 0 4 6 O X

B ow  Valley 2 - l9 A lE D r  
Long

9 7 1 8  5 5 E 0 3 5 0 2 8 0 0 0 0 4 0 0  3 7 0 7 9 0 47 O X o x 0 4 4 o x

P an A m  l  USA Lyle 
U n g e lb ach 8 9 2 5  0 0 2 9 0 1 2 0 0 3 0 0 8 0  01 0 2 3 0 1 2 0 7 7 o x 0  21 0 81

P an A m  1 M cLish Unit 8111 0 0  18 - 0 1 5 0 0 0 0 2 0 0 0 4 0 11 0 15 . O X 0 3 4 0 25 0  71

P an A m  3 U n it^ e ltc a n  L a w 5 7 8 9  0 0  31 0 2 3 0 0 0 0  18 0 0 2 0  31 O i l 0  71 O X 0 2 2 0 7 2

P anA m  4  USA Peart 
B roadhurst

4 6 8 7  0
0 1

0 2 8 - 0 3 2 0 0 0 0  27 0 0 2 0 2 6 O X 0  49 0 4 9 0  24 0 6 7

Gulf Oil 1 '2 0 -4 8  C o s ta s 5224  5 0 3 5 • 0 1 3 0 0 3 0 3 6 0 0 8 0  70 0 1 3 0  81 0 2 0 0 32 0 8 4

N atural G a s  C o  22-30 
B ench G lenn

4 7 0 2 0 1 1 E 0  47 • 0 1 4 0 0 0 0 2 8 0 0 6 0 3 0 0  16 0 5 5 0  24 0  18 O X

N atural G a s  C o  13-16 S ta te 5381 0 1 2 E 0 5 3 — 0 1 4 0  07 0  78 0 3 2 0 9 2 0 1 2 0  76 O X 0  49 0 9 5

M apco 4-11 0  River Bent 4 7 8 6  0 1 3 E 0 4 0 ' 0  31 0 0 0 0 4 6 0 10 0 4 3 0 11 0  47 O i l 0  32 0 9 2

O avis Oil 5  P a n e tte  B ench 5 4 2 2  0 1 4 E 0 6 8 - 0  24 0 0 0 0 3 8 0  16 0 7 7 0 2 6 0 8 4 O X 0 6 8 0 70

C o o rs  U te  Tnbal 13-100 8 2 7 2 8 1 5 E 0 0 0 0 0 0 0 0 0 0 3 5 1 0 0 1 0 0 1 X 1 X o x 1 X O X

Rio Bravo Oil 20-2 RU 9 6 9 2 0 0  27 0  15 0  18 0 3 5 0 1 2 0 8 5 0  21 0 92 0 2 9 0  32 0 78

C hevron Lam icq Urruty 2-6C 10844  0 1 7 E 0 3 4 - 0  14 0 0 9 0  5 2 0 2 6 0 8 9 0 24 0 6 8 O X O X 0 87

C hevron Lam icq Urruty 2-6C 1 0 9 5 0 0 1 8 E 0  40 0  24 0  14 0  52 0  21 0 9 2 0  19 0 91 0 4 2 O X O X

N atural G a s  C o  23-24 
F ederal

4 8 8 2 5 0 5 0 ' 0 0 9 0 0 0 0 4 3 0 0 9 0  5 2 0  11 0 5 9 0  31 0 18 0 91

N atural G a s  Co 23-24 
F ederal

4 9 7 8  0 2 0 E 0 2 9 0 3 0 0 0 0 0 3 6 0  16 0  51 0 2 5 0 6 4 0 31 0 27 0 8 4

O iam ond S h am ro ck  24-6 
P a iu te  F ed e ra l

5 4 5 0  0 2 1 E 0  4 5  ! ' 0  59 0 0 0 0 5 4 0  70 0 9 9 0 67 0  99 0  2 6 O X O X

California Oil R ed  W a sh  32 3 9 5 0  0 0  21 0 0 0 0 0 0 0 2 9 0 0 2 0  0 5 O X 0 11 0 6 5 0  25 0 73

C alifornia Oil R ed  W a sh  32 9 7 4 5  0 2 3 E n a. n a n a. n  a n a n a *1 a

S u n  Oil C o  S ou th  O urray 
No lA Jnit 1

4 9 3 8  0 2 5 E 0 5 8 " 0  19 0 0 3 0  75 0 2 6 0  89 0  11 0 73 0 19 0  47 O X

S u n  Oil C o  S ou th  Ourray 
No lA Jnit 1

4 9 5 5  0 1 0 3 ' 0 0 9 0 45  ' 0  8 5  1 0 1 9 0  77 0  04 0 37 0  16 O X 1 X

S u n  Oil C o  S ou th  Ourray 
No 1/Unit 1 5 1 7 0  0 2 7 E 0 7 2 ♦ 0 1 4 0 0 4 0  74 0  17 0  70 0  0 7  . 0  46 0 21 0  57 O X

C e ls iu s  E nergy  C o  island  16 4 6 9 5 5 2 9 E 0  4 9  <
i

♦ —  1 C I S  ' 0 0 0 0  6 5  j 0  1 9  : 0 7 3 0 1 1  ; 0 5 8 O X O X 0 9 6

C arte r  Oil J o s e p  Sm ith 1 8551 0 3 0 E 1 0 4  : i
- 0  00  ’ 0  89 0 1 2  ; 0  2 2  ; 0 5 0 0 6 7  j 0 8 8 0  24 0 6 9 O X

M ountain Fuel Supply C ed ar 
Rim  3

8 5 0 7  0 3 1 E 0  0 0  I 0  00 0 0 0  ! 0  7 7  i 1 0 0  j 1 0 0  : I X  ; 1 X  : 0 4 5 1 X 0 8 2

D iam ond S h am ro ck  Allen 34
5 5021 5 3 2 E 0  3 4  i - 0  20  ! 0 1 5  ; 0 3 9  1 0  12  I 0  6 9 0 1 7 0 7 7 0 2 7 O X O X

O uinex E nergy  L eslie Taylor
24-5

12224 0 3 3 E 0 0 0 - 0 0 0  ' 0 0 0 0  3 9  ' 1 0 0  : I X  ; 1 X 1 X 1 X 1 X O X

A5-5



GC-MS

Sesquiterpanes and diterpanesterpanes

d e p th  ft

B o w  Valley P etro leum  U te  2- 
22A 1E

1 2 3 1 5 5 3 4 E 00 0 0 00  0  0 0  0  75 1 0 0  0  9 5  1 0 0  0  8 7  0  19 1 0 0  0  6 7

B ow  Valley P e tro leum  U te 2 
22A 1E

0 0 0  3  0 0  0  5 6  0 1 5  0  4 3  0  12 0 3 5 000 0 7 7

P a g e  P e tro leu m  Inc P a g e  
& a o n  u t e  1 -1481E

8 4 6 3 0 35E 0 5 3 01 1  0 0 0 0  61 0 4 6 0 3 5 0 6 4 0 4 6 0  26 0 9 2

C hevron  Hiko Bell Unit 
1/W alk e r

1 0587  4 3 6 E 0 2 7 0 31 0 9 3 0  3 7 0 21 0  25

7 563 0G ulf Oil 1 W hitlock 0 4 8 0.12 0 01 0 0 6  0  0 0  0 0 2  0 0 3 0 280 21 1 00 0 00

9 0 2 0 0 0 2 5G ulf Oil 1 W hitlock 3 8 E 0  74 02 0 0  48 0 8 4

O u tc ro p  sa m p le  Indian 
C a n y o n  9 6 0 7 1 4 .2

0  10 0 1 2  0 01 0 0 9 0 5 9 0 1 7 0 6 6

O u tc ro p  sa m p le  G a te  
C a n y o n  960714.1 000 0 00 ooo 015 1 00 1 00 0 5 7 0  14 0  71

O u tc ro p  sa m p le  B lack  S h a le  
F a o e s  930922-1 41 E 058 0  0 3  0  0 4 0 2 9 0 00 1 00

O u tcro p  sa m p le  B lack  S h a le  
co a l TR 1928

0 5 6 0  4 2 000 000 1 00

O u tc ro p  sa m p le  EM -RR6 0  51 0 1 3  0  0 0  0  3 7  0  37

oil-shale type sample 

coal sample 

regular type sample

A5-6



APPENDIX 5

%  b i o m a r k e r s

Steranes. diginanes

W ell d e p th  ft
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Ô
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C hevron  1 C h a se !  Unit Flying 1 0727  0 I E 0 78 0 64 0 4 7 0 0 4 0  19 1 6 8 2 0 5 1 9 6 3 2 6 1 7 2

C hevron  B lan ch ard  1-33-3 8 9 5 4 0 0 10 0 3 9 0 28 0 01 0 07 o x 0 9 7 5 24 3 61 5

C hevron  B la n c h a rd  1 -33-3 9 4 3 0 0 0 3 5 0 4 3 0  27 o x O X o x 0 7 2 4 21 4 6 7  8

C hevron  B la n c h a rd  1 -33-3 10481 5 4 E 3 0 6 0 0 4 4 0 6 6 o x 0 01 o x 5 1 7 3 32  6 53  7

C hevron  B lan ch ard  1 -33-3 1 1 0 3 9 0 4 7 E 0 0 0 0 4 3 0 5 9 o x o x 2 X 6 7 1 3 0 4 3 5 X 9

B ow  V alley  2 - l9 A 1 E D r  
Long

9 7 1 6  5 SE 0 49 0 4 6 0 6 8 o x o x 1 B O 1 2 9 1 9 5 4 2  5 21 7

P a n A m  1 USA Lyle 
U n g e lb a ch

69 2 5  0 0 0 0 0 2 0 0 31 o x o x O X  ' 0 8 8 9 2 3 2 6 4 4

P a n A m  1 M cU sh  Unit 6111 0 0 2 9 O i l 0 1 5 o x 0.24 • O X  , 2 2 9 1 1 8 3 51 9

P a n A m  3 U n it/P e lican  L ake 57 8 9  0 0 0 1 0 1 5 0  37 0 4 2 o x O X - 0 0 2 1 5 8 1 2 4  2 62  8

P a n A m  4 USA P e a rl 
B ro a d h u rs t

4 8 8 7  0 0 0 37 0 3 3 0 27 0 0 0 O X - O X 1 6 4 4 1 0 6 78  8

Gulf Oil 1 -2 0 -4 8  C o s ta s 5 2 2 4  5 0 3 8 0 5 7 0 3 9 o x O X 0 2 0 5 0 9 0 2 6  1 57  8

N atu ra l G a s  C o  22-30  
B en ch  G lenn

47 0 2  0 11E 0 3 0 0 27 0 1 9 o x O X O X 3 4 9 7 27 9 51 2

N atu ra l G a s  C o  13-16  & a te 5381 0 Q9Q 0 5 4 0 5 9 0 0 2 O X - 0  57 2 5 8 7 1 1 0 1 5 4  6

M ap co  4 - 1 1 0  R iver B ent 47 8 6  0 13E 0 42 0 4 8 0 5 0 o x 0 10 ♦ O X 8 1 7 2 2 2 1 5 6 4

D avis Oil 5  P a n e tte  B en ch 54 2 2  0 14E 0 6 0 0 4 6 0 5 9 0 0 2 O X - o x  ; 11 3 1 8 2 16 1 5 0 9

C o o rs  U te  Tnbai 1 3 -1 0 0 6 2 7 2 8 15E 0 0 0 O X O X o x o x n a 34 9  ; X  1 0 0 0 0

Rio Bravo Oil 20 -2  RU 9 6 9 2 0 0  41 0 76 0.41 o x 0 01 o x 6 2 11 8 2 6 0 4 4 9

C hevron  L am icq  Urruty 2-SC 10844  0 17E 0 61 0 5 6 0 5 3 o x o x o x 1 3 6 1 2 6 32 6 3 9 5

C hevron  L am icq  Urruty 2-6C 1 0950  0 18E 0 71 O X 0 4 8 o x 0 01 o x 11 3 1 0 3 34 1 4 3 3

N atu ra l G a s  C o  23-24  
F e d e ra l

4 8 8 2 5 0 5 0 0 3 4 0 3 9 0 01 o x o x 5 6 7 6 2 2 3 59  2

N atu ra l G a s  C o  23-24  
F e d e ra l

4 9 7 8  0 20 E 0 4 6 0 31 O X o x 0 0 7 ♦ o x 6 9 1 2 1 37  4 2 6 6

D iam o n d  S h a m ro c k  24-6 
P a iu te  F ed e ra l

5 4 5 0 0 2 1 E 0  77 O X O X 2 2 8 0.01 ♦ n a. X 5 31 2 1 5 7 15 3

C alifornia Oil R e d  W a sh  32 3 9 5 0  0 0 6 3 0 1 5 0 1 6 o x o x - O X 1 2 3 0 10 1 82  5

C alifornia Oil R e d  W a s h  3 2 9 7 4 5  0 23 E n a n ». n a n a. n a. n a n a. , n a

S u n  Oil C o  S o u th  O urray  
N o lA Jnit 1

4 9 3 8  0 2SE 0 8 4 0 4 3 0 4 0 O X 0 0 4 » O X 2 1 6 7 2 7 4 81 2

S u n  Oil C o  S o u th  O urray  
N o 1/Unit 1

4 9 5 5  0 1 0 0 0 4 4 0 2 9 o x 0 07 - 0  12 1 7 0  : 3 0 2 0 7 2 9

S u n  Oil C o  S o u th  O urray  
N o 1/Unit 1

5 1 7 0 0 27E 0 8 9  : 0  42 0 .48  ! o x  , 0 0 7  ; — 0  75  , 1 3 0  : 4 6  ' n  6 X 2

C e ls iu s  E n erg y  C o  islan d  16 4 6 9 5  5 29 E 0  74  j: 0 49 0 4 2 o x  1 o x  1 - 0  2 7  i 1 3 8 7 3 1 5 4 5 8 2

C a r w  Oil J o s e p  S m ith  1 8 5 5 1 0 3 0 E 0  27  ;, 0 3 7 0  4 8  ; 0 0 8 0 0 7  ; - 0  41 ’ 4 5  ' 3 2 2 4 3 0 1 5 6

M ountain  F uel S u p p ly  C e d a r
R im  3

8 5 0 7  0 31E 1 0 0  :1 O X  : o x ' o x o x  ' n a 76  9  ■ 2 3 1  : 0 0 0 0

D iam o n d  S h a m ro c k  Allen 34
5

5021 5 32 E 0 5 1  i, 0 5 1  : 0  64  : o x  1 o x  j - 0  2 6  , 6  1 9 5  ; 2 6 6 4 5 0

Q uinex  E n erg y  L es lie  Taylor
2 4-5

1 2224  0 33E I X i O X O X  ' o x o x  1 n a X 7 61 3 0 0 0 0
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% biomarkers
S teranes, diginanes

B ow  V alley P e tro le u m  Ute 2- 
22 A 1E  _ _

1 0012315 5 34E a 31 0 42 000 ooo 000 71 9 24 4 00 00
B ow  v a lle y  P e tro le u m  Ute 2- 
22A 1E

000 0  37 0  37 000 0 1 5 000 9 9 54 5

P a g e  P e tro le u m  in c  P a g e  
E s s o n  U te  1-14B 1E

35E 0 793 4 6 3 0 0 4 5 0 5 5 0 0 5 0 0 4 000 22 1 1 4 2 34 5 2 6 3

C hevron  Hiko Bell Unit 
1/W alk e r

00510587  4 36E 000 0 01 000 5 5 4 5 6

0  2 77583 0 000 0 07 000Gulf Oil 1 W hitfock 73 41 8 4

0 5 538E 0 5 890200 0 41 000 0 0 4 0 5 6G ulf Oil 1 W hitlock

O u tcro p  s a m p le  Indian 
C an y o n  960714*2

0 11 000 030 000 2 8 62 3

O u tcro p  s a m p le  G a te  
C an y o n  960714-1

035 000 000 000 000 1 4 8 8 5 2 00
O u tcro p  s a m p le  B la c k  S h a le  
F a o e s  930922-1

41E 0 3 7 000 0 3 3 000 0 9 6 6 4

O u tcro p  s a m p le  B lack  S h a le  
c o a lT R 1 9 2 8

0000 17 0 2 6 0 2 5 2 8 6 8 0

012 000 0 21O u tcro p  s a m p le  EM -RR8 0 01 2 5 76 2

oil-shale type sample 

coal sample 

regular type sample n
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APPENDIX 5

aa20R Rock-Eval
s t e r a n e s

W ell d ep th  ft

g

i
E

m

1iI
1

i
II
(5

e %

*

y
f S I S2 S 3 PI S 2 /S 3 TQ C %

8I
1

C hevron 1 C h a se l  Unit Rym g 10727 0 I E 9 6 0 4 5 6 3 1 5 0 28 7 446 0 2 0 7 8 0  31 0 0 2 2 5 3 2 06 380

C hevron B lan ch ard  1 33-3 8 9 5 4 0 5 9 0 0 2 7  4 2 8  9 4 3 7 434 0 4 8 2 4  1 0 6 3 0 0 2 3 8 3 3 2 2 749

C hevron B lan ch ard  l  -33-3 9 4 3 0 0 7 8 0 0 8 5 2 5 0 6 6 5 444 0  24 3 3 4 0 8 6 0  01 3 8 0 4 0 2 830

C hevron B lanchard  1-33-3 1 0 4 6 1 5 4 E 3 1 1 0 0 4 2 8 2 8 5 28 9 437 1 19 9 5 0  51 O i l 1 8 7 1 83 520

C hevron B lan ch ard  1 33-3 1 1 0 3 9 0 4 7 E 2 9 0 0 2 8 9 2 7  5 4 3 6 438 0  51 2 7 0 2 9 0  16 9 3 4 0 8 9 304

S o w  Valley 2-19A 1E Or 
Long

9 7 1 8  5 SE 3 5 0 0 4 2 8 21 3 3 6 0 446 0 9 0 9 7 0 6 4 0 0 9 11 5 2 3 8 405

P an A m  1 USA Lyle 
U n g e lb ach 6 9 2 5 0 2 6 0 0 3 8 2 3 5 8 2 6 0 431 0 2 9 2 0 3 0 6 0 0  01 3 3 9 2 4 2 3 40

P an A m  1 M cU sh  Unit 6111 0 18 5 0 0 41 9 1 6 3 41 7 424 0 0 9 3 7 0  31 0 0 2 1 2 0 1 18 314

P an A m  3 U nitfP eiican  L ake 5 7 8 9  0 3 3 0 0 3 6 7 3 3 5 2 9 8 436 1 02 2 6 0 0  8 7 0 0 4 2 9 9 3 6 0 723

P an A m  4 USA P earl 
B ro ad h u rs t

4 6 6 7  0 4 6 0 0 3 6 8 3 2  6 3 0 4 432 0 1 3 17 7 0 7 3 0  01 24 2 2 23 792

Gulf 0*11 -2 0 -4 8  C o s ta s 5 2 2 4  5 2 1 0 0 4 9 3 2 4  2 2 6 4 435 1 22 18 1 0 7 3 0  0 7 2 2 0 2 4 4 65 9

N atural G a s  C o  22-30  
B en ch  G lenn 4 7 0 2 0 11E 7 8 0 0 31 9 2 2 9 4 5 2 439 0 2 9 3 5 9 0 4 8 0  01 74 8 4 6 3 775

N atural G a s  C o  13-16  S ta te 5361 0 12E 2 3 0 1 3 0 5 2 3 6 4 5 9 446 0 97 1 5 9 0 8 3 0 0 6 1 9 2 3 32 479

M apco  4.11  0  R iver Bent 4 7 8 6  0 13E 6 2 0 0 33 1 27  2 3 9 7 442 0 8 3 17 1 0  51 0 0 5 3 3 6 2 6 0 85 9

O avis Oil 5  P a n e tte  B ench 5 4 2 2 0 14E 3 4 0 1 3 5 4 1 6 7 47 9 438 0 2 2 1 7 0 3 9 0 1 2 4 3 0 6 9 24 3

C o o rs  U te Tnbal 13-100 8 2 7 2 8 15E 0 0 0 0 0 0 0 0 0 0 445 0 11 1 2 0  3 7 0 0 8 3 2 9 0 65 187

Rio Bravo Oil 20 -2  RU 9 6 9 2 0 1 1 0 0 28 1 3 6 4 3 5 5 436 0 7 7 11 7 0 6 0 0 0 6  1 1 9 4 2 4 4 47 7

C hevron L am icq  Urruty 2-6C 10644 0 17E 1 7 0 0 37 2 25 5 37 3 439 0 28 7 0 0  5 5 0 04 1 2 7 1 68 41 4

Chevron L am icq  Urruty 2-6C 10950 0 18E 1 0 0 0 3 5 1 2 3 4 41 5 430 0 42 5 2 0 5 8 0 0 8 8 8 9 1 0 8 477

N atural G a s  C o  23-24 
F ed era l 4 6 6 2 5 5 3 0 0 4 2 3 2 3 0 3 4 7 434 1 10 6 6 3 1 7 4 0 0 2 3 9 2 8  28 82 4

N atural G a s  C o  23-24 
F ed era l 4 978  0 2 0 E 6 7 0 0 3 9 3 2 3 9 3 6 8 423 0 1 9 4 0 0 4 3 0 0 5 9 3 9 0 9 4 42 9

D iam ond  S h a m ro c k  24-6 
P a iu te  F ed era l

5 4 5 0 0 2 1 E 0 4 1 0 0 0 0 0 0 0 440 0 0 5 0 5 0 2 2 0 10 2 0 4 0 4 0 112

C aliforn ia Oil R e d  W a sh  3 2 3 9 5 0  0 2 3 3 0 0 1 3 6 3 2 .4 5 4 0 433 0 9 0 27 8 1 3 4 0 0 3 2 0 7 3  3 2 83 6

C alifornia Oil R e d  W a sh  32 9745  0 2 3E n a n a n a. 440 0 0 3 1 3 0  18 0 0 2 7 44 1 37 97

S u n  Oil C o  S ou th  Ourray 
No lA Jn it 1

4 9 3 8 0 2SE 2 6 0 0 3 3 4 2 3 7 4 2 9 445 0 3 8 1 4 0 0 6 6 0 03 2 0 6 2 2 4 6 24

Sun  Oil C o  S o u th  Ourray 
No 1/U nit1

4 6 5 5 0 5 1 0 0 2 2 8 9 7 07 5 432 2 3 5 5 6 3 4 0 5 0 0 4  . 1 3 9 21 3 264

S u n  Oil C o  S ou th  Ourray 
No 1/Unit 1

5 1 7 0 0 2 7 E 5 5 0  0  ; 4 4 4 9  9  ; 4 5 7 436 2 7 5  ' 5 0 9  . 2 5 8  1 0  0 5  ; 1 9 7 1 3 2 387

C e ls iu s  E n erg y  C o  island  16 4 6 9 5 5 2 9E 5 2 0 0  ' 3 2 3  ! 24  3  1 43 5 1 440 ; 3 4 0 7 5 1  1 2 7 8 0 0 4 27 0 1 5 7 479

C arte r  Oil J o s e p  S m ith  1 8551 0 3 0 E 4 4  : 0 3  ‘ 2 7 5 26 2  ; 4 8 3 291 1 0 4 8  ‘ 0 7 0 3 8 0 4 2  : 1 76 0 31 2 16

M ountain Fuel S upp ly  C ed ar 
Rim  3 8 5 0 7  0 3 1 E 0 0  ' 0 0 0 0 0 0 0 0 463 0  91 ; 6 4 0  3 9  ; 0  12 ; 16 5 6 3 2 101

D iam ond  S h a m ro c k  Allen 34
5

5021 5 3 2E 2.6  , 0  0 32 4 26 2  i 41 4 1 432 1 4 1  : 4 3  ; 0 8 0 0 2 5 5  31 0 9 2 481

Q uinex  E nergy  L eslie  Taylor 
24-5 12224 0 3 3E 0 0  1 0 0  ' 0 0  ; 0 0  ; 0 0  ' 448  : 0 3 9 2 7 0  14  ; 0  13 19 1 3 6 5 73
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Rock-Eval
steranes

S 2d e p th  ft S 2 /S 3

B o w  Valley P e tro leu m  u t e  2  
22 A 1E

2 0 7  2 5 3  5 4 012 3 1 5  5 3 4 £ 00 0 0 6 0 9 0 17 0  0 6  5 47 S4

S o w  Valley P e tro le u m  u te  2- 
22A 1Ê

2 6  3  4 7  61 3 3 2 6 1 0 0 5 0 3 0 71 3 9  0019
P a g e  P e tro leum  inc P a g e  
E s s o h  u te  1-1481E ______

8 4 6 3 0 2 8 4 2 2 4 5 0  1 3 4  6 5 0 1 24 002 52 4 573

C hevron  Hiko Bell U nit 
1/W alk er

3 6 E 00 4 2  6 4 45 2 2 6 3 3 3  2 1 70 18 3 19

7 5 8 3  0 23 1 28  2  4 6  7G ulf Oil 1 W hitlock 00 431 9 02 4 3 0 21 4 25

9 0 2 0 0 4 3 2  2 0 9  3 6 100G ulf Oil 1 W hitlock 022 5 2 7 1 6 2  5 8 51 80

O u tc ro p  s a m p le  Indian 
C a n y o n  96 0 7 1 4 .2

2 3 0  6 7 4 4 3 5  2 9 4 138 002 1 3 6  10204 27 3 2 4

O u tc ro p  sa m p le  G a te  
C a n y o n  960714-1

00 00 00 2 8 2  0  01 5 0 2

O u tc ro p  sa m p le  B lack  S h a le  
F a o e s  930622-1

4 1 E 24 9 5  8 6  73 42 73 0  01 1 5 8

O u tc ro p  sa m p le  B lack  S h a le  
c o a l  TR1928

3 3 6 41 7 8 0 6 399 9 3 6  0 0 2  42  6  6 7  7 5 8 9

O u tc ro p  sa m p le  EM -RR8 79 5 4 3 0  0  6 8  74  2  33 2 0 011 7 4 3 2  2  2 3 0

oti-shafe type sample 

coal sample 

regular type sample □
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APPENDIX 5

W ell d e p th  ft

g
i
E

E
?

8
1

5
S o

GC

y
s

1
1
3

1

qualita

0  
S

!
E

1

tive

1 lithology

Chevron 1 C h a se l  Unit Flying 1 0 7 2 7  0 IE IS  8 0 3  41 n-C tr 1 b lack  c la y s to n e  (m assiv e )

Chevron B lanchard  1 -3 3 '3 3 9 5 4 0 19 24 6  35  P r 2  sh a le . tHack

Chevron B lanchard  1 33«3 9 4 3 0 0
- .  -  .  lam in a ted  b lack  c a lc  sn a le . ab u n d  org c la s ts , a b o v e  noncaic 
21 33 8  n »  a < a r a .  -

Chevron B lanchard  ^ 33-3 10461 5 4E 3 27 10 7  3 7  h-C m  1 lam in a ted  b lack  m u d s to n e , coa l c la s ts , th ick  s e q u e n c e

C hevron B lanchard  1-33-3 1 1 0 3 9  0 4 7 E 32 3 22  3 9  P r 2  b lack  sh a le , org c la s ts

Bow Valley 2 -1 9 A lE O r  
Long

9 7 1 6  5 5E 35 10 6  39  n -C n  1 b lack-dark  brow n lam in a te d  sh a le , v fissile

PanA m  1 USA Lyle 
U n g e lb ach

^ 2 5 0 24 20 6  3 5  P r 2  g rey-dark  g rey  s i t ts t .  c a lc  ce m e n fo d . ^ a l e  d ra p e s

PanA m  1 M cU sh Unit 6111  0
„  . ^  _ light brow n s i l ts t .  co n to rted , wf sy n e resis /b io tu rb  . a lte rn a t wf 
^  ̂ ca lc . S hale  wf larg e  o rg  8 W 2 1  c la s ts

PanA m  3 U nidP etican  L ak e 5 7 8 9  0 24 27 1 3 2  IV carot 2  dark , lam m ated -b ed d ed  sh a le , sm all syn eresis /b ro tu fo

PanA m  4 USA P ea rl 
B roadhurst 4 6 8 7  0 32 17 8  4 8  n-C jr 2 lam in ated  grey  brow n m u d s t .  w / siltbeds. sy n e re s is

Gulf Oil 1 -2 0 -4 8  C o s ta s 5 2 2 4  5 29 17 3  38  P r 2 lam in a ted  b lack-brow n c la y s to n e . coa l c la s ts

N atural G a s  C o  22-30  
B ench G lenn 4 7 0 2  0 11E

«/I CT f .  ,  b lack  brown sh a ly  m u d s to n e  (m assive), finely lam inated , coal 
10 36 2  5 7  1

N atural G a s  C o  13-16  S ta te 5381 0 12E 25 16 9  4 2  n*C«r 1 b lack  m ass iv e  m u d s t .  ra re  la rg e  p e ie c y p o d e  s h e lls  f ra c t

M apco 4 - 1 1 0  River B ent 4 7 8 6  0 13E 19 ^ 8 0  54  n -C n  1 d a rk  brow n o s tra c o d e  g ra in s to n e . sh e lls

O avis Oil S P a n e tte  B ench 5 4 2 2 0 14E 56 1 9  5 5  n-C,# 1 d a rk  g rey  sh a le . M aser-lam inated. sy n e re s is

C oors U te Tnbal 1 3 -1 0 0 6 2 7 2  8 15E 56 1 33 3 9  n-C if i thin brow n-black sh a le , lam in a ted , org c la s ts

Rio Bravo Oil 20 -2  RU 9 6 9 2 0 24 1 1 4  3 7  g a m m a c  2  la m in a ttd  b lack  s h a le , la rg e  an d  a b u n d a n t org. c la s ts

Chevron L am icq Urruty 2-6C 1 0 8 4 4 0 17E 32 7 25  53  n -C n  1 b lack  sh a ly  m u d sto n e , o iis ta in ed  f ra c t.  faint lam ination

Chevron L am icq Urruty 2 -6C 1 0 9 5 0 0 la E 53 5 58 4 0  n-C ;: i b lack  c a lc  sh a le , org e ia s ts .  len b cu iar b ed

N atural G a s  C o  23-24  
Federal 4 8 8 2 5 21 69 4  36  g a m m a c  i n o n c a lc  black-brow n sn a le . lam in a ted  sy n sed . fau lts

N atural G a s  C o  23-24  
Federal 4 9 7 8  0 20E 45 4 23  4 0  P r 2  d a rk  grey  lam in ated  sh a le , org c la s ts

O iam ond S h a m ro c k  24-6 
P a iu te  F ed era l

5 4 5 0 0 21 E 55 0 5  4 2  n-Cir 1 g rey  g reen ish  lam in a te d  to  f la se r  sh a le , org c la s ts

California Oil R ed  W a sh  32 3 9 5 0 0 40 28 7 4 0  8 -c a ro t  1 lam in a te d  brow n-black  s h a le

California Oil R ed  W a sh  32 9 7 4 5  0 23E 13 1 37  d a rk  sh a le s , org fra g m en ts

S u n  Oil C o  S ou th  O urray 
N o lAJnit 1 4 9 3 8  0 25E 30 14 4  3 7  n-C ir 1 b lac k  m ass iv e  m u d s to n e s , p e ie c y p o d e  sh e lls

S u n  Oil C o  S o u th  O urray 
N o lAJnit 1 4 9 5 5 0 19 5 8 8  3 5  P r 1 b la c k  sh a le , coa l

S u n  Oil C o  S ou th  O urray 
No 1/Unrt 1 5 1 7 0  0 2 7E 19 53.7 51 P r 1 co a ly  b lack  sh a le

C e ls iu s  E nergy  C o  Island  16 4 6 9 5 5 2 9E 17 7a s  3 8  n-C b lac k  sh a le -m u d s to n e . Silt b e d s , lam ination.
 ̂ U n icn id e /p e lecy p o d e  s h e lls  (shell h ash )

C arte r  Oil J o s e p  S m ith  l 1 8 5 5 1 0 3 0E 122 1 15 50  n -C n  ' 1 d a rk  grey-b lack  m u d sto n e d . c o n to rted * 8 W 2 2

M ountain F uel S upp ly  C e d a r  
Rim  3 8 5 0 7  0 3 1 E

-  ,  __ _  ,  b lac k  co a ly  sh a le , lam in a ted , ab o v e  b lack  s n a le  wf peiecypode 
® 1 “  38 n -C "  1

O iam ond S h a m ro c k  Allen 3 4
5 5021 5 3 2E

.  id artc im p reg n a ted  u i a to n a ,  s h a le  d rap e s , ab o v e  g rey  a re e n  
86  , 5 66 4 5  1 , 1

Quinex E nergy  L eslie  Tayfor 
24-5 ' 1 2 2 2 4  0 3 3E 3 3 07 : 36  n .C .(  1 b lac k  c lay sto n e. coa ly  b e d s , o s tra c o d e s
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GC qualitative

y

I
i

y
E

g s 3
E

8.
1

W ell dep th  ft 1
1
? 05

E

1
I
1 1 lithology

B o w  Valley P e tro leu m  Ute 2- 
22A 1E

12315 5 34E 15 0 9 9 43 n.C t r d a rk  g ray  m udsK m e. p e ie c y p o d e  h a s h  b e d d e d  dew atenng . 
m u d sto n e  w / thin s h a le  s e q u e n c e

S e w  Valley P e tro leu m  Ute 2> 
22A 1E

1 2 3 6 6 5 46E 2 2 0 0 3 3 40 n#C'T 1 grey  m u d sto n e  (ca ic  s itts tone). s o m e  lam inaoon. frac t

P a g e  P e tro leu m  inc  P a g e  
E s s o n  u t e  V 14B 1E

8 4 6 3 0 35E 10 8 6 3 37 n#CiT 1 lam in a ted  to b e d d e d  b lac k  sh a ie . larg e  org c a s t s

C hevron  Htko Sell Unit 
1/W alk e r

10587 4 38E 87 8 78 37 Pr 1 d ark  lam in ated  m u d s to n e , o ils tam ed  f ra c t.  org c tas ts/co a l

G ulf Oil 1 W hitlock 7583 0 139 11 4 39 g a m m a c 1 black  lam in ated  s h a le ,  org c a s t s

G ulf Oil 1 W hrtlock 9 020  0 38E 111 1 2 1 47 n-C:9 1 black  lam in ated  s h a le  org c a s t s

O u tc ro p  s a m p le  Indian 
C a n y o n  9 6 0 7 1 4 .2

31 141 37 ( tc a r a t lam in ated  oil s h a le

O u tc ro p  sa m p le  G a te  
C an y o n  960714-1 17 143 39 P r 2 lam in ated  oil s h a le

O u tc ro p  s a m p le  B lack  S h a le  
F a c e s  930922-1

4 1 E 46 4 3 7 49 n-C;T 2 b lack  Shale

O u tc ro p  sa m p le  B lack  S h a le  
c o a l TR 192S

13 1205 49 Pr 1 co al

O u tcro p  s a m p le  EM -RR8 3 s e 103 74 9 34 n*Cj* 1 co aly  s h a le

oil-shale type sample 

coal sample 

regular type sample □
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APPENDIX 6 
Outcrop sam ples

UB39E
Indian Canyon 
Mahogany zone

17 &0 67 100

Im jJ ^

UB40E 
Gate Canyon 
Mahogany zone

i ;  M io  e7 u  100

jj i I*

UB41E
Black shale facies 
Shale

P l i L /

y !VWw

UB42E
Black shale facies 
Coal

it . »  . M .U  . 100

UB45E 
Raven Ridge 
coal

I
M 67 tooM

retention time (min )

^internal standard 0 ^ 0 #

M  67 63 100
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APPENDIX 6
Core samples from wells outside areas with datum control

UB25E 
Sun Oil Co 
S Ourray No 1 
4938ft

0 » eo 60

llil

UB26E 
Sun Oil Co 
S. Ourray No 1 
4955ft

/

41 AMUuIjtu

so or «) 100

UB27E 
Sun Oil Co 
S Ourray No 1 
5170ft

iu lt

......

UB35E
Page Petroleum Inc 
Esson Ute 1-14B1E 
8463ft

iP

so »J 13 100

UB15E 
Coots Inc 
Ute Tritsal 13-1 CD 
6272 6ft

INUWW
"  J« ' so 0 ? 03 , 0 0

retention time (min )

'^internal standard C^D#

UB30E 
Carter Oit Co 
Joesepfi Smitfi 1 
8551ft

M M 100

..Jl

UB31E
Ntontain Fuel Supply 
Cedar Rim 3 
8507ft

liliu*----
so H 03 100

SO 0? 03 ,00



APPENDIX 7 C rude O ils - W eil L o ca tio n s an d  S am p le  D ata

m ap
S a m p le No API F ield group O perator S e c Twn R ng S p o t
T ex aco  0*1 U te Tnoal 
4700ft

4 30133056 C e d a r  Rim Texaco 14 3 S 6 W

T exaco  0*1 U te Tnbal
92S l# l

2 4 30133056 C e d a r  Rim

R ed  W a sh  W h o le  Field 
5900ft

3 R ed  W a s h Chevron 7 S 22 e

B luebell F re sto n  2*881 4 B luebell 3 Pennzoii a 2 S w SW NE

C o y o te  B asin  E  R ed  W a sh
1-5

5 C oyote  B asin 6 Maxus 5 a S 25 S E NW

W o n s its  Valley 133&71 6
W o n sits  V alley (R ed  

W a sh )
5 Chevron 15 a s 21

T w elve M ila W a sh  F e d  1 r 12 Mile W a sh 9

H o rs e s h o e  B en d  2 /22-34  
F ed a H o rse sh o e  B end 8

E R e d  W a s h  1/91- 
2 6 C (S ta te  1 -4 1 -3 6 0

9 4304715126 W alker Hollow 6 36 7 s 24 NE NE

Tw elve M ile W a sh  F e d  i « 4304720281 12 Mile W a sh 9 2 5 s 20

A n te lo p e  C re e k  U te  Tnbal
1 -S (0 & 0 7 )

11 43 0 1 330785 A ntelope C re e k 2
Petroglyph
OperaOng 5 5 s 3 w S E sw NE

B ren n an  B ottom  F ed e ra l 2*
20

13 4304731275 B rennan  B ottom S
Lomax

Exploration 20 7 s 21 S E NW NE

C e d a r  R im  U te Tnbal 2  
2C 8 » 4301330531 C e d a r  Rim 1 P ag e

P etro leum 2 3 s 6 w NW S W S W

C o y o te  B a s in  F ed e ra l 12-
13 15 4304731266 Coyote  B asin 6 13 a s 24 SE S W NW

E igh t M ile W a sh  S ta te  33*
5 2 0  (33-32)

16 4304731116
E ight Mile R a t  N 

(M onum ent B utte)
4

Natural G a s  '
Co

32 a S 18 S E NW  : S E

N atural B u tte s  O ld S q u a w s  
C ro ss in g  4A 20 4304730122 O urray (N atural B u ttes) i 4 37 9 . s  ; 2 0

N utter C an y o n  u t e  Tnbal
10-21 21 4301331263 N utter C an y o n 2 Zink & Tnim bo i 21 5 ' s  : 4 w sw NW S E

P le a s a n t  Valley F ed e ra l 24
1S-H 22 4301330681 P le a s a n t  V alley 4 N atural G a s  o f 1 

California
15 9 s 17 S2 S E SW

W alk e r  Hollow  B roadhurst
21 23 4304730042

W alker H ollow  (R ed 
W a sh )

7
Energy

R esen res
Group

9 7 5 23 NE S E SW

W o n s its  Valley W hiton 
Valley 1-19-3C

24 4304731065
W o n sits  V alley (R ed 

W a sh ) 5 Gulf Oil 19 ■ a s  1 21 C S E S E

Tw elve M ile W a sh  DST 
5960* F e d e ra l 1 » 4304720281 12 Mile W a sh 9 T enneco 27 ' 5 S  ' 20 S W NW

B luebell F a y  M ecn am  F e e  
F ed e ra l l

27 4301330001 : B luebell 3 Chevron 2 1 S 2 W S E NW SE

G u sh e r  G u s h e r  3 30 9

M o n u m en t B utte  (Treaty 
B oundaryT) F ed e ra l 15-20

31 43 0 1 330667  : M onum ent B u tte 4 L om ax Energy i 20 8 5 17 SE S E S E

Bluebell 1-33A1 (jii P a c k 33 Bluebell 3

R e d  W a s h  20  1 32 -2 6 C 34 43 0 4 715302  ■ W alker H ollow 6 C hevron 28 ; 7 3 24 S W NE

C e d a r  R im  U te Tnbal 2- 
24C 7 3 6 4301331028  ' C ed a r R im 1 U n m a r E nergy j 24 ; 3 S 7 w S W N E S W

C e d a r  R im  Ford  2-13 C 7 38 430 1 3 3 1 0 8 2  : C ed ar R im 1 U n m a r E nergy  ; 13 ■ 3  . S 7 w £ 2 S W S E

B ren n an  B ottom  F ed era l
15-8 42 4304731272 B rennan  B o ttom 8

Lom ax
Exploration a 7 S 21 S E S W  . S E

G y p su m  Hills F ed e ra l 3 46 4307420002  :
G y psum  Hills (R ed  

W ash ) 5 Gulf Oil 20  i a s  , 21 : E NE NE

H o rs e s h o e  B end  F ed era l 4
2-F 47 4 3 0 4 731853 H o rse sh o e  B en d a Alta Energy , 4 ’ 7 s  ; 21 E sw S E NW

H o rs e s h o e  B end  F ed e ra l 5
5H 48 4304731903  , H o rse sh o e  B end a  ;

Phoenix 
H ydrocarbons ;

5 7  : S  : 21 , E S E S E NE

P a n e tte  B e n c h  F ed e ra l 14-
5 51 4 3 0 4 731123  ' P a n e tte  B e n c h  t 4

Diam ond 
S h am ro ck  1

5  ; 9 s 19 E S W  ; S W SW

W a lk e r  H ollow  P earl 
B ro ad h u rs t 1 52 4 3 0 4 715692  |

W alk er H ollow  (R ed  | 
W a sh ) !

7 ; P a n  A m erican  ; 9 7 s 23 E NE S E

W a lk e r  H ollow  P ea rl 
B ro ad h u rs t 15 53 4304730901 ;

W alk er H ollow  (R ed  ) 
W ash )

7 !
Energy 

R e se rv e s  |
G roup 1

9 7 s  : 23 E S E S E SE
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S a m p le No API Field
m ap

O perator S e c Rng S p o t

W alk e r  Hollow P ea rt 
B ro ad h u rs t 18

W alker Hollow (R ed  
W ash )

Energy
4304730930 7 R e se rv e s

Group
9 7 s 23 E NW NW NE

W o n sits  Valley F ed era l
105

55 4304730023
W on sits  Valley (R ed 

W ash ) 5 Gulf Oil 10 3 s 21 E NW S E S E

B rennan  B ottom  F ed e ra l 6 57 430473 0 1 0 9 B rennan  Bottom 8 Gulf Oil 19 7 s 21 E S W NW NW

W alk er hoiiow  P e a n  
B ro ad h u rst 12

59 4304730841
W alker H ollow (R ed  

W a sh )
7

Energy
R e se rv e s 10 7 3 23 E S W NW NW

W alk er Hollow  U nit i 60 4304720280
W alker H ollow (R ed  

W ash )
7 M c u sh 8 7 S 23 E SW SW

G u sn e rG o v  4-14 61 4004730155 G u sh e r E 9 Flying D iam ond 14 6 5 20 E SW NW NW

W o n sits  Valley u n it  6 & 2 63 4304731048
W o nsits  Valley (R ed 

W ash ) 5 Gulf Oil 12 8 S 21 E sw NW SW

W h ite  R iver u n it  4 7 -10 64 4304731561 W hite  R iver (R ed  W a sh ) 5
S eico

D evelopm ent 10 8 s 22 E sw SW sw

F ed era l 1 -27 67 4304731847 C oyote  W a sh 6
G ilm ore Oil & 

G as
27 a s 24 E NE SE sw

B rennan  B ottom  F ed e ra l 1 68 B rennan  Bottom 8

C o y o te  B asin  E  R ed  W a sh  
F ed  4 .8

69 4304720261 C oyote  B asin 8
S h am ro ck
Oil&Gas

a 8 s 25 E S W NE

G y p su m  Hills C o s ta s  
F ed e ra l 2  20-3b

70 4304715454 G ypsum  Hills (R ed 
W ash ) 5 Gulf Oil

W o n s its  Valley F e d e ra l 24 71 4304715454 W o n sits  V alley (R ed  
W ash ) 5 Gulf Oil 8 s 21 E S W S W

Chevron B lan ch ard  1*33-3 73 4 3 0 1 320316 Bluetïell 3 Chevron 3 s 2 W NW S E

C o n o co  Tnbal 31-55A # # Ourray (Natural B uttes) 5 C onoco 31 a s 22 E SW S W

C o n o co  Tnbal 35*51 O urray (N atural B u ttes) 5 C onoco 3 5 8 s 21 E sw S E

CNG 3 -2 5 8 76 4 3 0 4 732417 W e s t W illow  C reek 4 CNG 25 9 s 19 E SW NE NW

waxy type 

im m atu re  type 

regular type

□
□□
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APPENDIX 7

eiev s a m p le  d e s c n p b o n

S a m p le No p e rfo ra b o n /sa m p ie  d ep th  (ft) n a p p e a r a n c e

4700ft
4 7 0 0 5893 KB b lack  fluid

T exaco  0 -1  U te  Tnoai 
9 2 S if t

2 9251 d ark  yellow  so lid

R e d  W a s n  W h o le  P«eid 
5900ft

3 5 9 0 0 b lack  VISCOUS

B lueoeil F re s to n  2 -^8 1 4 1 1232-11720 5105 Gl* d a rk  yellow  solid

C o y o te  B asin  E  R e d  W a sh
1-5 5 4495-4501 b lack  VISCOUS

W o n s its  Valley 133&71 6
51 9 2 -5 2 2 3  (71) 

5 2 0 2 -5 2 1 7 (1 3 3 )
4 610 G r black . VISCOUS

Tw elve Mile W a sn  F e d  i 6 9 5 6 -8 9 6 0 5250 KB b lac k  fluid

H o rs e s h o e  B en d  2 /22-34  
F ed 3 66 7 0 -6 6 9 0 5000 ML black . VISCOUS

E R e d  W a sn  i / 9 l -  
2 6 C (S ta te  1 - 4 1 -3 6 0

9 4936-4971 5758 KB b lack . VISCOUS

Tw elve Mile W a s n  F e d  1 is 7 3 9 6-7426 5 250 KB b lack  fluid

A n te lo p e  C re e k  U te Tnbal
1-5(05-071

11
6 3 2 9 -6 3 3 8 . 65 5 2 -6 5 5 5 . 6590- 

6 5 9 2 .6 7 2 9 -6 7 3 2
6 024 GR ! b lack , v isc o u s

B ren n an  B ottom  F e d e ra l 2»
20

13 6690-6711 4 759 GR : b lack, v isc o u s

C e d a r  Rim  U te Tnbal 2-
2C 8 i Ü : 6 5 9 4 -9 9 1 4 6 1 3 7 KB i  b lack  fluid

C o y o te  B asin  F e d e ra l 12*
13

15 4 2 0 0 -4 2 1 3 5 404 KB black . VISCOUS

E igh t M ile W a s h  S ta te  3 3 - 
5 2 0  (33-32)

18 5 1 3 0 -5 5 8 2 4 943 KB 1 b lack . VISCOUS

N atural B u tte s  O ld S q u a w s  
C ro ss in g  4A 20 n a 4725 ML black . VISCOUS

N utter C anyon  u t e  Tnbal 
10-21

21 4 5 9 3 -5 4 0 2 8 519 KB 1 b lack . VISCOUS

P le a s a n t  Valley F ed e ra l 24
1S-H 22 4 4 3 5 -5286 5 296 KB black . VISCOUS

W a lk e r  Hollow B ro ad h u rs t
21 23 5 3 1 2 -5 4 1 9 5194 KB .b lack . VISCOUS

W o n s its  V alley W hiton  
V alley 1-19-3C

24 5 2 5 3 -5 2 6 6 4693 KB b lack . VISCOUS

T w elve Mile W a sn  D ST 
5960^ F ed e ra l l #

^ 5 6 - 6 9 6 0 5 250 KB i b lack . VISCOUS

B luebell F ay  M ech am  F e e  
F e d e ra l 1

27
1 039 5 -1 0 4 0 7 .1 0 4 1 4 - 

1 0 4 1 8  1 0 4 4 0 -1 0449 .10450- 
10451

5 916 KB ' b lack , fluid

G u s h e r  G u sh e r  3 30 7 7 4 6 -7 9 9 5 b lack . VISCOUS

M o n u m en t B u tte  (Treaty 
B o u n d a ry ^  F ed e ra l 15-20 31 5 7 8 9 -5 8 4 8 5288 KBi b lack. VISCOUS

Bluet>ell 1-33A1 Uli P a c k 3 3 8 2 7 2 -6 2 7 6 black, so lid  a s p h a lt

R ed  W a s h  20  1 32-28C 34 5 1 6 0-5233 5 668 KB: b lack . VISCOUS

C e d a r  Rim  U tt  Tnbal 2  
24C 7 3 6 8 5 9 5 -1 0 5 0 0 6555 KB 1 light brow n, v isc o u s

C e d a r  R im  Ford 2-13 C 7 3 9 6 8 2 3 -9 6 5 2 6 5 0 2 KB : light brow n, v isc o u s

B re n n a n  B o ttom  F ed e ra l
15-a 4 2 6 6 1 5 -6 9 1 3 4808 KBI b lack . VISCOUS

G y p su m  Hills F e d e ra l 3 4 6 5241 4 7 0 5  , KB t b lack, v isc o u s

H o rs e s h o e  B en d  F ed e ra l 4
2-F 4 7 6 8 0 6 -6 8 7 6 .6 9 2 9 -7 0 5 3 4972 KB black. VISCOUS

H o rs e s h o e  B en d  F ed e ra l S
5H 4 6 6 9 0 7 -7 0 9 8 4894 GR 1 b lack , v isc o u s

P a n e tte  B ench  F ed e ra l 14-
5 51 4 8 5 6 -5 0 7 5 4725 KB 1 b lack, v isc o u s

W a lk e r  Hollow P e a n  
B ro ad h u rs t 1 5 2 4 7 7 0 -4 8 0 0 .5 3 0 0 -5 4 0 7 U195 ■KB i  black, v isc o u s

W alk e r  Hollow P eart 
B ro ad h u rs t 15

5 3 5 1 9 9-5358 5195 KB I b lack , fluid
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eiev sa m p le  d e scn p b o n

S a m p le No p erfo ra tion /sam ple  d ep th  [ft] a p p e a ra n c e

W a lk e r  Hollow  P e a n  
B roaO hurat 18 m

5 379-5409 5091 KB b lack , fluid

W o n s its  Valley FeO eral
105

55 5 266-5402 4 8 7 7 OF b lack , v isco u s

B re n n a n  B ottom  F e o e ra l 6 57 6542-8792 4691 KB b lack . VISCOUS

W alk e r  Hollow P ea rl 
B ro a d h u rs t 12

59 5382-5423 5155 KB black , fluid

W a lk e r  Hollow u n it  1 60 5 6 4 2 -5698 .5717-5742 5373 KB black. VISCOUS

G u s h e r  G ov 4-14 81 7690-7697 .7 7 0 8 .7 7 3 2 4961 GR black . VISCOUS

W o n s its  Valley Unit 86*2 63 5491-5503 4983 KB black, fluid

W h ite  R iver U nit 47 -10 64 5 445-5458 4 945 KB black-dark  brown, v iscous

F ed e ra l 1*27 67 3867-3872 5 340 KB black. VISCOUS

B re n n a n  B ottom  F e d e ra l 1 68 n a black . VISCOUS

C o y o te  B a s in  E  R e d  W a s n  
F e d  4-8

69 4 443-4449 5 582 KB : b lack . VISCOUS

G y p su m  Htlls C o s ta s  
F e d e ra l 2  20-3b

70 black. VISCOUS

W o n s its  v a lle y  F ed e ra l 24 71 4571-4582, 5658-5681 (PI) 5 0 1 7 KB b la c k . m ed ium  v iscous

C hevron  B lan ch ard  1-33-3 73 9 0 3 9 -9 0 5 6  (10386-10410) 5 8 6 3 KB b la c k . m ed ium  viscous-flutd

C o n o c o  Tnbal 31-55A H 3150-3154 4 695 M L, b lack , m ed ium  vtscous-fluid

C o n o c o  Tnbal 35-51 7 5 3160-3180 4 ^ ML : b lack , m ed ium  viscous-fiuid

C N G  3-25B 78 4740-4795 4 7 4 0 KB black, m ed iu m  viscous-Auid

w axy Type 

im m a tu re  type  

reg u la r  type

□
l a□
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APPENDIX 8.1 C ru d e  Oils - G C -M S P eak  H eights [pV]

P e a k

n o .

■ t- r

u a i ê U B 2 o U B 3 o U B 4 0 U B 5 0 U B 6 o a U B 8 o U B 9 0 uB im U B 1 1 0

Terpanes m/z 191
1 T n c y d ic ia rp a n a  C,« 790 0 500 0 365 700 500 1376 250 0 500 0
2 Tncyciic ta rp a n a  Cm 8 4 3 9 0 3258 Û 407 3094 37937 5 07 7 5010 34531 0
3 TncycJic la rp a n e  C ;, 902 7 0 831 6 0 2256 8 864 4 3 3 3 5 15561 306 3 40166 u
4 T n cy d ic  la rp a n a  C a 1251 0 1239 0 0 1400 5253 1035 1167 4 968 a
5 Tncyclie ta rp a n a  C a 69 9 9 0 702 5 0 2257 8653 33424 15093 12354 28770 a
6 Tncyciic ta rp a n a  C m 3535 0 5201 0 1744 5792 23 7 3 9 865 0 5 607 19241 0
7 Tncyciic ta rp a n a  C a 1135 0 230 4 a 008 2664 6 7 3 0 4 1 4 5 4 253 5162 0

0 Tncyciic ta rp a n a  C a  2 2 S 1842 0 3273 0 83 0 3110 6 5 0 5 6 1 5 5 3494 7479 0

9 T n c y d ic  ta rp a n a  C a  Z2R 595 0 0 3364 0 1029 3433 997 5 552 5 4 818 9318 0
10 T n c y d ic  ta rp a n a  C a 2 2 S 0 0 0 0 0 0 0 0 0 0 0

11 T n cy d ic  ta rp a n a  C a  2 2R 0 0 0 0 0 0 0 0 0 0 0

12 T n cy d ic  ta rp a n a  C a  2 2 S 1129 0 2362 0 722 2566 612 0 380 7 2 572 5263 Q
13 T n cy d ic  ta rp a n a  C a  2 2R 986 0 2261 0 1718 2525 5905 4231 2 536 4093 0

14 T n c y d ic  ta rp a n a  C a  2 2 S 0 0 2596 0 787 2 408 4 3 3 6 3031 3 466 3722 0

15 T n cy d ic  ta rp a n a  C a  2 2R 799 0 2303 0 365 2545 4321 4 4 8 0 2 582 4 418 0

16 18a<H)-22.29 a O n o m a o n o p a n a  (T j) 2 3 1 8 0 2966 0 2369 4031 420 5 4 5 5 8 5002 3349 0

17 t unknow n ta rp a n a 0 0 0 0 62 5 0 0 0 G 0 0

10 T n cy d ic  ta rp a n a  Cm 2 2 S 774 0 1517 0 716 1596 333 9 303 7 2 1 0 4 2059 0

19 i7 a(H )-2 2 .2 9 .3 (M n in o m cp an a  (Tm) 2 8 2 2 9 0 4325 0 1375 3096 4 6 9 3 6 6 2 5 2 15064 39259 0

20 T n c y d ic  ta rp a n a  C »  2 2R 0 0 1375 0 536 1020 3450 302 2 0 4107 0

21 17U(H )-22.29.30<n»ncrniora«ana 343 4 0 0 0 0 0 464 3 0 2655 4 107 0

22 2 unknow n ta rp a n a 0 0 1135 0 Q 0 0 Q 1553 Q a
23 T n cy d ic  ta rp a n a  C m 2 2 S 0 0 1545 0 576 2075 7395 0 0 2 987 0
24 T n c y d ic  ta rp a n a  C „  22R 0 0 1435 0 576 1546 3311 3000 0 4107 a
25 1 7 a(H ).21IS < H K »ncifiopana 75321 0 13079 0 3407 10427 123704 2 1 4 3 2 4 2 4 4 3 107400 j
26 C a C ia n o p a n a 0 0 2405 0 3132 3686 1789 3 1 0 0 1026 0 0
27 3. unknow n ta rp a n a 0 0 457 0 65 8 Q 0 0 0 0 0

20 i7B (H ).2 la (H ).30w iortncra tana 9 6 0 7 0 1753 0 0 0 14241 2 822 8676 10602 0

29 i8 a (H ).o la a n a n a 0 0 1926 0 1122 1007 3347 3000 10003 3347 0
30 i7 a (H ) .2 l  « H H ic p a n a 145837 0 3 9076 0 9 254 30311 20 6 9 4 0 72342 9 7 3 3 5 180641 0

31 l7 0 (H ).2 la (H M to re ta n a 3 1503 0 4730 0 1833 3145 50276 7531 13011 39664 0
32 t7 a (H t 21 U (H ).22S .30.<vxnohopana 2 5 6 0 8 0 589 5 0 2740 6 3 1 9 2 9708 10171 11217 24425 0

33 l7 a (H ).2 l 3 (H ).2 2 R .3 0 u io m o n o p an a 2 2153 0 4040 0 2409 4 625 10456 742 7 13357 15208 0
34 g a m m acaran a 4 7 5 4 7 0 17870 0 2102 16384 52301 20012 40401 46767 0

35 17a<H).21 IK H ).2 2S .30 .3H )i»hom oncpana 11692 0 4012 0 2473 4108 13673 5 5 0 9 10543 11377 0

36 1 7 a(H )2 1  l«H t 2 2 R C 0  31 U xanom onopana 10666 0 3320 0 1310 2689 991 9 3864 10813 0729 0
37 l7 a(H ).2 1  0 (H V 2 2 S .3 0 .3 1 .3 2 ^n sh o m o n o p an e 6 7 7 0 0 260 4 0 1074 2779 067 6 2 6 2 3 3414 7539 0

30 i7 a(H ).2 1  H (H |.22R .30.31 324nanon% m opana 5106 0 2010 0 511 2235 675 8 2 5 7 2 4 2 7 9 4954 0

39 l7 a (H ) .2 l  G<H) 2 2 S 4 a(ra lu an o m o n o p an a 2 134 0 1550 0 400 920 3656 1670 1462 2108 Q

40 i7 a(M ),2 i lX H ).22R 4alrakianom onopana 1129 0 501 0 0 690 2583 993 3165 1404 0

41 i7 a (H ).2 l S(H) 2 2 S .p a n ta lu sn o n ia n cp a n a 1702 0 513 0 0 266 941 0 241 6 511 0

42 i7 a< H ).2 l a (H ).22R -pan tak ianom onopana ^  61 2 0 535 0 0 265 1172 0 244 4 475 0

Oi-, Sesquiterpanes m/z 123
43 C tsO icydana 0 2374 744 9595 5381 2320 0 3 496 0 0 872

44 C ,,P ic y d a n a 1101 1120 1098 4092 7306 5410 1427 0 1 8 3 1554 2297 951

45 B IN H W nm ana 0 375 0 3751 1950 7072 6 0 9 6 16998 14632 266 2 24057 940

46 C ijtk c y d a rw 67 8 0 2033 947 5453 4127 1730 6 6 0 5 1209 1718 523

47 C ijb ic y d a n e 0 0 61 3 0 2201 1573 0 2681 1391 730 0

48 C t< 0icydane 1704 20 0 1573 1571 3760 3415 0 4530 941 2604 831

49 8C(H H iom oO nm ana 14410 0 7380 2053 11568 12621 0 21061 512 0 19552 2021

50 C irD icydane 1058 0 596 0 721 805 1513 1490 706 2557 C

51 C irD icydana 3715 0 1946 0 590 1721 906 6 3774 1824 604 2 0

52 C tib ic y d a n a 312 2 0 1361 0 567 1760 507 9 3 002 257 0 6105 351

53 unknow n Oitarpana 3553 799 4 6 8 0 1300 1581 5151 19527 10418 10954 18653 2206

54 40 < H )-I9 .n o n so p o m aran a 1552 1330 3464 3322 2246 3927 2408 7027 5998 2231 2506
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P e a k ’ ’
, . '■<

n o . U B I a U B 2 0 U B 3 0 U B 4 0 U B 5 0 U B 6 0 U B 7o U B 8 0 U B 9 o UB10> U B 1 1 0

55 C trb icy c tan « 1821 0 1 7 7 2 0 0 1394 6 427 3420 3497 5 820 0

56 C t« b tc y c la r« 0 0 0 0 0 0 0 0 0 0 0

57 17 -n o n ê tra c y d ic  dJterparM 0 0 982 611 4 9 7 1332 0 2228 570 314 45 4

58 iso p n m a ra n c 1180 0 1184 598 1720 1942 3158 2486 1328 1770 1425

59 16 0 (H H y iy ilo c tad an € 1158 0 1974 0 802 2471 6 619 5095 5230 4421 572

S t e r a n e s ,  d i a s t e r a n e s  m / z  2 1 7

60 5 a (H ).l4 a (H ) .i7 a (H H Jig if tan e 0 0 0 0 0 0 0 0 0 0 a
61 5a(H ) 14(WH). 17 0 (H H io m o d ig ifian e 0 0 0 0 a 0 0 0 0 0 0

62 130<H). 17 a (H ).2 a S -d ia c n a la s ta n e 0 0 0 0 368 374 0 0 2512 0 0

6 3 13G(H). 17 a(H ).2G R -<liacho(eslane 0 0 2 19 0 363 0 0 0 1998 0 0

64 13a(H ). 1 "&{H) 2 0 S -d ia c h o la s ta n e 0 0 0 0 0 270 0 0 1298 0 0

6 5 13a(H ). 17(V H ).20R -< ltacnolestane 0 0 0 0 21 7 185 0 0 2716 0 0

66 24wnetfiyi‘ i 30(H ). 1 7 a(H ).2 0 S -d iac fio la stan e 0 0 235 0 151 0 0 0 469 0 0

6 7 24-m etfiyi-i 30(H ). l7a(H ).2 0 R -< Jiacn o las tan a 0 0 251 0 2 0 6 0 0 0 1843 0 0

6 8 2 4 -C a  oO d ia  2 0 S + o a  C t t  2 0 S 4 400 0 1349 0 4 4 9 710 6344 1481 31728 5 919 0

6 9 2 4 -C »  oO d ia  2 0 S +  0 0  C%r 2 0 R 1614 0 793 0 757 72 6 2052 1055 2676 1764 0

70 2 4 ^ i a  oO  d ia  2 0 R * 0 0  C j t  2 0 S 0 0 585 0 4 4 4 0 1750 725 1276 1332 0

71 l4 a(H ). l7a(H ).20R H :tx> tastana 6 7 6 0 0 2545 0 530 85 7 9516 1374 07047 8 037 0

72 24-am yM  30(H ). 17 a (H ).2 0 R -d iac n o ia s ta n a 1937 0 295 0 382 187 2 053 0 2 199 2 086 0

73 24-am yt-i 30(H ). 17 a(H ).20S -< Jiachofasiana 2044 0 316 0 0 306 1831 0 1404 1550 0

74 24-#nethy(-l 4a(H ). l7 a(H V 2 0 S -c n o * a« a n e 5446 0 401 0 0 41 7 6 1 1 6 274 1768 5805 0

75 2 4 ^ a  aO  d ia  2 0 R X :a  0 0  20R 7990 0 552 0 352 54 9 7650 655 10452 6 7 7 4 0

76 24 -m athy l-i40(H ). 17 0 (H ).2 0 S -c n o la s tan a 3930 0 494 0 257 713 5205 728 476 5134 0

77 24-rtwtftyi-i 4a<H). 17 a (H ).2 0 R -c fio (as tan a 25850 0 1639 0 196 336 18349 1120 17992 16313 3

78 2 4 -am y M  4a(H ). 1 7 a(H ).2 0 S -cfx )(as ian a 9 699 0 1316 0 4 S I 6 5 3 15737 965 7223 14446 0

79 2 4 -am y M 4 0 (H ). 170(H V 2G R -ctio lastana 6884 0 1281 0 26 9 753 11538 825 6 1 9 6 9 915 3

8 0 2 4 -am v t-i4 0 (H ). 17Q (H ).20S-cftt3lestana 3930 0 804 0 500 661 7655 721 444 5900 3

81 24-a th y l-i4a(H ). 17 a(H ).2G R 'C no lastana 19288 0 2904 0 515 728 19265 1437 2 8332 23 4 1 8 3

M o n o a r o m a t i c  s t e r o i d s  m / z  2 5 3

8 2 m o n o aro m atic  s ta r a n a  C?r 834 0 551 0 0 353 932 313 4 940 745 0

8 3 m o n o aro m atic  s ta r a n a  C 77 70 0 344 0 180 322 74 538 1337 83 Q
8 4 m o n o aro m atic  s ta r a n a  C}T 414 0 151 0 177 22 0 322 254 1603 188 0

8 5 m o n o aro m atic  s ta r a n a  C tt 807 0 765 0 2 6 4 4 3 8 693 589 7066 530 0

86 m o n o aro m atic  s ta r a n a  C y r ^ C n 3942 0 1199 0 273 684 2668 '9 1 11890 2 333 0

8 7 m o n o aro m atic  s ta r a n a  C y r ^ C n 339 0 247 0 2 4 250 139 370 557 128 0

8 8 m o n o aro m atic  s ta r a n a  C y r ^ C y t 485 0 623 0 115 227 6 57 331 9012 6 5 9 0

8 9 m o n o aro m atic  s ta r a n a 9643 0 2235 0 5 5 2 1311 8 359 2313 19955 7 153 0

90 m o n o aro m atic  s ta r a n a  C y r ^ n 268 0 209 0 2 2 0 136 266 68 575 309 a
91 m o n o aro m atic  s ta r a n a  C y r * C y t 276 0 370 0 311 2 4 0 268 164 765 4 7 5 0

92 m on o aro m atic  s ta r a n a 6 188 0 1734 0 177 788 6 9 1 8 1065 16461 5803 0

93 m o n o aro m atic  s ta r a n a  C y t * C y $ 2500 0 1215 0 216 48 9 2 600 0 11077 2 296 0

94 m o n o aro m atic  s ta ra n a 5144 0 891 0 5 5 27 8 4 4 2 2 6 5 3 8 555 3 330 0

95 m o n o aro m atic  s ta r a n a  C » 324 0 198 0 97 214 202 210 116 ISO 0

9 6 m o n o aro m atic  s ta r a n a  C » 5165 0 1256 0 53 369 4844 702 12413 4 3 9 4 0

I I waxy type

I ^  im m ature type

I I regular type
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APPENDIX 8.1

P e a k

n o . U B 1 3 0 U B 1 4 0 U B 1 5 0 U B 1 6 0 U B 2 0 O U B 2 1 0 U B 2 2 0 U B 2 3 0 U B 2 4 0 U B 2 9 0 U B 2 7 0

T e r p a n e s  m / z  1 9 1
T n cy d ic  la rp a n c  C,« 550 903 54 6 1653 165 500 500 1494 500 1244 533

2 T n cy d ic  le rc a n *  Cm 3635 12262 84 5 7 096 3 435 1620 2136 5975 9 4 2 4 26725 8251

3 T n c y d ic  le rp a n a  Cjt 13086 11787 2 1 6 8 2 0057 8 6 9 2 5177 5682 12783 17632 32232 •9186
4 T n cy d ic  la rp a n e  C a 2915 1349 0 5 3 4 9 1647 8 9 0 1027 2576 3 5 7 5 3343 :9 2 S

5 T n cy d ic  ta rp a n a  C a 14559 9244 2 9 0 0 26695 9 3 8 2 5376 6 725 14167 19866 21012 •9 0 6 0

S T n cy d ic  ta rp a n a  C j. 7410 4 2 6 0 2 3 1 0 2 2 6 3 7 5 5 7 9 43 7 7 5928 10035 14404 14326 14697

T n cy d ic  ta rp a n a  C a 3912 1436 1029 9 1 4 4 2 7 1 8 1797 2 094 4011 6 5 3 6 4725 4863

a T n c y d ic  t a rp a n a  C a  22S 2660 2364 79 4 9 7 1 2 3063 2 0 6 6 1845 3660 5 6 9 3 6 367 5318

9 T n cy d ic  ta rp a n a  C a  22R 3532 7781 1205 11199 3345 1863 2 185 4838 7041 7401 5 960

10 T n c y d ic  ta rp a n a  C a  22S 0 0 0 1593 0 0 a 0 0 0 0
1 1 T n cy d ic  ta rp a n a  C a  22R 0 0 0 1381 0 0 0 0 0 0 0
12 T n cy d ic  ta rp a n a  C a  22S 3163 1280 5 2 9 8 7 2 4 2 4 6 3 1591 2256 3675 6 3 4 9 3626 5086

13 T n c y d ic  ta rp a n a  C a  22R 2 555 803 771 8711 2 3 6 3 1407 1841 3505 4 3 7 4 4326 4502
14 T n c y d ic  ta rp a n a  C a  22S 2436 912 1170 10345 2 5 0 5 2037 1656 2608 5 3 6 5 4043 4959

15 T n cy d ic  ta rp a n a  C a  22R 2614 968 897 10051 2 6 0 7 2001 1954 2861 5 2 8 3 3193 4780

16 ia a (H )-2 2 .2 9 .3 0 'n o m a o n o p a n a  (Ts) 3762 1960 3 2 0 2 10419 3675 2286 2 062 4401 5 4 4 4 2807 3867

17 1 urPtnown ta rp an a 1312 0 5 02 0 0 556 0 0 0 Q 0
18 T n c y d ic  ta rp a n a  C a  22S 2086 931 8 7 8 7 2 2 4 2 3 0 3 1346 1557 2066 4 5 5 4 2056 4 216

19 17 a(H )-22 .29 .3& < nsncrfiocane  (Tml 2646 39952 1353 4 5 2 6 4 0 7 6 6 99 1260 5669 3 6 1 6 35132 3550

20 T n cy d ic  ta rp a n a  C a  22R 2545 0 786 64 0 6 2 1 4 6 1226 1426 3000 3 7 2 5 0 3300

21 17Q <H )-22.29 .30-tnsnonnoratana 0 3685 0 0 0 0 0 0 1243 4124 0
22 2 unknow n ta rp an a 1520 0 1192 42 3 6 1652 674 0 1862 1505 0 1316

23 T n cy d ic  ta rp a n a  C ,i 22S 1772 4326 8 72 7 792 2 3 6 9 1121 1456 2253 3 6 2 9 2840 2268

24 T n cy d ic  ta rp a n a  C ji 22R 1807 1197 525 7793 2 020 1574 1266 2404 3 6 6 6 1868 4384

25 17a(H ).21 B<H )-30-nom opana 9327 103663 4 1 5 9 18321 16747 1999 4464 20597 3 4 6 0 0 99621 12^06
26 C a O ia n c p a n a 5762 0 2 3 4 4 11665 3876 1799 1663 0 22 8 3 925 3636

27 3 unknow n tarp an a 0 0 0 2 406 569 617 0 Q 785 0 0
28 17IJ(H).21 a(H )-30-norm cra«ana 390 15135 0 2 345 2 012 4 80 C 2 589 3 3 6 9 10809 1186

29 i8 a(H )-o iaan an a 1671 3719 1144 1639 1286 0 564 2352 1552 2793 2496

30 i7a< H ).2 l S(H )-nopana 28457 163736 10014 52573 49471 5951 10996 50506 73 2 0 5 136944 33227

31 17IMH) 2 1 a (H )-m o ra a n a 3263 55596 1016 44 6 0 5 059 863 1344 7044 7942 36541 3503

32 i7 a (H ) 2 l  Q (H ).22S-30-nom onopana 7630 34692 2665 11940 9 205 1755 1931 10162 14486 17967 5747

33 i7 a(H ).2 1  lV H ).22R -30-nonionopana 4314 24496 2 1 7 9 8 799 5 060 996 1213 7208 9 2 7 5 14385 3997

34 g am m acaran a 32605 44226 2 5 0 9 50206 2 5 0 0 9 6 0 7 5 9 436 22928 33 1 3 2 40658 14377

35 l7 a (H )  2 l  8< H ).2 2 S -3 0 .3 l-0 isn o m o n o p an a 6226 11899 2 1 7 3 8612 7463 852 1064 7068 8 7 1 9 10738 4 049

36 i7 a (H )  2 l  CKH).22R-30.31-Oisnom onooana 4276 10077 1430 5 210 4361 663 1125 4432 6 3 2 9 7714 2523

37 l7 a (H ) 2 l  0<H ).22S-30.31 32-«nanom ohopana 3184 6 2 4 0 66 9 4 6 2 7 3667 65 4 716 4066 4 9 0 4 6504 2136

38 l7 a(H ).2 1  B<H).22R-30.31 3 2 -tn in o m o n o p a n a 2262 5195 96 0 4 1 7 0 765 503 68 9 2544 3 4 0 2 4305 1466

39 t7 a (H ) .2 l  0 (H ).22S -< alrakianom anopana 1289 1846 735 2 6 3 0 2 512 0 334 1246 1771 2286 635

40 17a(H ).21 l3 (H ).22R -tatrak ianam anopana 827 66 3 546 1961 1200 0 959 865 1535 2072 1308

41 17a<H ).2 l (U H ).2 2 S -p an tak iin am an o p an a 849 1364 362 1306 6 0 7 511 0 483 9 6 4 1870 363

42 l7 a< H ).2 l 0 (H ) .2 2 R -p an tak jsn am an o p an a 919 436 0 8 0 6 46 3 0 0 471 6 1 5 576 541

□ Î - ,  S e s q u i t e r p a n e s  m / z  1 2 3
43 C iib ic y d a n a 1433 0 4 6 5 4 6 4 4 4 2 3 1 4 5510 1300 1125 1066 0 2670

44 C .,b ic y d a n a 3160 63 7 6 3 4 6 10286 4 777 7185 2 895 2603 3 533 2426 6 128

45 80(H )-anm ana 4184 7836 6 6 5 9 11151 7774 7645 4 277 5086 13687 25514 17731

46 C .jb ic y d a n a 2444 6 2 0 5263 8 6 8 5 4001 5977 2515 3019 3725 2065 5577

47 C ijb ic y d a n a 1436 0 2 254 3 4 3 9 1466 1695 1141 1212 1509 589 1967

48 C iib ic y d a n a 2026 1761 3 612 7153 2942 3946 1937 1684 2 1 9 4 2267 4964

49 atW H H w rnodnm ana 19633 11795 12716 21 5 9 2 13153 10333 8 3 0 6 12204 16591 14359 17941

50 C iib ic y d a n a 1182 1236 757 1561 91 5 923 856 765 1839 1861 1401

51 C irb ic y d a n a 2704 2963 86 5 3 3 7 3 2 4 3 9 1325 1328 2645 3 4 3 3 5769 3660

52 C iib ic y d a n a 2373 4128 86 4 2 9 1 3 1691 1233 1815 1518 3323 4845 3943

53 unknow n Oitarpana 8125 5601 2 343 6 4 2 0 5630 4 796 3740 6731 8 3 6 0 13240 10362

54 4Q< H )-19-nonsopnm arana 10266 1720 2 944 6371 2 654 4621 4 222 4799 2 3 4 8 1719 8061
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P e a k

n o . U B 1 3 0 U B U o U B 1 5 0 U B 1 6 0 U B 2 0 O U B 2 1 0 U B 2 2 0 U B 2 3 0 U B 2 4 0 U B ^ U B 2 7 0

55 C.jO icyetanel 3119 2792 583 862 1335 808 749 2 6 2 6 2361 4371 3563
56 C.,DiCYeian« 465 0 0 704 0 0 0 0 552 0 0
57 17 .n o n elracy c iic  o te rp a n e 1501 0 597 1717 894 1251 1180 1307 736 0 2912
s a iso cp m aran a 2280 1818 2184 5517 1051 3890 3224 1456 1789 1714 2737

59 i & U H h v t v f i i o c i a a a n t 4260 1547 635 2778 2080 1719 1764 3 4 7 9 3934 3902 4835

S t e r a n e s ,  d i a s t e r a n e s  m / z  2 1 7
GO Sa(H). 14Q<H). irQ fH M ig in an » 801 Q 0 0 0 0 0 0 0 406 0
61 5a(H l. 14&(HV l70(H 14)om Q ai3inar« 710 Q 0 0 0 a 0 0 107 203 0
6 2 130(H). 17 a (H ) .2 0 S .a ia c n o i« ta n e 731 0 400 0 286 124 107 0 143 0 374

6 3 U O (H ) i7 a(H ).2 0 R .d ia c h o la « a n « 345 0 Q 0 140 0 107 0 0 0 270

6 4 13a(H ). l'0 (H ).2Q S-<liacty3l«sune Q 0 Q 0 163 0 102 0 146 0 0
6 5 i3 a(H ). 17 0 (H ).2 0 R ^ liacn o i» sta re 311 0 0 0 0 0 0 0 129 0 0
6 6 24wnal>iyl-130(H). I7a(H ).20S .< liactio lestane 298 0 0 0 0 Q 121 0 168 0 a
6 7 24.<nem yl-)30(H ) 17a(H ).20R-<liacM ol«tane 300 0 300 0 273 0 111 0 42 5 395 0

6 8 2 4 .C »  oO  d ia  20S-> aa C„ 20 5 947 5687 737 1177 871 198 154 1245 2 096 4 3 6 9 710

6 9 2 4 .C »  dO d ia  20S«- 0 0  Cn 20R 1503 1751 806 2355 820 333 40 9 1211 1628 1524 726

70 2 4 X :a  oO  d ia  2 0 R '> aa  C ir  20 5 1164 1093 431 1463 398 255 312 1000 1574 1059 570

71 14a(H). 17 a (H ).2 0 R O io ie a ta n a 833 9951 664 1030 719 103 179 2 2 1 5 2192 6 9 9 9 400

72 2 4 .am y l-i 30(H ) 17a(H ).20R K liacnolaatana 306 2951 199 473 0 105 0 25 2 578 1605 187

73 24.elhY l-l30(H ).i7a(H ).20Ss& acm olea% ane 0 2 777 178 499 145 191 0 175 126 1409 417

74 2 4 Jn a lh y M  4a(H). 17 a (H ).2 0 5 < n o le» tan a 358 9 303 0 327 316 0 0 43 5 662 46 1 9 0

75 2A-C3,  aO  d ia  2 0 R « C a  0 0  20R 919 9 034 375 1536 691 246 199 1023 2041 5381 549

76 244Tiethy)-140(H). 17 0 (H ).2 0 5 < J ic la s la n a 761 4 668 288 1264 571 303 290 749 1833 3 415 713

77 2 4 ^ n atn y l-1 4 a (H ).1 7 a (H )2 0 R < n o le sta n a 625 33256 217 1142 736 148 309 1560 2222 11270 336

78 2 4 .am y i-i4 a(H ). 17 a (H ).2 0 5 < » x iles tan a 588 15413 553 1287 840 285 264 1400 2632 11465 653

79 2 4 ^ o iy i - i  40(H). 170(H ) 2 0 R < tio le s ta n a 931 10510 63 9 2999 922 327 456 1347 3172 3002 753

80 24.am yl.140(H ). 17 0 (H ).2 0 S < n o laa lan a 802 5 69 48 0 2348 754 301 384 1269 2613 46 6 661

81 24 .em yl-14a(H ) 17a(H ) 2 0 R -cP o lestan a 760 32 8 0 4 65 7 1392 1135 224 176 2 4 4 9 3123 17222 '2 8

M o n o a r o m a t i c  s t e r o i d s  m / z  2 5 3

8 2 m onoarom atic  n e r a n a  Cr> 368 821 0 1296 394 Q 0 6 1 4 641 521 203

83 m onoarom atic  s ta ra n a  C r 574 71 264 0 769 0 0 554 435 59 134

84 m onoarom atic  s ta ra n a  C ji 445 193 125 0 274 0 0 324 424 196 149

65 m onoarom atic  s ta ra n a  C „ 885 857 338 0 908 114 0 1199 63 9 46 6 244

86 m onoarom atic  s ta ra n a  Crr*Ĉ 756 5973 255 0 872 0 0 1554 1670 2 254 275

87 m onoarom atic  s ta ra n a  C :r> C a 459 339 191 0 403 104 0 6 1 3 286 138 122

88 m onoarom atic  s ta r a n a  C > rrC » 152 731 100 0 303 90 0 722 703 918 "7

89 m onoarom atic  s ta ra n a  C i r r C a 1372 13045 596 0 2726 75 191 3107 3825 5772 486

9 0 m onoartxnatic  s ta ra n a  Cjr*Cn 160 355 135 826 233 105 0 ISO 107 79 80

91 m onoarom atic  s ta ra n a  C rr* C a 255 361 189 0 521 n o 110 46 5 546 272 108

92 m onoarom atic  s ta ra n a  C s->C n 519 10216 155 0 1139 0 0 1995 2 2 4 5 5323 171

93 m onoarom atic  s ta r a n a  C a * C » 682 3 500 203 0 1432 71 0 1309 1312 2 4 5 9 300

94 m onoarom atic  s ta ra n a  C n * C » 255 7 897 64 214 400 0 103 94 0 1123 3418 198

95 m onoarom atic  s ta ra n a  C a 366 83 0 0 301 98 0 29 9 260 101 132

96 m onoarom atic  s ta ra n a  C a 490 7310 216 300 941 100 0 1509 1756 3483 114

I I w a x y  t y p e

I I I m m a t u r e  t y p e

I I r e g u l a r  t y p e
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APPENDIX 8.1

Peak
no. UB30O UB310 UB330 UB340 UB380 UB390 UB420 UB460 UB470 UB480

T erpanes m /z 191
Tncyciic t e rp a n e  C.» 300 370 1290 450 0 0 400 506 474 538

2 T n cy d ic  le fp a n e  C » 2 204 513 4 174 767 0 0 2468 1735 2499 2965
3 T n cy d ic  te rp a n e  C j , 5794 3136 4 5 4 9 2609 0 0 ^419 5490 6596 8783

4 T n cy d ic  la rp a n a  C s 950 768 1071 542 0 0 1194 1041 1423 '6 7 0

5 T n cy d ic  ta rp a n a  C n 5156 3912 6 094 3068 0 0 7594 6 2 4 6 5 9 5 9 3633

6 T n cy d ic  t a rp a n a  C i . 3 775 3565 2848 2098 0 0 3976 4271 5512 5751

7 T n cy d ic  ta rp a n a  C a 1841 777 1403 1541 0 0 2 637 2 077 2117 2 507

3 T n cy d ic  t a rp a n a  C a  2 2 S 1826 1251 1793 878 0 0 2115 2 146 1947 2607

9 T n cy d ic  ta rp a n a  C a  22R 2377 1523 5007 1087 0 0 2663 2 248 2443 3151

10 T ncy d ic  ta rp a n a  C ;r2 2 S 0 0 0 0 0 0 0 0 0 0

11 T ncy d ic  ta rp a n a  C u  22R 0 0 0 0 0 0 0 0 0 0

12 T ncy d ic  t a rp a n a  C a  22S 1514 1686 1314 1030 0 0 1976 1661 2141 2891

13 T n cy d ic  ta rp a n a  C a  2 2 R 1741 1124 1161 962 0 0 1837 1762 1887 2 069
14 T ncy d ic  ta rp a n a  C a  2 2 S 1781 1267 1065 1304 0 0 2157 1721 1457 2074

15 T n cy d ic  t a rp a n a  C a  22R 1452 1234 796 1154 0 0 7222 1891 1490 2138

16 t8 a(H )-2 2 .2 9  3 0 .n o m a o n o p a n a  (Ts) 1542 1313 2005 2583 0 0 2193 2956 2051 2 969

17 1 unknow n ta rp a n a 0 0 0 657 0 0 0 54 0 0 0

18 T ncy d ic  ta rp a n a  C a  2 2 S 1097 1083 482 868 0 0 1378 1180 1338 1699

19 17 a(H )-22 .29 .30 .tnsnorfiopana  (Tm) 1562 105 13895 1495 0 0 2750 2 1 0 9 1085 2 130

20 T n cy d ic  ta rp a n a  C a  22R 877 0 785 697 0 0 1554 1205 1408 1312

21 17fl(H )-2Z 29.3& «isnorniorB lana 4 6 6 0 2153 0 0 0 0 44 8 0 0

22 2 unknow n ta rp a n a 8 35 656 0 1152 0 0 772 1385 682 988

23 T n cy d ic  ta rp a n a  C »  2 2 S 1236 66 6 1325 644 0 0 1316 1212 1205 1705

24 T ncy d ic  ta rp a n a  C n  22R 1218 1216 0 514 0 0 1064 1159 1269 1594

25 ’ 7a(H ).2t(i(H )-3(>oQitvooanB 5 1 0 8 1660 3 4199 4544 0 0 6661 7 8 7 5 5 559 '4 0 3

26 C a C ia n o p a n a 1358 1659 2528 2244 0 0 2277 2 477 2455 2541

27 3 unknow n ta rp a n a 3 48 0 749 0 0 0 0 5 0 2 0 0

28 17(l(H ).2 la(H ).30H iom ioratana 4 8 0 0 2 590 300 0 0 40 0 93 5 61 9 1090

29 i8 a (H ).o la a n a n a 712 0 5814 1133 0 0 1580 6 3 0 851 1243

30 !7 a(H ).2 l iX H v n o p an a 13805 3572 52987 11224 0 0 16532 2 1 9 4 4 14305 19420

31 17(5(H).21 a (H )u n o ra tan a 1566 0 4915 1473 0 3 1613 2 2 9 4 739 2475

32 i7 a (H ) 2 l  l«H ).22S .304T om onopana 2229 895 14744 2933 0 0 3790 4 2 0 9 3180 4 962

33 17a(H).21 (W H ).22R-304iom onopana 1898 576 8233 2047 0 0 3160 2 892 2238 2912

34 g am m a c ara n a 6631 4411 13586 2746 0 0 8318 12410 7375 11179

35 t7 a ( H ) 2 l  (S (H ).22S O 0.3H iisnon ionopana 1566 401 8 299 2163 0 0 3244 3041 2299 3913

36 17a(H).21 a< H ).2 2 R -3 0 .3 m isn o m o n o p an a 1425 346 5201 1618 0 0 1754 2 2 8 2 1633 2516

37 17a(H).21 Q (H )2 2 S -3 0 .3 1 .3 2 4 n sn o m o n o p an a 681 346 4623 1325 0 0 1727 1688 1021 1799

38 l7 a (H ) 2 )  Q(H).22R<50 31 .32H n sn o m o n o p an a 591 65 6 2984 680 0 0 1198 1259 528 1158

39 l7a(H ).21  0 (H ).2 2 S ^atrak jsn o m o n o p an a 522 553 3152 569 0 0 526 934 498 1134

40 i7 a(H ) 21 0(H) 2 2 R 4 a lrak isn o m o n o p an a 323 0 1791 256 0 0 46 9 763 341 472

41 i7 a (H ) .2 l  (M H ).22& pantakisnom onopane 0 0 1325 445 0 0 3895 0 297 0

42 l7 a (H ).2 i 0 (H ).2 2 R s)an tak isn o m o n o p an a 0 0 751 315 0 0 483 0 0 0

01-, S esq u ite rp an es m /z  123
43 C .jb ic y d a n e 1393 4454 0 4291 3625 7197 2665 3236 2668 2 318

44 C iiP ic y d a n a 3341 6 327 0 7567 973 2523 4382 5231 4414 3672

45 BO (H ).anm ane 5942 5751 13393 7015 512 711 6785 6 6 4 7 5500 4957

46 C .jD ic y d a n e 2 8 2 9 3992 0 4711 0 862 2 509 4 9 3 7 3472 3362

47 C .sb ic y d a n a 82 8 1659 0 1639 0 0 1383 1721 1159 1532

4 8 C w b ic y d a n a 1925 2 909 89 8 3102 236 812 1953 3 7 9 9 2050 2 290

4 9 80(H )4 iom o0nm ana 6 5 7 5 8523 10658 10260 0 62 2 12918 12433 10700 11591

50 C .iP ic y d a n a 4 45 826 1705 912 0 0 832 6 1 6 627 614

51 C .rP ic y d a n a 1517 719 3948 733 0 0 1649 1566 1567 1751

52 C iiO ic y d a n a 1511 1000 3575 735 0 0 1663 1350 1335 1276

53 unknow n d ita rpana 3464 2192 1509 2372 0 661 4111 3591 3509 5818

54 4 0 (H )-1 9 .n o n so p n m aran a 3099 4644 0 3627 44 6 827 4187 3 557 4 725 6 046
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Peak
no. UB30O UB310 UB330 UB340 UB380 UB390 UB420 UB460 UB470 UB4d0
55 C trO icyctane 839 472 1027 385 0 0 1340 791 1156 1704

56 C t^O tcydane 0 0 1903 a 0 0 0 0 0 Q

57 i7 -n o rte tra c y c iic  dJterpaoe 9 40 1041 527 708 0 0 1007 1330 1089 1227

58 iso p n m a ra n a 1631 3489 1407 1431 0 0 1425 1778 1778 2042

59 16£U H >-priyliocJadan« 1422 1112 0 580 0 0 1572 1634 2031 2613

S teran es, d ia s te ra n e s  m /z 217
60 5a(H ). 14G(H). 170(H )-<jtcinane 0 0 1999 3 8 4 0 0 208 0 0 149

61 5a(H). 14G<H1.17 G (H H w m odig inan« 0 0 1858 0 0 0 127 0 0 a

6 2 i3 IU H ).i7 a(H ).2 0 S -< liach o ias tan a 0 0 545 4 4 4 0 0 8 3 4 2 29 146 99

6 3 i3Q < H i.i7a(H ) 2 0 R -d iac h o ia s ta n a 0 0 539 25 7 0 0 533 Q ISO 139

64 13a(H ). I *Q < H ).20S-diacho(astana 0 0 0 9 0 0 0 283 75 0 93

6 5 13o(H). 17Q <H ).20R-(Jiachoia5tane 0 0 318 146 0 0 146 0 124 110

6 6 24-m athyl-l 30(H ). 17 a (H ).2 0 S -d ia c h o les ta n a 165 0 2 777 2 5 0 0 0 150 122 122 99

6 7 24-m etnyl-i 30(H ). 17 a(H ),20R -cliacfx )lestana 0 0 3377 24 3 0 0 506 156 143 166

68 2 4 -C n  oO d ja  20S*w%  C 77 20S 378 122 14842 93 9 0 0 1637 358 340 424

6 9 2 4 ^ 3  oO  a #  2 0 S ^  0 0  C27 20R 394 281 13771 97 9 0 0 1548 4 58 6 8 0 714

70 2 4 -C a  aO  d ia  20R-HSO C 77 2 0S 279 221 12384 527 0 0 1019 450 243 418

71 i4 a(H ). l7 a (H ).2 0 R -ch o ia s ta n a 176 170 11430 1036 0 0 1432 267 344 524

72 24-am yi-l30(H ).i7a< H ).20R -d iacf> o ias tana 0 87 7154 168 0 0 24 7 0 96 0

73 2 4 -a th y H  30(H ) 17a( H) 2 0 S -d ia c tio (a sta n a 0 0 2578 164 0 0 137 116 117 135

74 2 4 -n w h y t-l4 a (H ).l7 a (H ) .2 0 S -c f io ta s ta n e 0 108 8047 2 9 9 0 0 2 9 4 0 187 165

75 2 4 ^ n  oO  d ia  ZO R^Cz, 0 0  2GR 227 285 29043 527 0 0 716 367 2 8 5 336

76 2 4 -m a tn y l- l4 0 (H ).i7 a (H ).2 0 S -c n o la s tan a 256 130 24308 26 6 0 0 6 1 4 314 184 348

77 24-#nachyi-i4a(H ). 17 a (H ).2 0 R -c h o ie « a n e 133 n o 18255 366 0 0 4 5 4 233 274 320

73 24-e*nyi-l4a<H ) i7 a (H ) .2 0 S -c n o le s ta n a 258 109 22613 578 0 0 857 345 321 337

79 24-ad iyM  40(H ). 17 0 (H ).20R -chQ (astana 271 303 35214 4 9 2 0 0 57 6 377 406 550

80 2 4 -ed iy l- l4 0 (H ).l7 0 (H ).2 0 S -cn a le s ta n a 290 263 30246 502 0 0 6 65 319 370 507

81 2 4-atïiy i-14 a ( H ». 17a(H  ), 2 0 R -c n o ia s tan e 398 170 25568 737 0 0 716 369 4 5 9 557

M onoarom atic s te ro id s  m /z 253
32 m o n o aro m atic  s ta r a n a  C?? 150 0 227 190 0 0 295 99 78 189

83 m o n o aro m atic  s ta r a n a  C77 137 60 0 353 0 0 516 159 181 434

84 m of^oarom atic s ta r a n a  C 3? 87 109 30 22 9 0 0 341 140 134 153

85 m o n o aro m atic  s ta r a n a  C n 214 0 194 49 4 0 0 6 7 3 402 216 450

86 m o n o aro m atic  s ta r a n a  C i r ^ z t 306 0 497 412 0 0 589 358 28 6 533

87 m o n o aro m atic  s ta r a n a 4 9 0 0 2 4 2 0 0 172 145 167 265

88 m o n o aro m atic  s ta r a n a  C n * C n 112 0 169 8 9 0 0 26 0 73 152 128

8 9 m o n o aro m atic  s ta r a n a 525 51 8 8 2 821 0 Q 8 5 5 705 749 805

90 m o n o aro m atic  s ta r a n a 0 0 0 221 0 0 6 8 0 78 184

91 m o n o aro m atic  s ta r a n a  C zr^C » 0 0 104 211 0 0 150 140 38 241

92 m o n o aro m au c  s ta r a n a  C j 9 * C n 319 0 303 2 4 0 0 0 401 408 177 369

93 m o n o aro m atic  s ta r a n a  C n * C n 256 0 383 331 0 0 4 24 275 23 0 411

94 m onoarom atic  s ta r a n a 140 63 377 76 0 0 50 120 93 187

95 m o n o aro m atic  s ta r a n a  C * 149 62 0 135 0 0 279 99 168 196

96 m o n o aro m atic  s ta r a n a  C n 254 0 313 120 0 0 168 212 2 5 0 490

I I waxy type 

immature type 

regular type

A8.1-6



APPENDIX 8.1

Peak
no. UB510 UB520 UB530 UBS40 UB550 UB570 UB590 UB60O UB610 UB630

Terpanes m/z 191
1 T ncyciic  le rp a n a  C-< 3263 332 200 300 745 3508 8 0 0 0 1835 4520 5564
2 Tncyciic  ta rp a n a  C » 16583 7970 5073 7703 7125 15569 7 0 9 5 3 4 5 1 5 3 31124 25137

3 T ncyciic  ta rp a n a  C n 49145 17609 12400 16989 18897 52051 1 6 7 4 1 8 9 8 4 5 9 85112 78058
4 Tncyciic  ta rp a n a  C n 10390 2 650 2139 3136 3 729 11312 2 4 3 2 9 18350 13558 16513
5 Tncyciic  ta rp a n a  C n 55167 17364 12548 20031 18567 6 2 4 7 3 166 7 8 3 104648 8 8 7 3 4 78455
6 T n c y d ic  ta rp a n a  C » 41367 11039 7405 12762 11947 46993 1 1 0 5 4 0 74466 67 6 9 7 51411
7 T n c y d ic  ta rp a n a  C a 17476 4222 3318 4944 4639 24 8 6 9 4 0 3 7 6 2 9 4 6 2 2 7 9 7 9 2 6 1 6 9
a T n c y d ic  ta rp a n a  C a  22S 16788 5433 3946 4920 5554 16528 5 4 5 7 7 4 2 6 1 9 35098 32230
9 T n c y d ic  ta rp a n a  C a  22R 18262 6 0 1 4 4533 6148 6 315 20005 6 4 1 4 0 4 3 1 2 5 37453 34423
10 T n c y d ic  ta rp a n a  C jr 22S 2702 0 0 0 905 0 8 7 0 0 0 5736 0
n T n c y d ic  ta rp a n a  C n  22R 3253 0 0 0 541 0 8 3 0 2 0 5343 0

12 T n c y d ic  ta rp a n a  C a  22S 18007 4435 2258 5308 4791 17962 50 6 9 7 31 9 6 0 35819 29991
13 T n c y d ic  ta rp a n a  C a  22R 18351 3 789 2865 5331 4105 2 1 6 8 2 5 0 8 2 7 34251 28 5 7 0 23642
14 T n c y d ic  ta rp a n a  C a  2 2 5 17133 3338 2806 3776 4335 2 4 6 8 7 3 6 2 6 9 30 4 7 3 25 3 8 4 25 0 4 6
15 T n c y d ic  ta rp a n a  C a  22R 17322 4056 2853 4110 4 294 24 6 8 8 3 8 2 6 4 31370 27907 25 8 4 5
16 1 8 a(H )-2 2 .2 9 .3 0 -n o m a o n c o a n a  (Ts) 21912 4 896 3975 4864 6698 23232 6 5 4 5 0 42 5 0 9 32493 46 7 3 5
17 t unknow n ta rp a n a 3236 0 0 0 0 7774 0 0 0 10817

18 T n c y d ic  ta rp a n a  C a  2 2 5 13286 2 660 2291 2999 3277 19771 2 9 2 9 0 25322 23 5 3 3 21394

19 i7 a (H )-2 2 ,2 9 .3 0 -tn sn o m c p a n e  (Tm) 11994 7434 4181 8001 5281 26 0 2 0 75 5 7 6 56886 19577 24831

20 T n c y d ic  ta rp a n a  C a  22R 12871 2600 2200 2900 3500 0 3 0 0 0 0 2 5 0 0 0 22 5 6 2 21452

21 i7 0 (H )-2 Z 2 9 .3 0 -tn sn o n n a ra ta n a 0 66 5 0 1045 498 0 0 0 0 0

22 2. unknow n ta rp a n a 9973 1779 1338 2507 2961 9 754 2 7 0 1 3 18508 9389 21 4 0 0

23 T n c y d ic  ta rp a n a  C n  2 2 5 15038 3243 2435 3156 3398 15264 4 1 7 4 6 26088 24500 21 9 0 0
24 T n c y d ic  ta rp a n a  C n  22R 15144 2949 524 3289 3669 14758 4 2 5 0 7 26 4 3 0 21 8 0 4 19863

25 17a<H).21 (J (H )-3 0 n o rtio p an a 58484 26626 15657 27094 19177 67 2 5 3 3 0 8 1 9 2 196740 88 3 8 5 82781

26 C a d a n o p a n a 24249 4252 3057 4898 6792 34288 52 1 7 7 8601 25841 43 5 2 0
27 3 unknow n ta rp a n a 4710 769 884 1526 930 7402 9977 0 4 792 11568

28 17S (H ).2 1 a(H )-3 0 -rx x n iara tan a 4871 3660 2224 3726 1912 7253 3 7 5 9 5 29726 7809 11291

29 i8 a (H )-o ia a n a n a 4 396 2977 1743 2672 1718 20445 30991 21622 16688 12281

30 i7 a (H ) .2 i  0 (H )-n o p an a 157385 58020 43631 65 3 1 4 57124 175166 6 7 7 0 6 0 4975 5 4 230 6 4 5 327721
31 i7 (5 (H ).2 la< H )^n o ra tan a 14279 8104 5237 10370 5450 20484 9 6 3 6 0 75368 24216 35729

32 l7 a (H ) .2 l  Q (H ).2 2 S .3 0 -n o m o n o p an a 33860 12045 9065 13459 11366 53603 147 7 6 6 95951 45175 74866

33 i7 a (H ) ,2 l  0 (H ).2 2 R .3 (W icm o n o p an a 20094 8390 5171 10572 7469 38636 9 7 3 6 9 76487 35166 4 9 3 7 4

34 g a m m a c a ra n a 106251 26560 13692 28274 29981 98043 2 9 6 5 1 5 190718 114554 207796

35 l7 a (H ) 21 0(H) 2 2 5 -3 0 .3 1 -O isnom onopana 25137 6902 5256 8831 7384 45262 7 2 9 9 8 6 5 8 6 2 36624 55368

36 17a(H )2 1  0 (H ).2 2 R -3 0 .3 1 -0 isn o m o n o p an a 14473 5174 4167 6 566 4712 34709 6 4 3 4 2 52636 24212 33427

37 i7 a ( H ) 2 l  0 (H ).22S -30 .31  3 2 -tn a n o m o n o p an a 15558 4446 3179 5286 4254 23 2 7 8 5 2 5 9 7 39502 16588 26797

38 l7a(M ).21 0<H).22R-30,31 3 2 - tn sh o m o n o p an a 12081 3064 2640 3408 2605 16593 3 8 4 1 4 30198 12998 2 3 0 8 0

39 i7 a (H ) 21 (3 (H ).22S -(a trak iinom onopana 7839 1494 1723 1711 1473 14083 2 1 5 7 6 23214 6611 13714

40 i7 a (H ) .2 l  (S(H ).22R -tatrak i»hom onopana 5683 1197 1376 1661 1303 9 125 17611 12826 6 6 1 3 9 373

41 17a(H ).21 B (H ).2 2 5 -p an tak is tio m o n o p an a 3943 176 518 1013 981 12313 12454 0 6 1 8 7 61 2 8

42 i7 a (H ) .2 l  B<H ).22R -pantakisH om ohopana 2198 347 389 394 237 6326 9 6 4 2 0 6 6 7 2 7831

01-, Sesquiterpanes m/z 123
43 C n tk c y d a n a 1281 1143 885 1043 3495 1178 4 1 3 2 5821 18701 18569
44 C iib ic y d a n a 2616 3226 2195 2451 7128 1825 10623 15246 30279 32834

45 8 0 (H )-p n m an a 3587 6 9 5 9 3997 5439 8979 2832 19354 29799 4 5 6 3 0 39885

46 C iib ic y d a n a 4586 3047 2150 3537 7099 1421 14929 13873 24535 2 9 5 8 4

47 C iib ic y d a n a 1783 1171 931 1207 2663 802 6 0 2 6 5672 11929 13075

48 C iib ic y d a n a 4131 1609 1530 2607 4428 1156 13362 9240 19978 2 0 8 0 0
49 0(S(H )-nom odnm ana 14846 11305 9913 12635 23636 10082 7 1 2 2 5 59038 76919 105500

50 C irb ic y d a n a 1470 859 828 971 1784 723 5 622 5007 5342 5955

51 C irb ic y d a n a 4356 1966 1920 3633 3726 1264 23321 14067 16522 14703

52 C iib ic y d a n a 3732 2424 1774 2119 3490 1394 14463 10667 13620 11055

53 u n know n O itarpana 1131 8963 6 049 9346 10927 3712 73 8 9 7 41960 38381 37463
54 4 Q (H )- i3 .n o n so p n m a ran a 13268 0 3833 7131 10086 3766 4 4 2 0 6 32155 39618 44 9 8 4

A8.1-7



Peak
n o . U B 5 1 0 U B 5 2 0 U B 5 3 0 UBS4d U B 5 5 0 U B 5 7 0 U B 5 9 0 U B 6 0 O U B 6 1 0 U B 6 3 0

55 C .rO iey d a n e 3896 0 2332 3962 3803 875 26638 15613 3737 •1732

56 C.(BiCycUn« 2500 3869 0 0 0 0 0 0 3 3

57 17 .n o n eiracy c iic  d x e rc a n e 4103 1228 1058 1978 2417 590 •4391 3422 11865 '3 3 9 8

58 ■sopnm aran« 5608 996 1017 1693 4057 1130 13051 9381 18034 •7865

59 ^ 60 ( H ).pnyiiociac)an« 6 9 1 4 4298 3029 4 769 6198 '4 6 6 30613 23577 17099 •8205

S te ran es , d ia s te ra n es  m /z 217
6 0 Sa(H). 1 178<H H Iigtnane 0 0 0 0 a 1549 587 0 703

61 5a( H ). 14tw H). 17a< H )-tiofnodiginane 0 0 0 3 0 0 866 0 0 0

6 2 130(H). i7 a (H )2 Q S -d ia c n o (e s ta n e 1449 227 154 310 341 6 234 1621 1671 '2 6 3 2418

6 3 130(H). l7a(H ).20R-<3jachaJestan6 90 2 136 0 165 224 3464 1301 1198 807 1453

64 i3 a (H ) l ’ 0 (H )2 0 S -d ia c n o le s ta n « 357 0 122 225 32 1896 1098 1115 0 0

6 5 13a(H ). 170(H).2Q R-(J»acholestane 2 37 0 0 0 0 2497 1112 0 0 0

6 6 24-m«my1-130< H). 17a( H ),2 0 S -^ a c n o )« s tan « 1368 167 134 2 28 163 1789 0 608 0 932

67 24-m em yhi30(H ).i7a(H V 20R -< 3 iacho iestane 1239 244 2 2 2 281 269 2644 2127 2152 1046 1545

6 8 2 4 -C a  o O  (ha 2 0 5 C p  2 0 5 2 6 4 9 2 007 1279 1385 1117 10851 12775 10850 3399 4955

6 9 2 4 -C »  oO  d ia  205*- 0 0  C n  20R 5318 1011 6 42 1335 1093 12074 10212 5187 4990 5659

70 2 4 - 0 »  a O  d ia  2 0 R * 0 0  C n  2 0 3 3 646 67 6 6 27 738 800 3118 7087 5439 4028 4674

71 l4 a(H ).i7 a (H ).2 Q R -ch o las tan e 2717 3055 1295 2874 925 9113 21705 13366 3342 3757

72 2 4 -« ttty (-l3 a (H ).l7 a (H ).2 0 R -d iacn o les tan a 8 57 206 141 0 243 9 79 988 886 0 1356

73 2 4-em y t-l 30(H). 17 a (H ).2 0 S -d » ach o ia« an e 1355 265 2 6 9 169 482 3022 3614 916 1187 948

74 24-m ethyl-l4a(H ). 17a (H ).2 0 S -ch o lastan « 1654 538 357 6 90 376 1694 4459 2674 1024 1608

75 2 4 -C n  oO (ha 2 0 R + C n  0 0  2 0 R 4 787 755 505 1068 926 4923 8679 6 494 3712 3584

76 2 4 -m « n y t-l 40(H). 17Q (H ).20S<ho*«stan« 2 7 3 2 813 5 5 3 6 4 3 802 3887 7475 6 0 3 8 2264 3373

77 2 4 -m etfiy t-i4a(H ).i7a(H ).20R -ctK Jiesiane 2 635 2409 1061 1469 730 3493 15989 10795 2392 2560

78 24-«tnyi-l4a<H). 17 a(H ).2 0 S -crio ies tan e 2 985 1879 1005 1170 1065 7430 13378 9762 3282 3867

79 2 4 -6 tny t-i40(H ).l 70(H ) 2 0 R -ch o les tan « 5 129 1774 1189 1586 1498 6 9 9 5 14074 10827 4457 7132

80 24-atnyl-i 40(H). 17Q (H ).20S< f»olestane 4 676 1110 762 1213 1186 5369 8600 1153 4920 5421

81 2 4-athyi-l 4a(H ). 17a(H ).2CR -<Jiolesian« 3 278 3759 1778 2755 1360 7160 20401 17506 3519 4540

M onoarom atic s te ro id s  m /z 253
82 m o n o a r o m M  s ta r a n a  C n 1014 951 406 1042 525 2118 5146 3092 1147 1297

83 m onoarom abc  s ta ra n a  C n 1170 759 334 908 697 3837 4629 3642 1176 2088

84 m onoaftxnatic  s ta r a n a  C j r 703 301 315 1645 117 2457 1962 1844 519 1181

a s m onoarom atic  s ta r a n a  C n 1837 1709 999 2326 918 4461 7954 5142 1985 2584

86 m onoarom atic  s ta ra n a  Czy*C n 2 635 2657 1360 744 1339 4136 12599 9036 2287 3039

87 m onoarom atic  s ta ra n a  C n * C n 98 5 448 498 1087 1173 2273 3284 2360 693 1589

88 m onoarom atic  s ta ra n a  C n * C n 29 0 *.269 585 4391 446 2235 6131 4498 360 849

8 9 m onoarom atic  s ta ra n a  C n ^ C n 5990 5546 2552 111 490 5900 24680 19014 4480 7769

90 m onoarom atic  s ta ra n a  C j r ^ » 423 294 220 346 2768 1001 1757 931 249 569

91 m onoarom atic  s ta ra n a  C n ^ » 1261 821 540 537 100 1632 4051 2834 6 33 1925

92 m onoarom atic  s ta ra n a  C » ^ » 2 0 1 0 3519 1624 2501 611 2373 17365 11772 2442 3075

93 m onoarom atic  s ta ra n a  C * * C a 2281 2241 1372 2243 1573 2825 12125 7726 2139 3514

94 m onoarom atic  s ta ra n a  C n ^ y » 728 1754 975 1539 1264 372 8006 5248 1436 1470

95 m o n o aro m tttc  s ta r a n a  €?« 769 596 301 533 440 1483 2302 2237 1322 1949

96 m onoarom atic  s ta r a n a  C » 1370 2529 1193 2397 966 1252 10467 8795 1828 2088

I I waxy type

I im m ature type 

I I regular type

A8.1-8



APPENDIX 8.1

Peak
no. UB640 UB670 U6 6 8 0 UB690 UB70O UB710 UB730 \ J B T 4 d UBTW UB760

T erpanes m /z 191
1 T n cy d ic  te ro a n a 3 500 500 4800 5 542 6 081 6 4 1 0 5 000 6 4 5 2 6 5 1 3 164
2 T n cy d ic  te rp a n e  C » 2 9 9 8 8 9536 15579 8 154 2 0 6 1 4 3 4683 44191 *00861 101268 951
3 T n cy d ic  te rp a n e  C ,i 86 7 1 6 26049 54479 27501 7 0 5 7 9 9 1 6 4 6 3 6660 121158 117813 2 6 7 8
4 T n cy d ic  te rp a n e  C n 16448 5813 14403 5108 13387 19230 15915 18431 18651 4 8 7

5 T n cy d ic  te rp a n e  C n 101805 33223 69396 33 8 2 0 71607 9 6 0 3 5 9 8500 ^01731 98187 2 0 0 6
6 T n cy d ic  te rp a n e  C 34 48 6 5 8 26487 50072 26 4 7 0 53 4 4 4 63 7 2 7 70408 61088 6 4 0 5 9 1118
7 T n cy d ic  t e rp a n e  C n 25 9 2 0 12328 28665 14226 2 4 9 6 5 2 6 6 7 8 2 6 3 8 4 24706 23 6 6 6 891
8 T n c y d ic  te rp a n e  C n  2 2 S 21 0 9 6 8577 19165 11486 2 7 2 1 6 27 8 1 8 2 9 6 0 6 29754 25 7 4 4 591
9 T n c y d ic  te rp a n e  C »  2 2 R 28 2 8 0 11560 20617 13906 30 9 2 8 29 8 4 5 3 7 3 0 0 59265 57237 75 6

10 T n c y d ic  t e rp a n e  C n  2 2 S 0 0 0 0 4 7 4 0 0 5 437 0 0 135
M T n c y d ic  te rp a n e  C%; 2 2 R 0 0 0 0 5148 0 5 617 Q 0 6 6

12 TncydiC  te rp a n e  C »  2 2 S 2 2 2 0 9 9608 18242 12263 2 4 8 7 2 2 3 1 5 5 3 6 2 3 4 30557 2 9 4 4 7 72 7

13 T n c y d ic  te rp a n e  C »  2 2 R 2 2 8 5 3 10212 21320 10583 22201 2 8 7 9 6 3 3 1 1 0 27130 2 8475 5 6 4

14 T n cy d ic  te rp a n e  C n  2 2 S 20 4 6 3 10782 27174 10644 2 0 7 5 8 27251 2 8 5 8 2 22364 2 3 4 6 9 79 2

15 T n cy d ic  te rp a n e  C n  2 2 R 19370 11821 23875 3 590 3 5 9 7 2 6 2 8 4 33235 26600 2 2 9 5 0 6 8 2
16 i8 a (H h 2 2 .2 9  3 0 -n o m e o h o p a n e  (Ts) 2 9 6 7 3 31971 20098 37763 3 7 5 3 4 4 0 1 9 5 4 6 8 6 6 37153 3 4 9 8 5 9 6 0
17 1 unknow n te rp a n e 11009 0 11676 4 859 7 9 6 9 6911 0 0 0 0

18 T n cy d ic  te rp a n e  C «  2 2 S 15662 9955 19554 10041 18114 2 1 8 4 6 28 3 9 6 21153 16731 4 8 7

19 17a(H )-22 .29  3 0 4 n s n o m o p a n e  (Tm) 4 3 7 2 7 16138 29820 17682 17786 3 3 0 7 3 73 8 7 6 321897 2 781 1 5 8 4 3

2 0 T n cy d ic  te rp a n e  C »  2 2 R 15000 9608 18354 11000 13080 18339 29 0 0 0 0 0 6 8 5

21 17tt(H )-22 .29  3 0 -tn sn o rm o re tan e 0 0 0 2895 0 0 8763 34913 34357 0

22 2 unknow n te rp a n e 13930 12343 7795 14263 15458 20 8 7 7 13794 7578 10051 4 4 8

23 T n cy d ic  te rp a n e  Cst 2 2 S 18578 9029 11849 11275 16630 2 5 3 7 9 29181 27711 26143 34 8
24 T n cy d ic  te rp a n e  C n  22R 15954 6474 9925 10792 16374 20 6 7 8 28 2 1 4 25547 24867 4 6 6

25 17a(H ).21 Q (H )-30-nom cpane 152555 47938 67952 55149 7 4 7 2 9 115411 2949 5 5 1025601 9 0 6 6 5 6 2171

26 C s d ta n o p a n e 4 0 6 8 3 29475 35878 28403 35431 46 2 8 4 36356 22398 20203 9 66
27 3 unkrxswn te rp a n e 0 7424 0 11419 7 123 7475 6 6 0 6 0 6861 0

28 178(H) 2 la (H )-3 0 -n o rm o re tan e 17664 5000 11080 5224 5 9 5 5 10979 28 2 9 0 137387 129912 2 40

29 i8 a(H )-o (e a n a n e 23921 13117 29125 12050 8 6 6 7 12437 21 7 3 3 54304 58158 3 4 6

30 i7 a (H ) .2 i  8 (H )-n o o an e 419091 92477 176198 122235 2 0 9 7 7 2 303 0 3 4 6 3 4 9 5 8 1562118 1328327 9 8 7 7

31 i7 8 (H ).2 la (H )-m o fe ta n e 52765 12020 24050 14881 2 1 6 9 5 38866 8 6 2 2 0 463187 4290 9 4 1 016

32 i7 a (H ).2 l Q (H ).22S -30-hom onopane 100419 30672 62471 35725 5 2 0 0 4 71 5 8 9 135769 329189 2596 8 3 1 787

33 i7 a (H ).2 i (U H ).22R '30-nom onopane 6 2 9 2 0 22269 45984 23309 3 3 9 6 4 54158 103146 221583 2645 0 0 1155
34 g a m m a c era n e 318 4 8 2 30532 109104 32357 139716 183928 239971 335649 3226 4 2 6 6 2 3

35 i7 a(H ).2 l 8 (H ).2 2 S -3 0 .3 1 -0 ish o m o h o p an e 72089 24620 63261 29973 3 8 6 4 9 53 8 2 4 9 3 2 0 0 173855 173046 1 389

36 l7 a(H ) 2 l  8(H) 22R -3 0  31 -P isn o m o n o p an e 4 7 8 8 9 15865 42312 18476 25 3 1 5 38774 53574 132444 122203 1027

37 i7 a(H ) 2 i  a (H ) .2 2 S -3 0 .3 l.3 2 4 n sn o m o n o p a n e 4 3 3 4 6 12703 28679 13676 2 3 0 1 8 3 1 1 0 2 4 2 6 6 4 97211 98228 9 0 5

38 l7 a (H ).2 l 8(H) 2 2 R -3 0 .3 l.3 2 -tn sn o m o n c p a n e 2 9 8 5 8 11882 20993 10791 15773 2 0 8 0 0 30848 68538 71369 6 5 9

39 l7 a(H ).2 i 8(H ).22S -tetraK isnom onopane 18797 10363 17353 7703 12514 13205 17245 40290 35664 2 8

40 i7a(H ).21 8 (H ).2 2 R 4 etrak ish o m o n o o an e 16055 5853 12081 5224 7 889 13918 16263 29224 29648 39 3

41 l7a(H ).21 0 (H ).2 2 S -p en tak isn o m o h ap an e 11461 2901 16595 5050 4 0 8 9 6 0 9 4 10481 21678 20668 102

42 i7 a(H ).2 l 8 (H ).2 2 R -p en tak isn o m o rw p an a 6 815 1789 7649 4621 2257 6 1 8 3 8 1 1 5 17420 13390 112

01-, S e sq u ite rp an e s  m /z 123
----------------------------------- --------------- - ------------- -  - — *... ------------ ------ -------

43 C ,sl)icyclan« 0 24492 9348 37789 18506 21876 1056 0 0 774

4 4 C ,, b icy d a n a 0 32960 16706 54177 36111 4 2 6 2 9 1493 615 887 1214

45 8S(H).<lnm ana 0 32689 26612 44618 39975 5 9 5 2 7 3 807 4804 7083 1533

46 C ijD icy d an a 0 26855 10033 37632 30080 40 2 6 4 1251 401 580 94 2

47 C ,j D icydane 0 10572 3850 15195 12613 13458 3 49 0 0 311

48 C ,(B icyctane 0 20198 11873 26906 23730 29 0 9 5 96 3 776 83 0 524

49 8 0(H ).nacnoonm ane 0 63 5 8 9 80621 101635 102529 102747 5 3 7 8 6281 6 452 2 2 3 4

50 C irb ic y d a n e 0 4 380 5514 4510 6 6 6 7 7853 431 656 588 0

51 C ,7b icyc lana 0 5943 10498 7386 16214 15599 1013 1189 1438 2 87

52 C .ib ic y c ta n e r  0 5217 11732 6077 11987 15975 87 2 899 1044 178

53 unknovm  d ite rpane L  ° 17885 25709 17682 33720 48 9 1 7 3071 3395 4483 7 1 4

54 4 Q (H )-i9 .n an so o n m afan « r  0 23237 31496 28837 41 3 7 0 4 2 6 5 9 2151 726 861 4 94

A8.1-9



Peak
no. UB640 UB670 UB6 8 0 UB690 UB70O UB710 UB730 UB740 UB75Ô UB760
55 C î^O icydanc 0 0 0 4 659 9 5 4 6 3941 8298 15794 905 1200 958 216

56 C „D icyc ian« 0 0 0 0 2541 1888 3368 1779 0 0 a G

57 17 -n o n e tra c y â ic  o tte ro an a 0 0 0 4121 4 0 9 0 5 806 13156 11299 386 0 0 130

s a ■sopnm arana GOO 16650 9 743 19889 22801 16785 98 0 825 ^038 304

59 16(W H>-pny ilociadane 0 0 0 8135 10372 7049 17621 25194 1857 ’ 360 ’ 40 5 0

S te ra n e s . d ia s te ra n e s  m /z 217
6 0 5a<H) i4Q (H ».l7a<H )-diginana 893 1334 1992 1373 984 9 34 1646 4035 3992 0

61 5a<H>. 14G(H). l70< H H x)m odig inane 0 0 786 700 753 450 1294 4555 4156 0

62 13(VH). 17a<H ).20S-<liacno)estane 2927 3064 11533 3742 1940 2348 1842 0 0 *64

6 3 130(H ). 17a(H ).2 aR -d iacfio iestan e 1775 1526 7091 2241 1217 1153 1116 3 0 90

5 4 i3 o (H ). i-Q (H ).2 0 S -d iacn o ies tan « 1134 67 0 3348 1141 0 098 83 2 0 0 75

6 5 l3 a (H )  l70(H ).20R -< liacfw lestan« 1458 987 3825 1249 0 0 0 0 0 56

6 6 24-motfty1-l 30(H ). 17a(H ).20S -d ia (tfw lestane 1801 799 2161 1099 902 1519 1141 0 0 63

6 7 2 4 -fnem yt-l 30(H ). 17 a (H ).2 0 R -d tacn o tastan e 2312 1886 5129 2 4 5 2 1055 1332 27 9 6 0 0 36

6 8 24 .C ]o  oA  d ia  2 0 S * a a  C jr  2 0 S 8632 5015 18827 7568 3338 5885 15561 80310 79691 409

6 9 2 4 .C a  aG  d ia  2 0 S *  0 0  C ,r  20R 8628 7123 18995 9 132 5866 7011 11770 30853 35632 459

70 2 4 4 = 3  aO  d ia  2 0 R « 0 0  C n  20S 5026 3893 12085 5 3 5 8 4184 4607 8 5 6 7 27255 25 8 2 6 300

71 i4 a (H ). 17 a(H ).2 0 R < n o i« s tan « 17436 6 032 14786 8 002 3240 6 4 0 7 16402 143795 151043 313

72 2 4 .em y t- i 3 0 (H ) 17a(H ).2 Q R sliaetw iesian e 1282 1817 1417 1592 1741 738 3371 16403 18626 0

73 2 4 .« m y l-l 3 0 (H ).)7 a (H ).2 0 S 4 ] ia a io ie « a n e 1384 1883 5387 2 3 4 5 963 992 1 955 22525 2 4 2 0 0 0

74 2 4 w n a tn y M 4 a< H ).l7 a< H ).2 0 S < iw iesian e 5025 1630 4 108 1827 1207 1997 5 7 7 2 35748 4 3 5 8 5 69

75 2 4 4 = 3  oO  d ia  2 0 R 4 = 3  0 0  20R 6 694 2868 7529 3634 4435 5872 12661 72008 53855 237

76 2 4 ./n a tH y i-t4 0 (H ).l7 0 (H ).2 0 & < n o (e « an « 3488 1865 5076 28 8 5 3385 4 779 10 2 9 8 57302 42831 144

77 24HTieltiyl-l 4a(H ). 17a(H ).2Q R 4S w lestane 9702 2131 3829 2 7 4 7 2161 4592 13718 185092 2 1 6 9 5 0 154

78 2 4 .e tn y t- i4 a< H ).l7 a (H ).2 0 S < « > io s ia n e 9299 4093 10789 5397 3179 6 5 7 4 2 0 6 0 7 155289 156658 258

79 24 .« m Y i-l4 0 (H ).l7 0 (H ).2 0 R -cn o (es ian a 7202 4 699 9251 5429 5864 7038 2 0 5 3 3 127466 105285 283

30 24 .« w y l-1 4 0 (H ). 17 0 (H ).2 0 S x d io laa lan a 4618 3931 8907 5220 5784 5266 17986 73000 8 0 0 0 0 336

81 2 4 -am y l-i4 a (H ), )7 a(H ) 2 0 R < M ie » ia n e 17222 5088 10926 5 340 3594 8276 23171 361552 34 8 5 7 8 368

M onoarom atic  s te ro id s  m /z 253
8 2 m on o aro m atic  s te ra n e  C n 3666 690 2507 1216 648 1805 1472 4637 4 579 99

83 m onoarom atic  s ta ra n a  C,? 4582 1402 7609 2253 1203 2 289 1183 839 65 6 0
34 m onoarom atic  s ta ra n a  C n 2392 1003 4255 1241 648 990 6 9 5 1670 1177 0

85 m onoarom atic  s ta ra n a  C n 8234 2500 8 875 3 378 1631 3522 2 3 4 6 4239 4388 134

86 m o n o aro m atic  s ta ra n a 8853 1591 6 098 2 315 1824 4 444 3 0 6 3 14499 14320 200

87 m o n o aro m atic  s ta ra n a  C n '^ n 4348 818 3692 1237 878 1334 8 6 2 698 ’ 031 44

88 m o n o aro m atic  s ta r a n a  C n * C * 3500 660 2 450 982 409 2128 7 82 5002 5619 0

8 9 m o n o aro m atic  s ta r a n a  C n * C » 19794 3699 10048 4031 4236 8126 7 2 6 5 30925 35516 289

9 0 m o n o aro m atic  s ta r a n a  C n*C w 2411 223 1545 422 474 602 5 24 1287 936 0

91 m or>oarom atic s ta r a n a  C :y+C * 3992 1092 3714 1351 1290 1724 1268 2 097 2 158 0

9 2 m o n o aro m atic  s ta ra n a 10035 1978 2 904 2251 1645 4575 4 4 2 9 35653 39755 47

93 m o n o aro m atic  s ta r a n a  C » ^ » 10417 1419 5238 1755 1821 4201 3 9 4 5 16834 18758 30

94 m o n o aro m atic  s ta ra n a  C » « C n 5245 206 401 451 826 2371 1629 15251 19409 0

95 m o n o aro m atic  s ta r a n a  C » 2798 1702 2 653 1419 936 1231 1 349 1189 1156 0

96 m onoarom atic  s ta ra n a  C a 7063 720 1795 1065 1226 2 876 3 1 6 9 31549 31224 67

I I waxy type

I "  I Immature type

I I regular type
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APPENDIX 8.2
PCA Results. Crude Oil Analysis GC-MS Data

PCA, 20 variables, normalized, variance-covariance matrix

V ariance ex tracted , first 10 axis
AXIS Eigenvalue % variance cum. %var broken-stick

1 3.497 59.161 59.161 1.063
2 1.172 19.824 78.984 0.768
3 0.419 7.087 86.071 0.62
4 0.242 4.094 90.165 0.521
5 0.181 3.07 93.236 0.448
6 0 . 1 2 2.032 95.268 0.388
7 0.077 1 309 96.577 0.339
8 0.066 1.114 97 691 0.297
9 0.038 0.646 98.337 0.26

1 0 0.028 0.478 98.815 0.227

F irst 6  e igenvecto r loadings
Eigenvector

1  g attribut 1 2 3 4 5 6

3 #1310 0.1345 0.2584 0.1571 0.3653 -0.3859 -0.1409
5 #1441 0.1767 0.2951 0.0631 0.2851 -0.3207 -0.4017
16 #1816 0.1148 0.0208 0.0569 -0.2515 0.0376 -0.3101
19 #1841 -0.0934 -0.1438 0.0152 0.1447 0.1039 -0.0843
25 #1915 ■0 2935 -0.2682 0.1996 0.3195 0.1134 -0.2831
26 #1924 0.1244 0.0592 0.0095 -0.227 0.1636 -0.3825
28 #1947 -0.0524 -0.0275 -0.003 00408 -0.0205 -0.0531
30 #1967 -0.3711 0.1379 0.4692 -0.4229 -0.3843 0 . 2 1 0 2

31 #1995 -0.1403 -0.1231 0.1044 0.1355 0.1613 -0.0123
32 #2034 -0.029 0.0349 0.0987 -0.2239 0.1618 -0.3681
33 #2043 -0.0263 -0.0045 0.0492 -0.1912 0.0754 -0.2726
34 #2063 0.0227 0.6969 -0.2869 -0.0114 0.3477 0.2278
45 #727 0.3681 -0.26 0.1237 0.1476 -0.1525 0.3876
49 #814 0.6336 -0.2136 0.1507 -0.3242 0.0795 0.0154
54 #1134 0.2554 0.0179 -0.0597 0.1455 -0.0569 -0.1029
58 #1219 0.1633 -0.0407 -0.0697 0.1493 0.1053 -0.0198
59 #1234 0.068 0.0427 0.014 0.092 -0.1655 -0.019
71 #1791 -0.0819 -0.1661 -0.679 -0.2575 -0.5234 -0.1229
77 #1852 -0.0969 -0.1682 -0.17 0.0958 0 . 1 2 1 0.0413
81 #1901 -0.1242 -0.2341 -0.2566 0.087 0.0982 -0.0398

cut-off 0.127 0.139
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Coordinates (scores) of crude oil samples
Axis (Component)

No. samples map-group 1 2 3 4 5 6

1 UB140 1 -0.3869 -0.2171 0.0025 0.0487 0.1047 0.0104

2 UBIo 1 -0.3473 -0.1351 0.0125 -0.0182 0.0807 0.0669

3 UB210 2 0.6125 -0.0496 -0.0994 0.1383 0.0285 0 0323

4 UB330 3 -0.2503 -0.3217 -0 1385 0.0231 00465 0.0009

5 UB270 3 0.2454 0.0147 0.0653 0.1406 -0.1494 0 0 0 2 2

6 UB730 3 -0.3347 0.0391 0.0509 -0.0388 0.0225 -0.0104

7 UB160 4 0.1078 0.2576 -0.0871 0.0184 0.0723 -0.0159

8 UB310 4 0.6731 -0.1014 -0.1501 0.1535 0 0738 0.0309

9 UB510 4 -0.1344 0.2506 -0.0317 0.0125 0 . 0 2 0 1 -0 0386

1 0 UB220 4 0.3076 0.126 -0.0592 0.1076 0.0151 -0.0013

1 1 UB760 4 -0.0562 0.2015 -0.0355 -0.0739 0.0288 0.1148

1 2 UB70O 5 0.1206 0.1327 -0 . 0 0 2 1 -0.038 0.0366 -0.017

13 UB460 5 0.1507 0.0335 0.0335 -0.0584 0 0223 0.0641

14 UB740 5 -0.4358 -0 2176 -0.0008 0.0426 0.064 -0.029

15 UB750 5 -0.4333 -0.2219 -0.0311 0.0555 0.0748 -0.0401

16 UB20O 5 -0.0825 0.0838 0.0412 -0.0806 0.0147 0.0893

17 UB640 5 -0.248 0.2554 -0.087 -0.0178 0.0913 0.033

18 UB6 o 5 0.0662 0.0793 0.033 -0 0493 -0.0075 0.0271

19 UBSSO 5 0.0673 0.1051 0.0355 -0.0231 -0.0294 -0 . 0 0 1

2 0 UB710 5 0.0204 0.1218 0.0142 -0.0198 0.0185 -0 . 0 1

2 1 UB630 5 0.0064 0.1741 -0.0059 -0.098 0.0455 0.0402

2 2 UB240 5 -0.1176 0.0338 0.0568 0.0158 -0.0272 0.0312

23 UB5o 6 0.451 -0.3134 0.0483 -0.1108 0.0449 0.0363

24 UB690 6 0.2633 -0.1947 0.0694 -0.1224 0.0193 -0.0791

25 UB150 6 0.4442 -0.286 0.0363 -0.1205 0.0401 0.0077

26 UB670 6 0.2132 -0.1347 0.0558 -0.0698 0.0226 -0.1552

27 UB9o 6 -0.3032 -0.1717 -0.4951 -0.1082 -0 . 2 0 0 1 -0.0041

28 UB340 6 0.3452 -0.2531 0.0491 -0 0849 -0.0164 0.0173

29 UB230 7 -0.1125 0.0649 0.0388 -0 . 0 0 1 -0.0384 0.0106

30 UB520 7 -0.1466 0.0633 0.0372 0.0239 -0.0397 -0.0216

31 UB590 7 -0.2166 0.0871 0.0449 0.0016 -0.0126 -0.0416

32 UB530 7 -0.1055 0.0341 0.0919 -0 . 0 2 1 2 -0.0944 -0.031

33 UB540 7 -0.1319 0.0733 0.0435 0.0083 -0.0413 -0.0356

34 UB60O 7 -0.2181 0.05 0.0631 -0.0246 -0.0288 0 . 0 1 1

35 U8 6 8 0 8 0.0618 0.0945 -0.0265 -0.0499 0.0357 -0.0985

36 UB420 8 0.2732 -0.0304 0.0143 0.0123 -0.0545 -0.0196

37 UB130 8 0.2162 0.2625 -0.1364 0.0254 0.107 0.0006

38 UB570 a -0.189 0.1845 -0.0139 -0.0197 0.0138 -0.1191

39 UB8 o 8 -0.0417 -0.0215 0.1114 -0.0623 -0.0998 0.0875

40 UB470 8 0.308 0.0007 0.0286 0.037 -0.0596 -0.0119

41 UB480 8 0.2026 0.0819 0.0154 0.0454 -0.0416 -0.057

42 UB260 9 -0.2856 -0.1689 0.0593 0.1441 0.0083 0.018

43 UB7o 9 -0.3583 -0.1147 0.064 0.1125 -0.023 0.0056

44 UBIOo 9 -0.2887 -0.1412 0.0698 0.0958 -0.0255 0.0305

45 UB610 9 0.0423 0.1042 0.0509 0.0264 -0.0579 -0.0304

46 UB30O 9 0.1742 0.0178 0.0559 0.0646 -0.0774 0.05

47 UB3o 9 -0.1488 0.0669 0.0067 -0.0426 -0.0276 0.0496
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APPENDIX 9 Crude Oils - Fractionation, GO and GC-MS Parameters

Fractk)naticm GO

S a m p le No
Map-

group % A SPH % M ait % SAT % A RO % PO L % bran I Ü

1
U

1

u

%
Û

£

4i
i
u

T exaco  0 - i  Ute Tnbal 4700ft 1 5 3 0 4 7  0 61 1 1 4 5 24 3 8 4  7 1 8 6 1 84 3 0 9 2 1 7 0 7 0

T exaco  0-1  U te Tnbal 9 2 S lft 2 o 1 3 3 9 6 7 9 2 7 5 4 1 8 41 3 2 3 0 0 14 0 6 0 1 06 1 46

C e d a r  R im  u te  Tnbal 2-2C 8 9 3 9 0 7 61 7 1 5 6 2 2 5 8 4 3 2 1 2 1 74 1 2 9 6 3 11 0 5 5

C e d a r  R im  Ute Tnbal 2-24C 7 3 60 1 1 3 1 6 6 9 9 7  2 1 2 1 8 6 0 8 5 7 3 0 2 6 0 0 5 1 20 1 30

C e d a r  Rim  Ford 2-13C 7 3 9 0 6 5 9 3 5 91 2 4 8 4 0 4 3 3 6 6 4 0 3 2 0 0 5 1 23 1 8 0

A n te lo p e  C reek
U te  T nbal 1-5 (05-07)

110 2 7 9 9 2 1 6 9 9 5 1 5 1 50  1 2 4 2 0 26 0 0 9 0 9 6 1 90

N utter C anyon  Ute Tnbal 10-21 21 0 2 6 0 9 4 0 8 5 5 9 3 5 1 57  19 1 16 0  16 0  24 1 05 1 32

B luebell F reston  2-681 4 o 3 3 6 9 6 2 8 6 9 8  3 6 8 2 0 1 2 5 6 0 2 8 0  11 1 16 1 24

Bluebell F ay  M ecbam  
F e e  F ed era l 1

27 o 3 7 9 9 2 1 81 1 1 2 5 6 4 6 3 1 1 34 0 8 4 0 6 2 1 12 1 13

B luebell 1-33A1 Lili P a c k 3 3 0 3 28 3 71 7 6 6 6 1 3 5 1 9 8 78 8 0 6 5 0 8 6 1 31 0 79 1 06

C hevron B lanchard  1-33-3 73 0 3 3 4 9 6 6 8 0 4 1 1  a 7 9 74 1 1 2 3 0 8 6 0  57 1 10 0 9 0

B g h t  Mile W a sh  
S ta te  3 3 -5 2 0  (33-32) 18 o 4 7 5 9 2 5 80 1 1 2 7 7 2 7 0 6 1 3 0 0 3 9 0  31 1 10 1 30

N atural B u tte s  Old S q u a w s 
C ro ss in g  4A 2 0 o 4 9 1 9 0 9 7 7 4 1 3 6 9 0 6 2 4 2 3 5 1 44 0 9 9 1 01 0  76

P le a s a n t  Valley Fed era l 2 4 -1 5-H 22 o 4 8 8 91 4 8 6 8 7 4 3 8 7 3 7 0 9 2 0 4 4 0  47 0 9 6 1 02

M o n u m en t Butte F ed e ra l 15-20 31 0 4 7 3 9 2 7 8 7  2 7 5 S 3 6 7 1 1 13 0 2 9 0 25 1 02 1 40

P a n e tte  B en ch  F ed era l 14-5 S l o 4 9 3 9 0 7 76  0 1 4  4 78 1 6 0 9 1 17 0 5 6 0  4 9 1 0 6 1 15

CN G  3 -2 5 8 76o 4 9 1 9 0  ^ 5 0 3 n a. 6 2 1 0 9 0 0 4 6 0 5 5 1 02 1 11

W o n s its  Valley 133&71 6 o 5 4 9 95 1 7741 1 3 7 6 9 1 6 9 3 1 11 0  52 0 4 6 1 03 0 97

W o n s its  Valley 
W hiton  Valiev 1-19-3C 2 4 0 5 5 9 94 1 6 6 9 1 6 5 1 4 6 . 5 6 6 0 75 0 8 6 0  18 0 8 6 0 7 2

G y p su m  Hills F ederal 3 4 6 o 5 751 9 2 5 ' 76 9! 1 591 721 8 7 7 1 03 0  47 0 4 4 0 9 6 0 9 9

W o n s its  V alley F ed e ra l 105 5 5 0 5 1 8 3 81 7 76 1! i s e ! 63 1 7 6 1 1 14 0 8 4 0 5 4 1 0 2 1 12

W o n s its  Valley Unit 86-2 6 3 0 5 4  1 95 91 76 31 1 4 9 ! 8 7 ! 7 9 3 1 0 4 0 5 3 0  52 1 04 1 51

W h ite  R iver Unit 47-10 6 4 0 5 6 1 1 9 3  91 74 Ot 1 8 0 1 1 0 0 ! 7 7 0 1 4 3  ' 1 14 0 8 9  , 1 27 0 87

W o n s its  Valley F ed era l 24 710 5 78 1 9 2 2 ! 8 0  31 1 3 5 1 6 2 ] 7 2 1  : 1 0 3 0 5 4 0 52 1 00 1 17

C o n o co  Tnbal 31-S5A 7 » 5 45 1 9 5  5! 76 1! 1 5 6 1 6 1 1 7 8  4 1 11 1 78 1 8 7  : 1 13 0 93

C o n o c o  T nbal 35-51 • 5 4 6 ! 9 5 4 ! 71 1) 1 5 8 1 1 331 7 7 3 1 11 1 88 2 0 9  , 1 15 0 9 0

G y p su m  Htlls 
C o s ta s  Fed era l 2  20-3b 70 o 5 1001 9 0  0! 76 61 1 3 6 9 9 | 6 9 7  ' 1 11 0 4 7 0  4 3  ' 1 05 1 18

C o y o te  B asin  £  R ed  W a sh  1-5 So 8 4 11 95 9 ' 6 0  81 1 0 3 1 9 0 1 5 6 9  > 1 64 0  46 0 27 1 11 1 02

C o y o te  B asin  F ederal 12-13 i5 o a 57 1 9 4 3 1 8 7  7 ' 7  1 ; 5 2 1 60  6  ; 2 0 7  : 0  07 0 31 1 21 0 9 3

R ed  W a sh  2 0  1 32-28C 3 4 0 8 1 7 2 ! 9 2 6 87 01 8 6 { 4 3 j
1

61 3  : 1 6 5  : 0  35 0  2 4  1 1 24 1 15

F e d e ra l 1-27 6 7 o 8 6  21 9 3  61 84 7! 10,61 4 7 ! 6 3  4 1 27 0  71 0 6 0 1 14 1 0 8

C o y o te  B asin  
e  R e d  W a sh  Fed  4-6 6 9 o 6 ' 8 6 1 93  4 i 86  51 9 4 1 4 1 I 6 4 0  , 1 6 3  ; 0 3 8 0 2 5  : 1 19 1 90

E R e d  W a sn  1/01-26C 
(S ta te  1 -4 1 -3 6 0

9o 6 3 7 ' 96  31 6 9  4 j 1 4 0 1 1 6 6 j 5 0 7  I 0 6 8 0 78 ' 1 4 7  ; 0 9 2 0  52
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Fractk>natic»n GC

Mao- CJ Ü
c

Ü

1
Û

<s
H

Sample No group %ASPH %Malt %SAT %ARO %POL %bran £ £ 1 £ u
Walker Hollow 
Pean Broadhurst 21 23o 7 38 962 77 1 134 96 76 7 1 04 1 02 0 78 090 094

Walker Hollow 
Peart Broadhurst 1 52o 7 35 965 724 185 11 1 751 1 05 1 34 1 90 095 1 15

Walker Hollow 
Pean Broadhurst 15 53c 7 25 97 5 78 7 126 8 8 942 1 04 0 97 0 61 095 1 24

Walker Hollow 
Pean Broadhurst 18 Wm 7 1 2 988 81 4 24 1 145 883 0 97 643 564 095 0 94

Walker Hollow 
Pean Broadhurst 12 S9o 7 53 947 681 206 11 3 78 9 1 11 2 47 1 89 1 02 0 91

Walker Hollow Unit 1 60o 7 9 6 91 4 735 154 11 1 78 0 1 03 1 28 098 092 0 87

Horseshoe Band 
2/22-34 Federal 8 0 8 76 924 71 0 18 5 105 680 1 41 1 80 1 22 1 26 098

Brennan Bottom Federal 2-20 i3o 8 43 957 794 143 83 633 1 06 0 51 056 1 13 0 93

Brennan Bottom Federal 15-8 420 a 75 925 795 132 73 730 1 90 0 56 050 1 00 0 90

Horseshoe Band Federal 4.2-F 47o 8 78 924 792 127 80 74 7 1 19 0 56 046 1 04 1 14

Horseshoe Band Federal 5-5H 480 8 9 7 903 73 5 14 5 120 882 1 17 0 59 0 51 1 06 1 26

Brennan Bottom Federal 6 57o 8 83 91 7 866 9 2 43 73 3 1 02 0 47 044 096 0 93

Brennan Bottom Federal l 88o 8 8 9 91 1 798 14 4 5 9 630 1 35 1 36 1 10 1 23 0 85

Twelve Mile Wash Fed i 
6956-6960ft

9 6 4 936 85 8 ' 171 173 770 1 45 251 3 11 1 53 1 24

Twelve Mila Wash Federal 1
7396-7426H # 9 88 91 2 78 9 ' 991 11 1 78 5 1 42 4 31 3 97 1 39 066

Twelve Mile Wash Federal 1
DST 5960ft i n 9 76 924 78 31 11 1 106 800 1 47 325 2 71 1 40 0 77

Gusher Gov 4-14 610 9 6 0 94 0) 76 9. 1341 9 7 ' 78 7 1 09 0 50 0 51 0 99 1 21

Gusher Gusher 3 30o 9 4 9 95 1 aool 1251 75 71 5 1 05 0 57 0 50 0 99 1 12

Red W ash Whole Field 3o 481 95 2! 71 3 182! 105. 626 1 04 099 0 97 1 03 1 12

waxy typ«

immature type

regular type
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APPENDIX 9

GC

1
Terpanes

iU 5 2

Sample No
Map-
group

y
o

8

1

1e Î Q.
u

s
a
1
4Û II I

s

1
@

1

1
g

1

1

11 1
&9

I
g

1O
Texaco 0-1 Ute Tnpal 4700ft # 064 723 073 1 54 0 11 054 008 000 000 0 18 0 11 033

Texaco 0-1 Ute Tnbal 9251ft 2q 1 40 0 099 1 02 000 000 000 0 00 000 000 000 000

Cedar Rim u te  Tnbal 2-2C6 mm 0 74 3287 0 91 1 51 0 10 059 005 OOO 0 02 0 25 13 0 27

Cedar Rim u te  Tnbal 2-24C7 36o 095 0 1 03 1 01 000 000 000 000 0 00 OOO 000 000

Cedar Rim Ford 2-13C7 3Bo 0 97 0 1 02 1 00 000 OOO 000 000 000 OOO 000 000

Antelope Creek
Ute Tnbal 1-5 (05-07) 11o 2 058 0 1 01 096 000 000 000 0 00 OOO 000 000 000

Nutter Canyon Ute Tnbal 10-21 210 2 0 85 102 099 1 04 009 064 077 090 000 013 85 1 02

Bluebell Freston 2-661 4o 3 0 75 0 099 098 000 000 000 000 0 00 000 000 000

Bluebell Fay Mecbam 
Fee Federal 1 27o 3 062 284 1 01 098 003 059 0 52 029 0 08 0 10 32 043

Bluebell 1-33A1 Uli Pack 33o 3 056 818 1 02 1 05 0 21 084 0 13 0 07 0 11 008 0 21 026

Chevron Blanchard 1 -33-3 73o 3 053 62 1 01 1 02 □ 05 057 039! 012! 003 0 12 38 038

Eight Mile W ash 
State 33-520 (33-32) i6o 4 092 78 0 97 1 07 006 058 0 70, 0 8 5 ' 0 03 008 13 096

Natural Buttes Old Squaws 
Crossmq 4A 20o 4 043 497 099 1 06 0 02 064 0 491 0 231 003! 0 0 9 ' 46 0 51

Pleasant Valley Federal 24-15-H 220 4 054 290 099 1 05 0 07 0 61 062! 0 381 005 0 11 36 086

Monument Butte Federal iS-20 310 4 0 67 110 1 01 1 04 0091 0 61 0 54! ’ 00! 0001 0001 78 1 23

Panette Bench Federal 14-5 5lo 4 0 79 240 0 97 1 07 006 0631 0 85: 0 411 0 03; 008! 0 79 088

CNG 3-25B 76o 4 088 68 1 01 1 02 0 081 0 81! 0 531 044 004, 009i 060 0 67

Wonsits Valley 133&71 6 0 5 054 224 1 00 1 03 0 08) 0 581 0 57! 035 003: 0091 068 054

Wonsits Valley 
Whiton Valiev 1-19-3C 240 5 035 754 096 1 04 003: 0 611 038, 0 07: 002 0 I d 063 045

Gypsum Htlls Federal 3 46o 5 044 292 1 01 1 02 0081 0 591 0581 0 31 003: 0091 0 61 057

Wonsits Valley Federal 105 550 5 053 306 1 02 1 05 0 04! 0601 0 56! 0 35| 0 03: 009! 073 0 52

Wonsits Valley Unit 66-2 630 5 060 403 0 98 097 0 071 0601 065 , 0 53; 004 i O ld 058 063

White River Unit 47-10 64c 0 52 563 095 1 06 0031 0 61 0 401 0 27: 0061 O il! 0 42 0 76

Wonsits Valley Federal 24 710 5 056 530 0 98 1 05 0 07! 0 571 0 55| 0 40' 0 04; Q 111 0 62 0 61

Conoco Tnbal 31-55A m 0 62  ! 832 , 0 95  ^ 1 17 006( 060) 0 10! 0 021 003f 0 23! 0 15 0 21

Conoco Tnbal 35-Si rsa 5 064 1067 098 1 20 0 07! 0 501 O il! 0 02! 0 04! 0 241 0 16 0 24

Gypsum Hills 
Costas Federal 2 20-3b 70o 5 062  : 400 0 99 : 1 03 oosj 0 60: 0 68! 0 47' 0 041 0 09! 0 71 0 67

Coyote Basin E Red Wash 1-5 5o 6 0 59 ' 0 0 96 ' 1 03 0161 0 53j 0631 0 901 0 12i 0 171 0 47 023

Coyote Basin Federal 12-13 l5o 8 0 66 . 0 1 01 099 0 19| 0 55j 0 701 0 561 0 11' 0 091 049 025

Red Wash 20 1 32-2SC 34o 6 0 81 1 173 102 ; 099 0 15 0 591 0 631 0 491 010! 0 121 0 52 0 24

Federal 1-27 67o 6 085 127 0 98  ' 1 02 0 021 0 581 0661 0 61 ’ O l4i 0 12' 0 52 033

Coyote Basin 
E Red Wash Fed 4-6 69o a 066 156 1 03 i 1 01 0 16i 0 611 0 681 0 521 0 101 0 111 0 47 026

ERed Wash 1/91-26C 
(State 1-41-360 9o 6 044 323 ; 0 86 : 1 11 0 201 0 461 0 281 0041 0 101 0121 0 24 0 42
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Terpanes

u S g

S a m p le No
M ap-

group o

8

t1
g Ü

sa
1

4
Ü - i! 1

1

11 11
g
111 1 1

1
W alk e r  Hollow 
P e a n  B roadhurst 21

2 3 0 7 0 3 5 329 1 0 9 1 0 3 3 11 0 5 9 0 4 4 0 0 0 0 0 5 0 1 2 0 81 0 4 5

W alk e r  Hollow 
P e a n  B roadhurst ^ 5 2 0 7 0 4 5 506 0 9 9 1 0 6 0 0 2 0 5 9 0 4 0 0 16 0 0 5 0 12 0  61 0 46

W a lk e r  Hollow 
P e a n  B roadhurst 1S

5 3 0 7 0 4 9 301 1 0 2 1 0 2 0 0 2 0 6 4 0 4 9 0 2 0 0 04 0 11 0 6 0 0 31

W alk e r  Hollow 
P e a n  B roadhurst 18 WÊ 7 0 42 550 0 9 5 1 0 8 0 01 0 5 6 0 3 8 0  18 0 0 4 0  14 0 5 8 0 4 3

W alk e r  Hollow 
P e a n  B roadhurst 12

5 9 0 7 0 31 966 0 9 8 1 09 0 0 5 0 6 0 0 4 8 0 17 0 0 5 0 1 2 0 54 0 44

W alk e r  Hollow U nit 1 3 0 o 7 0 3 9 786 0 9 9 1 05 0 0 2 0 5 6 0 4 3 0 0 4 0 0 4 0 13 0 51 0 3 8

H o rse sh o e  Bend 
2 /22 -3 4  Federal

Bo S 0 5 6 327 1 02 1 08 0 0 9 0 5 8 0  42 0 14 0 0 4 0 0 9 0 57 0 2 9

B ren n an  Bottom  F ed era l 2  20 130 a 0 8 5 239 0 9 6 1 0 7 0 0 4 0 6 4 0 5 9 0 8 2 0 0 6 0  10 0  79 1 15

B ren n an  Bottom  F ed era l 15-8 4 20 a 0 47 219 0 9 9 0 9 9 0 0 5 0 5 5 0 4 4 0 3 4 0  10 0 0 9 0 8 0 0 5 0

H o rs e s h o e  B end F ed e ra l 4-2-F 4 70 a 0  52 229 1 01 1 0 8 0  0 7 0 5 9 0 8 5 0 4 4 0 0 6 0 0 5 1 0 4 0 52

H o rs e s h o e  Bend F ed e ra l 5-5H 4 80 a 0 52 144 1 06 1 0 4 0 0 6 0 6 3 0 5 8 0 3 4 0 0 6 O i l 0 91 0 5 6

B ren n an  Bottom  F ed era l 6 5 70 a 0 5 5 156 0 97 1 03 0 0 6 0 5 8 0  47 0 51 0  12 0 1 0 0 6 0 0 5 6

B ren n an  Bottom  F ed era l 1 6 6 0 a 0 74 825 0 9 6 1 0 0 0 0 7 0 5 8 0 4 0 1 0 5 3 i 0 1 7 0 12. 0 5 8 0 6 2

T w elve Mile W a sh  F ed  i 
6958-6960rt

9 0 6 0 1330 1 03 1 21 0  01 0 8 2 0081 0  01 0 0 2 0 2 0 0 3 7 0 25

Tw elve Mile W a sh  F ed e ra l 1 
73 9 6 .7 4 2 6 ft

9 0  51 893 1 02 1 2 0 0 0 2 ' 0 8 2 0 0 8 1 0  001 0 0 2 ' 0 1 6 ' 0 3 9 ' 0 2 6

T w elve M ile W a sh  F ed e ra l 1 
O S T  5960ft

9 0  59 2175 0 9 5 1 21 0061 0 5 6 0  0 7 ' 0  011 0 02 0  21 0 35 0 30

G u sh e r  G ov 4-14 8 1 0 9 0 5 9 234 1 04 1 01 0 0 5 ' 0 5 6 0  821 0  29! 0 0 7 ' 0  10; 0 9 3 0 5 0

G u s h e r  G u sh e r 3 30 o 9 0 4 8 240 1 00 1 06 0 0 6 i 0 5 4 0 5 0 1 0 2 7 ! 00 5 1 0 101 0 9 5 0 4 8

R ed  W a sh  W hole  Field 3o 0 5 3 427 1 05 1 0 5 0 0 6 1 0 551 0  41 : 0  18: 0  0 5 , O i l 0 51 0 4 6

rype

type
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Terpanes Sesc UÎ-, c iterpanes

S am o ta No
M ap-
group

5

1

!

i
I

i
U

i
1

Î

1
«

1
4

u

1
?
cn

1
U

1

II
Is)

1
li

i
f

II
i
1

it I I

I

I I

# 1

l i
Texaco 0*1 U te Tnbal 4700ft 1 304 0 52 0 0 8 0 0 0 0  61 0 0 5 0  21 0 0 3 0 1 5 0 37

T exaco 0-1 U te Tnbal 9 2 S lft 2 q 0 0 0 0 0 0 0 0 0 0 0 8 4 GO 00 0 0 00 0 0 0

C ed ar Rim  U te T nbal 2-2C 6 w m
1 2 30 0 8 3 . 0 0 5 0 0 0 0 51 0 0 4 0 14 0 0 4 0 1 4 0 4 0

C ed ar Rim U te T n tn l 2-24C 7 3 8 o 0 0 0 0 0 0 0 0 0 0 0 0 0 9 2 00 1 0 0 1 0 0 0 0 1 00

C e d a r  Rim  Ford 2-13C 7 3 0 o 0 0 0 0 0 0 ■ 0 0 0 0 0 0 0 9 0 0 0 1 0 0 ' 1 0 0 0 0 0  5 3

A ntelope C reek
U te Tnbal 1-5 (05-07)

1 1o 2 0 0 0 0 0 0 0 0 0 0 0 4 5 0 0 1 0 0 ' 1 0 0 00 0 32

N utter C anyon U te Tnbal 10-21 2 1 0 2 151 0 3 4 0 0 0 0  31 0  8 7 0 4 0 0 9 3 1 0  2 5 0 87 0 4 3

Bluebell F re sto n  2-0B1 4 0 3 0 OCO 0 0 0 0 0 0 0 78 0 0 1 001 1 0 0 00 0 4 9

Bluebell F a y  M echam  
F e e  F ed era l 1

2 7 o 3 336 0 3 8 - 0  11 OOOt 0 5 8 0  21 0 8 8 1 0  16 0 8 4 0 5 0

Bluebell 1-33A1 Uh P a c k 3 3 o 3 538 0 6 5 0 21 0 0 2 0 8 2 0 1 0 0  0 9 ; 0  0 7 0 0 6 0 5 6

C hevron B lanchard  l  33-3 7 3 o 3 2823 0 4 6 • 0  13 0 0 2 ! 0 5 5 0 0 1 ' 0  0 7 ' 0 0 0 0 0 6 0  41

Eight Mile W a sh  
S ta te  3 3 -5 2 0  (33-32)

16 o 4 2641 0 3 5 ! ♦ 0 2 2 0  131 0  881 0 1 5 1 0  781 0  061 0  631 0 3 4

N atural B u ttes Old S q u a w s  
C rossing  4A

2 0 o 4 170 0 341 - 0  2 7 0 0 3 1 0 8 6 0 1 5 | 0  791 0  0 6 , 0 6 6 0  37

P le a s a n t  Valley F ed e ra l 24-15-H 2 2 o 3811 0  41 0  17 OOOl 0  5 4 ' 0  221 0 8 6 1 0 191 0 8 4 : 0 3 4

M onum ent B utte F ed e ra l 15-20 3 1 0 4 221 ri4 0 0 8 2 OOOl 0  881 0 4 4 1 0 931 0  2 7 ' 0  87 0 4 0

P a n e tte  B ench  F ed e ra l 14-5 5 1 o 4 32561 0  3 7 ' 0  231 0 0 8 : 0  391 0 0 3 1 0 4 0 1 0 0 5 ! 0  51 0  19

CNG 3-2 5 8 7 6 o 4 1 0 0 2 ' 0  22! 0  0 2 ’ OOOl 0 78! 0  14 0 6 6 1 0 0 5 , 0  3 8 ' 0  41

W o n sits  Valley 133&71 6 o 5 8 7 4  i ',341 0 13: OOO! 0 8 4 : 0 1 9 1 0  81 0 1 2 : 0  71 0 3 5

W o n sits  Valley 
W hrton Valley 1-19-3C

2 4 o 5 , 16581 0 4 7 ' 0 1 2 ; 0 0 2 1 0 6 0 : 0  11 0 6 1 , 0 0 6 1 0 5 1 ; 0 4 5

G ypsum  Hills F ed e ra l 3 4 6 o 5 862! 0  36: 0  2 2 ' 0 0 6 ! 0  7 0 : 0  2 6 : 0 8 9 : 0 1 3 0  78 0 3 5

W o n sits  Valley F ed e ra l 105 5 5 o 5 Ol 0  341 0 1 3 1 0 0 5 1 0 5 5 : 0  16! 0  81 0 14! 0 7 7 0  28

W o n sits  Valley U nit 88 -2 6 3 0 5 8S 6t 0  25 , 0 1 8 1 0 1 4 1 0 8 0 1 0 1 3 1 0  81: 0  091 0  7 4 . 0 2 7

W hite  River Unit 47-10 6 4 0 5 10231 0  361 0  191 OOOi 0 0 0 : OOOI OOOi OOOI 0  00! 0 0 0

W o n sits  Valley F ed e ra l 24 7 1 0 5 ’ 7131 0 3 8 ' 0  181 0 0 6 1 0  81 0 1 5 0 8 0 : 0  11 : 0  7 2 ' 0  37

C on o co  Tnbal 3 1 -55A M , 5 38701 0  661 0 1 2 1 OOOl 0  561 OOOI 0  01 0 0 0 1 0  01 0 4 3

C on o co  Tnbal 35-51 - 5 34761 0 681 0 1 4 ! 0  01 I 0  57! 0 0 0 1 0  0 1 . OOOI 0  01 0  52

G ypsum  Hilts 
C o s ta s  F ed era l 2  20-3P

7 0 o 5
i

5381 0  36 | 0  241 0 1 0 1 0 8 0 1 0 1 7 : 0 8 3 1 0 1 2 ! 0  781 0 28

C oyote  B asin  E  R ed  W a sh  1-5 S o 6 1421 0  381 0 1 8 , 0  19> 0 831 0  451 0 8 7 ! 0  141 0 5 8 : 0 4 0

C oyote  B asin  F ed e ra l 12-13 l 5 o 6 I 8 7 i 0  42J 0  271 oool 0  7 8 | 0  421 0  861 0  17: 0  63! 0 3 4

R ed  W a sh  20  1 32-28C 3 4 0 e : 1881 0  40! 0  191 oooj 0  77! 0 3 a j 0  811 0 1 6 | 0  561 0  41

F ederal 1-27 8 7 o 6  1 8 S | 0  5 2 | 0  3 4 | oisj 0  7 0 | 0  2s | 0  781 O 1 2 I 0 6 0 ! 0 3 4

C oyote  B asin  
E  R ed W a sh  F ed  4-6

6 9 o
® !

851 0  451 .  ; .  i 0 2 2 ! 0  211 0  781 0 3 0 0 6 0 ! 0 1 2 1 0  57! 0  31

E R e d  W a sh  1/91-26C  
(S ta te  1 -4 1 .3 6 0

9 0 6 748 i 0 441 0 1 3 , OOOI 0  2 8 | 0  0 3 j 0 0 6 1 ooel 0  131 0 3 4
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Terpanes Sesc ui-, diterpanes

S a m p le No
M ap-

group

3

1
gI
3

1
y
u

11
1*

1
s

Î
s

u

g

f

i
O

1

;II
1

J

II

g
1
:

1

il
1

II
1
i l

iII II
W alk er Hollow 
P e a n  S ro ao n u ra t 2 ^

23o 7 1318 0 41 - 0 1 2 0 0 0 0 5 2 0  10 0 6 2 0 10 0 61 0 2 9

W a lk e r  Hollow 
P e a n  B ro ad h u rs t 1

520 7 1330 0  4 6 :  ' 0  12 0 0 3 0 5 4 0 0 9 0 5 8 0 0 8 0 5 4 0 3 8

W a lk e r  H ollow 
P e a n  B ro ad h u rs t 15

530 7 5 76 0  36) ♦ 0  19 0 0 6 0 5 0 0 1 0 0  64 Q 10 0 64 0 2 9

W a lk e r  Hollow 
P e a n  B ro ad h u rs t 18

7 5 15 0  41 • 0  13 0 0 6 0 4 5 0 0 6 0 61 0 10 0 6 6 0 3 0

W a lk e r  Hollow 
P e a n  B ro ad h u rs t 12

S9o 7 0 4 6 * 0 15 0 0 3 0  36 0 0 4 0  47 0 0 7 0 61 3 21

W a lk e r  Hollemr Unit 1 ao o 7 554 0 4 0 0  24 0 0 0 0 4 6 0 0 6 3 5 6 0 0 7 0 5 9 0 3 4

H o rs e s h o e  B end 
2 /2 2 -3 4  F e d e ra l

So 8 600 0  301 * 0  16 0 0 0 0 61 0  19 0 6 4 0 1 3 0 7 7 0  41

B ren n an  BoCom  F e d e ra l 2-20 i3 o a 536 Z S 3 \  ♦ ♦ 0 1 7 0 0 0 0 4 8 O IS 0  73 0 16 0  74 0  18

B ren n an  B ottom  F ed era l 15-8 42 o a 5 02 0 4 0 , • 0  14 0 0 0 0 6 5 0 2 3 0  71 0 14 0 57 0 3 4

H o rs e s h o e  B end  F ed e ra l 4-2-F 47o a 391 0 3 9 - 0 1 6 0 0 0 0 6 3 0 2 6 0 8 6 0  17 0  78 0 3 8

H o rs e s h o e  B end  F ed e ra l 5-5H 46o a 5 24 0 3 8 - ♦ 0 2 3 0 0 0 0 5 6 Q 19 0 8 3 0 1 6 0  79 0 3 0

B ren n an  B ottom  F ed era l 6 57o a 1487 0 3 8 0 2 6 o i l 0 5 6 0 0 2 0 18 0 01 0 13 0 2 2

B ren n an  B ottom  F ed e ra l i 68o a 2 47 0 3 9 ♦ 0 2 8 0 0 0 0  57 0  11 0 4 9 0 0 9 0  42 0 2 5

T w elve Mile W a sh  F ed  i  
6 9 58-6960rt

9 5 29 0 6 0 • 0 1 2 0 0 0 0 2 7 0 0 2 0 1 5 0 0 6 0  32 1 00

T w elve M ile W a sh  Federal 1 
7 3 96-7426ft mm 9 9 8 4 0  591 * - 0 0 9 0 0 0 0 51 0  0 7 0  32 0 0 6 0  31 0  55

T w elve M ile W a sn  F ed era l i  
D S T  5960ft

9 2412 0 7 3 • 0  13 0 0 0 0 5 6 0 0 6 0 37 0 0 6 0  32 0 6 4

G u s h e r  G ov 4-14 61o 9 3 17 0 3 8 0 1 5 0 0 5 0 5 7 0  14 0 8 3 0 1 1 0  79 0  37

G u sh e r  G u s h e r  3 30o 9 438 0  3 7  - - 0 2 3 0 07 0  61 0 2 2 0 8 8 0 1 6 0  82 0  47

R e d  W a sn  W h o le  Field 3o 1062 0 3 6 - 0 2 8 0 0 3 0 5 0 Q 10 0  53 0 1 0 0 5 3 0 3 4

•m m ature  type

regular type
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S t e r a m e s , d i g i n a n e s %

S a m p le No
M ap-
group

J
11 
1 3 1 II 1

li
1

1

1
e

u

1

1

1
1

a

I1 1
>,j

1

1
i
1

1
*

Î

I1
g
I
£
u
&

*

T exaco  U te Tnpai 4700ft ! ! ! : '# : 0 5 0 0 9 2 0 8 8 0 3 3 0 27 3 0 0 0  21 0 0 0 4 6 3 0 7 8

T exaco  0-1 U te Tnpai 9251ft 20 0 0 0 0 0 0 0 0 0 GOO 0 0 0 OOO 0 0 0 0 0 0 6 3 9 36 1 0 0

C e a a r  Rim  u t e  Tnbal 2-2C6 0 5 4 0 87 0 8 4 0 32 0 19 0 0 0 0  2 4 ; — 0 0 0 3 1 3 0 8 5

C e d a r  Rim  u t e  Tnbal 2-24C7 38o 0 0 0 0 0 0 00 0 0 0 0 0 0 OOO 0 0 0 0 0 0 9 2 3 7 7 0 0

C e d a r  R im  Ford 2-13C 7 300 0 0 0 00 00 0 0 0 0 0 0 OOO 0 0 0 0 0 0 3 9 5 1 0 5 0 0

A n te to o e  C reek
U te Tnbal 1-5 (05-07)

110 2 0  71 0 5 9 0 6 2 0 0 0 OOO OOO 0 0 0 0 0 0 4 5 0 5 5 0 0 0

N utter C anyon  U te  Tnbal 10-21 210 2 0 6 9 0 7 3 0 82 0 5 6 0 5 5 0 0 0 0 0 5 0  24 34 1 1 6 7 2 9 0

B luebell F resto n  2*881 40 3 00 0  77 00 0 0 0 0 0 0 OOO 0 0 0 0 0 0 78 3 21 7 0 0

B luebell Fay  M echam  
F e e  F ed era l l

270 3 0 3 6 0 8 7 0 7 9 0 47 0 51 0 0 0 0 0 4 ♦ 0 47 18 3 1 3 3 37 4

B luebell 1-33A1 Uli P a c k 33 o 3 0 0 0 8 8 0 0 0  47 0 5 8 0 01 1 18 — 0 02 4 8 3 0 7 0

C hevron B lan ch ard  1 -33-3 73o 3 0 3 5 0 8 5 0 87 0 47 0 47 0 0 2 0  0 7 • 0 07 0 5 0 4 25 3

B g h t  Mile W a sh  
S ta te  3 3 -5 2 0  (33-32)

160 4 0 6 7 0 8 0 0 8 0 0 4 8 0 87 0 0 0 0 0 5 0 0 0 14 7 6 9 3 9 3

N atural B u tte s  O ld  S q u aw s 
C ro ss in g  4A 20o 4 0 3 4 0 9 3 0 7 9 0 4 3 0 4 6 OOO 0 0 5 ■ 0 2 2 1 4 8 7 8 2 3 2

P le a s a n t  V alley F ederal 24-15-H 220 4 0 6 5 0 7 2 0 71 0 6 0 0 6 6 0 0 0 0 0 5 - 0 4 9 19 1 16 1 3 5 5

M onum ent B utte F ederal 15-20 310 4 0  76 0 71 0 8 4 0 3 9 0 67 0 0 0 0 0 6 - 0 0 0 37 5 1 7 3 27 3

P a n e tte  B ench  F ederal 14-5 S lo 4 0 4 5 0  73 0 3 4 0 4 8 0 61 0 0 0 0 0 5 0 3 8 3 4 5 5 3 6 0

CN G  3-25B 760 4 00 0 6 8 00 0 4 0 0 4 9 0 0 0 0 0 8 - 3 8 0 1 4 3 4 4 27 7

W o n s its  Valley 133&71 6 0 5 0 4 4 0 8 7 0 74 0 47 0 5 1 0 0 0 0 0 6 0  27 181 10 3 27 3

W o n s its  Valley 
W hiton  Valley 1-19-3C

240 5 0  31 0 9 0 0 78 0 4 6 0 5 0 OOO 0 0 8 - 0 0 2 1 0 3 6 9 2 9 5

G y psum  Hills F ederal 3 460 S 0  52 0 8 7 0 8 0 0 48 0 4 9 0 0 0 0 0 4 0 32 24 1 1 0 3 2 3 9

W o n sits  Valley F ed era l 105 550 5 0 4 0 0 8 5 0 5 9 0 4 4 0 53 0 0 0 0 0 5 • 0 2 3 1 5 2 1 2 3 2 9 2

W o n srts  Valley Unit 88-2 6 3 c 5 0 5 0 0 8 6 0 6 9 0 4 6 0 6 2 0 0 0 0 0 4 0  46 1 3 3 8 9 27 4

W hite  River u n it  47-10 6 40 5 0 0 0 0 0 0 0 0 0 0 3 5 0  31 0  01 0 0 6 - 0 16 0 0 0 0 27 7

W o n sits  Valley F ederal 24 710 5 0 4 0 0 8 6 0 70 0 4 4 0 4 5 0 0 2 ' 0 0 5 0  24 1 4 6 9 5 27 7

C o n o co  Tnbal 31-55A 74» s 0 3 8 0 8 8 0 78 0 3 0 0 28 0  01 0  24 - 0 0 0 0 2 0 1 1 0 2

C o n o co  Tnbal 35-51 m 5 0  42 0 8 6 0 8 3 0 31 0  27 0  01 0 2 6 ** 0 0 0 0 2 0 2 10 7

G y psum  Hills 
C o s ta s  F ed e ra l 2  20-3b

700 5 0 5 6 0 8 2 0 8 9 0 47 0 8 3 0 0 3 0 0 4 ♦ 0 47 1 8 3 10 8 28 8

C oyo te  B asin  E  R ed  W a sh  1 -5 So 6 0 6 6 0 87 0 91 0 47 0 4 4 OOOI 0  12 ♦ 0 76 3 9 6 7 9 1 4 9

C o y o te  B asin  F ed era l 12-13 150 6 0 7 7 0 8 5 0  91 0 4 6 0 4 8 0 0 0 0  12 ♦ 0 3 3 3 6 2 10 2 1 5 7

R ed  W a sh  2 0  1 32-2SC 340 8 0  71 0 8 8 0 9 2 0 4 4 0 4 3 0 1 5 0  15 ♦ 0 5 3 32 2 9 6 1 8 9

F ed era l 1-27 6 7 o 8 0  6 7 0 7 9 0 8 0 0 4 5 0 4 8 0  021 0  091 • 0 5 0 21 5 9 2 21 5

C oyo te  B asin  
E  R ed  W a sh  F ed  4-8

6 90 8 0  74 0 8 4 0 8 6 0 5 0 0 5 0 0 0 3 0 11 * 0 5 6 2 8 3 8 5 1 8 7

E R e d  W a sh  1791-260 
(S ta te  1 -4 1 -3 6 0

9o 6 0 2 0 0  7 9 0 3 4 0 2 0 0 1 6 OOOI 0 58 - 0 1 3 2 2 5 6 10 6

A9-7



S a m p le No
M ap-
group

1
1

i .11, II 1

1li <

s

1

Stera

4
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digir
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a n e s

Î

1
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1

1
?1 11

?

Î

1

k

I
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s

5
W a lk e r  Hollow 
P e a rt  B ro a d h u rs t 21

23o 7 0 3 0 0 89 0 5 9 0 3 6 0 4 0 0 0 0 0  0 7 o o o 9 5 8 9 2 8 9

W a lk e r  Hollow  
P e a rt  B ro a o h u rs t 1

S2o 7 0  19 0 92 0 6 2 0 3 3 0 3 4 0 0 0 0  07 0 0 6 8 5 7 3 2 9 7

W a lk e r  Hollow  
P e a rt B ro a d h u rs t 15 53o 7 0 25 0 91 0 57 0 3 6 0 41 0 0 0 0 0 6 : 0 0 6 9 0 9 1 2 9 0

W a lk e r  Hollow  
P e a rt B ro a d h u rs t 18

7 0 2 6 0 8 8 0 5 3 0 3 0 0 42 0 0 0 0 0 6 - 0 12 7 7 9 5 28 7

w a lk e r  H ollow 
P e a rt  B ro a d h u rs t 12 S9o 7 0 3 0 0 8 5 0 3 9 0 4 0 0 4 0 0  01 0 0 5 - 0 0 9 4 0 7 0 2 9 8

W a lk e r  Hollow  U nit 1 60 o 7 0 28 0 8 6 0 5 6 0 3 6 0  31 0 0 0 0 0 5 0 11 5 7 6 6 2 8  2

H o rs e s h o e  B en d  
2 /2 2 -3 4  F ed e ra l So 5 0 33 C 8 9 0  74 0 4 0 0 3 9 0 0 0 0 0 4 0 0 0 17 1 1 0 9 2 5  1

B ren n an  B ottom  F e d e ra l 2-20 i3 o S 0 3 5 0 9 0 0 4 9 0 4 4 0 5 6 0  12 0 0 6 - 0 8 0 1 4 0 14 8 2 9 0

B re n n a n  B ottom  F e d e ra l 15-8 42o S 0 4 8 0 9 0 0  81 0 5 4 0 4 4 0 0 3 0 1 2 - 0 87 2 0 0 1 0 9 2 7  0

H o rs e s h o e  B e n d  F e d e ra l 4-2-F 47o 8 0  47 0 8 6 0 76 0  41 0 5 0 0 0 0 0 0 6 - 0 3 8 2 2 7 13 1 3 0 9

H o rs e s h o e  B en d  F e d e ra l 5-5H 48o a 0  44 0 8 5 0 6 5 0 3 8 0 5 4 0 0 2 0 0 5 - 0 27 1 7 3 1 3 4 31 4

B re n n a n  B ottom  F e d e ra l 6 57o a 0 4 4 0 9 0 0 6 6 0 51 0 4 6 0  01 0 0 9 0 6 6 1 6 1 3 3 3  1

B re n n a n  B ottom  F e d e ra l 1 6 6 o a 0 4 8 0 8 9 0 7 2 0 5 0 0 4 6 0 0 2 0 13 0 8 6 9 9 7 8 ’ 2 6 6

Tw elve Mile W a s h  F ed  1 
6 9 58-8960ft 7# 9 0 32 0 0 0 0  72 0 4 5 0 3 5 0 0 0 0  14 - 0 0 0 2 1 581 21 7

T w elve Mile W a s h  F e d e ra l i
7 3 9 6 -7 4 2 ett W K 9 0 2 9 0 9 2 0 8 4 0 3 8 0  2 9 ' 0 0 0 0  16 - 0 0 0 , 6 0 ! 5 6 : 21 3

T w elve Mile W a s h  F ed e ra l 1
□ S T 5 9 6 0 n

9 0 31 0 89 0  87 0 4 0 0  2 3 . 0  01 0  14 - OOO, 6 7 5 3 1 9 9

G u S h erG o v  4^14 6 1 0 9 0  51 0 81 0 7 3 0 4 8 0  5 8 . 0 0 2 0 0 3 0 3 0 ' 1 3 3 ! g g i 3 5  7

G u s h e r  G u s h e r  3 30o 9 0 5 3 0 8 0 0 81 0 3 9 0 4 6 0 0 0 0 0 4 - 0001 20 2: 1 3 1 31 0

R ed  W a s h  W h o le  Field 3o 0 37 0 8 6 ' 066 1 0 31 0 3 3 ! 0 0 0 0 10 0 0 5 : 8 9 1 3 9 : 2 5  1

type

type

regular type □
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%

S a m p le No
Mao-
group

i1

i1
i1 ifil *

z

1
1
3

1,
i

1
E1 1

T ex aco  U te  Tnbal 4700ft t e 1 87 3 1 7 5 0 0 1 3 0 4 9 8 37 2 41 8 -ca ro t 2

T exaco  D-1 U te TnOai 9251ft 2o 0 0 0 0 0 0 0 0 3 0 0 0 50 n-Ct • 1

C e d a r  R im  U te Tnbal 2-2C 6 1 6 6 3 1 9 1 0 0 13 1 4 3 8 4 3 2 39 8 -ca ro t 2

C e d a r  R im  U te T nbal 2-24C 7 38 0 QO 0 0 0 0 0 0 0 0 0 0 50 n-Crc 1

C e d a r  R im  F ord  2 -1 3 C 7 39o 0 0 0 0 0 0 0 0 0 0 0 0 SO n-C>9 1

A n te lo p e  C re e k  
U te  Tnbal 1-5 (05-07) l i e 2 0 0 0 0 0 0 0 0 0 0 0 0 47 n -C « 1

N utter C anyon  U te T nbal 10-21 210 2 1 7 6 2 5 0 0 21 7 31 2 4 7  2 48 n-C* T 1

Bluebell F re s to n  2-6B1 4o 3 0 0 0 0 0 0 0 0 0 0 0 0 50 n-Ci4 1

Bluebell F ay  M ecb am  
F e e  F ed e ra l 1 270 3 28 4 2 6 0 0 27 3 2 3 0 49 7 49 n-C « 2

Bluebell 1-33A1 u ti  P a c k 330 3 3 3 5 5 0 9 0 7 2 0 7 3 3 0 4 6 3 45 Ph 2

C hevron  B lan ch ard  1-33-3 73o 3 6 6 4 7 2 0 1 3 0 8 2 5 7 43 5 52 n-Cj7 1

E ight Mile W a sh  
S ta te  33-52D  (33-32)

16a 4 3 4 9 4 1 0 0 2 8  9 3 Z 0 3 9 1 49 n -C n 1

N atural B u tte s  O ld S q u a w s  
C ro ss in g  4A 20o 4 5 0 3 4 0 0 0 2 7  8 28 4 4 3 8 46 n-C ;r

P le a s a n t  V alley F ed e ra l 2 4 -lS -H 22o 4 2 6 1 3 1 0  0 2 7  0 4 8 5 26 5 49 n-C.-î 1

M o n u m en t B u tte  F ed e ra l 15-20 310 4 1 5 3 2 6 0 0 37 8 24 4 37 8 49 n-Cf] 1

P a n e tte  B en ch  F e d e ra l 14-5 51o 4 47 9 5 2 0 0 31 5 3 0 5 3 8 0 48 n-C jj 2

CN G 3 -2 5 8 76o 4 4 6 3 7 3 0 0 3 8 8 1 8 0 4 5 4 53 n-C-9 2

W o n s jts  v a lle y  133&71 60 5 4 0 1 4 2 0 0 4 4 8 1 7 5 37 9 49 fl-C;r 1

W o n s its  Valley 
W hito n  V alley 1 -1 9 -3 0 24o 5 4 6 6 6 7 0 0 29  1 2 9 5 41 4 50 n-C jr 1

G y p su m  Hills F e d e ra l 3 46o 5 3 6 6 2 9 0 0 3 0 7 2 8 8 4 2 5 SO n-Cj* 2

W o n s its  V alley F e d e ra l 105 550 5 3 9  7 3 6 0 0 30 7 24 2 4 5 1 49 n-C?5 1

W o n s its  v a lle y  U nit 86-2 63o 5 4 7  3 3 1 0 0 3 4 5 2 3  7 41 7 39 n-Cj4 2

W h ite  R iver U nit 47 -1 0 640 5 6 5 9 6 3 0 0 3 9  3 21 9 3 8 8 50 n-C n 2

W o n s its  v a lle y  F e d e ra l 24 710 5 4 4 5 3 8 0  1 3 3 2 2 3 8 4 2 9 50 n -C « 1

C o n o c o  T nbal 31 -% A 5 8 9  3 2 0  1 0 1 2 0 8 2 8 8 5 2 4 53 P r 1

C o n o c o  T nbal 35-51 - m 5 6 7  3 21 5 0  1 21 1 3 0 3 4 8 6 53 Pr 1

G y p su m  Hills 
C o s ta s  F ed e ra l 2  20 -3 b 70o 5 4 0 6 3 3 0  1 3 6 0 24 0 4 0 0 42 n -C n 1

C o y o te  B asin  E R ed  W a s h  1-5 So 6 31 7 5 6 0 0 4 Z 7 ' 15 8 41 5 50 n -C n 1

C o y o te  B as in  F e d e ra l 12-13 i5 o 6 31 9 6 0 0 0 4 3  2 14 1 4 Z 7 47 n-Cia ^ 2

R ed  W a s h  2 0  1 3 2 -2 6 0 340 6 3 2 7 7 5 1 2 4 8 4 1 7 1 3 4 5 48 n-Cj3 i 2

F ed e ra l 1-27 67o 6 41 4 6 2 0 1 4 5 5 16 1 38 4 50 n-Cii ' 2

C o y o te  B asin  
E  R ed  W a sh  F e d  4-6 690 6 3 9 8 6 5 0 2 4 9 7 17 1 3 3 2 52 n-C jr ! 1

E R e d  W a s h  1 /9 1 -2 6 0  
(S ta te  1-41-360) 90 6 4 5 2 3 6 3 0 0 ) 8 5 3 1 3 5 2 1 2 47 n-Cji 2

A9-9



%

•

2 I y

S a m p ie No
M ap.

i
I

5

1
1 I t j

s, 4

1
1

Jl

1
1

1

1 1
W alk e r Hollow 
P ea rl B roaohurst 21

230 7 4 7  0 5 7 0 0 3 5 6 2 5 1 3 9 3 54 n-C.— 1

W alk e r Hollow 
P e a rt B roadhurst 1

520 7 4 8  3 6 3 0 0 331 26 1 4 0 8 47 n-C j! '

W alk e r Hollow 
P ea rt B roadhurst 15

530 7 4 7  9 5 0 0 0 31 3 2 5 7 4 3 0 49 n-C:* 1

W alk e r Hollow 
P ea rt B roadhurst 18

7 4 9  2 4 9 0 0 4 0 5 2 0 7 3 8 8 40 Ph 1

W alk er Hollow 
P e a rt B ro ad h u rs t 12

590 7 5 4 7 4 5 0 0 37 4 27 5 35 1 45 Pr

W alk e r Hollow Unit i 60 o 7 55  0 4 5 0 0 3 21 2 5 9 4 2 0 44 n-C jr

H o rse sh o e  B end 
2 /22-34  F ed era l So a 4 3 7 3 2 0 0 3 5 0 2 8 5 3 6 8 48 P r 2

B rennan  Bottom  F ed e ra l 2-20 130 8 3 6 6 5 1 0 6 37 8 28 2 3 4 3 47 n -C n 1

B ren n an  B ottom  F ed e ra l 15-8 420 8 3 3 7 8 2 0 2 55 0 1 7 4 27 5 49 n-CjT 2

H o rse sh o e  B en d  F ed e ra l 4-2-F 470 8 2 9 6 3 7 0 0 31 9 2 5 4 4 2 6 50 n-C jr 1

H o rse sh o e  B end  F ed era l S-SH 48 0 8 3 4 3 3 5 01 37 4 2 2 8 3 9 8 49 n-Cj3 1

B rennan  B ottom  F ed e ra l 6 570 8 55 1 8 7 0 1 461 17 7 3 6 2 49 n-CjT 1

B rennan  Bottom  F ed era l 1 6 80 8 4 5 5 1 0 3 0 2 50 1 1 3 0 37  0 53 P r 2

Tw elve Mile W a sh  F ed  i
6958-8960ft

9 5 6 2 1 2 1 0 0 2 0 2 3 8 9 4 0 9 39 Pr 1

Tw elve Mile W a sh  F ed e ra l 1
7396-742611

9 5 4 5 1 2 7 0 0 16 8 3 4 2 4 9 0 39 Pr 2

Tw elve Mile W a sh  F ed e ra l i 
D ST 5960ft

9 56 7 11 3 0 1 19 7 31 8 4 8 5 39 Pr 1

G u sh e r  G ov 4-14 610 9 3 8 3 2 7 0 0 361 2 5 9 3 8 0 51 n-Cj4

G u sh e r  G u sh e r  3 30o 9 3 2 8 2 9 0 0 24 9 1 8 8 5 6 3 49 n-C jr 1

R ed  W a sh  W h o le  Field 3o - 4 9 2 7 9 GO 3 5 9 2 3 1 41 0 52 n-Cn 1

type

type

type
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APPENDIX 10
High temperature gas chromatograms of Uinta Basin crude oils 
Map-group 1 - Cedar Rim
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APPENDIX 10
High temperature g a s  chrom atogram s o f Uinta B asin crude o ils  
Map-group 2 - South-central fields 1
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APPENDIX 10
High temperature gas chromatograms of Uinta Basin crude oils 
Map-group 3 - Bluebell field
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APPENDIX 10
High temperature gas chromatograms of Uinta Basin crude oils 
Map-group 4 - South-central fields 2
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APPENDIX 10
High temperature gas chromatograms of Uinta Basin crude oils 
Map-group 5 - Wonsits Valley/White River Unit - Gypsum Hills
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APPENDIX 10
High temperature gas chromatograms of Uinta Basin crude oils 
Map-group S - Wonsits Valley/White River Unit - Gypsum Hills
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APPENDIX 10
High temperature gas chromatograms of Uinta Basin crude oils 
Map-group 6 - Coyote Basin / E Red Wash
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APPENDIX 10
High temperature gas chromatograms of Uinta Basin crude oils 
Mapgroup 7 - Walker Hollow Unit I  Greater Red Wash area
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APPENDIX 10
High temperature gas chromatograms of Uinta Basin crude oils 
Map-group 8 - Brennan Bottom

UB6 8 0  

Federal 1 
n a
4680ft ML

» 40 60 60 100

UB570 
Federal 6  

65426792ft 
4691ft KB

20 60 SO 100

UB130 
Federal 2-20 
6690-6711 ft 
4759ft GR

4020 60 60 100

UB420 
Federal 15-6 
6615-691311 
4808ft KB

.........liuu»
20 40 60 ao

UB480
Horseshoe Bend 
Federal 5-5H 
6907-709811 
4894ft KB

UB470
Horseshoe Bend 
Federal 4-2-F 
6808-687611 
6929-705311 
4 9 7 2 m KB

I w

UB8 0

Horseshoe Bend 
Federal 2/22-34 
6670 6690M 
sooom ML

30 40 60 80 100

retention time (mln )



o

CD

APPENDIX 10
High temperature gas chromatograms of Uinta Basin crude oils 
Map-group 9 - Twelve Mile Wash / Gusher
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IMAGE EVALUATION 
TEST TARGET (Q A -3 )
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