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ABSTRACT

BIOMARKERS: REVIEW AND APPLICATION TO
THE EAGLE FORD SHALE

FORMATION

Ugochukwu Ononogbu, M.S.

The University of Texas at Arlington, 2012

Supervising Professor: Qinhong Hu

Biomarkers have become an integral part of oil exploration. Gas Chromatography (-
Mass Spectrometry) is performed to an oil sample to acquire biomarkers from the sample. The
presence, lack of, or abundance of a given compound (or biomarker) in the geochemical results
of an oil sample depict(s) a property or properties of the source rock and the oil. For example,
the abundance of pristane and lack of phytane in an oil sample are characteristic of a shale
source rock, such as the Eagle Ford, will show a high pristane to phytane ratio.

The Eagle Ford shale formation is cretaceous in age; the presence and absence of
certain biomarkers like oleanane suggest age ranges. The oil sample tested from the Eagle
Ford shale formation support a source rock from the Cretaceous period. The biomaker results
from the Eagle Ford shale formation also suggest the thermal maturity of oil samples tested.
The Eagle Ford shale formation produces both gas and oil. Formations which produce both oil
and gas ensure that the biomarkers detected can be used to study thermal maturity. The results
from the Eagle Ford shale formation show a thermal maturity that is between peak and late
stages of oil generation which supports continued exploration from the reservoir of the oil

sample.



Results are affected by many variables; therefore, there will be considerable variations
in the ensuing interpretations. The use of multiple biomarkers in the results from the Eagle Ford
shale formation and comparing and contrasting those results with other available results will

produce more accurate conclusions.
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CHAPTER 1

INTRODUCTION

1.1 Introduction to Biomarkers

Biomarkers are compounds found in oil that hold information of the oil. They are mainly
lipids from living organisms that have been preserved through time. Unlike other organic
molecules such as proteins and carbohydrates, lipids can be preserved in sediments for millions
of years in a stable condition. A stable condition has very little to no free-oxygen (anoxic
condition) and minimal erosion.

Biomarkers are primarily made up of carbon and hydrogen, but can also contain other
elements such as oxygen, nitrogen, sulfur, and iron. Biomarkers are generally used in age
dating of a locale in the search for evidence of life and in petroleum exploration. In petroleum
exploration, biomarkers are indicative of one or more of the following: geologic time, thermal
maturity, and/or depositional environment. An example of a geologic time biomarker would be
oleanane (18alpha-oleanane) in an oil sample which indicates that the oil is from Cretaceous;
oleanane is formed from a flowering plant called angiosperm which is unique to Cretaceous and
younger (Moldowan et al., 1994). Furthermore, as an example of a depositional environment:
pristane/phytane ratio of less than one (< 1) in oil indicates that the environment was
hypersaline. Environments with increasing paleosalinity show a decreasing ratio of
pristane/phytane (ten Haven et al., 1987). The Eagle Ford shale formation is a marine
environment and not hypersaline; therefore, the ratio of pristane/phytane would be greater than
1. Table 1.1 shows more examples of biomarkers that provide information about the age of the

source rock, the depositional environment and the thermal maturity.



Table 1.1 Biomarkers indicative of source rock age, depositional environment and thermal

maturity

Biomarker(s)

Indication

Comments

Oleanane

Indicative of a source rock from the

Cretaceous Period

Indicative of Cretaceous and

younger (Moldowan et al., 1994)

Pristane/Phytane

Indicative of marine (oxic) or
carbonate (suboxic) depositional

environment.

Ratio greater than 1 indicates

marine (Didyk et al., 1978)

Saturate compounds -

Steranes: S/(S+R)

20R 208

Tells the thermal maturity of oil
samples, but could increase
dramatically past the oil peak

generation.

A high ratio indicates high thermal
maturation and/or heavy
biodegrading (Seifert and

Moldowan, 1986)

Aromatic Compounds-
Triaromatic/(Monoaromatic +

Triaromatic)

Cos-TA/(Cos-MA + C25-TA)

Tells the thermal maturity of
samples through the oil window.

The value increases with maturity.

The ratio works because
Triaromatic is a more mature
Monaromatic. Applications of the
ratio have been applied to basin

models (Mackenzie, 1984)




Biomarkers are evaluated from analysis on an oil sample using Gas Chromatography or Gas
Chromatography-Mass Spectrometry (GC-MS). Weatherford Laboratories and Oil Tracers used
a GC-MS instrument to test an oil sample from the Eagle Ford shale formation. Several of the
resulting compounds in the oil were known biomarkers; therefore, the oil sample was further
subjected to the GC-MS tests. A majority of the compounds (biomarkers) derived from the GC-
MS tests are indicators of the age of the source rock, the source rock depositional environment,
and thermal maturity.

1.2 Physical Geology of Eagle Ford Formation

The formation is located from the Mexican border northeastward into East Texas. The
formation lies between the Austin Chalk and the Buda lime (Fig. 1) around 4,000 to 12,000 feet
below the earth surface, with a thickness around 250 feet. The formation is about 50 miles wide
and 400 miles long (Fig. 2) and believed to be Cretaceous in age. The Eagle Ford formation is
divided into two layers: shale at the bottom which is organically enriched (Liro et al., 1994), and
carbonate flagstone interbedded with shale above. The Eagle Ford shale formation is the likely
source of the 140,000 acre East Texas oil field (Liro et al., 1994), which provides hydrocarbons

for formations like the Austin Chalk (Railroad Commission of Texas, 2012).
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Figure 1.1 Eagle Ford shale formation lying between the Buda and Austin Chalk formation
(World Oil, 2012)
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CHAPTER 2
PREVIOUS RESEARCH OF BIOMARKERS
There is a significant amount of information on biomarkers in the petroleum exploration
field; detailed papers discussing biomarkers started to be published in the 1970s. Petroleum
exploration companies like Exxon Mobil have supported the study of biomarkers over the years
making biomarkers an important aspect of petroleum exploration. Scientists, including Kenneth
E. Peters, Clifford C. Walters, and J. Michael Moldowan have published many papers and

books on biomarkers including volumes 1 and 2 of The Biomaker Guide; their findings from

Volume 2 of the book is incorporated into this research. GeoMark Research, Inc owns a library

called Oil Information Library System (http://www.geomarkresearch.com/). The library contains

a lot of information on biomarkers, including various GC and GC-MS results of oils throughout
the geologic time. Weatherford Laboratories and Oil Tracers have also researched biomarkers
for many years, and they donated the analytical results for an oil sample from the Eagle Ford

shale formation for this research.


http://www.geomarkresearch.com/

CHAPTER 3
AIM AND OBJECTIVE OF THIS RESEARCH
The objective of this study is to further understand the use of biomarkers in petroleum
exploration. To accomplish the objective, | used literature papers and biomarker books as a
guide while synthesizing the oil sample biomarker analyses from the Eagle Ford shale formation.
The overall aim of this study is to use the biomarkers found in the oil sample to determine: 1)
the age of the source rock, 2) the depositional environment, and 3) the thermal maturity of the
oil in the Eagle Ford shale formation. Other information like the kind of organic matter(s) that
went through diagenesis to form biomarker(s) found in the oil will also be explored during the

research.



CHAPTER 4
METHOD

4.1 Sample Collection

Weatherford Laboratories and Oil Tracers collect oil samples at the well head without
contamination. The oil sample used in this study was collected in the Eagle Ford shale in an
undisclosed location because of proprietary reasons. The well head is the structural support of a
well located at the surface of the well. A component called the header connects well head(s) to
flowlines, it has producing and testing valves that control the flow of each well. The sample was
not taken from the header because it could be contaminated by leaking valves, corrosion, etc.
Although it may be easier to collect the oil sample from components like the header, potential
contamination being in the tested sample is not an acceptable practice at Weatherford
Laboratories and Oil Tracers. In addition, the sample was collected in a glass bottle. Other
sample storage containers like plastic bottles may contaminate the sample.

4.2 Gas Chromatography (GC)

GC is the process of separating and identifying different organic compounds within a
test sample. Figure 4.1 below shows the brief process; the test sample is injected into the GC
instrument where the carrier gas (usually helium) takes it through the various components of the
GC instrument. The first GC instrument component is the column (a thin tube) with its interior
lined with a polymer coating (usually silicone oil polymers and other organic chemicals). The
polymer reacts with each compound in the sample differently as the carrier gas takes the
sample through the column, which is in the oven. The oven heats up the column turning the
compounds in the sample into a gaseous state; therefore, the more volatile material will get to
the next component faster with a smaller retention time. The next component the gaseous

material encounters is the detector which records the concentration (peak area or peak height)



of eluted compound over time Finally, the test sample can be fully recovered if the exit port is
connected to a cooling component, by changing the gaseous material back into liquid form

(expelling the helium).
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Figure 4.1 A schematic view of a Gas Chromatograph (Maitland, 2000)

4.3 Gas Chromatography - Mass Spectrometry (GC-MS)

After the GC analysis was done on the oil sample, the results were analyzed and the
ratios and compounds acquired can be seen on Figure 5.2 and Table 5.1. The GC results
showed the presence of saturated and aromatic biomarkers, GC-MS analysis was conducted to
measure the saturated fraction and the aromatic fraction of the oil sample separately. The GC-
MS has a two part process, the GC and MS. The MS instrument is connected to the GC
instrument’s exit port, beginning the MS process immediately when the sample is injected in GC.
A cathode in MS reacts with the incoming material making it positively charged. Figure 4.2

illustrates the MS process, the positively charged material (ions) flows towards the negatively



charged plate. The slit on the plate allows some of the ions through to a curved path which is
between the poles of a magnet. The strength of the magnet is set to allow a certain molecular
weight to pass through the curve path successfully, hence filtering unwanted results. Figure 5.3
and 5.4 show multiple molecular weight (m/z) values, each value represents the molecular
weight allowed through the curved path. The ion detector then produces a graph/trace of ionic
abundance versus time. The aromatic GC-MS was run with ortho-terphenyl (seen in Table 5.4),
and the saturated GC-MS was run with 5 beta-cholane (seen in Table 5.2). Both compounds
(ortho-terphenyl and 5 beta-cholane) are internal standards used to calibrate the concentration

of each compound in the oil sample as a ratio of the internal standard to measured compound.
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Figure 4.2 A schematic view of a Mass Spectrometer (Maitland, 2000)
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CHAPTER 5
RESULTS

5.1 Example Results of GC and GC-MS Analyses

Figure 5.1 (from The Biomarker Guide) shows a whole oil GC and a saturate GC-MS

results of an oil sample from the Eagle Ford shale formation. The values of Pr/n-C17 and Ph/n-
C18 are used to evaluate the thermal maturity of oil (Winters and Williams, 1969). Another
example is the pristane/phytane value; it is greater than one in shales. I'll compare the results in
Figure 5 to results of oil from my Eagle Ford oil sample as well as from other source rocks, to

further explain the usage of biomarkers.

11
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Figure 5.1 Eagle Ford shale formation showing whole oil GC and saturate compound GC-MS

traces with important values/ratios (Peters et al., 2005)
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5.2 Acquired Results

The first set of results are the whole oil GC results; the trace/graph (Figure 5.2, key
biomarkers are highlighted) which is followed by a table showing all the compounds recorded by
the detector in the GC instrument (Table 5.1). The trace shows various peaks with peak labels.
The peak labels can be matched to the table which gives some information of each peak. The
ratios under the trace are ratios of biomarkers that suggest certain properties of oil.

The next set of results is the saturate GC-MS; the trace, followed by a table of the
detected compounds, and later a table showing the important ratios which can be seen to the
right of the trace (Figure 5.3, key biomarkers are highlighted). Three traces are of three different
ions as “m/z” numbers (Section 4.3). The ratios to the right of the traces are ratios of the
biomarkers from the Table 5.2. The applications of the ratios are specified to the right of ratio
values: A stands for age of rock; D stands for depositional environment; and M stands for
maturity. The ratios can also be seen in greater detail in Table 5.3.

The final set of results is the aromatic GC-MS (Figure 5.4, Table 5.4, and Table 5.5)

which has the same layout as the saturate GC-MS.

13
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Figure 5.2 Whole Oil GC Trace
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Table 5.1 Compounds detected in the whole oil

Company: Client ID:

Well Name: Project #:

Depth: - Lab ID:

Sampling Point: File Name:
Peak Compound Ret. ppt ppt
Label Name Time Area  Height (Area) (Hght)
IC4 Iso-alkane C4 4115 16447 14010 1.61 3.06
NC4 Normal Alkane C4 4.229 99241 82605 9.68 18.06
IC5 Iso-alkane C5 4.653 72394 56233 7.06 12.29
NC5 Normal Alkane C5 4.887 110503 82440 10.78 18.02
22DMB 2,2-Dimethylbutane 5.328 695 466 0.07 0.10
CP Cyclopentane 5.781 20919 12577 2.04 275
23DMB 2,3-Dimethylbutane 5.810 3839 3293 0.38 0.72
2MP 2-Methylpentane 5.892 57175 36667 5.58 8.02
3MP 3-Methylpentane 6.182 36253 22101 3.54 4.83
NC6 Normal Alkane C6 6.582 90414 53695 8.82 11.74
22DMP 2,2-Dimethylpentane 7.239 914 574 0.09 0.13
MCP Methylcyclopentane 7.295 75086 40275 7.33 8.80
24DMP 2,4-Dimethylpentane 7.428 4037 2076 0.39 0.45
223TMB 2,2,3-Trimethylbutane 7.581 198 74 0.02 0.02
BZ Benzene 8.050 7993 3581 0.78 0.78
33DMP 3,3-Dimethylpentane 8.246 799 367 0.08 0.08
CH Cyclohexane 8.357 42697 20622 417 4.51
2MH 2-Methylhexane 8.736 26924 13198 263 2.89
23DMP 2,3-Dimethylpentane 8.785 11784 5758 1415 1.26
11DMCP 1,1-Dimethylcyclopentane 8.872 15223 7074 1.49 1.55
3MH 3-Methylhexane 9.071 36931 17579 3.60 3.84
1C3DMCP 1-cis-3-Dimethylcyclopentane 9.300 29073 13553 2.84 2.96
1T3DMCP 1-trans-3-Dimethylcyclopentane 9.413 27314 12636 2.67 2.76
3EP 3-Ethylpentane 9.474 2850 2283 0.28 0.50
1T2DMCP 1-trans-2-Dimethylcyclopentane 9.525 46114 20876 4.50 4.56
NC7 Normal Alkane C7 10.114 84516 38536 8.25 8.42
ISTD Internal Standard 10.332 35568 16875 3.47 3.47
MCH Methylcyclohexane 10.953 113619 45763 11.09 10.00
113TMCP 1,1,3,-Trimethylcyclopentane 11.117 20861 8784 2.04 1.92
ECP Ethylcyclopentane 11.525 6549 2738 0.64 0.60
124TMCP 1,2,4-Trimethylcyclopentane 11.967 16119 6673 1:57 1.46
123TMCP 1,2,3-Trimethylcyclopentane 12.333 18386 7492 1.79 1.64
TOL Toluene 12.654 39218 15080 3.83 3.30
NC8 Normal Alkane C8 15.289 86964 30078 8.48 6.58
IP9 Isoprenoid C9 17.149 30452 11257 297 2.46
MXYL m-Xylene 18.359 25614 9419 2.50 2.06
PXYL p-Xylene 18.427 6295 2366 0.61 0.52
OXYL o-Xylene 19.615 19149 5967 1.87 1.30
NC9 Normal Alkane C9 21.018 73437 25537 7 5.58
IP10 Isoprenoid C10 22.994 22520 7594 220 1.66
NC10 Normal Alkane C10 26.610 67317 22974 6.57 5.02
IP11 Isoprenoid C11 27.906 22547 7559 2.20 1.65
NC11 Normal Alkane C11 31.871 70245 23163 6.85 5.06
NC12 Normal Alkane C12 ] 36.793 65264 21580 6.37 4.72
IP13 Isoprenoid C13 37.531 23131 6913 2.26 1.51
P14 Isoprenoid C14 40.293 17277 5548 1.69 1.21
NC13 Normal Alkane C13 41.406 68431 21576 6.68 4.72
IP15 Isoprenoid C15 44.848 23217 7160 2.27 1.57
NC14 Normal Alkane C14 45.741 66924 21179 6.53 463
IP16 Isoprenoid C16 48.404 28232 7035 2.75 1.54
NC15 Normal Alkane C15 49.828 72455 20493 7.07 4.48
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Table 5.1 Continued

Company: Client ID:

Well Name: Project #:

Depth: - Lab ID:

Sampling Point: File Name:
Peak Compound Ret. ppt ppt
Label Name Time Area Height (Area) (Hght)
NC16 Normal Alkane C16 : 53.693 62913 19220 6.14 4.20
P18 Isoprenoid C18 3 55.624 28872 6001 2.82 1.31
NC17 Normal Alkane C17 57.354 60518 17888 5.90 3.91
IP19 Isoprenoid C19 (Pristane) 57.716 39596 7502 3.86 1.64
PHEN Phenanthrene 58.740 3290 719 0.32 0.16
NC18 Normal Alkane C18 60.834 50555 15066 493 3.29
IP20 Isoprenoid C20 (Phytane) 61.291 25943 4756 2.53 1.04
NC19 Normal Alkane C19 64.147 46314 13314 4.52 291
NC20 Normal Alkane C20 67.306 44237 12380 4.32 2.71
NC21 Normal Alkane C21 70.327 39105 11475 3.82 2.51
C25HBI Highly Branch Isoprenoid C25 70.567 2466 607 0.24 0.13
NC22 Normal Alkane C22 73.217 36638 10681 3.57 2.34
NC23 Normal Alkane C23 75.988 34691 10259 3.38 2.24
NC24 Normal Alkane C24 78.646 32153 9268 3.14 2.03
NC25 Normal Alkane C25 81.202 31264 8769 3.05 1.92
NC26 Normal Alkane C26 83.665 31099 8469 3.03 1.85
NC27 Normal Alkane C27 86.037 32245 8715 3.15 1.91
NC28 Normal Alkane C28 88.328 34739 9515 3.39 2.08
NC29 Normal Alkane C29 90.541 41677 11049 4.07 2.42
NC30 Normal Alkane C30 92.679 42020 11448 410 2.50
NC31 Normal Alkane C31 94.747 37208 9732 3.63 2.13
NC32 Normal Alkane C32 96.752 30747 8246 3.00 1.80
NC33 Normal Alkane C33 98.697 28895 7479 2.82 1.64
NC34 Normal Alkane C34 100.581 24246 6065 2.37 1.33
NC35 Normal Alkane C35 102.437 21523 5128 2.10 1.12
NC36 Normal Alkane C36 104.440 16912 3524 1.65 0.77
NC37 Normal Alkane C37 106.684 17072 3046 1.67 0.67
NC38 Normal Alkane C38 109.246 14883 2331 1.45 0.51
NC39 Normal Alkane C39 112.172 10805 1509 1.05 0.33
NC40 Normal Alkane C40 115.588 10328 1172 1.01 0.26
NC41 Normal Alkane C41 119.568 8236 801 0.80 0.18
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Figure 5.3 GC-MS Traces for Saturate Compounds
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Table 5.2 Compounds detected in saturate GC-MS

Company: Client ID:
Well Name: Project #:
Depth: Lab ID:
Sampling Point: File Name:

Peak Compound Ret. ppm p
lon Label Name Time Area Height (Area) (Hght)
217 CHOL 5 B cholane (internal standard) 42.247 9466 1533 100.0 100.0
123 LABD labdane
123 RIMU rimuane
123 PIM pimarane
123 ENTBEY ent-beyerane
123 ISOPIM isopimarane
123 B_PHYLLO B-phyllocladane
123 B_KAUR B-kaurane
123 A_PHYLLO a-phyllocladane
125 BCAROT B-carotane
187  4MDIAM 4-methyldiamantane 9.294 65 26 0.7 17
187  1MDIAM 1-methyldiamantane 9.886 83 24 0.9 1.6
187 . 3MDIAM 3-methyldiamantane 10.252 55 19 0.6 1.2
188  DIAM diamantane 9.137 75 29 0.8 19
191 TR19 C19 tricyclic terpane 18.861 359 74 3.8 4.8
191 TR20 C20 tricyclic terpane 21.702 821 149 8.7 9.7
191 TR21 C21 tricyclic terpane 25.048 1676 277, 177 18.1
191 TR22 C22 tricyclic terpane 28.463 . 931 128 9.8 8.4
191 TR23 C23 tricyclic terpane 32.693 3633 611 384 39.9
191 TR24 C24 tricyclic terpane 35.082 3116 513 329 335
191 DESAOL des-A-oleanane
191 DESALU des-A-lupane
191 TR25A C25 tricyclic terpane (a) 40.173 1997 292 211 19.0
191 TR25B C25 tricyclic terpane (b) 40.312 1701 290 18.0 18.9
191 DESEHOP des-E-hopane 43.433 925 147 9.8 9.6
191 TR26A C26 tricyclic terpane (a) 44.061 1990 282 21.0 18.4
191 TR26B C26 tricyclic terpane (b) 44.374 2159 324 228 211
191 TR28A C28 tricyclic terpane (a) 53.005 2761 426 29.2 278
191  TR28B C28 tricyclic terpane (b) 53.598 2952 411 31.2 26.8
191 TR29A C29 tricyclic terpane (a) 55.550 2674 404 28.2 26.4
191 TR29B C29 tricyclic terpane (b) 56.300 2706 449 28.6 293
191 TR30A C30 tricyclic terpane (a) 60.519 2851 416 30.1 271
191 TR30B C30 tricyclic terpane (b) 61.339 2769 432 293 28.2
191 TS Ts 18a(H)-trisnorhopane 57.712 5520 872 58.3 56.9
191 ™ Tm 170(H)-trisnorhopane 59.351 1118 168 11.8 11.0
191 H28 C28 17a18021B(H)-bisnorhopane
191 NOR25H C29 Nor-25-hopane
191 H29 C29 Tm 17a(H)21B(H)-norhopane 65.140 7135 1069 754 69.7
191 C29TS C29 Ts 18a(H)-norneohopane 65.401 5425 749 57.3 48.9
191 DH30 C30 17a(H)-diahopane 66.151 2790 397 29.5 259
191 M29 C29 normoretane 67.110 1012 129 10.7 8.4
191 oL oleanane
191 H30 C30 17a(H)-hopane 68.609 19806 2981 209.2 194.5
191 M30 C30 moretane 70.196 2266 290 239 18.9
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Table 5.2 Continued

Company: Client ID:
Well Name: Project #:
Depth: Lab ID:
Sampling Point: File Name:

Peak Compound Ret. ppm ppm
lon Label Name Time Area Height (Area) (Hght)
191 H31S C31 22S 17a(H) hopane 72.689 6936 1045 733 68.2
191 H31R C31 22R 17a(H) hopane 73.194 7530 972 79.5 63.4
191 GAM gammacerane 73.648 1777 213 18.8 13.9
191  H32S €32 22S 17a(H) hopane 75.932 6063 887 64.1 57.9
191 H32R C32 22R 17a(H) hopane 76.612 4190 573 44.3 37.4
191 H33S C33 22S 17a(H) hopane 79.645 4047 584 4238 38.1
191 H33R C33 22R 17a(H) hopane 80.604 3124 421 33.0 275
191 H34s C34 22S 17a(H) hopane 83.516 3001 394 31.7 257
191 H34R C34 22R 17a(H) hopane 84.667 2202 284 233 185
191 H35S €35 22S 17a(H) hopane 87.247 1874 284 19.8 185
191 H35R €35 22R 17a(H) hopane 88.555 1354 195 143 127
205  H31_2ME C31- 20-methylhopane 68.975 605 91 6.4 5.9
205  H31S_205 C31 22S 17a(H) hopane 72.689 2134 327 225 213
205 H31R_205  C31 22R 17a(H) hopane 73.194 1627 220 17.2 144
205 H31_3ME C31 3p-methylhopane
217 S21 C21 sterane 29.021 3095 442 32.7 28.8
217 © S22 C22 sterane 33.757 1483 230 15.7 15.0
217  DIA27S C27 Bo 208 diasterane 48.454 5524 821 58.4 53.6
217  DIA27R C27 B 20R diasterane 50.006 3795 548 40.1 35.7
217 DIA28SA C28 Bo. 20S diasterane a 52.255 3791 547 40.0 35.7:
217  DIA28SB C28 Bo. 208 diasterane b 52.534 4708 580 49.7 37.8
217  DIA28RA C28 Ba 20R diasterane a 53.964 2761 391 29.2 255
217  DIA28RB C28 Bo: 20R diasterane b 54.138 3387 406 358 26.5
217 €27S C27 aa 20S sterane 55.149 2393 319 253 20.8
217  BB_D29S C27 BP 20R + C29 dia20S 55.672 8003 609 84.5 39.7
217  C27BBS C27 pp 20S sterane 56.073 4788 570 50.6 a2
217  C27R C27 ao 20R sterane 56.963 2126 272 225 177
217  DIA29R C29 Ba 20R diasterane 57.573 5539 482 58.5 314
217  C28S C28 oo 20S sterane 59.281 2382 269 25.2 17.5
217  C28BBR C28 BB 20R sterane(+5 Bacr) : 60.014 5143 600 54.3 39.1
217  C28BBS C28 Bp 20S sterane 60.415 5543 645 58.6 42.1
217 C26R C28 a 20R sterane 61.583 2558 196 27.0 12.8
217  C29S C29 oo 20S sterane 62.786 2261 237 23.9 15.5
217  C29BBR C29 BB 20R sterane(+5 o) 63.605 4725 553 49.9 36.1
217  C29BBS C29 B 20S sterane 63.937 4054 486 428 31.7
217  C29R C29 o 20R sterane 65.349 2836 237 30.0 15.5
218  C27ABBR C27 Bp 20R sterane 55.655 6582 842 69.5 54.9
218  C27ABBS C27 pp 20S sterane - 56.073 5260 726 55.6 47.4
218  C28ABBR C28 BB 20R sterane 60.014 6856 913 72.4 59.6
218  C28ABBS C28 Bp 20S sterane 60.397 7005 922 74.0 60.1
218  C29ABBR C29 BB 20R sterane 63.605 6071 - 818 64.1 53.4
218  C29ABBS C29 BB 20S sterane 63.937 6179 779 65.3 50.8
218  C30ABBR C30 BP 20R sterane 66.639 1201 171 12.7 11.2
218  C30ABBS C30 Bp 20S sterane 66.866 1163 152 123 9.9
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Table 5.2 Continued

Company: Client ID:
Well Name: Project #:
Depth: Lab ID:
Sampling Point: File Name:

Peak Compound Ret. ppm ppm
lon Label Name Time Area Height (Area) (Hght)
259 D27S C27 B 208 diasterane 48.454 3471 539 36.7 35.2
259  D27R C27 Bo 20R diasterane 50.006 2471 366 26.1 23.9
259  D28SA C28 Bo 20S diasterane a 52.255 2730 395 28.8 25.8
259 D28SB C28 Bo 208 diasterane b : 52.534 3002 394 < by 257
259  D28RA C28 Bo. 20R diasterane a 53.964 2280 273 24.1 17.8
259  D28RB C28 Bo 20R diasterane b 54.155 1857 267 196 174
259  D29S C29 Ba 208 diasterane 55.759 4198 333 443 21.7
259 D29R C29 Bo 20R diasterane 57.590 2920 230 30.8 15.0
259 C30TP1 C30 tetracyclic polyprenoid 67.110 1886 269 19.9 175
259  C30TP2 C30 tetracyclic polyprenoid 67.267 1760 280 18.6 183
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Table 5.3 Important ratios of detected saturate compounds

Company: Client ID:

Well Name: Project #:

Depth: Lab ID:

Sampling Point: File Name:
Miscellaneous Ratios By Areas By Heights
Steroids
%C27 afpS (218) 285 29.9
%C28 appS (218) 38.0 38.0
%C29 afpS (218) 335 321
C30 afpS Sterane Index (218) 5.9 5.9
C30 S+R Sterane Index (218) 59 6.1
C,7/Cog (aBBS) (218) 0.85 0.93
C26/Cyg (aBBS) (218) 1.13 1.18
C10/C7 (aBBS) (218) 117 1.07
%C27 aoaR (217) 28.3 386
%C28 aaaR (217) 34.0 278
%C29 aaaR (217) 37.7 33.6
SIR (Cyg actat) (217) 0.80 1.00
S/(S+R) (Czo a0ar) (217) 0.44 0.50
BB/(aa+BPB) (Cae) (217) 0.63 0.69
appS/acaR (Cu) (217) 1.43 2.05
(C21#+C22)/(Co7+Cps+Cs0) (217) 0.06 0.08
Diaster/aao Ster (Cz7) (217) 2.06 232
Terpenoids
C19/C23 Tricyclic terpanes 0.10 0.12
C23/C24 Tricyclic terpanes 117 1.19
C26/C25 Tricyclic terpanes 1.12 1.04
C24 Tetracyclic/C26 Tricyclics 0.22 0.24
C24 Tetracyclic/Hopane 0.05 0.05
Ts/Tm trisnorhopanes 4.94 5.19
Ts/(Ts+Tm) trisnorhopanes 0.83 0.84
C29Ts/C29 Hopane 0.76 0.70
Bisnorhopane/Hopane
Norhopane/Hopane 0.36 0.36
Diahopane/Hopane 0.14 0.13
Oleanane/Hopane
Gammacerane/Hopane 0.09 0.07
Moretane/(Moretane+Hopane) 0.10 0.09
H32 S/(S+R) Homohopanes 0.59 0.61
H35/H34 Homohopanes 0.62 0.71
[Steranes}/[Hopanes] 0.93 0.74
[Tricyclic terpanes)/[Hopanes] 0.43 0.46
[Tricyclic terpanes})/[Steranes] 0.46 0.62
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Figure 5.4 GC-MS Traces for Aromatic Compounds
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Table 5.4 Compounds detected in aromatic GC-MS

Company: Client ID:
Well Name: Project #:
Depth: - Lab ID:
Sampling Point: File Name:

Peak Compound Ret. ppm ppm
lon Label Name Time Area Height (Area) (Hght)
230 OTP Ortho-terphenyl (internal standard) 34.047 35661 11363 300.0 300.0
128 NAPH Naphthalene - 14.146 78237 26435 658.2 697.9
134 ISOR Isorenieratane
142 2MN 2-Methyinaphthalene 17.492 250883 82371 2110.6 21747
142 1MN 1-Methylnaphthalene 17.962 208532 64546 1754.3 1704.1
154 BP Bipheny! 19.914 22377 7154 188.2 188.9
156  2EN 2-Ethylnaphthalene 20.506 33633 9875 282.9 260.7
156 1EN 1-Ethylnaphthalene 20.559 5454 3422 45.9 90.3
156 26DMN 2,6-Dimethylnaphthalene 20.855 133655 39156 1124.4 1033.8
156 27DMN 2,7-Dimethylnaphthalene 20.925 105214 39388 885.1 1039.9
156 1317DMN 1,3 & 1,7-Dimethylnaphthalenes 21.308 270963 88478 2279.5 2336.0
156 16DMN 1,6-Dimethylnaphthalene 21.413 247104 83914 2078.8 2215.5
156 2314DMN 2,3 & 1,4-Dimethylnaphthalenes 21.901 93804 24778 789.1 654.2
156 15DMN 1,5-Dimethyinaphthalene 21.970 56949 21064 4791 556.1
156 12DMN 1,2-Dimethyinaphthalene 22.336 40076 13224 3371 349.1
168  2MBP 2-Methylbiphenyl 20.576 7839 2766 65.9 73.0
168 DPM Diphenylmethane 21.430 1260 378 10.6 10.0
168  3MBP 3-Methylbipheny! 23.103 25967 8424 2184 222.4
168  4MBP 4-Methylbiphenyl 23.382 12068 4030 101.5 106.4
168 DBF Dibenzofuran 24.096 2698 795 22T 21.0
170 BB_EMN Ethyl-methyl-Naphthalene 23.870 61046 16515 513.6 436.0
170 AB_EMN Ethyl-methyl-Naphthalene 24.358 31015 9916 260.9 261.8
170 137TMN 1,3,7-Trimethylnaphthalene 24515 115638 38859 972.8 1025.9
170 136TMN 1,3,6-Trimethylnaphthalene 24671 180895 54874 1521.8 1448.8
170 146135T (1,4,6+1,3,5)-Trimethylnaphthalenes 25.125 154965 46505 1303.7 1227.8
170  236TMN 2,3,6-Trimethylnaphthalene . 25246 109008 35833 917.0 946.0
170 127TMN 1,2,7-Trimethylnaphthalene 25.560 36000 12176 302.9 321.5
170 167126T (1,6,7+1,2,6)-Trimethylnaphthalenes 25.630 136474 30203 1148.1 7974
170 124TMN 1,2,4-Trimethylnaphthalene 26.066 14717 4788 123.8 126.4
170 125TMN 1,2,5-Trimethylnaphthalene 26.275 39291 13182 330.5 348.0
178 PHEN Phenanthrene 31.363 118452 34805 996.5 918.9
178  ANTH Anthracene 31.625 2253 595 19.0 15.7
184 1357 1,3,5,7-Tetramethylnaphthalene 28.070 41744 9821 351.2 259.3
184 1367 1,3,6,7-Tetramethylnaphthalene 28.697 59872 19972 503.7 527.3
184 1247 (1,2,4,7+1,2,4,6+1,4,6,7)-Tetramethylnaphthalenes 29.115 48738 15972 410.0 421.7
184 1257 1,2,5,7-Tetramethylnaphthalene 29.220 22786 7495 191.7 197.9
184 2367 2,3,6,7-Tetramethylnaphthalene 29.446 10439 3289 87.8 86.8
184 1267 1,2,6,7-Tetramethylnaphthalene 29.673 18634 5815 156.8 153.5
184 1237 1,2,3,7-Tetramethylnaphthalene 29.777 6407 2033 53.9 53.7
184 1236 1,2,3,6-Tetramethylnaphthalene 29.952 11114 3648 93.5 96.3
184 1256 1,2,5,6-Tetramethylnaphthalene 30.370 14270 4098 120.0 108.2
184 DBT Dibenzothiophene 30.614 12686 3808 106.7 100.5
191 BH32 C32 Benzohopane 64.816 830 196 7.0 5.2
191 BH33 C33 Benzohopane 66.264 1039 195 8.7 5.1
191 BH34 C34 Benzohopane 67.513 239 66 2.0 1.7
191 BH35 C35 Benzohopane
192 3MP 3-Methylphenanthrene 34.361 64835 20042 545.4 529.1
192 2MP 2-Methylphenanthrene 34.483 68151 20746 5733 547.7
192 S9MP 9-Methylphenanthrene 34.953 105504 31525 887.6 832.3
192 1MP 1-Methylphenanthrene 35.075 82677 25261 695.5 666.9
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Table 5.4 Continued

Company: Client ID:
Well Name: " Project #:
Depth: - Lab ID:
Sampling Point: File Name:

Compound . ppm ppm

Name Height (Area) (Hght)
198 CAD Cadalene
198 12467PMN 1,2,4,6,7-Pentamethylnaphthalene 32.862 6791 2053 57.1 542
198 12357PMN 1,2,3,5,7-Pentamethyinaphthalene 33.071 3210 980 27.0 259
198 4MDBT 4 Methyl Dibenzothiophene 33.333 25187 7439 211.9 196.4
198 12367PMN 1,2,3,6,7-Pentamethyinaphthalene 33.733 3255 1031 27.4 27.2
198 23MDBT 2 & 3 Methyl Dibenzothiophenes 33.803 9519 2853 80.1 753
198 12356PMN 1,2,3,5,6-Pentamethyinaphthalene 34.204 2213 669 18.6 17.7
198 1MDBT 1 Methyl Dibenzothiophene 34.343 6574 1867 65.3 493
206 36DMP 3,6-Dimethylphenanthrene 37.126 14324 4882 120.5 128.9
206 26DMP 2,6-Dimethylphenanthrene 37.326 26594 8448 2237 223.0
206 27DMP 2,7-Dimethylphenanthrene 37.398 14016 4455 117.9 117.6
206 39DMP (3,9+3,10+2,10+1,3)-Dimethylphenanthrenes 37.742 156191 41510 1314.0 1095.9
206 29DMP (2,9+1,6)-Dimethylphenanthrenes 37.905 76761 16870 645.8 4454
206 17DMP 1,7-Dimethylphenanthrene 38.013 53985 17094 454.2 451.3
206 23DMP 2,3-Dimethylphenanthrene 38.194 20817 6023 1751 159.0
206 19DMP 1,9-Dimethylphenanthrene 38.267 34485 10390 290.1 2743
206 18DMP 1,8-Dimethylphenanthrene 38.574 18366 5303 154.5 140.0
206 12DMP 1,2-Dimethylphenanthrene 38.936 10049 3091 845 816
219 RET Retene 41.940 3613 TIT 30.4 20.5
231 231A20 C20 Triaromatic Steroid 46.411 12185 3824 102.5 101.0
231 231B21 C21 Triaromatic 48.275 9726 2674 81.8 70.6
231 231C26 C26 20S Triaromatic 54.989 2960 770 249 203
231 231D26 C27 20S & C26 20R Triaromatic 56.147 10720 2954 90.2 78.0
231 231E28 C28 20S Triaromatic ¢ 57.088 8387 1841 70.6 48.6
231 231F27 C27 20R Triaromatic 57.541 6930 1655 58.3 43.7
231 C29TA1 C29 Triaromatic 57.794 1408 328 11.8 8.7
231 C29TA2 C29 Triaromatic 57.939 688 192 58 51
231 231G28 €28 20R Triaromatic 58.663 7351 1783 61.8 471
231 DINO Triaromatic Dinosteroid 58.735 896 434 75 1.5
231 TA_OL Triaromatic Oleanoid
231 C29TA3 C29 Triaromatic 59.586 1631 331 13.7 8.7
245 Cc3s C27 20S 3-Methyl Triaromatic Steroid 56.907 827 205 7.0 54
245 c4s C27 20S 4-Methyl Triaromatic Steroid 57.342 696 181 59 4.8
245 E2S C28 20S 2-Methyl Triaromatic Steroid 57.740 570 193 4.8 5.1
245 E3SC3R C28 20S 3-Methyl & C27 20R 3-Methyl TAS 57.993 3614 876 30.4 231
245 E4SC4R C28 20S 4-Methyl & C27 20R 4-Methyl TAS 58.409 2691 568 226 15.0
245 828 C29 20S 2-Methyl Triaromatic Steroid 58.590 829 192 7.0 5.1
245 DA Triaromatic Dinosteroid a 58.771 1134 289 9.5 7.6
245 838 C29 20S 3-Methyl Triaromatic Steroid 58.862 3042 562 256 14.8
245 DB Triaromatic Dinosteroid b 59.170 1451 349 122 9.2
245 S4SE2R C29 20S 4-Methyl & C28 20R 2-Methyl TAS 59.278 3003 597 253 15.8
245 E3R €28 20R 3-Methyl Triaromatic Steroid 59.369 3413 670 28.7 177
245 E4R C28 20R 4-Methyl Triaromatic Steroid 59.785 1924 395 16.2 104
245 DC Triaromatic Dinosteroid ¢ 59.930 1643 354 13.8 9.3
245 DD Triaromatic Dinosteroid d 60.002 1483 405 12.5 10.7
245 S2R C29 20R 2-Methyl Triaromatic Steroid 60.292 1147 205 9.6 5.4
245 S3R C29 20R 3-Methyl Triaromatic Steroid 60.454 2996 689 25.2 18.2
245 DE Triaromatic Dinosteroid e 60.563 1845 334 165 8.8
245 S4R C29 20R 4-Methyl Triaromatic Steroid 60.889 1861 438 15.7 11.6
245 DF Triaromatic Dinosteroid f 60.979 2167 481 18.2 127
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Tables 5.4 Continued

Company: Client ID:
Well Name: ; Project #:
Depth: Lab ID:
Sampling Point: File Name:
Compound : ppm ppm
Name Area Height (Area) (Hght)
253  S253A C21 Ring-C Monoaromatic Steroid 40.656 6218 1359 52.3 35.9
253 S253B C22 Monoaromatic steroid 42.447 3150 767 26.5 - 203
253  $253C C27 Reg 5p(H),10B(CH3) 20S 49.813 785 229 6.6 6.0
253  $253D C27 Dia 10B(H),5(CH3) 20S 49.903 2124 599 17.9 15.8
253  S253E C27 Dia10BH,58CH3 20R+Reg5pH,10BCH3 20R 51.007 2138 536 18.0 14.2
953 SO53F C27 Reg 5a(H),10B(CH3) 20S 51.116 1307 368 11.0 9.7
253  S$253G €28 Dia 10aH,5¢CH3 20s+Reg5pH,108CH3 20S 51.424 4243 973 35.7 25.7
253  S253H C27 Reg 5a(H),108(CH3) 20R 52.365 1619 308 13.6 8.1
253  S253| C28 Reg 5a(H),10B(CH3) 20S 52.491 1633 433 13.7 1.4
253  $253J €28 Dia 10aH,50CH3 20R+Reg5pH,10BCH3 20R 52,618 3415 853 28.7 225
253  S253K C29 Dia 10pH,53CH3 20S+Reg58H,10pCH3 20S 52.727 3104 719 26.1 19.0
o568 Spoa) €29 Reg 5a(H),108(CH3) 20S 53.668 2827 653 238 17.2
253  S253M C28 Reg 5a(H),108(CH3) 20R 53.867 2307 519 19.4 13.7
253  S253N C29 Dia 10pH,58CH3 20R+Reg5pH,10BCH3 20R 53.939 2993 568 252 15.0
253 PERYLENE Perylene
253  $2530 €29 Reg 5a(H),10B(CH3) 20R 55.116 1799 334 15.1 8.8
342 OHTMP C26 Octahydrotetramethylpicene
365 SH29 C29 8,14-secohopanoids 55.061 8272 2414 69.6 63.7
365 SH30 C30 8,14-secohopanoids 56.491 8141 2173 68.5 57.4
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Table 5.5 Important ratios of detected aromatic compounds

Client ID:
Project #:
Lab ID:

Sampling Point: File Name:
Miscellaneous Ratios By Areas By Heights
Triaromatic Steroids m/z 231
(C20+C21)/= TAS 0.37 0.41
TAS #1 20/20+27 0.64 0.70
TAS #2 21/21+28 0.57 0.60
%26TAS 15.7 17.0
%27TAS 36.7 36.5
%28TAS 39.0 39.3
%29TAS 8.6 7.3
C28/C26 20S TAS 283 2.39
C28/C27 20R TAS 1.06 1.08
Monoaromatic Steroids m/z 253
Dia/Regular C27 MAS 271 2.62
%27 MAS 26.3 