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Abstract

The Lawton oilfield is located in the east of the Wichita Mountain Uplift in the Anadarko Basin, Southwestern Oklahoma.
Eighteen oil samples were collected and characterized by a variety of geochemical techniques, including bulk composition,
biomarkers and stable isotopes. Despite the fate that all of these oils were recovered from reservoirs between 200 and 900ft,
none of them appeared to be biodegraded as manifested by the abundance of the complete range of n-alkanes. The presence of
the 25-norhopanes in all 18 samples suggests that these oils are in all probability mixtures of degraded and non-degraded oils.

A cross-plot of dibenzothiophene/phenanthrene (DBT/PHEN) and pristane/phytane (Pr/Ph) shows the source rock for the
Lawton oils is marine shale. Furthermore, the cross-plot of §'*C values for the saturate and aromatic fractions shows that the
source rock is probably Woodford Shale. The different 25-norhopane/Cs, hopane ratio and dimethylnaphthalene/C,520S
triaromatic steroid ratio suggests differing levels of biodegradation across the field and differing mixes of degraded and non-
degraded oils. The isoheptane and heptane ratio cross plot, Cygsterane 20S/ (20S+20R) and Cyesterane BB/ (BR+aa) predicts the
thermal maturity of Lawton oil is 1.0-1.3% Ro. This is clearly incorrect and suggests that these commonly used maturity
parameters cannot be used for mixtures of degraded and nondegraded oils to predicted maturity level at which the oil was
generated.

Finally, a hydrocarbon accumulation model has been proposed for this field: there were two reservoir-charging periods in
Lawton oilfield. At first, the crude oil charged the reservoir and was biodegraded. The second charging period was after the
uplift of Wichita Mountains and the subsidence of the southern part of the Anadarko Basin leading to deeper burial of the
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source rock and production of higher maturity oil. The second charge of light and nondegraded oil is then mixed with the in-
situ biodegraded oils. Whilst the Lawton oil field is an old field with a long production history, this study provides the
opportunity to further our understanding on reservoir charging history when the oils have undergone secondary alteration.
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Objectives

1. The strata in this region cannot be the potential source rock. What is the
source of these oils?
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Objectives
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Objectives

1. The strata in this region cannot be the potential source rock. What is the
source of these oils?

2. All the oil samples in very shallow reservoirs shows no sign of biodegradation. Why?
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3. What is the hydrocarbon accumulation and secondary alteration history?



Source of Lawton Oils

Dibenzothiophene (DBT)/Phenanthrene (PHEN) vs Pristane (Pr)/Phytane (Ph)
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The source rock of Lawton oils should be marine or lacustrine shale



Source of Lawton Oils
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WCWEF-2 data from Miceli and Philp (2012)

The source rock is deposited in the anoxic photic zone



Source of Lawton Oils
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The Simpson, Woodford and Pennsylvanian data come from Burruss and Haych, 1989

The source rock of Lawton oils is probably Woodford Shale



Biodegradation of Lawton Oils

Chromatograms of saturate fraction
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The appearance of n-alkanes in shallow reservoir indicates
paleopasteurization




Biodegradation of Lawton Oils

H30

H29
1 Bowman

m/z 191 Chromatograms of saturate fraction
D29

H31 H32 H33 H34 H35

1 Bowman
1
1
1
! K i ! 1 1 Vi 7 ,’ /
,’ 1| 1 I’
1 1

A ’ ’ , [
rlor ’ ’ ' !
1| ’ ’ B ]

! ! / / ’ /
1| ’ ’ , [
I 1 U ’ !
1 1 / U ’ I/
L 177 '
/myfz ; F
1 7 / ,
1o ’ U A ]
1 1 U / ' /
1 1 U A 1]
' ’ / B [
/ l
! l

D28D29 D30 D31 D32 D33 D34

All oils are mixture of biodegraded and non-biodegraded oils



Biodegradation mechanism

Chromatograms of saturate hydrocarbon
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Biodegradation of Fort Sill seep
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Aerobic Biodegradation
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Anaerobic Biodegradation
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Source rock
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Anaerobic biodegradation l

Secondary charge, aerobic biodegradation

Paleopasteurization

The source rock of oil in Lawton oilfield is probably Woodford shale.
The first petroleum charge was biodegraded with the formation of 25-norhopane and

25-norhopanoic acid.

The reservoir undertook the paleopasteurization and high reservoir temperature
sterilized the reservoir.

The second high maturity fresh oil charged into the reservoir and probably due to the
bacteria and oxygen in the groundwater, the oil was biodegraded aerobically to
different extents.
This research on Lawton oilfield multi-stage accumulation and complex secondary
alteration helps us better understand petroleum filling and alteration history.



THANK YOU!

QUESTIONS?



Reference

Bennett, B., Aitken, C.M., Jones, D.M., Farrimond, P., Larter, S.R., 2007. The occurrence and significance of 25-
norhopanoic acids in petroleum reservoirs. Organic Geochemistry 38, 1977-1985.

Burruss, R.C., Hatch, J.R., 1989, Geochemistry of oils and hydrocarbon source rocks, greater Anadarko basin--
evidence for multiple sources of oils and long-distance oil migration, in Johnson, K.S., ed., Anadarko Basin
Symposium, 1988: Oklahoma Geological Survey Circular 90, 53-64.

Chen, J., Fu, J., Sheng, G., Liu, D., Zhang, J., 1996. Diamondoid hydrocarbon ratios: novel maturity indices for
highly mature crude oils. Organic Geochemistry 25, 179-190.

Connan, J., 1984. Biodegradation of crude oils in reservoirs. Advances in petroleum geochemistry 1, 299-335.

Head, I. M., Jones, D. M., Larter, S. R. 2003. Biological activity in the deep subsurface and the origin of heavy
oil. Nature 426, 344-352.

Hughes, W. B., Holba, A. G., Dzou, L. |. 1995. The ratios of dibenzothiophene to phenanthrene and pristane to
phytane as indicators of depositional environment and lithology of petroleum source rocks. Geochimica et
Cosmochimica Acta 59. 3581-3598.

Jaffé, R., Albrecht, P., Oudin, J.L., 1988. Carboxylic acids as indicators of oil migration: Il. Case of the Mahakam
Delta, Indonesia. Geochimica et Cosmochimica Acta 52, 2599-2607.

Jaffe, R., Gardinali, P.R., 1990. Generation and maturation of carboxylic acids in ancient sediments from the
Maracaibo Basin, Venezuela. Organic Geochemistry 16, 211-218.

Lafargue, E., Le Thiez, P., 1996. Effect of water washing on light ends compositional heterogeneity. Organic
Geochemistry 24, 1141-1150.



Masterson, W. D., Dzou, L. I., Holba, A. G., Fincannon, A. L., Ellis, L. 2001. Evidence for biodegradation and
evaporative fractionation in West Sak, Kuparuk and Prudhoe Bay field areas, North Slope, Alaska. Organic
Geochemistry 32, 411-441.

Moldowan, J.M., McCaffrey, M.A., 1995. A novel microbial hydrocarbon degradation pathway revealed by hopane
demethylation in a petroleum reservoir. Geochimica et Cosmochimica Acta 59, 1891-1894.

Palmer, S.E., 1993. Effect of biodegradation and water washing on crude oil composition, Organic Geochemistry.
Springer, 511-533.

Pan, X., Philp, R.P., 2006. 17,21-Secohopanoic acids, 25-norhopanoic acids, and 28-norhopanoic acids in source
rocks and crude oils. Organic Geochemistry 37, 1085-1100.

Peters, K. E., Moldowan, J. M. 1993. The biomarker guide: interpreting molecular fossils in petroleum and ancient
sediments. Englewood Cliffs, NJ: Prentice Hall, 363

Radke, M., Welte, D. H., 1981. The methylphenanthrene index (MPI): a maturity parameter based on aromatic
hydrocarbons. Advances in organic geochemistry 1983, 504-512.

Stanley T.M., Miller G.W., 2005. Geologic map of the Lawton 30’X60’quadrangle, Caddo, Commanche, Cotton,
Grady, Kiowa, Stephens, and Tillman Counties, Oklahoma

Volkman, J.K., Alexander, R., Kagi, R.l., Rowland, S.J., Sheppard, P.N., 1984. Biodegradation of aromatic
hydrocarbons in crude oils from the Barrow Sub-basin of Western Australia. Organic Geochemistry 6, 619-632.

Wardroper, A.M.K., Hoffmann, C.F.,, Maxwell, J.R., Barwise, A.J.G., Goodwin, N.S., Park, P.J.D., 1984. Crude oil
biodegradation under simulated and natural conditions—II. Aromatic steroid hydrocarbons. Organic Geochemistry
6, 605-617.

Watson, J.S., Jones, D.M., Swannell, R.P.J., van Duin, A.C.T., 2002. Formation of carboxylic acids during aerobic
biodegradation of crude oil and evidence of microbial oxidation of hopanes. Organic Geochemistry 33, 1153-1169.



Wei, Z., Moldowan, J. M., Peters, K. E., Wang, Y., Xiang, W., 2007. The abundance and distribution of diamondoids
in biodegraded oils from the San Joaquin Valley: implications for biodegradation of diamondoids in petroleum
reservoirs. Organic Geochemistry 38, 1910-1926.

Wilkes, H., Boreham, C., Harms, G., Zengler, K., Rabus, R., 2000. Anaerobic degradation and carbon isotopic
fractionation of alkylbenzenes in crude oil by sulphate-reducing bacteria. Organic Geochemistry 31, 101-115.



	Button1: 


