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Table 1 Ratios of methylated naphthalene isomers change with the degree of biodegradation

h/m A* TAS/ % TNR TMNr B* C* TeMNr D= PMNr E*

L2 A 1707.8 1. 87 14. 81 0. 90 0. 54 0.17 0.18 0. 50 1.01 0.19 0. 31
L3 A 1727 2.63 16. 91 0. 86 0. 51 0.19 0. 20 0. 48 0. 96 0. 20 0.33
14 A 1738 3.43 15.63 0.78 0. 54 0.22 0. 25 0. 48 0.99 0. 20 0. 34
L5 A 1751 4. 67 18. 50 0. 82 0. 54 0. 23 0. 29 0. 45 1. 06 0. 20 0. 34
L6 A 1761.5 5.91 18. 30 0. 86 0. 50 0. 20 0. 26 0.43 1. 09 0. 22 0. 35
L7 A 1773.5 6. 16 18. 28 0.70 0. 49 0.21 0. 26 0.41 1. 26 0.19 0. 31
L8 A 1786 7.60 20. 06 0. 81 0. 46 0.23 0.25 0.42 1.12 0. 20 0. 36
L9 A 1797.5 43.07 23.84 0. 80 0. 50 0. 23 0. 25 0. 35 1.31 0. 15 0.53
L10 A 1808 17.73 24.71 0.61 0. 55 0. 30 0. 37 0. 36 1.43 0.16 0. 44
L11 A 1821.5 66. 11 28.12 0.75 0. 45 0. 28 0.32 0.31 1.52 0.16 0. 44
L12 A 1826.5 120. 74 33. 36 0.71 0. 47 0. 28 0. 29 0. 33 1.41 0.11 0. 49
L16 B 1705 4. 40 18. 96 0. 85 0.52 0. 21 0. 29 0.43 1.13 0.19 0. 36
L17 B 1720 3.27 16. 12 0. 83 0.53 0. 20 0. 24 0. 47 0.98 0.19 0. 35
L18 B 1733 4.10 17. 49 0. 88 0. 47 0.18 0. 22 0. 47 1. 05 0. 20 0.31
L19 B 1745 3. 89 15. 44 0. 81 0.53 0. 21 0. 27 0. 46 1. 04 0.18 0. 40
1.20 B 1756 4. 27 16. 69 0. 84 0.55 0.17 0. 21 0.45 1. 04 0.19 0. 33
L21 B 1772 6. 70 20. 52 0. 89 0.51 0.25 0. 28 0.42 1. 06 0.17 0. 37
122 B 1785 12. 00 25.11 0. 65 0. 46 0. 27 0. 36 0. 34 1.07 0.15 0. 38
L.23 B 1799 72.58 35.25 0. 85 0. 47 0. 20 0. 26 0. 35 1.28 0. 09 0. 45
124 B 1813 148. 00 39.09 0.49 0.49 0.43 0.53 0. 29 1. 60 0. 06 0. 60
L25 B 1827 78. 45 33.57 0. 69 0.52 0.22 0. 35 0. 30 1.76 0.15 0.52
1L.39 C 1705.5 2. 85 13. 30 0.95 0. 56 0. 14 0.18 0. 50 0. 98 0.19 0. 34
140 C 1717 4. 91 19. 58 0. 87 0. 47 0. 24 0.35 0.43 0.91 0.19 0. 28
L41 C 1726.5 3.22 14. 58 0. 88 0. 53 0.18 0. 24 0. 49 0.92 0.19 0. 37
142 C 1737.6 4.28 17. 14 0.76 0. 47 0. 20 0.25 0. 46 0. 96 0.21 0.33
143 C 1747 4. 91 17. 16 0. 81 0. 46 0. 24 0. 31 0. 46 0. 94 0. 20 0. 40
144 C 1758 4,22 17.15 0. 84 0. 48 0.19 0. 28 0.49 0.99 0. 20 0. 40
145 C 1768 5.41 18. 55 0. 82 0. 40 0. 24 0. 38 0. 44 0.93 0. 20 0. 36
146 C 1779 5. 98 18. 62 0. 86 0.43 0. 23 0. 26 0. 46 0.91 0. 20 0. 37
147 C 1789.6 6. 99 19. 28 0. 86 0. 46 0. 21 0. 23 0. 46 0. 95 0.19 0. 35
148 C 1801.7 7.09 17.79 0.78 0.51 0.17 0. 26 0. 44 1. 00 0.19 0.35
149 C 1814.5 7.39 18. 11 0. 83 0.43 0.21 0. 27 0. 47 1.02 0.19 0. 40
150 C 1829.5 16. 69 22.97 0. 67 0. 50 0. 24 0. 31 0.8 0. 96 0. 22 0. 37

A*. Csaf /(Pr+Ph);B*. (1,2,4—)/(2,3,6— );C*. (1,2,3—)/(2,3,6— );D*. (1,3,5,7—+1,2,6,

7—)/(1,2,3,6— 1,3,6,7— );E*. (1,2,3,5,7—)/(1,2,4,6,7—+1,2,3,6,7— ).
« 1, 1b). w(CsoaB# i)/ w(Pr+Ph) w(=75 )/ %
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2
Table 2 Identification of methylated naphthalene isomers
m/z
1 170 1,3,7—
2 170 1,3,6—
3 170 1,3,5+1,4,6—
4 170 2,3,6—
5 170 1,2,7+1,6,7+1,2,6—
6 170 1,2,4—
7 170 1,2,5—
8 170 1,2,3—
9 184 1,3,5,7—
10 184 1,3,6,7—
11 184 1,2,4,6— +1,2,4,7— +1,4,6,7—
12 184 1,2,5,7—
13 184 2,3,6,7—
14 184 1,2,6,7—
15 184 1,2,3,7—
16 184 1,2,3.6—
17 184 1,2,5,6— +1,2,3,5—
18 198 1.2,4.6,7—
19 198 1,2,3,5,7—
20 198 1,2,3,6,7—
21 198 1,2,3,5,6—
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Biodegradation Effect on Distributions of Multiple Methylated
Naphthalenes in Reservoir Extracts

HUANG Hai-ping"®, YANG Jie"?, Larter S R®
(1. Department of Energy Resources & Geology, China University of Geosciencess Beijing 100083,
China; 2. Institute of Petroleum Exploration and Development , China National Petroleum Corpora-
tion, Beijing 100083, China; 3. Fossil Fuels and Environmental Geochemistry , University of New-
castle-upon-Tyne , Drummond Building , Newcastleupon-Tyne NE1 7TRU, UK)

Abstract: Detailed geochemical analysis has been carried out on reservoir extracts from the Es; res-
ervoir of the Leng 43 block of the Lengdong oilfield, Liaohe basin. Bulk compositions and aliphatic bio-
marker parameters indicate that these residual oils from three different oil columns are biodegraded at va-
rying degrees. The biodegradation degree increases from the top of oil columns to the bottom of oil col-
umns with excellent gredient variations. Comparison of the distributions of trimethylnaphthalenes
(TMNs5s) , tetramethylnaphthalenes (TeMNs) and pentamethylnaphthalenes (PMN5s) at various biodeg-
radation levels indicate that biodegradation controls their occurrence and distribution. The susceptibility
of individual isomer of TMNs, TeMNs and PMNs to biodegradation has been determined on its relative
abundance variation during biodegradation. The results show that these thermal dynamic stable struc-
tures are more susceptible to bacterial attack than these thermal unstable structures, suggesting biodeg-
radation completely differs from thermal dynamic process. This study reveals that after moderate bio-
degradation these maturity parameters based on thermal stability of isomers are invalid and the ratios be-
tween easily biodegraded and refractory structures, in turn, can be used as new geochemical indicators to
assess the degree of biodegradation.

Key words: methylated naphthalenes; reservoir extract; maturity; biodegradation; Liaohe basin.



