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Abstract ; Reports on the utilization of nitrogen compounds to trace oil and gas migration in oil-scarce regions are
limited. This scarcity can be attributed to the lack of clarity regarding the effectiveness of nitrogen compound indices
in oil-bearing sandstone extracts. To address this knowledge gap, two sets of experiments were designed, encom-
passing five extraction methods, to evaluate the validity of nitrogen compound indices. The results showed that as
the extraction intensity increased, the ratios of 1-/4-methylcarbazole and 1, 8-/2, 7-dimethylcarbazole in the
extracts gradually decreased but remained consistently elevated compared to the control oils. The benzocarbazole
[a]/[c] ratio remained relatively stable and closely aligned with the control oils. Upon analysis, it was concluded
that the observed variations could be attributed to the differing adsorption capacities of carbazole isomers. These
differences lead to the fractionation of carbazole isomers between free and adsorbed hydrocarbons under surface
conditions, as well as between the extracts and rocks during the extraction process. In comparison to 1-/4-
methylcarbazole and 1,8-/2,7-dimethylcarbazole, the benzocarbazole [ a]/[ c¢] ratio is less susceptible to these
two fractionations, with its variations primarily governed by migration fractionation. Additionally, the indicated
direction of oil and gas migration aligns with geological realities. Therefore, the benzocarbazole [a]/[ c¢] ratio

can be considered an effective nitrogen compound index in oil-bearing sandstone extracts, suitable for oil migration
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Table 1 Comparison of crude oil and five extraction methods for oil-bearing sandstones
from Yanchang Formation of wells A and B in Ordos Basin

K5 WEE/m  FERET HEORIAE/mm EiliEIIREN e E R/ g
A 2294.76 R 0.025~0.050
A-1 2294.76  FiMAE 0.15 OIRA RN +R KA 20
A-2 2294.76  FiMAE 0.15 QIR A VA + 875 Dl i 2 20
A-3 2294.76  FiMAE 5~10 IRA VA + 1875 Dl el 12 20
A-4 2294.76  FilEA 0.15 @I O e+ 7 D 42 20
A-5 2294.76 FiMWAE 5~10 OIE O e+ 7 P i 2 20
B 2223.52 Jstih 0.025~0.050
B-1 222352 HiIhEbE 0.15 OIRAERN+R Kl 20
B-2 222352  FiA 0.15 QIERA AT+ 7 D il 2 20
B-3 2223.52 FiA 5~10 QIR VAT + 75 P il 2 20
B-4 222352 HihEbMAE 0.15 @] C e+ 7 P 4 20
B-5 222352 HIhEbE 5~10 GIE O e+ 7 P i 20
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Table 2 Percent of carbazole compounds in crude oil and oil-bearing sandstone extracts

of Yanchang Formation from well A and B in Ordos Basin %
S AR nRms FJLoRmE THIIReRME S HIILrRME ZRIRRRME ShIEY AR
A JEH 1.3 10.6 48.2 37.4 2.6
A-1 TEbE 18.0 17.4 43.2 16.4 5.2 0.12
A-2 SWws 1.7 13.8 55.1 26.2 3.2 0.05
A-3 SWMbE 1.6 14.1 55.0 25.1 42 0.06
A-4 TMWE 2.2 14.7 55.4 26.4 1.3 0.02
A-5 s 2.7 15.6 55.3 24.6 1.8 0.03
B JEi 1.7 10.5 48.0 36.5 3.3
Tes 33 23.6 50.6 17.5 5.0 0.81
B-2 SWbs 1.8 22.1 57.5 13.0 5.6 0.11
B-3 THesE 17 24.1 57.2 10.2 6.9 0.08
B-4 TwEbE 4.0 22.0 56.9 17.1 0.0 0.10
B-5 TwEbE 3.6 21.6 59.4 15.4 0.0 0.08




B b ¥ tb %
- 396 - http; // www.sysydz.net 546
O aagl ——A o1 B &
60t

THE PSR M SRR IR

1%

I8 40
41

R 30f

5

20F

LN CIE LN E T N S

B SPRZH A A JEA B IR A ISR & i i 2 R e A S W & X L

Fig.1 Percent of carbazole compounds in crude oil and oil-bearing

sandstone extracts from Yanchang Formation of wells A and B in Ordos Basin

([al/[c]) RHAEH MM &EEAEDHERST | H
I, ASHIFSE 5 AT T X 3 NEARAYAS R I,
2 N3 3 FoR 78 2 HScmh  IEC iR
1-/4-MCH11,8-/2,7-DMC i 5% &, B & m T
X BRI, (o FH IR A 70+ R 7 R A T T kAR
1) 1-/4-MC {3 4%, {5 1,8-/2,7-DMC JF
LR A AR . R GR35 1Y 1-/4-MC

[ a.AZ —A

//
|

14MC  1.8/27-DMC  [alfc]  1,6</1,7-DMC 1,3-/1,6-DMC

F11,8-/2,7-DMC S 0% A, (AR FRE
MBS (I B-1 e 1,8-/2,7-
DMC) .

TE A4, [al/[ ] HLfE SZ A4 7 ik (0 52 i 4
AN ILAE S PR 5 1 P R R AR O RS, IR S iR
XA TR (R 2,58 3) . BARIE—2EXT 1
BB, IE O e+ A R IE AR M [a] /[ c ] 5 X R

100

[ b.BYL =B

or AN B4
% -

0.1

ER [N

. . . . )
1/4-MC  1.8-27-DMC  [alfc]  1,6-/1,7-DMC 1,3-/1,6-DMC

&2 SRRZ A A SR B ISR A A S b s iR 3 B AL S AR R T L
MC. F M, DMC. — F M s [a] /[ ¢ ] HEIERME 2]/ [ ],

Fig.2 Comparison of nitrogen compound indices between crude oil and oil-bearing

sandstone extracts from Yanchang Formation of wells A and B in Ordos Basin
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Table 3 Comparison of nitrogen compound indices between crude oil and oil-bearing
sandstone extracts from Yanchang Formation of wells A and B in Ordos Basin

S FEMZEE iR WIREN 1-/4-MC 1,8-/2,7-DMC [a]/[¢] 1,6-/1,7-DMC 1,3-/1,6-DMC
A JEH 2.23 1.63 0.99 0.86 1.00
A-1 TmE ORAHER+REmMmE  3.28 2.41 0.84 0.92 0.74
A-2  HIEE QIRAWEF+HEAHME 8.4 4.54 1.54 0.82 0.76
A-3 HETE QRARFI+HEAEEMmE 595 3.33 1.39 0.85 0.67
A-4 s @IECkE+ES e 7.89 21.84 1.03 0.63 0.92
A-5 TbE  GOIECKEHES M 645 11.13 1.13 0.67 0.78
B Jtith 2.88 1.92 1.58 0.85 0.98
B-1 s ORAWH+RKME 401 7.63 1.11 1.44 0.57
B-2  HMEE QRARM+EA ML 1685 2.43 - 1.44 0.46
B-3  FiwbE QRARM+EAE L 1271 3.23 - 1.36 0.46
B-4 FRE  @IECHHBA B 14.02 51.62 - 1.02 0.57
B-5 TIPS @IECkiHBA M 10.24 36.31 1.10 0.56

TE:MC. HUHE R DMC. — HURE R iR GA R W e « A9 « 1, 4RRRIL) s[al/[e] HRIFEME[a]/[c],
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Fig.3 Comparison of nitrogen compound indices between oil and oil-bearing sandstone extracts

from Yanchang Formation of wells A and B in Ordos Basin
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Fig.4 Comparison of petroleum migration direction indicated by nitrogen compound indices

in oil-bearing sandstone exiracts from Shaanbei Slope of Ordos Basin
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Fig.5 Representative total ion chromatogram (TIC) of oil-bearing sandstone extracts from Shaanbei Slope of Ordos Basin
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Table 4 Geochemical data of oil-bearing sandstone extracts
from X and Y areas of Shaanbei Slope, Ordos Basin

hye P/ Ph/ Pr/Ph 1ﬂu£5$fé'k)% Cp/Chy €208/ CpoBB/ Ts/ CzoES/ *iﬁkw
nCyy nCyg TREL HEBE  (S+R) (BB+aa) (Ts+Tm)  Caoiiki  HELEFEL
X1 051 0.55 0.80 0.07 1.16 0.47 0.53 0.44 0.15 0.06
X2 048 0.49 0.78 0.06 1.36 0.44 0.52 0.49 0.16 0.07
X3  0.53 0.54  0.76 0.07 1.19 0.44 0.53 0.46 0.16 0.07
X4 0.50 0.55 0.66 0.07 1.10 0.44 0.53 0.43 0.15 0.05
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