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and its surrounding areas in the Beibuwan Basin, the crude oils in this area can be divided into three types (I, II, and III). The first
type of crude oil (I) mainly distributed in the shallow reservoirs has relatively heavier oil density, relatively lighter isotopic value,
relatively lower abundance of 4-methyl sterane and lower thermal maturity. The third type of crude oil (IIT) mainly distributed
in the deep reservoirs has relatively lower oil density, relatively heavier carbon isotopic value, relatively higher abundance of
4-methyl sterane and the highest thermal maturity. The overall geochemical characteristics of second type of crude oils (II)
mainly distributed in the shallow reservoirs are in between. Most of the crude oil of the Weixinan sag A belong to class II and
class III. The comparison of geochemical characteristics of source rocks samples shows that there are three sets of source rocks
developing in the Weixinan Sag. The upper part source rocks that deposited in an oxidizing environment are dominated by algal
input with certain contribution from terrigenous higher plants. The sedimentary environment of the middle part source rocks was
more oxidized, and higher plants contributed more to its source materials. The lower part source rocks were formed in a weak
reducing-oxidizing environment with large amounts of algal inputs. Oil-source correlation results show that type I and type 11
oils are mainly derived from the upper part source rocks, and type III oils are chiefly derived from the lower part source rocks.
Considering the comprehensive analysis of generation stages, accumulation stages, and migration pathways, this study concludes
that type I oil, which mainly derived from the first hydrocarbon charging stage of the upper part source rocks, is accumulated in
the overlying reservoir by migrating upward through sand bodies. Type II oil came from the second hydrocarbon charging stage
from the upper part source rocks and accumulated in traps in shallow reservoirs on the periphery of the A Sag. Type III oil was
generated from the inner center of sag A and migrated along structural crests through longer migration pathways, and finally
accumulated into oil reservoirs when being stopped by big faults and faults between formations. The results of this study not
only are helpful to further understand the hydrocarbon accumulation and distribution, but is also significant towards the further
breakthrough of petroleum exploration in sag A.

Keywords Weixinan depression; oil geochemical characterization; biomarkers; oil-source correlation; migration and accumula-
tion characteristics; hydrocarbon supply combination
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Fig. 1 Structural unit location and main oilfield distribution in Weixinan depression, Beibuwan Basin (a) the main structural
geological units in Weixinan depression; (b) main oilfield distribution in sag A and surrounding areas in Weixinan depression
(Oil bearing structure 10-A/B, 11-A/B/C, 6—A /B, C-F. Structural E located in hanging wall area of fault 2 in sag B, 11-B

including wells in both ascending and descending plates of fault 2)
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Fig. 2 Comprehensive stratigraphic column of source rocks in Weixinan sag in Beibuwan Basin, including stratigraphic

lithology, geological time, formation thickness and seismic layers
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Table 1 Qil geophysical and geochemical characteristics of wells in sag A and its surrounding areas
he RE RR ?ﬁﬁ;’fﬂy ff ! MU e Ak e e DR
Wz-C B FERdL 253 / 0.97 33.44 24.41 19.40 12.71
WZ-D Bam wm—B 297 95.09 0.91 46.05 13.49 20.47 10.70
WZ6-A M aR4l 249 4.94 0.84 / / / /
Wz6-B  JEyh B 272 12.58 0.85 60.37 16.82 8.06 4.15
Wz6-B  JEyh =B 271 12.11 0.85 72.16 15.87 8.98 4.19
WZz6-B  Jguh B -26.9 16.91 0.86 73.39 14.22 10.32 5.28
wz6-B  JFah B -27.0 18.05 0.86 63.53 14.99 9.84 6.49
WZ10-A b =B -25.2 8.05 0.84 72.00 13.00 12.00 3.00
WZ10-B 5l =B -26.0 / 0.83 50.92 17.28 731 3.02
WZI11-B 5k W 242 5.26 0.81 / / / /
WZ11-B B f—B  —262 35.26 0.92 56.03 14.66 12.29 8.04
WZI11-A 5l W—B —-26.0 37.78 0.87 33.44 24.41 19.4 12.71
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Fig. 3 Planar distribution of density of oils from different oil-bearing structures in sag A in Weixinan depression
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Fig. 4 Typical biomarker distributions of heavy oils in the A sag of Weixinan depression, showing in the order of n-alkanes (m/z

85), terpanes (m/z 191) and steranes (m/z 217) distribution
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Fig. 5 Classification of crude oils of different structures in sag A in Weixinan depression
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Table 2 Methylphanthrene, C,,ff/(aa+ff) and converted maturity of crude oils (R,) in oil-bearing structures in sag A and its

surrounding areas in Weixinan depression

DAL i KR MPI Cofp/(ao+pp) R, /%
WZ-D ifii—Bt / 0.249 0.5-0.7
WZ-E jii—Bt /i B 0.67-1.25 / 0.8-1.15
(0.83) / 0.9)
WZI1—A/BIC Fi b /T = 0.47-0.56 / 0.68—0.74
(0.52) / 0.71)
WZ10—A/B i =B 0.62 / 0.77

&3 EPEEAERES AR R FRHE

Table 3 The summary GC-MS parameters of saturated fractions for crude oils in Sag A in Weixinan depression

. Co/Cos = IR Cop- =R  Cop Akt Cy—  Co/Cy =3

HAL Cyy/Cy  Cp/Cy Pr/Ph Pr/nCy; Ph/nCig - Ke/Cu iR SR PRICs, Ts/Tm
WZ6-A-1  0.65 043 150 029 o021 2.52 0.16 1.28 0.19 0.23 2.03
WZ10-A-1 / / / / / 1.07 0.14 1.10 0.18 0.33 1.46
WZ10-A-1  0.73 0.42 1.65 0.45 028 250 0.14 1.34 0.19 0.20 1.76
WZ10-B-1 0.62  0.42 188  0.55 0.34 1.04 0.12 1.26 0.19 0.21 1.19
wz10-C-1  0.58  0.42 1.60 041 026 234 0.16 1.33 0.18 0.22 1.84
wz10-C-2 / / / / / 2.80 0.14 1.16 0.26 0.30 1.52
WzI11-B-3  0.88  0.49 110 750  6.68 1.30 0.06 1.26 020 022 1.27
WZI1-B-2  0.63 0.43 1.55 0.33 0.23 3.54 0.32 1.28 0.19 0.24 3.60
Wzl1-B-2  0.57  0.51 1.68 0.4l 025 244 0.25 1.33 0.21 0.21 5.64
wzll-c-1 086 050  / / / 1.38 0.07 1.25 020 022 1.30
wzil-c-1 / / / / / 2.16 0.04 1.39 0.19 0.23 1.15
wzil-c-1  / / / / / 2.27 0.05 / 0.20 0.27 1.11
wzli-c-1 / / / / / 234 0.05 1.14 0.21 0.32 1.11
WZ11-A-3 097  0.52 136 056 043  2.63 0.03 1.27 0.16 0.21 1.07
Wz11-D-2d 0.71 0.21 / / / 0.52 0.05 1.60 0.17 0.21 1.14
Wzll-D-2d 0.71 0.21 / / / 0.52 0.05 1.60 0.17 0.21 1.14
wzll-D-2d 0.86 022  / / / 0.57 0.04 1.56 0.15 0.24 1.23
WZ E-3 0.67 049 158 039 027 272 0.80 1.09 0.17 0.19 7.11
Wz C-1 0.74 049 1.53 1.00 080 86l 0.12 1.28 020  0.04 1.23
WZD-1 1.52 1.60  2.02 1.13 0.64 1.18 0.02 0.93 0.19 0.18 0.73
WZD-1 / / 264 / / 2.44 0.12 1.07 016  / /
WZ D-1 / / 264 / / 0.11 0.01 0.90 020  0.00 0.67
WZD-1 / / 264/ / 3.31 0.01 0.87 020  0.00 0.63
WZ6-B-1 092 0.3 1.43 046 033 250 0.05 125 0.18 0.21 1.32
Wz6-B-1  0.85 0.53 144 046 034 254 0.04 1.25 0.19 0.21 1.30
WZ6-B-1 097 047 1.45 048 034 265 0.05 1.25 0.17 0.21 1.30
WZ6-B-1  0.85  0.48 144 050 036 276 0.05 1.27 0.18 0.21 1.44

TE: 7 FORIOBE sCEHE IR, Pr: e ; PheAiibe s Ts: Cor 18a(H)—22,29,30— = FE7EHE ; Tm: Cyy 17a(H)—22,29,30— =R ;
Cy:Cyp0p ﬁ%‘%, CyH: Csﬂﬁ?'}:}%; Cy, Cys F1Co & Cy ﬁ%%“f, Cys S BN Cy 559t
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