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Significant Oil and Gas Discoveries and Inspirations in Underexplored Areas of Old Oil

Fields: A Case Study of the Southwest Depression in the Dongpu Sag, Bohai Bay Basin
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Abstract: :To address the challenge of increasing reserves and preserving mining rights in old oil fields, particularly
in the underexplored southwestern depression of the Dongpu Sag, this study employed saturation hydrocarbon
chromatography and natural gas carbon isotope analysis to investigate the oil and gas sources and their entrapment
patterns. The results revealed three types of crude oils and two types of natural gases in the area, namely, the Low
gamma wax index crude oil, medium gamma wax index crude oil, and high gamma wax index crude oil, as well as
Upper Paleozoic coal-derived gas and a mixture of coal-derived gas and oil-type gas. Oil-source correlation indicates
that low gamma wax index crude oil primarily originates from freshwater source rocks in the middle third
submember of the Shahejie Formation. Medium gamma wax index crude oil mainly comes from saline source rocks
in the upper third submember of the Shahejie Formation. High gamma wax index crude oil predominantly stems
from hypersaline source rocks in the lower third submember of the Shahejie Formation. The oil and gas in the
southwestern depression exhibit a "multi-source hydrocarbon supply, structure-controlled reservoir, and fault-sand
controlled richness" entrapment characteristic. Four distinct types of oil and gas entrapment patterns were identified:
"multi-level fault steps", Y-shaped, inverted Y-shaped, and "negative flower-like". Major faults play a controlling
role in the entrapment of oil and gas in the southwestern depression. The breakthrough understanding of hydrocarbon
source rocks and entrapment mechanisms is critical to the successful exploration of underexplored areas in old oil
fields. These findings provide valuable insights and reference significance for similar basins, particularly in
optimizing strategies exploration and enhancing reserve discovery in old oil fields.
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W (#%, 2018) .
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MR X A KIERTE ME W R AN R E S, KB E R = EN R X MBERS
MNRBECEFEEY W, KM KENEZEBNIETSHEENSRMNEZE, AN ET
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HER, REH 10mI/min, HHEOES K 15475 psi, #HEEOEEREN 300°C, Rikie
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Fig.2 Distribution of gamma-cerane index characteristic of source rocks in different areas of
Dongpu Sag
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Fig.3 Chromatogram of salinized environmental crude oil in Southwest subsidence of
Dongpu Depression
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Fig.4 Oil-source correlation mass spectrogram of Zhao 4—3 in Southwest subsidence of
Dongpu Depression (salted source rock)
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Table.1 Distribution of Biomarker Compounds in Source Rocks of Saltified Environment in
the Northern Dongpu Depression

NAgs=d i ({9 =1
W | e | R | A HhE AU e cao e | B8 | ro/m

(m) (%) v
B #6-65 | ¥YIU L2 | 3563.65 KR 0. 82 0.53 7.94 0.12
YHE | X203-35 | Ww=d14 | 3297.73 KA 0. 54 0.56 1.91 0.37
T, T 185 | ¥h=r9 | 2705. 42 RIKETUA 1.60 0.56 2.47 0.15
b} Y 15-14 | ¥=1FE5 | 2376.50 RIKETUE 2.58 0. 62 5. 04 0.30
M # 96 wW=rf3 | 3888.01 IR TS 2.40 0.68 2.63 0.38
A | @iz 23 | W=TF5 | 4276.59 RIR B TTE 2.26 0.73 3.33 0. 40
paii] 3 248 V=T 6 | 3382.70 VR IR 5 1.97 0.76 1.35 0. 54
XA | X 203-35 | Yp=r 4 | 3294. 15 TR T 4. 20 0.79 2.89 0. 47
B HE 115 Ww=17| 3131.50 I YRENTE o 1.99 0.79 1.21 1. 06
paii] k1 W—TF | 1967.60 VRN = 0. 80 0.84 0.70 0.63
TR T 185 | ¥=r8 | 2651.15 I YRENTE o 2.09 0.87 2.52 1.77
paii] k1 W—T | 2020.50 | KA =FRSE | 0.88 0.88 0.81 0.83
T, T 20 w=rf13 | 2388.00 RIKETUE 2.41 0.91 0.43 1.23
AR 3 203-35 | ¥p=r16 | 3387.38 TRIK L U 1. 09 0.96 0.81 1.16
BEI 665 | ¥W=18 | 3053.55 BT 1.08 0.96 0. 70 0.63
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(R 2) . REMEBREBPBBEENMBERIERNT 01-04 2E (Fk2) , SERSHI=
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BH=IRE B IS, =Haebe/ B =nilk (BIE 5 8 A/B) h 177, HIFHA
C2900020S/(20S+20R) /3 0.51, FREAEIMARMZEH. IR 8 H 8 4700-4824.5m £haYIEIR
& C290100020S/(20S+20R)th 4 0.51 (K& 6-a) , WEXN LA, W =2 EENKRRS (K
-b) 5l (B 5) EREEMFEEN (B6) , RBARERRKREFNREEERE
AP =R ER.
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Fig.5 Color mass spectrogram of desalination environmental crude oil in Southwest

subsidence of Dongpu Depression (Pushen 8)
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Fig.6 Color mass spectrogram of desalination environmental source rock in Southwest
subsidence of Dongpu Depression (Pushen 8)
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Table.2 Distribution of Gamma Wax Alkanes/C30 Huoan in Source Rocks of Freshwater
Environment in the Southern Dongpu Depression

R e JEAL WEE (m) = AL G0 35kt /C30 B bt
HER 11-7 W=rh4 2755. 77 IREe 0.53 0.18
B L B 80 W=T4 3716. 57 YRERIEY < 0.54 0.37
BT % 14-14 w=rh9 2974. 97 IKEPe 0. 56 0.19
PERgE BER 6 w=r38 4649. 20 T 0.67 0.28
HRER % 14-14 w=9 3013. 38 IKEJe s 0.73 0.15
KR #9 w=1 2500. 80 WA 0.90 0. 24
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FREX B MIBEEEEAT 2 EH, EAfRENM 3 H. {7301 HFHEINT I
K (B 7) , 773 HD ZTRMMIBEELFEECh 2.59, {77 301 HEMAIMIDEE RIS A
3.34, Lt EAIMIDEE IR A REMERNBLERT L. BN REMEAREDXERS
BREABIENS T, KD =T M EMBIreFEERBEEEESMBERIEE (X 3),
=R = LR E SIS E s SRR S KB . S AV INID S s EEN 5
BEEXBEREX, EMNZNREHAREMELIRT —EEENEEERE, B X 23 &, ZE
BEAND EFEMTFH=T-"»MNLEEER, FEESFE, EWNZNREE, @ERAHK
FMEFEEETX ., ZXEHER BEN=RiEk R MBI 5 S 0 WS HHE (B 7) .
BTAEENXD=T-P M EEIEREURE R, SFRLTIE 7000-8000m, IMERHAHIR
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Fig.7 Color mass spectrogram of ultra saline water environment crude oil in Southwest

subsidence of Dongpu Depression
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Table.3 Distribution of Gamma Wax Alkanes/C30 Huoan in Source Rocks of ultra saline
water environment in Dongpu Depression

W5 J={0A RE (m) = AHBE 0 nFid bz /C30 2 b
3 201 W=T2 3684. 80 R 2.63 2.17
3 201 W=T2 3684. 80 RIKETUE 2.63 2.31
1 83 w=1Fr10 3828. 00 RIKETUE 1.08 2.33
T 79-8 Wi L4 3467. 50 Y REN b =3 1.45 2.36
T 79-8 Wi L4 3467. 96 Y REN b =3 1.30 2.55
T79-8 Wiy L2 3358. 30 RIRETUE 0.81 2.57
i# 6-65 Wi k2 3562. 50 K H 1. 61 2.81
X 250 W=TF3 3675. 50 R 1.32 2.98
122 W3 3721.43 R e s 1.20 3.10
3 250 W=TF3 3674.50 IR TUE 1.01 3.15
3 250 W=TF3 3682. 50 IR et 1.21 3.45
R 20 W=T2 4555. 28 KRBT 1.29 4.37
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(FR4) ;, MXEMEAO4-1. & 4-3. XEEHPHRRASEB CHiEER, CHe. CsHs
Zo8Re, TRALC/ (C-C) MNTF 045-0.80 FFE (R 4) .
RBRASAEASNRENES T, AR T EBEFESHRENRRAS, —#Hh
Fl. ZkENEHRE, FlikERZENT-34.0%0~-30.3%0, FIEA-32.6%0. LKkt
BALENT-23.7%0~-11.2%0, FIJ{EH-18.5%0, ZESREKETENHETEEWENT 2.



71 3 HXMEARMENM 3 X, RI—FMRASEFRER. ZEREMNRENRESN
HHIE, FRIRIREAIR T -37.8%0~-39.9%0, FIHEH-38.7%0. LIRERENTF-24.5%0~-
25%0, FIJEH-24.7%0, ETBDMAEKEMNER 4-1. K 4-3, X5 HKX, £E—FX
RENFR. ZEBEAMNENTLRFEEZE, EHRSSHEBIE.

WIBRASLEFIRERR (Be2, 1992) , EARRSAD FRENERHE, HME
PR X FERMEENRASR, —MAKNS, FTEAF2H, Z—FMAERES, *
ENhhrEHEE. BAREEEDNE (B8) . BIMNBEINH 2. I 3HNBHERERMER
B, RIIZFER A/ Ar 531 2264, 2345, BFEMENTER. SREME N (CAr)
/N (CAr) BEEEZETEREERRENNIES K RESKNTW (RS, 2017)
FREMBRASHEEN (PAr/N (PAr) EiRER: BRS N 958 ~ 1754 (9% 1313) ;
HEIS O 343~ 628 (FiYk 471) ; SRESR K 683~890 (FiyH 777) &

Z EEENMRDT, RPABEFEMALZNERRR, —KELAERS, TENS
TEFBEEME, ZEKRAREUT 2 HARK, AI—AXRREHNRERAR, UEARY
EHMT 301 FARE. FREST, BREHHNRASERDHES, EtXAREESE
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Fig.8 Identification of the genesis of natural gas with different origins in the Southwest
subsidence of Dongpu Depression (according to Dai Jinxing, 1992)
x4 FREMEARERASEMFER

Table.4 Characteristics of Natural Gas Components in Southwest subsidence of Dongpu

Depression
FL RE (m) Bfr | CO. | N CHs CaHs CHs | &% | FEE | C/ (G-C)
752 3951.8-3965.6 Es:" | 469 | 324 | 8594 | 341 146 | 9207 | 7.93 0.93
773 3597.5-3676.8 Es:" | 245 | 411 | 9058 | 221 032 | 9343 | 657 0.97
7 3 3678.9-4052.9 Es:" | 258 | 1.79 | 9320 | 1.82 033 | 9539 | 437 0.98
fa7 301 3794.8-3822.9 Es:" | 1.08 / 89.27 | 5.90 161 | 9892 | 1.08 0.90
&4 3525.0-3607.5 Es:" | 1.22 | 095 | 9367 | 348 056 | 97.83 | 217 0.96
41 2865.4-3291.9 Es:" | 223 | 391 | 5816 | 1330 | 1082 | 9386 | 6.14 0.62
#4-3 3002.3-3125.9 Es:" | 1.96 | 203 | 4301 | 1888 | 1812 | 96.01 | 3.99 0.45
#5 3912.5-3990.0 Es:™ | 394 | 273 | 7159 | 9.83 546 | 9333 | 667 0.77




x5 FREMEARERASBEMRRFIR

Table.5 Carbon Isotope Characteristics of Natural Gas in Southwest subsidence of Dongpu

Depression
FAL RE (m) B fﬁ BZE fﬁ ETE RARSHE
5" Ceos/%0 5" Ceos/%0 5" Coos/%0 | 3" Coos/%0

2 3951.8-3965.6 | Es" -30.30 -23.70 -24.00 -25.10 RS

73 3597.5-3676.8 | Es" -33.50 -20.50 -17.20 RS AT

a7 3 3678.9-4052.9 | Es;" -34.00 -11.20 -16.80 -19.10 RIS AT
a7 301 | 3794.8-3822.90 | Es;" -37.80 -22.50 -18.50 -20.80 BESR
#4-1 | 28654-3291.9 | Es" -38.30 -2450 -22.80 -23.00 MBS AT
#4-3 | 30023-31259 | Es" -37.80 -24.60 -23.20 -23.30 MBS AT

5 3912.5-3990.0 Ess* -39.90 -25.00 -22.70 -22.40 HEIS A E

4 FEEERE M SRR

BRI, BEmAE NN AT ERWERLEIE. MRBEIRME A, BIREREL
sk EERMEERZE. BB RAEENEERANEEFEF (BBRRE, 2017) .
AN T EXFRGBORES—REENFREL R E MBI R R B R AERE
T TNRHEMS D D ITER, T AERXBREMBKERE.
41 BEEHRE

RRBRANKAFEZURITHEAVRBAAEN— N EEER. O e N TR
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