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Quantitative characterization of the influence of diabase intrusion

on hydrocarbon generation in Linnan Subsag, Huimin Sag
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Abstract: As diabase oil and gas reservoirs have been discovered one after another, the abnormal high temperature
brought by diabase intrusions promotes the hydrocarbon generation and expulsion of source rocks. Based on the
petrological and geochemical characteristics of source rocks around diabase in Linnan Subsag, Huimin Sag, this
study quantitatively analyzes the influence of diabase intrusion positions on organic matter abundance and organic
matter maturity. The results show that the total organic carbon (TOC) content and hydrocarbon generation
potential (Pg) of source rocks in the upper part of diabase are higher than those in the lower part. For example, the
average values of TOC and Pg in Well Xia 381 are 1. 07% and 18. 73 mg/g respectively, while those in Well Xia 382
are 0. 34% and 0. 27 mg/g respectively. The closer the source rocks are to the diabase, the lower the values of TOC
and Pg become, indicating that the diabase has a great influence on the source rocks in the lower part of the diabase.
The reason is that the thermal effect of the intrusive body promotes the mature hydrocarbon generation and large

amount of hydrocarbon expulsion of organic matter. The thermal effect of diabase intrusion increases R, of the
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surrounding source rocks to 1. 2% ~7.0% ., and the T,,.. and chloroform bitumen “A”/TOC are also significantly
increased. The quantitative characterization of source rocks near the intrusive body can effectively elucidate the
influence of magmatic intrusion on the hydrocarbon generation process of source rocks.

Key words: Huimin Sag; diabase intrusion; hydrocarbon generation; quantitative characterization; oil and gas reservoirs
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Fig. 1 Regional structural map of Huimin Sag
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Fig. 2 Microphtotographs for Paleogene diabasein Linnan Subsag, Huimin Sag
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Table 1 Geochemical characteristics of source rocks in diabase-bearing member of Es, in Linnan Subsag, Huimin Sag
K A R,/ S/ S,/ S,/ Tuw TOC Pg/ Cp/ P1/ Tuc/ h/
Fagis A B (mg/g  (mg/g
G5 m % (mg/g) (mg/g) (mg/g) /C /% (mg/g (mg/g) (mg/g

/m TOC)  TOO)

X382-2 BERFRAE 37125 0.1 1,17 0.0338 0.0432 0.0948 511 0.07 0.1718 0.0143 0.4482 1.1000 1.3543
X382-3 DLBE IR 7 3712.8 0.4 1.30 0.0118 0.0501 0.0962 496 0.08 0.1581 0.0131 0.3915 0.7738 1.2025
X382-4  BEMKFLIEA  3713.0 0.6 1.41 0.0125 0.0466 0.1454 502 0.08 0.2045 0.0170 0.2890 0.7388 0.8175
X382-9 = 3715.0 2.6 1.37 0.0202 0.0389 0.1006 508 0.05 0.1597 0.0133 0.3701 1.1820 2.0120
X382-10 b=y 3715.8 3.4 1.61 0.0225 0.0617 0.1157 507 0.07 0.1999 0.0166 0.4212 1.2029 1.6529
X382-13  HAFRIH  3719.2 6.8 2.44 0.0090 0.3647 0.1816 507 0.68 0.5553 0.0461 0.6730 0.5496 0.267 1
X382-14 et 3722.4 9.0 2.15 0.0282 0.1768 0.2081 453 0.66 0.4131 0.0343 0.4962 0.3016 0.3153
X382-15 ot 3726.4 14.0 2,23 0.0218 0.1385 0.1615 527 0.55 0.3218 0.0267 0.4981 0.2915 0.2936
X382-16 et 3728.3 15.9 2.22 0.0229 0.0755 0.1615 511 0.5 0.2599 0.0216 0.3786 0.1968 0.3230
X382-17 k= 3732.4 20.0 2,14 0.0290 0.1091 0.1677 527 0.48 0.3058 0.0254 0.4516 0.2877 0.349 4
X382-18 b=y 3733.6 21.2 1.80 0.0273 0.2040 0.2549 456 0.86 0.4862 0.0404 0.4757 0.2690 0.296 4
S745-7  HRRPFEK A 32174 0.2 1.67 0.0186 0.0622 0.0569 327 0.37 0.1377 0.0114 0.5868 0.2184 0.1538
S745-9  FHWRRMIKAE 3213.6 1.6 1.05 0.0120 0.0354 0.0645 327 0.12 0.1119 0.0093 0.4236 0.3950 0.537 5
S745-10 HPFIPM KA 3 211.7 3.5 1.72 0.0054 0.2125 0.1032 542 0.33 0.3211 0.0267 0.6786 0.6603 0.3127
S745-13  BERFUMMPAE 3203.3 6.8 1.68 0.0125 0.6086 0.2211 416 0.62 0.8422 0.0699 0.7375 1.0018 0.356 6
S7A5-14  BERFMIA 32015 8.6 1.64 0.0066 0.1213 0.0816 470 0.08 0.209 0.0174 0.6105 1.5988 1.020 0
X39-2  BERFUBEPE  3671.8 0.1 0.75 0.0141 0.0343 0.0871 500 0.07 0.1355 0.0112 0.3572 0.6914 1.2443
X39-3 PFAEPS  3672.1 0.4 0.86 0.0135 0.0468 0.0911 515 0.07 0.1514 0.0126 0.3983 0.8614 1.3014
X39-5  BEKFKMEPE  3672.4 0.7 1.21 0.0164 0.0871 0.1329 525 0.07 0.2364 0.0196 0.4378 1.4786 1.898 6
X381-3 DU IR A 4003.8 0.2 1.22 0.0605 11.6648 3.9562 416 0.78 15.681 1.301 6 0.747 7 15.0324 5.072 1
X381-5 UUEE IR A 4002.4 1.6 0.8 0.0700 16.2142 5.4915 422 1.35 21.7775 1.8074 0.7478 12.0624 4.067 8
S743-3 R 3287.0 0.6 1.65 0.0147 0.0355 0.0755 527 0.05 0.1257 0.0104 0.3994 1.0040 1.5100
S743-5 MBI ZIA 32875 1.1 1.64 0.0213 0.3099 0.7616 448 2.58 1.0928 0.0907 0.3031 0.1284 0.295 2
X38-0 ot 3821.7 0.1 2.05 0.0378 8.5048 4.1802 420 1.63 12,7228 1.0560 0.6714 52409 2,564 5
X38-6 k= 3840.9 0.1 2.06 0.0252 8.4046 3.3927 414 1.55 11.8225 0.9813 0.7130 5.4386 2.1888
X38-8 TS 38428 2.0 2.15 0.0687 0.4673 0.2385 450 1.15 0.744 0.064 3 0.6921 0.466 1 0.207 4
X38-9 R’ A  3821.5 19.3  0.76 0.0211 0.0733 0.5889 448 0.47 0.6833 0.0567 0.1382 0.2009 1.2530
X38-10 WM A 3820.2 20.6 0.70 0.0269 0.1628 0.8726 447 0.69 1.0623 0.0882 0.1786 0.2749 1.264 5
X38-12 PWEHEP A 3818.5 22.3 0.80 0.0164 0.0787 0.4930 450 0.59 0.5881 0.0488 0.1617 0.1612 0.8356
X38-13 RFME A 3818.0 22.8 0.71 0.0236 0.0898 0.4365 450 0.29 0.5499 0.0456 0.2062 0.3910 1.5052
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Fig. 5 Relationship between organic abundance and distance of intrusive body of Es; member of Well Xia 382
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Fig. 8 Organic maturity characteristics of source rocks in diabase-bearing member of Es, in Linnan Subsag, Huimin Sag

H# 1 AT IAE 1, X38-0,X38-6,X381-3,S745-7,S745-9.,S745-13 # T .. FH &M S, f1 S, HRH
T, B LRSI N SR A R B3 e Ml i B2 245 A Bl SRR T BRI, AR A R R
PG A MU A AL MR R S, 1L B8 T, SN SRR W SR AR
BEALMAIRVE T o 75 BEAR KRR AR 25, 5 5T 20 53 24 A T2 B0 AT 3 A AL o 1m0 3 22 08 ek 4

i & 8 (b) AT TR BE 3 500~4 000 m AFAEPIAD T, BUHIX . —HFEd T, 8. 440 ~542 °C,
Z o AR ME Sk 2 T BOE KB, W 382 JF VK 39 I B 38 JFAE il (B X38-0.X38-6 41 DL J& S745-10 4%, H
P ARG A YN 20 mo 5 —E A T, BUKL KT 440 °C L 3X 850 FF 22 90 B o A R AE , — 2
PV 46 5 B0, N STA5-1,S745-2 W He ke i B W 48 5 885 100 m, — B TS A2 b, X38-0,X38-6 K&
B 381 HhMEdh . AN KSR R T, W50, B 382 JE M 39 HAE B0 TSR A Z T, B
SRR RO L 50 my R T, B0 Y #aE 500 C (FEMF LA AT 21. 2 m Y X382-18 R4,
3.3.3 ERBRAXMANWHF“A”/TOC By

JE VR (0 R VA A WL R T LS B LS A s R L R sl e S R A/ TOC 5 % BE i 26 & i)
DL M R R 0 v A A AT B R . B 8 (o) T LR L R 9T X oA R AR IR A & Wi i “ A7/
TOC HKT 180; 1M A R AR A AW F“A”/TOC 714 F A . —HEBEEAK KT 150, 5T H KR
ANV BT s 5 — AR R A 150~400, BEIH A B R A A5 & “A”/TOC T X & T
AR AR B AR U T IR IR A B AL PR AR TR R A e TR 5 E RS iR g 45 R — 3K
3.3.4  RRURSA B 5 e R

BEPRAR R AR R, AR S A5 HIL 5 A0 B B4 T B A o o S BF 5T 45 A X B 2 R Wi A T SRR AR
H &9 AT LU =R AR L B VR R Al LB @ U5 A 0 R, BB 3G K, H 5 IR R AR Y R 29 2 60 A G ¢
LR EARKRE S R, BKME SRAEERM KR, B/, 5RAKES/NF 25 m 1)
BIRA R, ZKTF 2. 0% A Fid K BE;25~60 m fHEEIRA R, 28 1. 2% ~2. 0%  AbF = BB B .
I KRB FE T R, B 1. 250, B HF A & R 2 i 2 B B L 1T oK A2 42 AR B2 1) 3 800 m IR JE & U
HEIR, 4h0.8% " (H 9,

PRI S R R 1 A B SR AR AR R B8 S AR DG . A AR AT SR B S I T AR R R AR R L
A ML A A A (A DL A T, DT “A”/TOC # 7+, HBEEE = AR, A PR
O



e 54 . L AHBEKXFFROARFAFZ RO 2025 4% 3

200

150

100 [~

5 AMREE/m

50

R /%

9 ERMMBIGEERDP=ZBEREBEER SEENGERHXRD

Fig. 9 Relationship between source rock R, and distance from intrusive rock of Es,; of Linnan Subsag, Huimin Sag

4 i

D) I HE R T = B B R A RIS TOC & &M Pg 43514 0. 03%6~1.68% 1. 1 mg/g. W A%

F MG RAM 0.3%~3.3%.11. 8~24.2 mg/g.

2) WMEGEN TR A B 382 8 & 39 JF TOC & i CF 0. 34%.0. 07 %) 1 Pg(F-3 0. 27,

0. 17 mg/ @) ¥IHAK i HE SR A O TR IR A TR 381 A9 TOC & CEH 1. 07 %) Fl Pg(F-¥ 18. 73 mg/g)

BI5E ve o U M 2 2 o JEL T R VR 25 P B A e R HE 5 e B R i DR R R AR A R 1 R R A I AR

IR B A T A AR R A A

3) it B AR Bk xS R a1 TOC i i — & S e, BE K il A 1 TOC & 5K T A 19 B b 5 i T8

F R s A LB ARG, AR R R e TOC (458 2% 1l RO L 4N s & A AL BT i B K BT Jle %5 1 TOC 2 1 W]

AR TS BER B b 5 1) TOC & & W] AR THib s,

4) WA AR PAE IR E B R, T MUEDTWIH A7/ TOC 2053 T2 1. 206 ~7. 02,327~

542 ‘CHI 150~400, BiHA A AR A K10 58 A3 W1 8o T R A AR ke i Ak, BB SRR R AR LR, s .

3500~4 000 m FATEMA R, FUA X, IR IEA AR HTEM A T, BUEIX 5SS = AR AL E

JEEEA G,

o EPe ¢

(1] £50, F 3 2045 5. 3058 233 £ R KD 5 5 A AR B A B4R % A1 [ ], AR AR, 2020,34(4) :858-864.

MAO Xiang, LUO Lu, WANG Xinwei, et al. Distribution characteristics of Cenozoic volcanic rocks and its geothermal
exploration potential in Bohai Bay Basin[ J]. Geoscience,2020,34(4) :858-864.

RIxP =, AHREAEX. BESRREZAKRLERARA] 5 KFEFRE KA FMK),2001,25(1) :22-26.

LIU Zhongyun, XIAO Shangbin, JIANG Zaixing. Volcanic rocks of Bohai Bay Basin in tertiary and their genesis[]J]. Journal
of the University of Petroleum China (Edition of Natural Science),2001,25(1) :22-26.

[3] X &R &R, $GE RNFMYPEH = R KR EE B LFHEIRE S H[]]. 5 b %5 ,2003,25(4) :385-389.
LIU Huimin, XIE Zhonghuai. Analysis on the petrochemical characteristics and geneses of the tertiary igneous rock in the
Jiyang Depression, the Bohaiwan Basin[J]. Petroleum Geology &. Experiment,2003,25(4) ;385-389.

4] AER ZEZI 25K F. A0 KLEEBA[M] LT B Tk g4k, 1999:21-25.

(5] 4. &l Rl B R = B KOk 84 B HEB R BRI A[D]. k& FHXF,2024:1-6.

LI Yuanzhe. Reservoir characteristics and accumulation model of igneous rock in the third member of Shahejie Formation in
Linnan Subsag,Bohai Bay Basin[ D]. Changchun: Jilin University,2024 :1-6.

[6] GAO L H,SONG Z G,HAN C,et al. Petrogenesis, magrna source,and geoclynamics of Paleogene mafic rocks, Huimin
Sag,Jiyang Depression Eastern Chinal J/OL]. Geofluids,2022. DOI:10. 1155/2022/1571066.

[(7T]XNBZ2. 82N . 285 BEERBATEZAIRAELY AGENTFR . AR KL T L0543 | A4 []] b &R F



G I A6+ 2 RS TUC 6 I o I R o AR AR R YR A SR R T Y E i R AT + 55

i

W5 K ,2022,12(1) :255-264.
LIU Junlan.ZHANG Jinchuan, WANG Sheng, et al. Numerical simulation of influence of diabase bed intrusion on thermal
evolution of organic rich host rock: A case study of Zhaojiashan Xiamaling Formation[ ] ]. Petroleum Reservoir Evaluation
and Development,2022,12(1):255-264
(8] %) B 2 # R ERIZANN R AR RSO LGN E R4 [D]. T F B A KF (T, 2020:56-62.
LIU Junlan. Thermal alteration of diabase sill intrusion on hydrocarbon generation of its neighboring shale: A case study
from the east of Xuanhua Basin[ D]. Beijing:China University of Geosciences(Beijing) ,2020:56-62.

(O] X Z4 . RAR AL F. EMNARTARFERBEEZBAFERLAFZRE O R 0 F WM, 2022,9603):
1026-1040.
WU Yanjia,JIA Jianliang. QIN Jianyi,et al. The intrusion characteristics of Cenozoic diabase in the middle and northern
Fuxin basin and its influence on source rocks[J]. Acta Gelolgica Sinica,2022,96(3) :1026-1040.

(10 A &P .00 5, G, 5. 488 Z R K X RAZNK B B AR ER T RRE G Y 0L]] #Fi,2012,31
(2):345-350.

ZHU Zhanping,LIU Li, MA Rui,et al. Effects of organic matter maturity and metamorphic grade from surrounding rocks
by hypabyssal intrusion in Zhangxin area of Jixi Basin[]J]. Global Geology,2012,31(2) :345-350.

[11] Boed . R R.REEL.F FAHARRKRIUBRKRERARTBAS AR ERK LN Y a[]] ok h B FR,
2013,56(1):159-169.

TANG Xiaoyin,ZHANG Gongcheng, LIANG Jianshe, et al. Influence of igneous intrusions on the temperature field and
organic maturity of the Changchang Sag,Qiongdongnan Basin,South China Sea[ J ]. Chinese Journal of Geophysics,2013,
56(1):159-169.

[12] 2R, 5 87, Bl H 5. B RBENKT A IR AR OO R 69 F v ZBAEAEMLT]. % & F4k,2010,26(1):177-184.
WANG Min, LU Shangfang, XUE Haitao, et al. The effects of magmatic intrusions on the maturation of organic matter
and its numerical simualtion[ J]. Acta Petrologica Sinica,2010,26(1) :177-184.

[13] 2R E2. P RH, 5. ZREARKMERA SRR EARY AL TR . ARNT RN AR S RBAE[]] Bk h A
W ,2014,21(2):171-175.

WANG Min, WANG Yan,LLU Shuangfang., et al. Thermal influence of magma intrusion on hydrocarbon generation of source rock:
Taking south Yingtai Fault Depression of Songliao Basin as an example[]J]. Fault-Block Oil & Gas Field,2014,21(2):171-175

[14] B, & ERBENESE ZANRERR BN FHEEGHw[D]. F 5 .0 AHHEKSF,2017.39-43.

XIA Di. Effect of intrusive rocks on the evolution of organic matter and geochemical characteristics of surrounding rocks in
Linnan sag[ D]. Qingdao: Shandong University of Science and Technology,2017:39-43.

[15] #h4F3k . 2 B €. 4 RRUKBH 741 K —B8 Kl B EHEL]] b AAE X F F R A A F R ,2018,37(1) :47-59.
HAN Zuozhen, LI Hao, WEI Pengfei,et al. Characteristics of volcanic reservoirs in Sha-1 member of the Shang 741 area of
Huimin depression[]]. Journal of Shandong University of Science and Technology(Natural Science),2018,37 (1) :47-59.

[16] Kk, 22 . A 5. ELAB I EE RN TRAEWAFAFETEZZHILAFM[]] &5 R R ALK ,2023,44(4)
1020-1032.

ZHANG Qian,JIN Zhijun,ZHU Rukai,et al. Remarkable issues of Rock-Eval pyrolysis in the assessment of shale oil/gas
[J7. Oil & Gas Geology,2023,44(4):1020-1032.

[17] KR F B 22 B F. R R ERMONAK T, FFAGER] B BIR 5 TR ,2007,34(5):580-584.

ZHANG Zhenling, WU Liyan, TUO Qi, et al. Abnormal value recovery of maturity parameter T, for Rock-Eval[]].
Petroleum Exploration and Development,2007,34(5) :580-584.

(18] ZEE. BLRRRA R L LR Yo BETALRE]] WEE Bl T,2009,35(12):59-61.

WANG Guochen. The factors influencing the measurement results of vitrinite reflectance and revise[ J]. Inner Mongolia
Petrochemical Industry,2009,35(12) :59-61.

[19] BOSTICK N H. Time as a factor in thermal metamorphism of phytoclasts(coaly particles)[C]//Congress International de
Stratigraphie et de Geologie du Carbonifere. Krefeld, Aug. 23-28,1971.

[20] s, a#, LEE. . ZRARZNURBRERHA R Z DR WA E EHMEL]] b LHFME L ,2025,15
(3):455-462.

LI Shuyu, FAN Lixin, XIA Lianjun, et al. Oil and gas accumulation characteristics of the third submember of the first
member of Dainan Formation in deep layers of Gaoyou Sag, Subei Basin[ J]. Petroleum Reservoir Evaluation and Develop-
ment,2025,15(3) :455-462.

(RS . ZIHR)



