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Organic geochemical response and indicative significance of Paleozoic ultra-deep
diabase intrusion in the Shunbei area

QIAO Rongzhen, LI Meijun®, ZHANG Donglin, XIAO Hong

(National Key Laboratory of Petroleum Resources and Engineering, China University of Petroleum (Beijing),
Beijing 102249, China)

Abstract: The Ordovician reservoirs in the Shunbei area of the Tarim Basin are rich in petroleum resources, with
multiple diabase intrusions present in the Paleozoic strata. In order to clarify the impact of diabase intrusions on the
petroleum system in the Shunbei area, this paper analyzes the internal relationship between the distribution of diabase
intrusions and petroleum accumulation using mud logging data, 2D seismic data, gas chromatography-mass
spectrometry of rock extract, and single well buried-thermal history. The results indicate that multi-stage diabase
intrusion events were triggered by the Permian Tarim large igneous province. Magma upwells along faults, altering the
surrounding rocks. This led to a higher concentration of >5-ring polycyclic aromatic hydrocarbons and elevated ratios
of fluoranthene/  (fluoranthene + pyrene), benz[a]anthracene/(benz[a]anthracene +  chrysene), and
indeno[1,2,3-cd]pyrene/ (indeno[1,2,3-cd]pyrene + benzo[g,h,i]perylene). This indicates that during the magma
upwelling process, the surrounding rock along the way undergoes significant thermal alteration. 2D seismic data show
that magma did not intrude into the Cambrian Yuertusi Formation source rocks and Ordovician reservoirs on a large
scale. Therefore, under the influence of such large-scale intrusion, there is still a considerable amount of oil in the
Ordovician reservoir of the Shunbei area. The coupling of diabase intrusions (292.1-272.0 Ma) with the second
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petroleum filling timings (272.0-219.9 Ma) suggests that these intrusions open up a channel for the oil filling. Fractures
and low-amplitude structural traps, resulting from formation folding and deformation during magma intrusion, provided
high-quality reservoirs for petroleum accumulation. The identification of diabase intrusions offers key insights for
further petroleum exploration.
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IS B R b T s b AR R b T S, TR Y B0 b S S v A A R (A B
2017; i FIR4E, 2017; /NGRS, 2022) 1M K BUA R ANME N ARG S h I EZERIE X, HAERA LR Pt
JE R R 3 70 | b 2 TR DA R 5 il SR 0 A5 1 7= 1R TR Y 5% T (Spacapan et al., 2018; Yang et al., 2022; Qiao
et al., 2025),

P& RS AR Sy v [ P 3B e R ) B i A, A AR DR TG S % Hoh, S a8 HUR KO
T IR B ARG S R B (R B F5 %, 2005), & 208 AR R KRB I, BR T KBS Y 2 5 AR
PEmS A B RSN, A 2. Z2IIRERASRA (GRS, 2017, XIRHESE, 2022; 4 H #1455, 2024),
Horp, WESE A AR KA RAE MR, BS54 U-Pb g 48 & I HUR 4k ot A= 5t
M RELR R AR ZE 292.1~272.0 Ma(Z= 5 4§, 2007; HHhim4s, 2013; Dong et al., 2013; Z=474%, 2017; i
FIAE, 2020; F/NEESE, 2022). il A Ik R 20 oA R b Hh DX AR OB SR AR AR R S2 ity AR MR AR 17
A 6] — A UCE SRR S i 45 2R (18] 1b; XIS, 2022; 4 H Wi4%, 2024) . J5 & 28 OArPAr Herh -3 A kil
IELER Ny 274.6~276.3 Ma, BERAL T & 2038 BUR K K BUA A T s A (P 45, 2013). Seriii RUIE K
RASKIBLANZMIRGE A BEWE, W (2R IUE P P A Gr iR [E 45, 2024) 41 & fitt |2 1) it
230 (1 T4, 2005) . 51 & S5l R MR 2L A% (Yang et al., 2022) LA K 341 56 2 19 35 B GV IS 45, 2022), i
o XML AR B BT A m FARA, AW AR SRR, A B RN 52 B S A R AR X ok i
— VA IR A SR R GRS PR T AR R S

ARWAFFE iz ARG 0RE | b 5 1 20 1 DL KA A LAk, BRI L b DX AR B 2 S A R A
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BT, GEAMIIERARAN SR RGN o by E— 25 1 TR 2 T B PR 7 1 DA R A e S 4
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PR GHAE h B e K & A i, HOGTE &0 20805 8 . S s B R OS8R Ho
WAL T S AR . SN B R A — R P L I R (] Lay DR, 2017), ARARSAVERL oRIE
R KK R E A B A3 5 5 E B AE TR 7E 290~270 Ma, 7 3 iRk 50 J7F 05 Tk, 8005 TH R 2 i
H PR X (MR ZE AN AR SCNI, 2017) o FFREE AR & 038 BUR i b 2 S 2 b & A E | AR IR,
IR I B RTEE M SR (Qilao et al., 2024a) .

170 A 2 =7 N o 2515 7 O 3 SO = W 2 1] 2 R R O 7 < e | N =
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WEEEENTE, AFMEEARERR, BWR, S A, AR ARRUK S ZR(Qiao etal., 2024a).
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TR R K LI 84 1 P RIEYR 5 ) DA SRR FE RS IR ADE S R I, F R ik S 2l s (e 4y HL 32 0 IR iR
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Fig.1 Tectonic sketch map and igneous rock distribution of the Tarim Basin (a), tectonic location, well location
distribution and distribution range of the Palaeozoic diabase in the Shunbei area (b), and simplified stratigraphic
column(c)
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ARG 23 B A B B 25 Hb I s IX. SHBS, SHB5-11H, SHB11., SHB42X. SHB71X. SHB81X L)
K SHN3 JF, it 9 HUAOMEfh . A0 FE I BB R — ] 7 21 (O12y), #rPELAUBCA Flie it K £ o L
S EAR BT I 1b, & H ARG RN BT UL 2, Hr, 78 SHB42X . SHB41X. SHB71X. SHB81X i
SHB11 A% 12 B )2 & BURE SR A R AR, 78 SHB5, SHB5-11H Al SHN3 %531 A 6% 2 17 12 ok
RIS iR AR

FrDFEED Y Tmax 53 A1 Y0 L R 432~489 °C, HERAE T WLBA—AR BB BL (3R 1), A0 dh TOC 434 il
0.09%~0.13%, S [ 4341 i [F A 0.01~0.22 mg/g, Sz #5345 i [l 4 0.02~0.33 mg/g(3K 1), H A Dt ah b &5
HCAI S /B, 2 AEEy 0.01%~0.35%.
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Fig.2 Well-tie profile of typical wells in the Shunbei area, Tarim Basin
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Table 1 The core sample information and basic geochemical characteristics from Paleozoic in the Shunbei area, Tarim

Basin
LEMWEE
) X . WA R AR
JHBL DA TREE (m) PN TG R . TOC(%) S;(mg/g) S,(ma/g) Tmax(°C)
FAHEEE (m)
NS
7395.00~7407.00 VA KE 0.10 0.09 0.09 467
SHB42X  Oyj - H 119.45
7402.00~7410.50  REIKE 0.10 0.02 0.03 489
SHB5 Ogyj  7331.27~7331.68 &L KA Jc 0 0.11 0.06 0.33 444
SHB5-11H  Ozyj  7416.00~7416.40 WA ¥ 0 0.09 0.03 0.07 447
SHB71X  Oyj  7690.75~7690.89 T A 32.73 0.09 0.01 0.04 435
SHB81X  Ojyj  7424.00~7430.00 VeMH/KA A 124.91 0.13 0.14 0.10 454
8280.00~8280.75 T 0.10 0.02 0.02 468
SHB11 0yj H 327.36
8290.02~8290.67 3= 0.11 0.04 0.03 465
SHN3 Oy  7296.28~7296.73 3= T 0 0.11 0.22 0.15 457
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AR LKA T AR ) AR RS TR e EE LR e M. A RS DR ET
Ve TRk E R 80 H. FRHL 50~100 g ¥y Ak, RIS M bR Hh4 48 ho SR 20~30 mL A il ik (4
P 30~60 °C, LAF [A])¥ i 20~50 mg fli#2 4y, & 12 h (HU7 BIUiiE . Jo R 8 b i iR 2R A 7 e i 7%
RIGARERAACER (3 + 20 A Z T EAT AL 20 20 8 o MR Ak . S e+ A Bk (AR L 2 0 1) =
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K Agilent 6980 GC-5975i MS b % — it 1% % F X 5 J2 08 70 #0473 #r . €634 HP-PONA £ (60
m>0.25 mmx0.25 pm). k51 L 99.99%1 2 AR, WiE S 1.00 mL/min, #EFEHEEE R 300 °C, A~
SYURHERE . FHEARF AT WA i E R 80 °CIHf{A4F 1 min, FLL 3 °C/min MYEE T2 310 °C, )5 {-4F
25 min, i GERE El FEESUR, FLTREE N 70 eV, AT 2H M Z 8 T 8RR E T X MMA 2 uL 0.1 pg/ul
De- AT BEMME R I AR, MREHT I Y 0 T AU T4 AL S P I 4 0 5 1
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3.1 M&ERNMM A

BiIRge Rt R, b XA Faks . BEAM ERES RS S, RRKBEE S 327.36
m([&E 2, 1) SERT2EE X S2 il Az FRE G R AR CArPOAr P PG AL AR 45 5 R 274.6~276.3 Ma(Sh
HhE S, 2013) . X FEANIAL Hb XM 45 A [ 8 200 B FRL AR A K 48 22 T S BT 6 (X1 s 28, 2022)
Bt =2 Ab, 3 e s ) TR [ AR AT 3R 5 kA = AR (Rateau et al., 2013).

(a) 15 Wil Mg s =2 A A MR FTEN AL ; (b) TP 55 RAL RLA TR () FiI(d) WRERE IR AR, WEZR45H9, IR 6425.00~6430.00 m,
YRS PL BHA; P, #EA

3 HEEAZMINEIL M X ARG S KWARBATHERANCEEZLREAILBES2A)
Fig.3 Basic units of typical saucer-shaped sills and microscopic observation in the Shunbei area, Tarim Basin
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(a) it SHB42X F-HifZ I ; (b) i SHB42X FHHLR A, (c) i SHBS-11H JHHiFZEHI 1 ; (d) 13 SHB5-11H F:-HiF A&l .
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Fig.4 Typical Cross-well seismic section and relevant geological schematic section in the Shunbei area, Tarim Basin
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Fig.5 TIC of aromatic hydrocarbon fraction and mass chromatograms of polycyclic aromatic hydrocarbon for
representative rocks in the Shunbei area, Tarim Basin
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Table 2 Identification results of polycyclic aromatic hydrocarbons

SRR 45 o3 THT[M] EAS 45 73 TET[M]
P Nap CioHs 128 HIF[b] 5 BbF CaoHiz 252
& Ace CiHio 154 HIF[K]FE BKF CaoHi2 252
% Flu CisHio 166 H I [a] BaP CaoHi2 252
IE Phe CuHio 178 FIF[e]t BeP CaoHiz 252
8 Ant CuHio 178 3t Pery CaoHiz 252
Pep Fla CusHio 202 Bi7K[1,2,3-cd]E INP CooHio 276
B Pyr CisHio 202 A [g.h,i]FE BghiP CoHiz 276
HIf (] BaA CisHi2 228 TR [a,h]E DBA CoHua 278
i Chr CisHi2 228 SR Cor CaHiz 300
#x3 BULHGPEZRFRRE
Table 3 Concentration of PAHs in core samples
) ) LIRTF IR E (ng/g)
PIRDA A R RS R A
23 33 4 3% 5 3 6+7 I
SHB42X H 0.43 98.48 110.50 32.23 28.47
SHB71X A 0.32 153.08 171.01 21.86 40.24
SHB81X A 0.33 151.00 176.04 46.91 39.16
SHB11 H 14.63 189.97 266.82 161.49 83.76
SHB5 o 0.10 170.98 67.19 0.57 1.34
SHB5-11H 7 0.12 165.39 67.65 0.73 1.03
SHN3 & 0.11 166.09 63.85 0.38 1.05

6 FBOHERMPARAERYSHAFTRIREN>S RSIRFTRENESED HHE
Fig.6 Distribution characteristics of the concentration of PAHs with different rings and the relative content of >5 ring
PAHSs in core samples

%2 PREAIE SR T AR R W RN Z AR AR o ARG (S B A Aty o5 1 miz 202
il miz 228 i 3k EIA I s AR S iR DO Z 305 R LIS . . R AR TR [a] 0 (& 5). J54&E miz 252
Fl miz 278 Joi (03 PRSI B s P LR 2R R AAE LRI [0]2¢ B . AIF[KIDEE . FEIf el . RIf[a]
BRI 2RI [, B £ J58 miz 276 it (3 KR I S s A A oS I 2 3 05 B LLE 9 [1,2,3-cd] 8 MR IF:
[0,h,i1HE R FE BRILZ AN, F5 98 miz 300 Jii & (233 1] Ao IR I 21 3= BE AR 45 10 -E I 2K (18] 5) o ¢ 1AL Bl 9T [1,2,3-cd]
BE . AT [al ORI R 5 22 31 05 IR I TR BGGE B 5 IR SR OC (B k8 3R ), 5 U EE A DG M A 55
(Yunker et al., 2002; Qiao et al., 2025)., i i % & 53T 3 B b3 M )2 AF FEVE S R I 2O v 3 A B 1 1 A >5
) Z 05 U FE (18] 6) 0 AHOC A th>5 RN Z IR 05 Uk BE 43 A Y L Ry 62.11~245.25 ng/g, i 2058
ST 16.07%~34.22%(K1 6, % 3). LA HIZANFAEMELEA RN A O th KT HR I 2 30 05 Kk B 43 A 15
9 1.43~1.91 pg/g, HZH TR EER 0.62%~0.80%(14] 6 Fl1ZK 3).
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AL b X 22 25 B R e T 2L, e AR B PEAR IR R B NNE [ Wi . NNW-NNE [ 8 (9 28
BT R 2R DL K NNW ] 5 9 T 24 (1] a; F ok 45, 2024) T b X Fi4 35 S 2 e DRI B82S A 45 fh i 4 25 ] 246 98
MR TR A T LW A (X W IG5, 2022) BRiZAh, b XA 32 A T W 24t ml 1 Sk 5 R AR AR F2 22
WIE, JUHIEE W RS0 o B (R T S 55, 2022) A 342 A 3 38 7F b = 5 T 1 S VR L %) AERHIR e 43 A1 SRR AE (18
7a). AW AW 1, BB E RS, SRR RIS AL NRIZRIR S, & A Z 0 )
wish, HEIE Sk 47 AR (Bl 7b; Rateau et al., 2013).

() 1 F8 Wi YRR HI I ; (b) 1 F8 W24 Ay Ml it 17 14

E7 BERIFMIALHREFECGNEHEINEREEGHEMLERLE 1b, HEFHREAILHES )
Fig.7 Seismic profile and schematic of diabase intrusion in the Shunbei area, Tarim Basin

B MR A, 2 AR A I B P X R A B AR () A AR P AR R R B 50T 3 o AT 45 S 3R Iy 2B AR
WL AR A I A DA R T & B = N 2 AR (B 5) . 235 RAE Rt A B AN LA 2R IR Y
IR G, T T R DUBUE LA AT I (Xu et al., 2021) . 7 TR 7 1E 5 M iR AR B A AL
WA BRI R BT = A 0 2 3855 0 5 AR R R T 3 A PR TR R v A ) 2 B D5 SR A AR I AN
[ (Xu et al., 2021). J&#& ke 5244k, BRAK T 2 3055 & 1 Joe 5 A0 A2 32 17 91 A8 o0 20 A 190 55 7 40 F 4
(Ventura et al., 2012), DAfEWFSRIENI>5 A2 07 i & 5 XA 55 B EAOC, 5 8B G A 58
(Yunker et al., 2002) . BRICZ A1, Z¢ /(D¢ B +EE) . AT [al B/ R IT [a] B+ Mg I [1,2,3-cd] /(B I [1,2,3-cd]
EE+ A FF [, 1]36) B F0 5 8 A 2 19 22 B8 05 08 HOR AR PT A R PR 7 v s A AT AR I 2 8 55 1R 1 BT
ik (Yunker et al., 2002). A A AFTERELR FH1R AMRFIA TR AR RE S 12 AR BORE S A7 I B 24 5 (18] 8). v,
A RS R AR IIRE TP i 2 3805 R 0 BUA T A o T AR AR AR MG R AR FE T 2 02
TS E AR



B8 HMBREIMEMNNE/(RE+E)-EI[a]BU/(EF[a]E+E)(a) 3B/ (T B +EE)-E 3 [1,2,3-cd] /(BT FF[1,2,3-cd] EE+
EFH[0,h,i1FE)(b)Z £ EI(3E Yunker et al., 2002 &%)
Fig.8 Cross-plots of fluoranthene/(fluoranthene + pyrene) - benzo[a]Janthracene/(benzo[a]anthracene + chrysene) (a)

and fluoranthene/(fluoranthene + pyrene) - indeno[1,2,3-cd]pyrene/(indeno[1,2,3-cd]pyrene + benzo[g,h,i]perylene) (b)
derived from thermal anomalies

Qiao et al. (2025)fF 58 F B, 3 IR 4 IR BEAiT A 1 22 34 05 K al & i AR IEA B2 (300~600 °C)= A=, HLFfi 5 i
RIREE R T, >5 ML ISR T EE AL B, AR % & 900~1200 °C, X BIF 0] LA B -7
) J2 HAFAE R G R A O RS rh >5 SR 2 05 & s s iy TR

KA AR AR 1 R AR RN A B AR 1~2 £%(Simoneit et al., 1978; Othman et al., 2001) . 4%
B BURE 5 R S A R AR A 0 B AT R, b 0 i 22 3855 8 1At #E 4R 1R ARTE B S B0 34
SH AT AR (B 2) o W TE A IR U T 2L L R e X g e A AT AR A A AR R R 2 RO kR
ULk, HETRZ 230 5 A T A RS, IRXE R AR be . A KA T2 A I B 2 R SR A A A T
R, O FE SR v S O 4 1 22 B 057 K DA SR S AT AR 1Y 22 A 05 08 LU 3R AT 80 10 S5 3R 0 T B0 it
PR 1A .

42 RS

AU G AR A AR — R . Rl | B2V Re-Os a4 DL R fif A B A, U-Pb 2 4F 3 i1 3
BH, It X 5 A7 R I = 00 A A e v, B, o L AR e B0 R VA G 3 — B0 S 3 4 R v N A
W RAR S FETE (A4S, 2020; Wu et al., 2021; ARRI4E, 2022; 2= £ )45, 2023).

T R AR KNS AT 300.0~262.0 Ma(ZE B 4, 2007; 251745, 2017; Qiao et al., 2025) ., MLk
B E SR BN, B BUR R KOS 2 ) B 2 D) S A R R T — IR 1R A (292.1~272.0
Ma)(Z= 5 %%, 2007; Dong et al., 2013; Z=17%F, 2017; RIMHH4E, 2020; F/NgESE, 2022), FfgA R0 U-Pb &
AR EICE SRR R BN, ZRABAEE W, ZEBLRIE R T — I 3(295.9~273.0 Ma) (£
WA, 2020; SRNIAE, 2022; 22 EZEA4E, 2023). WFFRRUI, PR T f# A Bk 87Sr/%eSr Al 43 A X 1] 2
0.709634~0.711004, B & & F [l A Al B ZE ol 1E 5 7K 87Sr/%8Sr {1(0.709000~0.709400), i 42 BkF-34
5e R AR 87Sr/85Sr {1 (0.709000~0.709400; Palmer and Elderfield, 1985; 2524, 2023), 8/~ HIRMIARAF7ETE
TR R DTk, S BOARS H J ffA Dk O TS TR



(a) Mk IX 5 S Wy 7 g s B (b) WESRE . 6RO KDL B AR W R AR R . a AT SO H SR ESRE AR A%
) T 6 2 o R R R SE 08 o 3 T M 6 i, o R /INEE S, 2022; b, /K JB) BT TR B MESR A R, Sk B R4, 2020; ¢ BfE=
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Fig.9 Comprehensive of burial-thermal evolution history and petroleum accumulation in the Shunbei area, Tarim
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Fig.10 Magmatic intrusion and oil filling pattern in the Shunbei area, Tarim Basin
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