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Fig. 1 Regional geological structure and sampling well map (a, b) and stratigraphic column (c) in the Jinan Sag
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Fig.2 Profile from the Middle Permian Lucaogou Formation in the Jinan Sag
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Table 1 Geochemical parameters of the source rocks of the Lucaogou Formation in the Jinan Sag

= W(TOC)/% Tl C (S1+8)/(mgg ) Iu((mg'g") DI% Ry% WAL < A”)%
— 0.52 ~ 1.67 436~500 0.16~0.51 13.51~87.04 1.26~7.53 1.25~1.36 0.01~0.09
0.96(9) 461(9) 0.3309) 37.1309) 3.4209) 1.30(4) 0.04(6)
e 2.21~24.70 433~448 12.33~238.26 358.01~960.51 30.44~82.85 0.56~0.91 0.15~2.48
8.61(46) 442(46) 64.90(46) 667.99(46) 58.31(46) 0.75(22) 0.64(36)
I 2.81~11.51 431~442 13.71~86.19 404.98~854.78 40.14~72.07 0.64~0.66 0.30~0.47
PRtk 5.62(10) 438(10) 37.56(10) 595.64(10) 51.82(10) 0.65(3) 0.38(3)
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Fig. 3 Evaluation of organic matter abundance of the source rocks from the Lucaogou Formation in the Jinan Sag
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Table 2 Biomarkers parameter statistics of the source rocks from the Lucaogou Formation in the Jinan Sag

= d nCy-/nCopt TAR 55 % % K5/% 7-+8-MeC17/nC oy Pr/Ph
p— 0.44~1.22 0.38~1.43 23.37~46.93 38.52~55.39 14.18~28.19 0.01~0.27 0.38~0.99
e 0.80(7) 0.79(7) 34.97(7) 4531(7) 19.75(7) 0.12(7) 0.74(7)
- 0.33~1.14 0.30~2.14 17.52~42.36 44.63~57.40 10.78~33.53 0.01~0.28 0.60~1.05
—Eh 0.63(29) 0.95(29) 28.60(29) 50.28(29) 20.82(29) 0.05(29) 0.84(29)
ey 1.64~2.55 0.19~0.34 53.06~64.24 25.93~33.25 8.65~14.31 0.13~0.36 0.48~1.09
il 2.07(4) 0.25(4) 58.20(4) 30.48(4) 11.01(4) 0.21(4) 0.84(4)
A Pr/nC)7 Ph/nCjg B-THE MotMCinax  MEIEBE/Ca07EhE CoqTeT/CoTT  (CroTTHCoTT)CHTT  C3122S/(22S+22R)
—— 0.57~0.79 0.47~1.25 0.11~0.93 0.22~0.30 0.82~0.92 0.61~1.39 0.58~0.61
Fr=ahls 0.71(7) 0.77(7) 0.42(7) 0.25(7) 0.86(7) 1.05(7) 0.60(7)
i 0.22~2.29 0.18~5.01 0~1.75 0.07~0.29 0.63~2.78 0.85~2.00 0.47~0.54
R 0.73(29) 0.94(29) 0.35(29) 0.20(29) 1.51(29) 1.36(29) 0.52(29)
e pip 0.85~1.26 1.39~4.36 1.06~3.59 0.40~0.42 0.98~1.05 0.78~1.23 0.49~0.51
P 1.02(4) 2.22(4) 1.86(4) 0.41(4) 1.01(4) 0.97(4) 0.50(4)
BAL Cyoappl(apptoana) Cpe20S8/(20S+20R) Caoua/of e CorSt/% CasSt/% CaoSt/%
- 0.36~0.44 0.47~0.52 0.04~0.05 0.22~0.31 12.34~20.33 32.54~39.38 44.78~50.18
R 0.39(7) 0.49(7) 0.04(7) 0.26(7) 15.78(7) 37.10(7) 47.41(7)
o 0.18~0.27 0.14~0.26 0.06~0.11 0.12~0.55 12.43~26.39 32.56~55.15 28.85~51.56
—Phan 0.22(29) 0.20(29) 0.09(29) 0.30(29) 18.28(29) 41.62(29) 39.85(29)
ey 0.23~0.26 0.15~0.23 0.09~0.11 0.32~0.40 8.33~14.22 33.22~43.36 43.76~55.11
ke 0.25(4) 0.19(4) 0.10(4) 0.36(4) 11.90(4) 38.44(4) 49.66(4)
JE Cas/ C20St/% C35/(C51-Css) MPR MPI-3 Y EIRMEBEY A CornZR S BE I ShE  CoolRTEE/CoolR BT
r— 0.65~0.88 0.03~0.06 1.57~1.89 1.01~1.31 0.11~0.25 0.14~0.24 6.17~7.90
e 0.78(7) 0.05(7) 1.72(7) 1.18(7) 0.17(7) 0.18(7) 6.94(7)
e 0.68~1.91 0.03~0.06 0.74~1.26 0.60~0.97 0.03~0.16 0.02~0.08 2.65~4.44
e 1.01(29) 0.04(29) 0.99(24) 0.78(24) 0.07(29) 0.03(29) 3.60(29)
s prpy 0.60~1.00 0.06~0.08 0.50~1.24 0.71~0.83 0.04~0.08 0.01~0.08 2.56~3.21
Fredah 0.79(4) 0.07(4) 0.86(4) 0.74(4) 0.06(4) 0.03(4) 2.86(4)

H: TAR ARt KA HUAE, TAR=(nCa7+nCa9+nC3;)/(nCys +nCy7 + nCio); MHE= [Y(nC14-nC20)/T(NCimin-NCrnax) 1% 100%; HfiE= [Y(nCa1-nCa6)/Y (NCrnin-NCinax)] X
100% ; £ 5= [Y(nC27-nC0)/Y.(NCrnin-NCinax) 1% 100%; Me Ay 5 B Fe - dogs Prom i isddog; PhoAESE; nCrax A IEAN BEIE 20685 TeT A PUFRGG ke TT =
it s Co00h Cap-a0ZE ot ; Cao0B M Cao-a Bz kt; SCHHLM {5 bt; Cas/(Cs1-Cas) NI LEFE R MPRJ H HL3E LA, MPR=2-MP/1-MP; MPI-3 4 1 L3
TREL, MPI-3=(3-MP+2-MP)/(9-MP+1-MP), MP 2y U BE3E; 1-MPAy 1-HI J63E; 2-MP2-H 3 3E; 3-MPJy3-HIHESE; 9-MP Ry 9-HUAETE; R Al
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Table 3 Data of biomarker compounds in different types of Permian crude oil in the Jinan sag

JEZER CagaPB/(op-+aaicr) C2920S/(20S+20R) MPR MPI-3 1Cy-/nCoas CoolE RN/ Cog M BT
A 0.22~0.26 0.18~0.22 0.95~1.44 0.65~0.80 1.25~2.57 2.43~3.04
0.24(4) 0.20(4) 1.15(3) 0.75(3) 1.89(4) 2.82(4)
B 0.21~0.38 0.14~0.40 0.62~1.20 0.46~0.96 0.31~1.13 2.46~6..65
0.29(42) 0.29(42) 0.91(35) 0.66(35) 0.65(42) 4.90(42)
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Table 4 Organic geochemical data of source rocks from the Jingjingzigou Formation in the Jinan Sag

2 hi Ww(TOC)/% Si(mgg") Syf(mg-g") (Si+8,)/(mg-g ) Iu(mg-g) T/ C DB o Hov%
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Oil-source correlations and geochemical characteristics of source rock from
the Permian Lucaogou Formation in the Jinan Sag, Junggar Basin
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Abstract: [Objective] In recent years, significant progress has been made in the exploration of conventional
sandstone reservoirs in the Jingjingzigou Formation of the Jinan Depression, Junggar Basin, with tertiary reserves
exceeding 100 million tons and promising exploration prospects. Although the primary source rock, the Middle
Permian Lucaogou Formation, has been identified based on previous research, studies on the geochemical
characteristics of these source rocks and oil-source correlations remain limited. [Methods] This study combines a
comprehensive set of tests, including total organic carbon (TOC), rock pyrolysis, and biomarker analysis, to
investigate the geochemical properties of source rocks from various intervals of the Lucaogou Formation and to
explore the oil-source correlations for the Middle Permian. [Results] The results indicate that the Lucaogou
Formation can be divided into three sections based on logging curve characteristics. The Py/; and P,/; intervals are
high-quality source rocks, characterized by high organic carbon content, hydrocarbon generation potential, and
soluble organic matter, with organic matter types of 1 -1I | and early-to-peak maturity, with P,/; being superior. The
P,/; interval is predominantly composed of "non-general" source rocks with type I -1I; organic matter and high
maturity, influenced by the overlying environment. The molecular geochemical characteristics suggest that the
source rocks formed in reducing environments. P,/; corresponds to saline water, P,/; represents fresh-brackish water,
and P,/; is intermediate, all conditions conducive to organic matter preservation. In terms of biological composition,
the Lucaogou Formation contains two primary hydrocarbon-generating parent materials: Green algae and
cyanobacteria. The presence of green algae is indicated by age-related biomarkers (C,g steranes), while cyano-
bacteria are identified by the presence of f-carotene and medium-chain monomethyl alkanes. The hydrocarbon-
generating organisms differ across intervals: P,/; and P,/3 are predominantly composed of aquatic organisms,
particularly cyanobacteria, while P,/; contains both aquatic (green algae) and terrestrial plant input. Variations in
lake basin water salinity are a key factor influencing the proliferation of cyanobacteria and green algae in different
source rock intervals. C;3yp aa-hopane is abundant in P,/; and P,/;, but absent in P,/3. Based on the analysis of
sterane and hopane isomerization parameters, the Cs ao/of ratio may serve as a potential maturity indicator.
Permian crude oils in the Jinan Depression can be classified into three types. Type A and Type B correspond to the
source rocks of Py/; and P,l,, respectively, while Type C crude oil exhibits characteristics different from the P,/
source rocks and may be correlated with the mudstone of the Jingjingzigou Formation. [Conclusion] This study
provides valuable insights for future oil and gas exploration and development in the Jinan Sag.
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