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Fig. 1 Location map (a) and structural unit map (b) of the south slope of Kuqa Depression
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Fig. 2 Stratigraphic histogram of the south slope of Kuqa Depression
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Table 1 Physical properties and grouped composition content of crude oil in the Yaha area

e Weltm B ey e W WER g,
F1 5459.5 ~ 5466 E / 62.93 16.51 4.67 343 87.54
Al 5801.5~5807 € 0.76 72.02 17.10 1.55 0.52 91.90
F 5 10CH 6633.79 ~ 6706 € 0.83 71.92 20.00 1.54 0.77 94.23
FA3 5160 ~ 5166 E 0.82 79.32 8.46 0.75 0.19 88.72
Fii6 5175.5~5179 K / 52.34 16.82 3.74 16.82 89.72
401 5067 ~5075 E / 73.52 13.94 0.70 0.35 88.50
Bl 5730 ~ 5809.96 € / 55.20 19.00 14.34 1.08 89.61
Fi1-H4 6172 ~ 6260 € / 65.12 2248 2.84 0.52 90.96
FH5503 5846.58 ~ 5900 € 0.84 59.76 23.67 3.85 0.89 88.17
Fi7X-1 5814 ~ 5826 € 0.83 62.53 22.74 233 0.78 88.37
R4 6068 ~ 6085 C / 46.24 13.62 1.79 31.18 92.83
A1 5828 ~ 5883 C / 40.71 29.49 6.73 14.10 91.03
701 5942 ~ 5951 (s 0.87 40.23 32.42 7.03 6.25 85.94
TE: B L R; € 28RE; K R C AR E; TR
x2 FWMXFR#AEBREFESE
Table 2 Geochemistry parameters of saturated hydrocarbon in crude oil from the Yaha area
jpm R /m 2 Pr/ Pr/ Ph/ CioTT/  (CystCn) TT/  C3DH/ G/ 00020RCy7/  Cy00020S/ Cooupp/
Ph nC;; nCig  CuTT (Cig+Ca) TT CsH C3H CpoS (20S+20R) (aao+ofp)
T 5459.5 ~ 5466 E 212 028 0.14 0.71 0.77 0.16 0.18 0.43 0.40 0.46
Fias 5801.5~5807 € 1.83 020  0.11 0.62 0.79 0.22 0.19 0.32 0.44 0.44
ZFHE10CH  6633.79 ~ 6706 € 1.80  0.19  0.11 0.91 0.68 0.35 0.14 0.35 0.52 0.51
a3 5160 ~ 5166 E 1.71 020  0.12 0.51 0.89 0.20 0.23 0.41 0.44 0.44
Fi6 5175.5~5179 K 120 033 029 0.31 1.01 0.14 0.24 0.31 0.43 0.45
FHE401 5067~ 5075 E .68 021 0.2 0.38 0.93 0.31 0.34 0.20 0.44 0.44
Wit 5730 ~ 5809.96 € .19 0.21 0.21 0.35 1.40 0.26 0.22 0.53 0.57 0.53
JF I 1-H4 6172 ~ 6260 € 1.60 025 0.16 0.47 1.06 0.38 0.09 0.39 0.59 0.53
503 5846.58 ~ 5900 € 1.57 027 0.8 0.35 1.25 0.29 0.16 0.35 0.53 0.52
F7X-1 5814 ~5826 € 1.57 016  0.11 0.84 0.65 0.34 0.08 0.41 0.54 0.42
R4 6068 ~ 6085 C 074 026 041 0.15 1.27 0.07 0.13 0.48 0.59 0.50
A1 5828 ~ 5883 C 074 034 051 0.16 1.95 0.08 0.16 0.40 0.58 0.53
701 5942 ~ 5951 € 092 032 039 0.16 3.15 0.07 0.28 0.71 0.43 0.41

1E: Pr. {6 0E; Ph. A bE; TT. =3be; DH. SHER be

F300°C, P-E 35 min, FH CouDso Al So-Aff {55 ¢ il
FBRIERE i, DARRE VR RV A T 1E e v, T I i
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FasE B lr v R (IR SPIKER 45 1 ik
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Plus V [A) {3 3 FUAEL B AR 64700 2, % GC i
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Table 3 Thermal maturity parameters of aromatics in crude oil from the Yaha area

= R /m B MPI, MPR ~ MPR, 4-MDBT/1-MDBT Fy F R Re Re3 R.
T 5459.5 ~ 5466 E 0.50 1.24 0.87 536 047 025 070 1.03 089  0.87
TS 5801.5~5807 € 0.69 1.45 0.36 10.20 052 027 082 1.10 1.01 0.98
FIE10CH  6633.79 ~ 6706 € 0.78 1.66 124 8.59 0.55 029 087 1.16 1.10 1.04
Fia3 5160 ~ 5166 E 0.10 0.76 041 5.64 029 016 046 082 044 057
Fus6 5175.5~5179 K 0.45 1.79 1.32 431 057 031 0.67 1.19 1.14 1.00
k401 5067 ~ 5075 E 0.14 0.63 0.37 4.08 027 015 049 074 038  0.54
Wit 1 5730 ~ 5809.96 € 0.77 1.29 0.91 8.93 0.48 0.25 0.86 1.05 0.91 0.94
i 1-He 6172 ~ 6260 € 0.60 131 0.92 6.07 048 026 076 1.06 092 091
Fi5503 5846.58 ~ 5900 € 0.66 1.38 0.99 8.60 050 027 0.9 108 097 095
FHTX-1 5814 ~ 5826 € 0.87 1.67 1.25 9.87 056 029 096 1.21 1.17 111
R4 6068 ~ 6085 C 0.69 1.08 0.73 5.06 042 024 081 097 079 086
EREN 5828 ~ 5883 C 0.69 .11 127 4.84 043 024 098 1.17 L11 1.09
F5701 5942 ~ 5951 € 0.14 1.01 1.03 2.98 039 022 085 1.0 099 096

I¥: MPIL=1.52-MP+3-MP)/(P+1-MP+9-MP); MPR=(2-MP/1-MP); MPR,=(2-MP+3-MP)/(1-MP+9-MP); F;=(2-MP+3-MP)/(2-MP+3-MP+1-MP+

9-MP)"); F,=2-MP/(2-MP+3-MP+1-MP+9-MP)!""; R.=0.6MPI,+0.4""; R.,=0.991gMPR+0.94""; R.=0.594 6InMPR,+0.9728""; MPI,. W 4 3E 45 %5
P. 3F; MP. FUZESE; 1-MP. 1-FIIETE; 2-MP. 2-H1JE3E; 3-MP. 3-H12:3E; 9-MP. 9-H 5:3E; MPR, MPR,. WHIE LA Fi, Fo. WEETEME R 50 R B
3% LA EE A S S A A S S R A M Rets Reos Rea. /N [ A S B0 B0 04 D A5 88 I 14K B3 %5 4-MDBT/1-MDBT. i — 8
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Fig. 3 Scatter plot of biomarker and aromatic hydrocarbon parameters indicating the thermal maturity of crude oil in the Yaha area
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Identification of oil sources from marine-continental faces source rooks and
quantitative evaluation of mixed-source oil contributions in the

southern slope of Kuga Depression, Tarim Basin:

A case study of the Yaha structure zone
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Abstract: [Objective] The Yaha area on the southern slope of the Kuqa sub-basin is a significant hydrocarbon-rich
region in the Tarim Basin; however, the origin of its crude oil remains unclear. [Methods] This study analyzed 13
crude oil samples from the Yaha area using organic geochemical techniques and employed an end-member oil
mixing model to quantify the contributions of marine and terrestrial sources in the mixed oils. [Results] Biomarker
characteristics indicate that the crude oils in the Yaha area can be broadly classified into three types: Terrestrial oils,
marine oils, and mixed oils. Terrestrial oils primarily derive from lacustrine source rocks, with pristane/phytane
(Pr/Ph) values ranging from 1.20 to 2.35 (averaging 1.74). The tricyclic terpanes (TT) are dominated by C,yTT and
C, TT, with a high abundance of rearranged compounds such as Csy early-eluting rearranged hopanes (compound
X). The n-alkane carbon isotope values range from —28%o to 32%o. Marine oils are a mixture of multi-stage marine
source rock contributions, exhibiting Pr/Ph values between 0.74 and 0.92 (average of 0.81), with peak Cy;TT and
C2TT compounds and a high abundance of long-chain tricyclic terpanes. Their n-alkane carbon isotope values are
generally lighter than —32 %.. Additionally, the presence of 25-norhopane compounds in the marine oils indicates
significant early-stage biodegradation.. Mixed oils display biomarker and isotopic features characteristic of both
marine and terrestrial oils. Except for the lower absolute maturity values observed in wells Yaha5, Yaha 401, and
Yaha 3 (Well Yaha 3: 0.57% Rc; Well Yaha 401: 0.54% R.), the overall maturity distribution across the study area is
relatively uniform, ranging from 0.86 to 1.11% R., with an average of 0.97% R.. Two-end-member mixing
calculation suggests that marine oils account for over 60% of the mixed oils in the study area, with marine the
contribution in Well Qiaogu 1 exceeding 90%. Source analysis indicates that the terrestrial oils primarily originate
from the Triassic Huangshanjie Formation, while the marine oils are derived from the Cambrian Yuertusi Formation.
[Conclusion] These findings demonstrate that the continental oil prospects on the southern slope of the Kuqa sub-
basin remain promising for discovering marine oil and gas resources. This has significant implications for expanding
future oil and gas exploration in the southern slope of the Kuga Depression.

Key words: Yaha area; biomarker; carbon isotope; mixed source contribution; Yuertusi Formation; oil source

identification; Kuqa Depression
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