ZibSHKEE IS

§47% 51 OIL & GAS GEOLOGY 2026 4 2 J]

XEHS:0253 - 9985(2026)01 - 0034 - 10 doi: 10. 11743/0gg20260103

¥ BB K 2 i 4T B e 3t (X 52 2% LU B AR A D St BR AL SR B ER
BOEVV AR RS A LK BLEARLE BT A EERS

(1. WP ERABE e ST b A ST T, 095 m ot 21000852, H ERR2E B2, Jhat 100049 ;3. H A BE AT AR A FRA F
¥ 200041 ;4. FAZZEH FUEIHAR (AL ) AT BRA AL Jb 5T 102200

WE:EELHRAAGET HERREERGEEMR, SRR LA REER N FRERA . B EREHAIFEHKX Y
BLERMED B EANEIAREE LD FTHRNERAE, WA EREEEARSNFRE. ADNHERENNEETS
HEAE, M TR T HAETEXFHANREER, FEGMECETRETE4T 0. HRERFXN . OF KK ERINESMEESH
HAENRER BAMEDEREHR M FRATEETNEAERX 2 A3XAFR, QMENGELS A X REL SR, BAH
—EMHEE R, - EFEK,; %”%é%ﬂﬁﬁﬁﬂ%ﬁ%ﬁ&% AEMERAREARENCEME, h ZXRH K MEHF
HEELWRER, TN A ZEFHR. OQFFRLHBE T EEEHNBIE, JAERE. OMEDHRNERAREE L LT HFHXH
BLF BT B B AR B Ao AR R S ) %fh%‘$/§ﬁ%&ﬂk%7é«/%y%w&,ﬁwﬁﬂ%ﬁ%ﬁﬁk@Uﬂ%H&ﬁ@wﬁ
AR, QHFUFEABL T ERWRERRK SR ER AH LA R DA TE- ERETEREA E LT E R EE
AHAEE, TIHATHEAF R ARG RN, EITEMXAMERRE LN ERE, UMAEDERAN EZFFEHRE bk,
IR F R AR BRI R FEEM, X — B - E DR ZMEHEX T hE L m A SRR g%,

K M AR B A BEAE BRI AR R F AR LW T X AR H

FESHES TE132. 4 XEAARIZAD : A

Microbial geochemistry of a complex piedmont zone in the southern Keping area,
Tarim Basin

DUAN Ye"?*,CHEN Yongquan', LIU Chengxin’, CHENG Yan®’,ZHANG Hao®, XU Fengguang’,ZHOU Peng’,
DING Li*, WU Yubing*

(1. Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing, Jiangsu 210008, China; 2. University of
Chinese Academy of Sciences, Beijing 100049, China; 3. Xinjiang Shenergy Petroleum Co. , Lid. , Shanghai 200041, China; 4. AE&E
Geomicrobial Technologies Inc. , Beijing 102200, China)

Abstract: In complex geological settings, seismic data often suffer from limited imaging accuracy and a strong
multiplicity of possible interpretations, making it difficult to conduct effective hydrocarbon detection and fluid
identification. By investigating the southern Keping area, Tarim Basin, we assess the applicability of the microbial oil
survey technique (MOST) to complex piedmont zones, aiming to develop a novel, integrated multi-technique approach
to hydrocarbon exploration. By analyzing the content and distribution of surface microorganisms, we predict the
subsurface hydrocarbon enrichment zones and identify the fluid properties. A comprehensive assessment is conducted by
combining microbial data with seismic data. The results indicate the presence of five stable microbial anomaly zones
within the study area. The comprehensive assessment based on microbial and geochemical indicators reveals that the
study area can be divided into three categories of play fairway, i. e. , classes 1 , Il , and Il anomaly zones. Class I
anomaly zones, among others, are characterized by high microbial values (MVs) , optimal hydrocarbon preservation
conditions, and favorable structural trap conditions. Class II anomaly zones exhibit high MVs and favorable preservation

conditions but moderate structural trap conditions. In contrast, microbial anomaly zones with poor structural trap
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conditions are classified as class Ill. The distribution of the anomaly zones has been confirmed by subsequent drilling,
exhibiting a high degree of consistency. The microbial geochemical technique has yielded encouraging application
results in the complex piedmont zone. The MOST, which directly reflects the present-day hydrocarbon leakage activity
based on the abundance of hydrocarbon-oxidizing bacteria (HOB) , is highly sensitive to dynamic hydrocarbon preservation
conditions , making it suitable for the rapid delineation of play fairways. In contrast, the geochemical technique, i. e. , sorbed
soil gas (SSG) , captures long-term hydrocarbon leakage by detecting historically adsorbed hydrocarbons. MOST and SSG
thus complement each other, forming a dual-indicator model that considers both dynamic charging and historical preservation.
This model allows for the assessment and classification of play fairways in cases where no reliable direct hydrocarbon
indicators (DHIs) are available. Overall, a novel seismic-microbial-geochemical integrated model has been established for
the southern Keping area, in which the tectonic framework is defined using seismic data, optimal exploration targets are
primarily selected using MOST, and the evolution of hydrocarbon preservation conditions is validated using SSG. This
integrated model can provide new ideas for hydrocarbon exploration in the complex piedmont zone.
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Fig. 1 Tectonic location of the southern Keping area, Tarim Basin
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Fig. 2 Geomorphic environment map with superimposed
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Fig. 3  Survey point deployment for microbial oil detection in the southern Keping area, Tarim Basin
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Fig. 4 Flow charts of the MOST and soil sorbed gas
(SSG) analyses
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Fig. 6 Map showing the distribution and zoning of microbial anomalies of the southern Keping area, Tarim Basin
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SSGH&Hw (C, He

B 10) H T i
) = [ 8 DV (R 535 RS 538 ) RS m LA BB TR RS I SSG(< 1 000457 21 IS EE 6 1 BT AR A
I & 85 MV AR TR A B R 5 85 SSG 17 2 5 A 5 T OMI T o 4 FLIEAE S B A7 A 2
3% # 10 MV AR B IR 6 5 SSC 7 MU A7 4 P2 SRR , O e
4 g (£ MV 15 SSG RUIE 5755 R A , 5 o 300 P e R 5 40 BT 2 SR

TE - MVACKR LY.



514 Be A% 3 UK HORTRY R 3 DX A2 A L LRl Gl 2R st Bk Al 2 B 4 41

*3 BEAGHIMIEMRKASEEEGERRTITER
Table 3 Analytical results of hydrocarbon preservation

conditions of the southern Keping area, Tarim Basin

FE X MV SSG F8#5 Gy BTt R
1-T57H X =] [ B2
1- T SR X = ik i 1
1-TT5 53 X [ =] i 2
2- [ 5RFIX = ] i 2

35k = = 2

IR 1 4 = ik i1

R 1 1% [ i3

T MV R

F4 BEASHTITEBRHNENREXIENER
Table 4 Assessment of microbial anomalies of the southern

Keping area, Tarim Basin

SEWX O MVPEE RS WERSSRE MR
- [ 55X 174 G (B 1) Bev s, i oy X —2%
-5 K 159 BAFOBEa2) Bekss, fmxdn =2
1-T5 5 X 179 BUhF(EE2) TATESE =%
- TS5 188 B OEER2)  BERSL MNEE Z28
-M9HHX 171 HBir(ER2) PIARTE: =%

3TREX —  Br(Es2) I =%

TE : MVARER A 5 “—" 278 B KA PRI RE A B 450 A

I,

VIR AR A 55 , 7EFE R AR N W /R AR hr e 2 4
35 m B KT H = SRR 5 KA R 2. 08%,
R R R B2 55 3, i 2 BEAE 1000 ~ 2 000 Q-m, FLER
NEE FLBREE 20 2%, fr e i o, IR gl R0
R R TR AT AR . LA S R S e
SRS LY RSN T S 7 €A X 7 K1 R W1 e N A T

ARRBFTEINN , WL Dy bR Ak 2 AR AR 52 2 1 AT
A b DX I FFTERUAS: T A RIS, o sl il ARG D
AR AR S A TR B A R A B T Bl X s A
PRAF AR SR 38 FH TP L A R X5 1T b Bk k2
(SSG ) A3 3 77 50 W B A B e 78 T RAR. W
AN B B TR - R WA b AR AL #E TG T
S H BRI s (DHD B8 1915 B0, 475 7T S B 45
AR RS R 43 o 6] B R M DX, ) FH i RE o)
SERTERE S IS B h E O0E R E AR, 4 A
SSG B UE PR AT A5 Ak, 3K — Hb R~ AE - b Bk b2
PR A BT T S 52 2% LR AR IR SR 75 Tl S H 4
P U . (HAAUHE H SE RFARAR A E—E R
PR, BG4R[0 A2 0715 B . ATEEIRT R B 22
LM A)ZRA SR B R TR R
FE BRI Y MR Ak 2 4 R R Ry 1) S ) B 457

2 REZEA IS5 W0 N, A S PR B AT
G2 aEEGE%IE,
4 it

1) 382 X G2 I A SR oM, e AR A
Mol B g X152 5 H AR 1 A 0 R A X 3R
S 5 A FRE BT S X RS S IR 14 2k
U, HA B R T o

2) P I IEJE b, G745 1 3 107 B SSG 43 Mr 4%
A PR PR, 15 H AR SSC 45 R L B R
B AR A, 2 5 H R SSG 45 LB AR B R M i i, 3
SHRREFRERME. HH EHEAD1- 1555 XN
RS AERARAE , 1- 115 5 ORI -7 )
SRR, 1-T5 5% KO TAFEE, 2- T SR E X
KT ARHE, 2- T 55 ORI -SRI

3) EA WA YIS bR S BRI S BR LR A B s
WX Ko R 32K FIIX . Horp 1= T 55728 X3
VIR RS, H A — B I =,
TR N — R H X 2- T 5/ 1- 1T 5 5% XHEY &
HER IR, B 53 A AN R R 2 (4 DT C
PR EM N R X -5 M- T SR X L35
PR ANTE S PP R =R R X [FIR, Ui e 147
PRV R E PR, BEETHR 1 I X7 7 s i 30 08 28 %
T, J TR AR 22 10 S B0 ARGR HR R

4) WG RCRAS B T B 50AIE , 22 I A ) Bk
b2 AR TE B 2 1 T M X B — 5 038 P s
AR ) R 0E S H ] Sy ST AR R & BLET
JZZ B BAn e it i B R SR A T L m i R
FRUATE N LR T B A b g, R HRE TR
HEST R TS AL, USE R 3 T R B AR, 4l
L SSG 35 U PR AT S5 A Ak, X — M 7% -2 E W - Hh BR 1L
2P ) B X T S B2 2% 1L R PR TR 2 T AR
PRAL T B

& % x #

(1] VFRME, FBI0AE, A7, 4 . WY F I IREAR 5528
R, Al SEs B, 2022, 44(5) : 896-903.
XU Kewei, ZHENG Xuying, GU Lei, et al. Molecular microbial
prospection for oil and gas and its preliminary application [J].
Petroleum Geology and Experiment, 2022, 44(5): 896-903.

[2] sk, VEMERT, M, 55 BUEYIMRIIHRER M SR 5 K&
JELI]. B iR, 2010, 31(3): 320-322.
ZHANG Chunlin, PANG Xiongqi, MEI Hai, et al. Application

and progress of microbial oil survey technique (MOST) [J].



42 A 5 R R R R 5547 %
Xinjiang Petroleum Geology, 2010, 31(3): 320-322. samples [J]. Physical Testing and Chemical Analysis (Part B:

(3] T4, ke, e, & Wb R B R A e R 253t Chemical Analysis), 2014, 50(12): 1517-1520.

SIRAR L] G ER, 2021, 26(3): 136-146. (1] BRI, Bandk, 220K8, 45 SOM Gk ik D0 AL IR
DING Li, HAO Chun, WU Yubing, et al. Progress and PR IIESE LT ], AR, 2015, 34(6): 698-703.
application of microbial oil and gas detection technology in oil and CHEN Weiming, XIAO Xilian, LI Qingxia, et al. Determination
gas exploration, Junggar Basin[J]. China Petroleum Exploration, of acidolysis hydrocarbons in oil/gas geochemical exploration
2021, 26(3): 136-146. samples by gas chromatography [J]. Rock and Mineral Analysis,

(4] T, RF5, XIEF. Pt K e R Py ek 1 2015, 34(6): 698-703.

SFEOTRBESELT]. Feflih e, 2018, 25(4): 24-28. [12] 25, AR B i Ot R Al 2 B R R S AT T .
DING Li, WU Yubing, LIU Fenfen. Microbiological and TR AL A DU 28 T, 2012, 32(1): 159-166.

geochemical exploration for hydrocarbon reservoirs in volcanic LI Wu, ZHU Huaiping. Borehole oil and gas geochemical
rocks of Zhongguai uplift [J]. Special Oil & Gas Reservoirs, exploration technique and its application [J]. Marine Geology &
2018, 25(4): 24-28. Quaternary Geology, 2012, 32(1): 159-166.

[5] LHOMS, XV, ML, 2. 3% HUR G oiy o7 T R oty A= AR [13] WM, 2%, XIBERE, 4. AL POl mb X s 5 41

W7 AL R AE . LART PP R X D (7], SAR 5T, 2024, 38 A PR E S Al R FR ()], MBS BEIR, 2021, 30
(5): 1248-1257. (2): 118-125.
JIANG Kunpeng, LIU Yalei, ZHOU Xingui, et al. Fault LUO Min, LI Junye, LIU Xiaohui, et al. Sandstone of Sifangtai
structural characteristics of the Early Paleozoic in the Keping fault- Formation in the western slope of Songliao Basin: Relation
uplift, Tarim Basin: A case study in the southern Keping areal ] ]. between hydrocarbon fluid characteristics and uranium mineralization
Geoscience, 2024, 38(5): 1248-1257. [J1. Jeology and Resources, 2021, 30(2): 118-125.

[6] e, IR, IKRIR IR, AF . B BRI S S B [14]  PhRsE, B, RIN, S5 BEm I R Y IR
?@ﬁ”& IR 1]. Al 2024, 45(1): 15-32. [T]. KRS %, 2014, 37(2): 24-28.

WANG Qinghua, XU Zhenping, ZHANG Ronghu, et al. New SUN Hongliang, YUAN Zhihua, ZHU Weiping, et al. Microbial
fields, new types of hydrocarbon explorations and their resource prospecting of oil and gas in Xinzhuang Oilfield [J]. Natural Gas
potentials in Tarim Basin[J]. Acta Petrolei Sinica, 2024, 45(1): Exploration and Development, 2014, 37(2): 24-28.

15-32. (15] TP, BRENGA, B, A5 TR R R RO

(7] %, bR, RIS, 55 . SR IbIRA S IR BORTE 3 -5 W R R SE kS (D], RV, 2024, 44(3): 18-30.

Hb A5 DIl S R g BRI (). R AR S, 2020, 27(5) - WEI Yuxi, CHEN Lijuan, FENG Qi, et al. Progress on microbial
53-60. characteristics in arid salt-affected soils and related factors [J].
CAO Jun, ZHOU Jinsong, YIN Xiao, et al. Application of Journal of Desert Research, 2024, 44(3): 18-30.

microbial geochemical exploration technology in oil and gas [16] BURE, Az, Bk, 5. fUEY ek ihig s R EH =
exploration in loess tableland regions [J]. Special Oil & Gas 17 o K Dl A g I D). N B, 2014, 26
Reservoirs, 2020, 27(5): 53-60. (4): 15-19.

[8] kAT, BRI, Sk, 5. VUL X N FER Gk iR 554 YAN Chengzhi, SHI Hesheng, PANG Xiong, et al. Applying a
BRALZARRE R SRR R S PR LI [0 ). bR iE technique of microbiological geochemistry to hydrocarbon
42, 2021, 40(5): 99-111. exploration in Baiyun sag deep water arealJ]. China Offshore Oil
ZHANG Chunyu, GUAN Shuwei, WU Lin, et al. Geochemical and Gas, 2014, 26(4): 15-19.
characteristics and its paleo-environmental significance of the [17] VON DER DICK H, WYMAN R E, BOSMAN D A. & 2443
Lower Cambrian carbonate in the northwestern Tarim Basin: A JEI A IS RN (20 [Z]. AAPG Hedberg
case study of Well Shutan-1[J]. Geological Science and Technology W2 WMAB RS I IE R R I, A5 A RS LA IR
Information, 2021, 40(5): 99-111. e, 2BE0R, 1994.

(9] BRE/ANGE, XUZE, XUWH, 25 . A2 ROBER - 5t Y ieis VON DER DICK H, WYMAN R E, BOSMAN D A. Unmixing of
AT RSN R RS EL) ], 8, 2024, 56(4) : 689-696. complex soil gas hydrocarbons: concepts and application for
KANG Xiaohu, LIU Xin, LIU Shanshan, et al. Distribution hydrocarbon exploration (abstr) [Z]. AAPG Hedberg Research
patterns and drivers of soil microbial communities at different Conference, Near-Surface Expression of Hydrocarbon Migration,
spatiotemporal scales: A review [J]. Soils, 2024, 56 (4) : Vancouver, B. C. , Proceedings, 1994.

689-696. [18] s XBEJR, B4, S5 Rt P A LT A IR R T

(10] M Ak, PRI, 22008, 45 . UM (i k5 ey ik e 4k + E«FHFJJJPE/JF'/T[J] HUFEA#AR, 2023, 97(5) : 1561-1575.
HErE R bR fr e (1], BRI S (fh2E o), 2014, 50(12) - GAO Gang, LIU Shiju, JIN Jun, et al. A new discovery of
1517-1520. physical property evolution of crude oil and insights into shale oil

XIAO Xilian, CHEN Weiming, LI Qingxia, et al. GC

determination of acidolysis hydrocarbons in high carbonate soil

exploration [J]. Acta Geologica Sinica, 2023, 97 (5) : 1561-

1575.



F1 Bt

P, A5 38 BUR A I g X A 2% 1

T A P Rk A 2 B R 43

[19]

[21]

[24]

MAEELE , Al MBI, 4 R E XK SRR R0 ik
Y Bobe AL T MR AE B SR (D], R S ARHR, 2017, 41
(6): 1037-1043.

CHU Houjuan, HAO Chun, DENG Shicai, et al. A study of gas
hydrate light hydrocarbon microseepage microbial communities and
response characteristics of hydrocarbon oxidizing microorganism in
Muli area[]].
41(6): 1037-1043.

By, B, A, . BT RUE R AR R AL A2
JBEIX SR @) ], BEE S R, 2021, 49(3): 175-181.
DUAN Zhonghui, MA Li, HAO Chun, et al. Green detection

Geophysical and Geochemical Exploration, 2017,

method of coal burning area in northern Shaanxi based on
microbial hydrocarbon detection technology [J]. Coal Geology &
Exploration, 2021, 49(3): 175-181.

SRARAR, DEMERT , M, 45 RS TR 5 R B IR 0N K
CLRIS g EYA M X IR S [T ] KRS BREL 2, 2009, 20
(5): 794-800.

ZHANG Chunlin, PANG Xiongqi, MEI Hai, et al. Identification
of microseepage from macroseepage and exploration practice in
Changling-Longwanggou area of Zhenba block [J]. Natural Gas
Geoscience, 2009, 20(5): 794-800.

WLRSE, PMRAR, RIS . BRIRER A Ak 2 AR B S R Bk
JEEHLCI2015 A EPTBIA R &R scsk, B, 2015, 65T
M B 2A 2, 2015 191-192.

HU Zhonggui, SUN Yuedong, QIN Peng. Current research status
and development trend of heterogeneity of carbonate reservoirs
[ CJ//Proceedings of the 2015 National Congress on Sedimentology,
Wuhan, 2015. Beijing: Geological Society of China, 2015:
191-192.

WA, A, XA SE I BB T B O AR I AT
RS BN frheadf, 2011, 32(5): 791-796.
JIANG Youlu, LU Hao, LIU Hua, et al. Enrichment
characteristics and major controlling factors of hydrocarbons in the
Neogene of Raoyang Depression, Bohai Bay Basin [J]. Acta
Petrolei Sinica, 2011, 32(5): 791-796.

TR Ak, AR, AF L BEAIL X B R T VA AT T
HGHEEIEREL ). A5 RAR I, 2023, 44(6) : 1582-1594.
ZHANG San, JIN Qiang, SHI Jinxiong, et al. Filling patterns and
reservoir property of the Ordovician buried-river karst caves in the
Tabei area, Tarim Basin[J]. Oil & Gas Geology, 2023, 44(6) :
1582-1594.

PR, B, ok, L WY R =S R R T IR

[27]

[30]

SR A A S IO (1], AimS KR, 2023, 44
(6): 1555-1567.
LI Shuangjian, LI Zhi, ZHANG Lei, et al. Hydrocarbon
accumulation conditions and exploration targets of the Triassic
subsalt ultra-deep sequences in the western Sichuan Depression,
Sichuan Basin [J]. 0il & Gas Geology, 2023, 44 (6) : 1555—
1567.

WRF-, R, J8 SO, S5 SRR 2 AT A 2 O ek 5 T ok
AR B A X A RAE L) ). A S R AR
Jit, 2024, 45(6) : 1653-1664.

CHEN Ping, LI Wei, ZHOU Yijun, et al. Formation and
evolution of the Wushenqi and Central paleo-uplifts, Ordos Basin
and their control on hydrocarbon accumulation [J]. Oil & Gas
Geology, 2024, 45(6): 1653-1664.

TrRRE, WDHe, W, 55 . B RURZ b 30 s 4t DO ¢
JZE W TR B R R I A2 S RS R R (D], S R
SRHBT, 2024, 45(5) : 1226-1246.

QIAO Juncheng, CHANG Shaoying, ZENG Jianhui, et al. Origin
of differential hydrocarbon accumulation in ultra-deep carbonate

reservoirs along strike-slip fault zones in the Fuman area, northern
Tarim Basin[]]. Oil & Gas Geology, 2024, 45(5): 1226-1246.
XD, B, RN, 55 . SRS B T T R -
T A A FURAAE S i SRR AT ] il 5 KRR
M, 2024, 45(4): 1007-1017.

LIU Guoyong, XUE Jianqin, WU Songtao, et al. Petroleum
geology and ring-shaped distribution of the Paleogene-Neogene
hydrocarbon resources in western Qaidam Depression, Qaidam
Basin[J]. 0il & Gas Geology, 2024, 45(4): 1007-1017.
FiFdE, SRPRE, R, G IS HLR B R )2
HCRLBT 5 R S R A [1]. SR 5, 2024, 45(4)
379-386.

WANG Qinghua,

Research progress and trend of ultra-deep strike-slip fault-

CAI Zhenzhong, ZHANG Yintao, et al.
controlled hydrocarbon reservoirs in Tarim Basin [J]. Xinjiang
Petroleum Geology, 2024, 45(4): 379-386.

PN . AL b AT o BT 2R A T A S Wi R AR L
LI el <0, 2024, 31(3): 45-51.

SUN Guoqing. Structural evolution and fault-controlled hydrocarbon
accumulation mechanism of Aogula Fault Zone in Songliao Basin

(7. Special Oil & Gas Reservoirs, 2024, 31(3): 45-51.

(4 EE4)



