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Fig. |  Digital elevation eharaelerislics of basin-mountain boundary in the Sichuan Basin and its periphery and

distribution of niajor shale gas blocks in the soulhrrn basin
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Fig. 2 Paleogeographic of tectono-depositional differrntiation in the Upper Ordovician-Early Silurian in the

Yangtze area (Rong et al.. 201!, 2012; Ranetal., 2015; Chenetal., 2017, 2018)
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Fig. 4 History of thermal evolution in different regions of South Sichuan Basin
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Fig. 6 GC-MS characteristic of saturated hydrocarbons in Longmaxi Formation, Weiyuan structure, South Sichuan
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Table |  Biomarker parameter of Longmaxi Eorination, Weiyuan structure

HiEms W207-1 W206-1
RIS
SEFEIm 1852 3788
TT23/(TT23+TT24) 0.62 0.66
Ts/(Ts+Tm) 0.62 0.67
TT23/H30 1.84 1.10
H29/H30 0.77 071
C29-205/(20S+20M) 041 0.40
C29-00 /(aa+00) 0.42 0.42
$21/522 3.65 2.50

S21+S22/C27+C28+C29 0.47 0.70
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Fig. 9 Evolution of fluid pressure in different areas of South Sichuan Basin



SRR B DGR SR 2 — L SRS T e iR
14 EAGE) EEEERR g ISR SEREEE 75

RIS > Rt B FEIA RS — e A X = SR R BT A AR LR ey & 6
FiRIThiE R G2 B3 SIS IR 5 S B AR SR AR (R ABAE NS 285 ) [ FE v 22
BUZRILNEEFYETE L ~ BT HI SR B AR Zn DU RE” HYREISON, » (S p et XA E &
A R R RS A 2% B T N 9988 R T ek

)1 T St B Jo7 — St BRA b Er S W I e R . AR A2 d T B (RS SSAR el 1
TR A EANUR LS TUERP RS AT - Bl — R 82 58 "= ik
T (E) TRt X Tl — R R AR O TUEE SRR E77E  [EERRE - MRIEZITTHE
K S NI - JNRE L ~ T — T P PU T M — K e i X 2 AT 722 S R 2 JF4)
EHEAL S AORERE - B S AU [t R L B g 145430 57
N TUE SR EIFESIE A © )R — AU 2 B 2 5 R 2 SRS TN e 5 22 1 DL
SKPTE FAHARHAR B 1A i I SRR ~ I — KR SR T — TP X 7Ll —
TeHy R B 2= S A S AT IE— 6T I S BRAIE » 2255 MRV —PET R iR
N SZ R S A S TGP R TS A LHEER B2 R IR RO AR TE B R Za ™ AR EE 2 52
Feyids—00R o7 57 > S SRR B R B 22 | R M X Tl 2H— e H R H R
PR B — o S A S e S — ISR R A R SO Y TS =Ukeiost (b FR

Z i X [

BRIE . R FE A% . EAESSE 2001, Hz T X — S AL 2 SRS T FEREFI B & BTt B 5iEik . 46(12)
1052-1056.

Chen Xu, Rong Jiayu, Zhou Zhiyi et al. 2001. The central Guizhou and Yi-chang U|)lifts, | pper Yangtze region, between
Ordovician and Silurian. Chinese Science Bulletin, 46( 18) 1580-1584.

W JH > FEEERF  5kITa)%. 2015 HIGH R LR B O TUSEDR T ESE XN SEE - EFA0E - 39
(4) 351-358.

Chen Xu, Fan Junxuan, Zhang Yuandong el al. 2015. Subdivision and drlineation of the Wufeng and Lungmachi black
shales in the subsurface areas of the Yangtze platform. Journal of Stratigraphy, 39(4): 35 1-358.

W - B E R 2017 Bt R S A IR R A TUE I M B g AR =« T ER i
ERFo,47(6) 720-732.

Chen Xu, Fan Junxuan, Wang Wenhui et al. 2017. Stage-progressive distribution pattern of the Lungmachi black
graptolitic shales from Guizhou to Chongging, crntral China. Science China Earth Sciences, 60(6): 1133-1 146.

FARJE  BAR2E @ B 2018 S LW H B LI R EESG LR H B OEATUSNE R R - PERY
HEERF} . 48(9) 1198-1206.

Chen Xu, Chen Qing, Zhen Yongyi el al. 2018. Circumjacent distribution pattern of the Lungmachian graptolitic black
shale ( Early Silurian) on the Yichang uplift and its peripheral region. Science China Earth Sciences, 61 (9):

1195-1203.
W TE o AR > X TS . 2009. U0 1| #tith F2 50 P s R e HER N+ B TR R (B 28R2h) » 36(6)
675-686.

Deng Bin, Liu Shugen, Liu Shun et al. 2009. Restoration of exhumation thickness and its significance in Sichuan Basin,
China. Journal of Chengdu University of Technology ( Science & Technology Kdition), 36(6): 675-686.

NS > XRHR > EAENGEE. 2015. 8 TR A ZE LN 8 B 3 — L2577 2 BRF ISR (IE R B A — IR A Sy e
L. KA S5 > 39(6)  973-991.

Deng Bin. Liu Shugen, Qin Zuopeng et al. 2015. Mutli-stage structural evolution of intracontinental Daloushan



76 B i [ra Pl 2021 4

basin-mountain system, Upper Yangtze block: Implications for a coupling of deformation events across South
China Plate and its periphery. Geotectonica et Metallogenia, 39(6): 973-991.

W FE - AR XIRHFREE.2016. s AR R /ORI « RETHEETE— ZE M ARERRRERFE SR
PERURREG] . HBRY7HE 4] ,59(6) 2162-2175.

Deng Bin, Yong Ziquan, Liu Shugen et al. 2016. Cenozoic mountain-building processes in the Daliangshan, southeastern
margin of the Tibetan Plateau: Evidence from low-temperature therrnochronology and thermal modeling. Chinese
Journal of Geophvsics, 59( 6): 2162-2175.

BEOZET > Michael J,[F  JHZE.2012 f5r e — & R T IR HB OB A TUSHYEYIMZE S - PERSE © #ERE}
542(1) 130-139.

Fan Junxuan. Michael J, Chen Xu et al. 201 1. Biostratigraphy and geography of the Ordovician-Silurian Lungmaclii black
shales in South China. Science China Earth Sciences, 54( 12) 1854-1863.

EAIEE. TR EE B 2016. BB TUS FEFH R R R AT - WiUR S > 23(5) 578-582.

Gao Hequn, Ding Anxu, Cai Xiao et al. 2016. Genetic analysis of abnormal resistivity of Middle-Upper Yangtze marine
shales. Fault-Block Oil and Gas Field. 23(5) 578-582.

FRIPAE - 5k 2014.00) | @ R A TS PR S8 S - AR SH % - 41(1) 28-36.

Guo Tonglou and Zhang Hanrong. 2014. Formation and enrichment mode of Jiaoshiba shale gas field, Sichuan Basin.
Petroleum Exploration and Development, 41(1) 28-36.

FEIETF BRI - SOEREE. 2014 00) @it R E 2% Nl A FUBE T e UE B ERERE — DA U X 7l
H— RN - PERLTT - 41(3) 893-901.

Guo Xusheng, Hu Dongfeng, Wen Zliitlong et al. 2014. Major factors controlling the accumulation and high productivity in
marine shale gas in the Lower Paleozoic of Sichuan Basin and its periphery: A case study of the  ufeng-Longmaxi
Formation of Jiaoshiba area. Geology in China, 41(3) 893-90L

SRR ANVIZR > T >45E . 2009. B — SR L A S AT K UTESIE 5 | SRAERE A S ENE R Ea
=¥k ,25(12) 3298-3308.

Hu Yanhua, Sun Weidong, Ding Xing et al. 2009. Volcanic event at the Ordovician-Silurian boundary : The message front
K-bentonite of Yangtze block. Acta Petrologica Sinica, 25( 12) 3298-3308.

TR . 2017 AGIER HUH S S HADH R ST BRACHY 2SR 5 8 X - FOREIER ST & - 44( 1) 1-1L

Jia Chengzao. 2017. Breakthrough and significance of unconventional oil and gas to classical petroleum geological theory.
Petroleum Exploration and Development, 44( 1) 1-11

% o - XIHHREE.2019. EEHl— RIS RIS 2255 BN TUS SRS EAYs2IE « HiBRR
44(2) 174-188.

Jiang Lei, Deng Bin, Liu Shugen et al. 2019. Paleo-fluid migration and conservation conditions of shale gas in
Jiaoshiba-Wulong area. Earth Science, 44( 2): 174-188.

#OH. B AR 2018 0U) @ 1 i P K B 4 T 2R G T ST 4 TS AUBTA SR LTI « K24
STl 38(10) 19-27.

Jiang Shan, Wang Yuman, Viang Shuyan et al. 201 8. Distribution prediction of graphitized organic matter areas in the
Lower Cambrian Qiongzhusi shale in the central Sichuan paleo-uplift and its surrounding areas in the Sichuan Basin.
Natural Gas Industry, 38( 10) 19-27.

B2 AT m KE.2016. ) REHX A — R EIRATCE NGRS e R E - 7% 0 23()
1-10.

Jin Zhijun, Hu Zongquan. Gao Bo et al. 2016. Controlling factors on the enrichment and high productivity of shale gas in
the Wufeng-Longniaxi Formations. southeaslrrn Sichuan Basin. Earth Science Frontiers, 23( 1) 1-10.

R H T L 512009, A MR P ZR LR & R LB R —— LU ik s R R B i o 9 - i aingg: 16(3)
110-119.

Li Dewei, Xia Yiping and Xu Ligui. 2009. Coupling and formation mechanism of continental intraplate basin and orogeny :
Examples from the Qinghai-Tibet Plateau and adjacent basins. Earth Science Frontiers, 16(3): !10-119.

Rl LS SRS 2017 1B X g H — o R H TUEE AT W EE RIRRHE . RS T ML - 37(7)  20-26.



E ) IFEt R R g — A R T R
14 TUAS ) B R EIENER - g R 525 ME(E 7

Liang Feng, Wang Hongyan. Bai Wenhua et al. 2017. Graptolite correlation and sedimentary characteristics of
Vi ufeng-Longmaxi shale in southern Sichuan Basin. Natural Gas Industry, 37(7): 20-26.

2 OE NBHR - B #45.2016. 10 1 @3t e ia 5 2 B AT se H SR EIRFHIE B BT X« A0S RARSHT
37(5) 702-712.

Liang Xiao, Liu Shugen, Xia Ming et al. 201& Characteristics and geological significance of gas chimney of the Sinian
Dengying Formation in the Weiyuan structure, Sichuan Basin. Oil & Gas Geology, 37(5) 702-712.

XUBAR - ZREIL - BXF5Z4ESE . 2003, FEPEE A IR TN &R AR E 5 —— DU UE L —) e
T EZR GBI - Wi AR 0 77(2)  177-186.

Liu Shugen, Luo Zhili, Zhao Xikui et al. 2003. Coupling relationships of sedimentary basin-orogenic belt systems and their
dynamic models in West China: A case study of the Longmenshan orogenic belt-West Sichuan forekind basin
system. Acta Geologica Sinica. 77(2) 177-186.

XIEAR » G 1fse  BoCHASE . 2000. 00 1 @it TUS S FE S8 — IR S =GRS ARHE « BERER T RFFIR(E A
FlFAE) ,36(6) 578-592.

Liu Shugen, Zeng Xiangliang, Huang Wenming et al. 2009. Basic characteristics of shalr and continuous-discontinuous
transition gas reservoirs in Sichuan Basin, China. Journal of Chengdu University of Technology (Science &
Technology Edition), 36(6): 578-592.

XUBRFAR » X6 B AR 2010 G LSS SOl SO AR —— Ao B - e adk - 27(3)  621-635.

Liu Shugen, Deng Bin, Li Zhiwu et al. 201 1. The texture of sedimentary basin-orogenic belt system and its influence on oil/
gas distribution: A case study from Sichuan Basin. Acta Petrologica Sinica, 27(3) 621-635.

XUBAR - EUEE L ph B 201300 NG HUR FLE 4 Ftdes — o ER 40 B TUSHFE « A TR (B 248
“FhKR) ,40(6) 621-639.

Liu Shugen, Wang Shiyu, Sun Wei et al. 2013. Characteristics of black shale in Wufeng Formation and Longmaxi
Formation in Sichuan Basin and its peripheral areas. Journal of Chengdu [iniversity of Technology (Science &
Technology edition), 40( 6): 621-639.

AR 2014 VU] 1 @3t Fe fH 2% T v A S E AU B e rts © MEBRTERFESRITCE =B . Jat + Bkt 1-335.

Liu Shugen. 2014. Lower Paleozoic Organic-Matter-Rich Black Shale in Ihe Sichuan Basin and Its Periphery: from
Oil-Prone Source Rock to Gas-Producing Shale Reservoir. Beijing Science Press. 1-335.

NXBSFR . PN - X FAREE. 2015.00) [ 21072 H AT H R ARSI R IR0 R AL TR E - RARS L » 35
(1) 10-23.

Liu Shugen, Sun Wei, Zhao Yihua et al. 2015. Differential accumulation and distribution of natural gas and their main
controlling factors in the Upper Sinian Dengying Fin, Sichuan Basin. Natural Gas Industry, 35( |): 10-23.
XURIAR > X8 FE . fF BEEE.2016. VU1 &M K B 2% T oy 42 S TUE SRR — SROSUE IR T/ A - gk - 23

) 11-28.

Liu Shugen, Deng Bin, Zhong Yong et al. 2016. Unique geological features of burial and superimposition of the Lower
Paleozoic shale gas across the Sichuan Basin and its periphery. Earth Science Frontiers, 23(1) 11-28.

XUBAR » FNESS o B BE5E.2017.0U) [P AH e i it B AR B S A LR B R VR a3l » 33(4)  1058-1072.

Liu Shugen, Sun Wei, Zhong Yong et al. 2017. Evolutionary episodes and their characteristics within the Sichuan marine
craton basin during Phanerozoic Eon, China. Acta Petrologica Sinica, 33(4): 1058-1072.

XOBHAR . XS B2 - fh HiEE.2018. W) 1@ - BE0Es £ TR E S @M - iRl > 53(1) 308-326.

Liu Shugen, Deng Bin, Sun Wei et al. 20!8. Sii-huan Basin: A superimposed sedimentary basin mainly controlled by its
peripheric tectonics. Chinese Journal of Geology, 53(1): 308-326.

T B SR 2017 KT TUE R T 211 A — R E R AR R - R AGE . 41(2)
142-152.

Luo Chao, Wang Lansheng, Shi Xuewen et al. 2017. Biostratigraphy of the Wufeng to Longmaxi Formation at well Ning
211 of Changning shale gas field. Journal of Stratigraphy, 41(2) 142-152.

IigriE - W ZE.2018.JI[Eth X TUE SR Rt R R R 5t Ao #iER S5 71& - 45(1)  161-1609.

Ma Xinhua and Xir Jun. 2018. The progress and prospects of shale gas exploration and exploitation in southern Sichuan



78 BE A A ) = 2021 £

Basin, NW China. Petroleum Exploration and Development, 45(1): 161-169.

HEEAH . 1994.3¢ BBl L SONMET - 11(3)  199-205.

Mei Mingxiang. 1994. On the central Guizhou "Oil Land" , Guizhou Geology, 11(3) 199-205.

BEPRHE. 2017 ZRISHERSR « tHEIRIS: | BRERY: - 47(4) 412-420.

Mrng Qingren. 2017. Origin of the Qinling Mountains. Scientia Sinica Terrae, 47(4): 41 2-420.

TG 20 R EE . 2009. USSR RN 2 R P E R T TS SR B AR - Ak - 30(4)
484-491.

Nir Haikuan. Tang Xuan and Bian Ruikang. 2009. Controlling factors for shale gas accumulation and prediction of potential
development area in shale gas reservoir of South China. Acta Petrolei Sinica, 30(4): 484-491.

SEIGE . S B WUER SR 2016. 00 [ i K H R 21 RS T — MR SR TR A DU R SR
& - R > 37(5) 557-571

Nie Haikuan, Jin Zhijun, Bian Ruikang et al. 2() 16. The “source-cap hydrocarbon-controlling” enrichment of shale gas in
Upper Ordovician W lifeng Formation-Lower Silurian Longmaxi Formation of Sichuan Basin and its periphery. Acta
Petrolei Sinica, 37(5) 557-571

ZIEUE . e 0 5 5. 2017 . 0U) 17 R X B BT g — NS B R AR AR R A R (RRIRFLE .
{T3M54R > 38(2) 160-174.

Nir Haikuan, Jin Zhijun, Ma Xin et al. 2017. Graptolites zone and sedimentary characteristics of Upper Ordovician
Wufeng Formation-Lower Silurian Longmaxi Formation in Sichuan Basin and its adjacent areas. Acta Petrolei Sinica,
38(2) 160-174.

HEFEA R JH £ ORSE.2011. WMy S L2 KBS R E AT IR S SR REREY  ERRR - 4L
(10) 1407-1415.

Rong Jiayu, Chen Xu, Wang Yi rl al. 201 1. Northward expansion of central Guizhou old land through the Ordovician and
Silurian transition: Evidence and implications. Scientia Sinica Terrae, 41( 10) 1407-1415.

HFEA 0 B B 201240 BT —— SR IR RS TR TR ALY AYIESE - B AGE - 36(4)
679-691.

Rong Jiayu. Wang Yi, Zhan Renbin et al. 2012. On the Tongzi uplift Evidence of northward expansion of Qianzhong old

land during Aeronian, Llandovery, Silurian. Journal of Stratigraphy, 36(4): 679-691.
Vo o R 3. 1987 SUNIN AR B AT Z 7500 BT - (4)  461-467.
Shen Jianwei, Mei Mingxiang and Zeng Yu. 1987. The stratigraphy rffed of the Caledonian Movement in Guizhou. Guizhou
Geology, (4) 461-467
TR HEA 3. 1990. LN A B B s it 2 2L FEAC BT PR - SO - (7)  91-9&
Shen Zhiila. Mei Mingxiang and Zeng Yu. 1990. The stratigraphy effect of the Taikang Movement in Guizhou: A discussion

on the formation of paleolaiul of central Guizhou. Guizhou Geology, (7) 91-98.

JEr&/R - FRE S . A7 RNEE. 2017 VU NG Flid e — R TR TUS P S RN - Ol 5 91% - 44(1)
69-7&

Tenger, Shen Baojian. Yu Lingjie el al. 2017. Mechanisms of shale gas generation and accumulation in the Ordovician
Vi ufeng-Longmaxi Formation, Sichuan Basin, SW China. Petroleum Exploration and Development, 44( ). 69-78.

IS D (0 R 1SR 20156 0U) [ @ EUA Tl SH IS MR SR A R aTUE A ERES B X - {E
U 39(3) 289-293.

Wang Hongyan. Guo Wei. Liang Feng rt al. 2015. Biostratigraphy chara(?teristics and scientific meaning of the Wufeng and
Longmaxi Formation black sluilrs at well Wei 202 of the Weiyuan shale gas fi(f (I, Sichuan Basin. Journal of
Stratigraphy, 39(3): 289-293.

ELE - R 1§5E.2018))[[F H 201 H X B 2 — S R BB EOTUSAEYIE BT 24GE - 42(4)
455-460.

Wang Hongyan, Guo Wei, Liang Feng et al. 2018. Bioslratigraphv of Ordovician-Silurian black shale at well Zi 201,
South Sichuan. Journal of Stmlifiraphy. 42(4): 455-460.

£ RFESY B 2013 SR R e £ RS E SR B & BT - #EFEAGE - 37(3)



T I FE O R 2 U A SRR R T R R A
14 TUAS ) &R TIENR - g R 525 MEE 79

H

P2

264-274.

Wang - i. Rong Jiayu, Zhan Rrnbin rt al. 2013.()n the Ordovicicin-Sihirian I)(»un(lary strata in southwestern Hubei, and the
Yichang uplift. Journal of Stratigraphy, 37(3): 264-274.

EEW - EAE AR 2014 )5 TS A ATLBTIRA LAY EB MR EHE R B PR S —— DA T 2t g S o 2
GERITSFHTCE NP - R - 34(8) 17

Wang Yuman. Dong Dazhong, Cheng Xiangzhi et al. 2014. Electric property evidences of the carbonification of organic
matters in marine shales and its geologic significance: A case of Hit Lower Cambrian Qiongzhusi shale in southern
Sichuan Basin. Natural Gas Industry, 34(8): I|-7.

. R 0 R JSE . 201808 HTTS - AU SRALAVIEEVE N IR REIHER XS « FolEIERD 4 - 45(3)
385-395.

Viang Yuman, Li Xinjing, Chen Bo et al. 201 8. l.ower limit of thermal maturity for the carbonization of organic matter in
marine shale and its exploration risk. Petroleum Exploration and Development, 45(3): 385-395.

FEEER > BRARAET - 05 RS . 2009.47 T D B M 21— B B SRR AT IMER (LTI - P EIRESE © HBRRE > 39
(3) © 285-299.

Yan Detian, Chen Daizhao, W ang Qingclien et al. 2009. Geochrmical chiinges across the Ordovician-Siluriiin transition on
the Yangtze platform . South China. Science China Earth Sciences, 52( !): 38-54.

RITE . ESFE . 1995 51N BRHIHL S 2 8l K F b M R (AT Tt o8 S BTMNIDT . 12(3)  225-232.

Yu Kaifu and Wang Shoude. 1995. Duyun Movement in South ( iiizh()i Province and its paleostructure, and their
significance in petroleum geology. Guizhou Geology, 12(3): 225-232.

BHSL o MR - 15 2017 . TARBILSG NSRS SR S R O S AR S BRI LRI e i)
7R 36(2) 213-226.

Zan Bowen, Lili Shugen, Ran Bo et al. 2017. An analysis of barite concretions from Lower Silurian Longmaxi Eorniation on

the northern margin of lhe Yangtze block and their genetic mechanism. Acta Petrologica Mineralogica, 36 (2):

213-226.
SRIE 5 . ZOZER . W21 . 2006. 53T EDA it 57 SR St s Bt oeny 824 - B 2Rt . 16(10)
1210-1215.

Zhang Guowei, Guo Anlin and Yao Anping. 2006. Reflections on tlir basic research of Chinese continental geology and
conlinental tectonics. Progress in Natural Science, 16( 10) 1210- 1215.

k), =28, TEHH4E.2004 « TUE SO IERAI A7 . RIAATL, 24(7)  32-35+4-5.

Zhang Jinchuan. Jin Zhijun and Yuan Mingsheng. 2004. Reservoiring mechanism of shale gas and its distribution. Natural
Gas Industry, 24(7): 15-18.

sk JESRAR . BB UIEE. 2008 TTE U IR EIERITFEE . BT - 22(4)  640-646.

Zhang Jinchuan, Wang Zongvu, Nit Haikuan et al. 2008. Shale gas and its significance for exploration. (Geoscience, 22

(4) 640-646.
BERAR - 2 PREETE . 2016.0U) gt T — T Ly H TUE S AR S0 URRER B - 04l . 37(5)
572-586.

Zhao Jianhua, Jin Zhijun, Jin Zhenkui et al. 2016. Lithofaries types and sedimentary #&tvironm« of shale in
Waufeng-Longmaxi Formation, Sichuan Basin. Acta Petrolei Sinica, 37(5) 572-586.

RXCHE - HIBKIE - B8 SE . 2018 8 TUS AV UTT A S LRFIEVTZE © DUSHR i B eH (3] - sBTRH TR
37(2) 183-191.

Zhao Wentao, Jing Tieya, Xiong Xiii et al. 20!8. Graphitization characteristics of organic matters in marine-facies shales.
Geological Science and Technology Information, 37(2) 183-191.

A RE B RE  EA R 2010. 1 [E yTE SUE RN L » #USTRHMIE K BURUE T/ LR 51 %.37(6)  6-

Zou Caineng, Dong Dazhong,  ang Shejiao et al. 2010. Geological ehaiacteristics, formation mechanism and resource
potential of shale gas in China. Petroleum Exploration and Development, 37(6): 6-18.

Chen X, RongJ Y, Charles E M et al. 2000. Laie Ordovician to earliest Silurian graptolite and braeliiopod biozonation from
the Yangtze region, South China, with a global correlation. Geological Magazine, 137( 6): 623-650.



80 b SR == 2021 4

Chikamoto Y, Mochizuki T. Timniermann A et al. 2016. Potential tropical Atlantic impacts on Pacific decadal climate
trends. Geophysical Research Lelters, 43( 13) 7143-7151

Liang X, Liu S G, Wang S B rt al. 2019. Analysis of the oldest Carbonate gas reservoir in China: New geological
significance of the Dengying gas reservoir in the Weiyuan structure, Sichuan Basin. Journal of Earth Science, 30
(2) 348-366.

Liu S (/, Deng B, Jansa L rt al. 201 8. Multi-stage basin development and hydrocarbon accumulations: A review of the
Sichuan Basin at eastern margin of lhe Tibetan Plateau. Journal of Earth Science, 29(2): 75-93.

Marshall J D, Brenchley P J, Mason P et al. 1997. Global carbon isotopic events associated with mass extinction and
glaciation in the Late Ordovician. Palaeogeography, Palaeocliniatology, Palaeoecology, 132( [-4) 195-210.

Olgun N. Duggen S, Andronico D et al. 2013. Possible impacts of volcanic ash emissions of Mount Etna on the primary
productivity in the oligotrophic Mediterranean Sea: Results from nutrient-release experiments in seawater. Marine
Chemistry, 152 32-42.

Peters K E, Walters C C and Moklowan J M. 2005. The Biomarker Guide, Biomarkers and Isotopes in Petroleum
Exploration and Earth History. New York : Cambridge L niversity Press. 1-699.

Ran B, Liu S G, Jansa L et al. 2015. Origin of the Upper Ordovician-Lower Silurian cherts of the Yangtze block , South
Chirui, and their palaeogeographic significance. Journal of Asian Earth Sciences, 108: 1-17.

Wu L, Liao Y, Fang Y et al. 2012. The study on the source of the oil seeps and bilumens in the Tianjingshan structure of
the northern Longnjen Mountain structure of Sichuan Basin, China. Marine and Petroleum Geology, 37 (1):
147-161.

Yang Z. 2013. An unrecognized major collision (»f the Okhotomorsk Block with East Asia during the Laie Cretaceous,
constraints on the plate reorganization of the Northwest Pacific. Earth-Science Reviews, [26: 96-! 15.

Zhang B. Jiang T, Tian Y et al. 2017. Volcanic ash stimulates growth of marine autotrophic and heterotrophic

microorganisms. Geology, 45(8) 679-682.

The shale gas enrichment factors of Longmaxi Formation under
gradient basiuntain boundary in South Sichuan Basin:
Tectono-depositional differentiation and discrepant evolution

Liang Xiaol? Xu Jianliangl Wang Ying' Fang Xinyan} Zhao Leil Wu Yijia Deng Binl
(1. Institute of Geological Exploration and Development of CNPC Chuanging Drilling Engineering. Chengdu 610051;
2. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of Technology,
Chengdu 6 10059; 3. State Key Laboratory of Organic Geochemistry. Guangzhou Institute of
Geochemistry, Chinese Academy of Science, Guangzhou 5 10640)

Abstract

The Longmaxi Formation in the southern Sichuan Basin has entered a critical stage of shale
gas development and production with depth of less than 3 500 m. The petroleum geologist has long
attached importance to the static parameters of reservoirs such as shale lithofacies, petrology and
pore characteristics, and the limitation of the development of a single layer of the S/. The increase
in production capacity has created greater constraints. Returning to the basic geological essence,
using comprehensive geological-geochemical research ideas, taking the sedimentary differentiation
pattern under structural control as the framework, supplementing and perfecting the biolithic
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stratigraphic division system in southern Sichuan, relying on multi-phase joint structure an(
palaeostress inversion and other structural analysis method, finally establishing a multi-phase
structural evolution and fluid temperature and pressure characteristic model of Longmaxi Formation
under the boundary conditions of basin-mountain structure in the south of Sichuan, which can
effectively form the shale gas difference enrichment niechanism in the same area in South Sichuan.
Tectondepositional differentiation of * Palaeouplift-Depression ' during Ordovician-Silurian has
controlled the progressive development and distribution of high-quality Longmaxi shale in the
southern Sichuan Basin. The four phases of tectonic deformation events experienced in difTerent
fields have given the Longmaxi Formation in Weiyuan. Luzhou-Dazu, and Changning-Ningxi areas
with differential structural defonnation-lifting erosion and evolution characteristics. Differential
(8nstruction  process of burial depth-uplifting has an imporlanl impact on shale organic geochemical
characteristics and fluid filling system controlled by burial depth and tectonic thermal events.
Tectono-depositional differentiation, basin-mountain construction, and thermal evolution ultiniately
control the Longmaxi Formation shale gas accumulation evolution process in lhe early limited
accunmlation-mid relative enrichment-late adjustment and transformation in the southern Sichuan
area.

Keywords Sichuan Basin, Shale gas, Enrichment mechanism, Basin-mountain
construction, Tectono-depositional differentiation, Thermal evolution



