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Abstract: To identify the impact of deposition facies on Longmaxi shale gas enrichment in southern Sichuan Basin, the authors
studied sedimentary characteristics, stratigraphic distribution, lithology, sedimentary structures, organic carbon content, mineral

composition, reservoir space type and other features as well as the impact of sedimentation on favorable shale distribution with the
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purpose of providing a basic evidence for the evaluation of shale gas enrichment conditions. By the observation and description of
drilling cores from six shale gas wells in the study area and according to log response, experimental analysis, Longmaxi Formation
was divided into three subfacies, which are shallow water muddy shelf, half—deep water shelf and deep water shelf. It is shown that
shale gas accumulation is affected by organic carbon content, the development and distribution of shale, mineral composition, and
the development of pores, which are all controlled by sedimentary facies. The deeper the water, the closer to the deposition center,
TOC content is higher; Longmaxi Formation is thick but the effective section is much thinner, and it becomes thicker where it is
closer to the deposition center. Organisms deposited in deepwater make the effective shale have higher organic matter content and
more brittleness; Main pore types in Longmaxi shale are clay mineral layer pores and organic pores, and organic pores are more
developed in the section with higher TOC content. Deep— water shelf is the most favorable facies for shale gas enrichment with

abundant organic matter content, high brittleness and abundant organic pores.
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Fig.4 Mineral composition of Longmaxi shale from Changning-Shuanghe profile
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Fig.5 Micropores of shale in Longmaxi Formation under field emission scanning electron microscope
a—Well Ning X1# 2518.6 m, organic pores; b—Well Wei X1# 1542 m, organic pores; c—Well Ning X3# 2377.17 m,
clay minerals interlayer pores; d— Well Ning X1# 2503.14 m, organic pores; e— Well Ning X1# 2498.8 m, pyrite intergranular pores;
f— Well Wei X2# 2549.68 m, clay minerals interlayer pores
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Table 2 Comparison of geological parameters from different sedimentary subfacies in Longmaxi Formation
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BOKESBRGIEAT  8~28 B T 18.1~662  14.3-38.8 2.41~6.44 23~32 2.7-2.8
i BERUIUA
; ) TR BRI T 5 e By
. CPBOKEPERRAEAT  118~191 j/* " 225320 41.8-549 0.84~1.41 1.0~3.0 2.8
K7 oo
DOKIRBRLIITAR  21~31  BEELIUS RPUUE  21.7-374  32.8-517 2.0~7.12  2.6~6.5 2.8~3.4

®3 KTMWXEDZEETENFERS T (GEBERE,2013)
Table 3 Mechanical properties of Longmaxi shale in Changning area (after Pu Boling et al., 2013)

RIRFVE WOREAT PRURGREE L

G BR/m BET YIS E% TOC/% ] TH#A /m
po/(grem™?) P/kN SJ/MPa E/GPa
1 83~833 472 1.49 2.55 82.95 26.18 8.58 0.249
2 427429 543 3.04 11.61 3.32
3 427429 54.3 3.04 11.07 3.13
4 234237 77.7 3.66 2.486 2813 88.69 40.84 0.191
5 13~133 81.8 3.98 2.507 1515 4775 17.12 0.101

A7 BRI AT AN B 2 14 A8 Ak 5 LB Ak Bk S
(FEBEFY ,2006) . AFFFE X e HIR AL H R A1 Fngk
et &t W0, R HETS e B AL s sk B
A B LB, BE N TUA SRR AP R AT 193
JIT (FEEFS,2006) o IEHBALHRIA SRIeA & i, &
FLBR )2 N 2 T ST & 1) 52 B (B v
WA ,2011),

6 45

IR X R 3R 4 R AR R B AR TR, v 40
PRIK BEHEAR K ki S AR RN K Bl S AH 3 F
DUREARZEY  YORR ISR S ey i i AL R AIE 1 22 57
ORI AR R XS 22 i K. BWm X F 2k E
TR 7K R 5T Bt A SV A | 24 R 2K I I ki 0 S0 AR AR 7K 5
FBEAINEAR 3 AT AR KT Hi X 2R 7
BRI S5 et 9 SV A R 7K e o s A0 ST A A LA T
ARSI, UIRRAHT SR I TUA R R R O &R
DUBUAHAR B A 3000 s R A L & & 5
Mo B PO A S R LB & B 1 G i I 2R . -
o KBl AR DA B A LT & e A e
L AVUESLE T LB R A SRR R X
T HE L U SR S A R

Bt S wa OWE R TENEH P EA
MEBRTZA AR I F L, RAEEEHA
FRABBHRELECNER AW,
RATEBEHBRT LA RARKIFTAETELS
FREER P BTN, RHF T Z RS
HEFHERE L

References

Blatt H. 1987. Oxygen isotopes and the origin of quartz[J]. Journal of
Sedimentary Petrology, 57: 373-377.

Bowker K A. 2003. Recent development of the Barnett Shale play, Fort
Worth Basin[J]. West Texas Geological Society Bulletin, 42(6): 1—
11.

Bowker K A. 2007. Barnett Shale gas production, Fort Worth Basin:
Issues and discussion[J]. AAPG Bulletin, 91(4): 523—-533.

Chen Shangbin, Zhu Yanming, Wang Hongyan, Liu Honglin, Wei Wei,
Fang Junhua. 2011. Characteristics and significance of mineral
compositions of Lower Silurian Longmaxi Formation shale gas
reservoir in the southern margin of Sichuan Basin[J]. Acta Petrolei
Sinica, 32(5): 775-782 (in Chinese with English abstract).

Chen Xu, Rong Jiayu, Zhou Zhiyi, Zhang Yuandong, Zhan Renbin, Liu
Jianbo, Fan Junxuan. 2001. The central Guizhou and Yichang
uplifts, upper Yangtze region, between Ordovician and Silurian[J].
Chinese Science Bulletin, 46(12): 1052—1056 (in Chinese).

Chen Xu. 1990. Graptolite depth zonation[J]. Acta Palacontologica

http://geochina.cgs.gov.cn H1[EHLJF, 2020, 47(1)



FATE 1

TRTEAS A  DUBURA XS 1 g e ESIR AL  UR AR S 119

Sinica, 29(5): 507—526 (in Chinese with English abstract).

Cheng Xiaoling. 2006. Laws of Clay Mineral Transformation and
Reservoir Porosity Evolution: A case Study of Fu III Member of
Taixing Oil Field in Subei Basin[J]. Petroleum Geology & Oilfield
Development in Daqing, 25(1): 43—45 (in Chinese with English
abstract).

Cutris M E, Sondergeld C H, Ambrose R J, Rai C S. 2012.
Microstructural investigation of gas shales in two and three
dimensions using nanometer— scale resolution imaging[J]. AAPG
Bulletin, 96(4): 665—677.

Dong Dazhong, Cheng Keming, Wang Shiqian, Lii Zonggang. 2009.
An evaluation method of shale gas resource and its application in
the Sichuan basin[J]. Natural Gas Industry, 29(5): 33— 39 (in
Chinese with English abstract).

Guo Yinghai, Li Zhuangfu, Li Dahua, Zhang Tianmo, Wang Zecheng,
Yu Jifeng, Xi Yantao. 2004. Lithofacies palacogeography of the
Early Silurian in Sichuan area[J]. Journal of Palacogeography, 6(1):
20-29 (in Chinese with English abstract).

Jiang Yugiang, Dong Dazhong, Qi Lin, Shen Yanfei, Jiang Chan, He
Fuwei. 2010. Basic features and evaluation of shale gas
reservoirs[J]. Natural Gas Industry, 30(10): 7—12 (in Chinese with
English abstract).

Li Tiansheng. 1991. The principal geological feature of oil— forming
formation in Sichuan Basin[J]. Journal of Mineralogy and
Petrology, 11(3): 80—87 (in Chinese with English abstract).

Liang Digang, Guo Tonglou, Bian Lizeng, Chen Jianping, Zhao Zhe.
2009. Some progresses on studies of hydrocarbon generation and
accumulation in marine sedimentary regions, Southern China (Part
3) : Controlling factors on the sedimentary facies and development
of Palaeozoic marine source rocks[J]. Marine Origin Petroleum
Geology, 14(2): 1-19 (in Chinese with English abstract).

Liu Shugen, Zeng Xiangliang, Huang Wenming, Ma Wenxin. 2009.
Basic characteristics of shale and continuous— discontinuous
transition gas reservoirs in Sichuan Basin, China[J]. Journal of
Chengdu University of Technology: Sci & Technol Ed, 36(6): 578—
591 (in Chinese with English abstract).

Loucks R G, Ruppel S C. 2007. Mississippian Barnett Shale:
Lithofacies and depositional setting of a deep— water shale— gas
succession in the Fort Worth Basin, Texas[J]. AAPG Bulletin, 91
(4): 579-601.

Pu Boling, Dong Dazhong, Er Chuang, Wang Yuman, Huang Jinliang.
2013. Favorable reservoir characteristics of the Longmaxi shale in
the southern Sichuan Basin and their influencing factors[J]. Natural
Gas Industry, 33(12): 41—47 (in Chinese with English abstract).

Pu Boling, Dong Dazhong, Wu Songtao, Er Chuang, Huang Jinliang,
Wang Yuman. 2014. Microscopic space types of Lower Paleozoic
marine shale in southern Sichuan Basin[J]. Journal of China
University of Petroleum (Edition of Natural Science), 38(4): 19-25
(in Chinese with English abstract).

Pu Boling, Jiang Youlu, Wang Yi, Bao Shujing, Liu Xinjin. 2010.
Reservoir— forming conditions and favorable exploration zones of
shale gas in Lower Silurian Longmaxi Formation of Sichuan
Basin[J]. Acta Petrolei Sinica, 31(2): 225— 230 (in Chinese with
English abstract).

Ross D J K, Bustin R M. 2007. Shale gas potential of the Lower
Jurassic Gordondale Member northeastern British Columbia,
Canadal[J]. Bulletin of Canadian Petroleum Geology, 55(1): 51-75.

Wan  Fang, Xu Xiaosong. 2003.

Palaeogeography of the Silurian in Sichuan — Yunnan — Guizhou —

Tectonic—  Lithofacies
Guangxi region[J]. Journal of Palacogeography, 5(2): 180—186 (in
Chinese with English abstract).

Wang Shejiao, Wang Lansheng, Huang Jinliang, Li Xin— jing, Li
Denghua. 2009. Accumulation conditions of shale gas reservoirs in
Silurian of the Upper Yangtze region[J]. Natural Gas Industry, 29
(5): 45-50 (in Chinese with English abstract).

Wang Shejiao, Yang Tao, Zhang Guosheng, Li Denghua, Chen
Xiaoming. 2012. Shale gas enrichment factors and the selection
and evaluation of the core area[J]. Engineering Science, 14(6): 94—
100 (in Chinese with English abstract).

Wang Wei, Zhou Zuyi, Guo Tonglou, Xu Changhai. 2011. Early
Cretaceous—paleocene geothermal gradients and Cenozoic tectono—
thermal history of Sichuan Basin[J]. Journal of Tongji University
(Natural Science), 39(4): 606— 613 (in Chinese with English
abstract).

Xu Xiaosong, Wan Fang, Yin Fuguang, Chen Ming. 2001.
Environment facies, ecological facies and diagenetic facies of
Baota Formation of late Ordovina[J]. Journal of Mineralogy and
Petrology, 21(3): 64—68 (in Chinese with English abstract).

Yang Wunian. 2001. Quantitative analysis of remote sensing images on
tectonic deformation and stress fields, Southern Sichuan, Chinal[J].
Journal of Remote Sensing, 5(1): 62—68 (in Chinese with English
abstract).

Zhai Gangyi, Bao Shujing, Pang Fei, Ren Shoumai, Chen Ke, Wang
Yufang, Zhou Zhi, Wang Shengjian. 2017. Peservoir— forming
pattern of “four— storey” hydrocarbon accumulation in Anchang
syncline of northern Guizhou Province[J]. Geology in China, 44(1):
1—12 (in Chinese with English abstract).

Zhao Xingyuan, Zhang Youyu, Song Jian. 1994. Some mineralogical
characteristics of clay minerals in China oil— bearing basins[J].
Geoscience — Journal of Graduate School,China University of
Geosciences, 8(3): 264—272 (in Chinese with English abstract).

Zhu Zhijun, Chen Hongde, Lin Liangbiao, Hou Mingcai, Chen
Anging, Zhong Yijiang. 2010. Depositional system evolution
characteristics in the framework of sequences of Silurian and
prediction of favorable zones in the northern Guizhou—
Southeastern Sichuan[J]. Acta Sedimentologica Sinica, 28(2): 243—
253 (in Chinese with English abstract).

http://geochina.cgs.gov.cn H1[EHLJF, 2020, 47(1)



120 i [

b, Ji 2020 4F

Bt F 325 2% S ik

Wik, AR AR, L0, RIEEAK, 24T, Jrfefe. 2011, DU )1 7 b g 2%
WG e DR TS SR ED Y B FRAE XS], A
R, 32(5):775-782.

FAE, B Ay, RS, kot sh, Aok, X, S 4T 2001, B4
b X P — i B 22 A B R R B T[], Bl R,
46(12):1052-1056.

AL 1990, 182547 IRIE /37 [J]. T AR W24, 29(5): 507-526.

FEGEFS . 2006. Zh -0 W40 5 it 2 AL B A B AR5 —— L
T-Ib A 75 24T B = B 2 B [J]. R 5 T &, 25
(1):43-45.

HRUL, TRV, E IR, B SRR 2009, TUASEEIEM 7k M HAE
DU ZE R HII]. AR Tk, 29(5): 33-39.

SR, AR, AR, SRR, TR, Avakig, 4. 2004, Y
JU 4 DXL B TR AR T . il s B, 6(1): 20-29.

A, L, A, TR, S0, TR . 2010, TURSAKZ AL
ARHE B [I]. AR T, 30(10): 7-12.

ZERA: L1991, DU F b 5 B8 ZR 2L 2 R B R[], 0 A,
11(3): 80—87.

PRI, FBIERE, MIST R, MR, B . 2009, 1 E R A AR KR
FHCAFF 0 Tk e (=) < g DU 28 X B v A e 2 1 AR
AH B & T R R [T]. T AR AT, 14(2): 1-19.

XUBEHR, B9 FESE, B SO, B30, 2009, PO Z34b 7 SR TN 4 2 11
— A SR SR IEANRRAE [J]. AR TR 240 (H AR B AR),
36(6): 578—591.

A, R, BEf), TR, E40a. 2013, I gl X g TR ni

AR L TRAE LM R[], RIRA T, 33(12) :41-47.

TS, ERUR, ST, BB, B a s, ER. 2014 I b IX Ry
A SR UA T B 2 [ 2 T[], v B o R AR
220, 38(4): 19-25.

WA, A, TR, B, X#4 . 2010, U1 #Hh R B RS
IHIR A TR SN R S R IR A A (9], A TR R, 31(2):
225-230.

T3, VERORS . 2003, )1 25 A b XAk B3 28 M3 — o Aoty S B D). oy
HFR~A4R, 5(2): 180—186.

FARH, F22E, WA, B, R 2009, 5T XA R T
FARNGHAAEI]. IR T, 29(5): 45-50.

TALHL, W U, AR, 2B, BRG], 2012, TUA S BB ER R
50 KR BT [I]. v TR, 14(6): 94-100.

FE, B, SRR, VERE . 2011, DU Z b oty iR B RN T —
AR AR TSRS LT, R R E 24 (A SAFHE ), 39(4): 606—613.

VERk, JT 7, FHREE, BRI . 2001, BAFE 2 5285 4 0 A R ERBE A 2
BHE A AT 744, 21(3): 64-68.

WakAr . 2001, )11 X IAA 1 AR TE S0 7 i sk UG e i T 0], 38
JB2EAR, 5(1): 62—68.

AN, AR5, JE 6 ATIGE, R, TRy, JHE, TREEE. 2017, 5t
N T S Hb X 22 g ) Aot U 2 D T S A U E 5 (0],
HJT, 44(1): 1-12.

AU, TR H, A . 1994, HR S Il A AL U P i R e )
ZEFFIE[D]. BUARHIT, 8(3):264-272.

AR, PRULTE, AR R%, EIIA, BRZET, #ATT. 2010, BAb—)II7R

R RZ RS AT B UTRLAR Z2 18 A R S A ) D T[],
TUEAAR, 28(2): 243-253.

http://geochina.cgs.gov.cn H1EHLFT, 2020, 47(1)



