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Fractures in cores from the Lower Paleozoic Wufeng-Longmaxi shale in southern
Sichuan Basin and their implications for shale gas exploration

Shi Zhensheng1 ,Zhao Shengxian2 ,Zhao Qun1 ,Sun Shasha', Zhou Tianqil , Cheng Fengl ,Shi Shaojun3 , Wu Jin'
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Exploration and Development , Southwest Oil & Gas Field Company, PetroChina, Chengdu, Sichuan 610051, China; 3. Exploration and
Development Research Institute of Jilin Oilfield Company , PetroChina , Songyuan, Jilin 138000, China)

Abstract: Fractures are closely linked to the reservoir capacity of shale intervals, therefore also have a direct control
over the test results of wells drilled into the intervals. A macro delineation based on cores and outcrops observation are
combined with polarized microscopic and scanning electron microscopic images of samples to reveal the characteristics
of fractures in the gas-bearing shale intervals of the Wufeng-Longmaxi Formations, southern Sichuan Basin. It shows
that the shale intervals have highly-developed bedding-parallel and non-bedding-parallel macro and micro fractures,
of which the bedding-parallel fractures take dominance and account for 75 % of the total macro fractures and 87 % of
the total micro fractures. For macro fractures, the bedding-parallel fractures are generally foliation fractures and inter-
layer sliding fractures, and the non-bedding-parallel fractures are oblique and vertical. For micro fractures, the
bedding-parallel fractures are dominated by foliation fractures, while the non-bedding-parallel fractures are mostly
fractures caused by abnormal pressure from hydrocarbon generation, diagenetic contraction fractures, and dissolution
fractures. The density and distribution of the fractures are largely controlled by burial depth with the 3 500 m serving

as a dividing line. For intervals below the line, fractures are mostly developed in the L'"* layer; for intervals above
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the line, fractures are concentrated in the L'" layer. Density of both macro and micro fractures increases with
increasing burial depth. There are wells showing that density of macro fractures in shale intervals below the line is ten
times higher than those above the line. The fracture density is also controlled by TOC content and bedding types,
which is well illustrated by shale intervals with high TOC content and bedding of striped siltstone type and graded
(siltstone to claystone) type also having the highest fracture density. As fractures are essential to the reservoir
capacity of shale intervals, the L'"* and L'"" layers contain the best quality shale intervals. However, with diagenetic
contraction micro-fractures well developed, the bottom of the L'® also hosts some quality shale intervals.
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Fig. 1 Sampling point distribution (a) and stratigraphic column (b) of the Wufeng-Longmaxi shale in southern Sichuan Basin
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Fig. 2 Core and outcrop photos showing fracture types and characteristics of the Wufeng-Longmaxi shale with
various burial depths in southern Sichuan Basin
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Fig. 3  Microscopic photos showing fracture types and characteristics of the Wufeng-Longmaxi shale with different burial depths in
southern Sichuan Basin
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Fig. 4 SEM images showing bedding-parallel micro-fracture types and characteristics of the Wufeng-Longmaxi shale with

different burial depths in southern Sichuan Basin
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Fig. 5 SEM images showing non-bedding-parallel fracture types and characteristics of the Wufeng-Longmaxi shale with

different burial depths in southern Sichuan Basin
a,b. ARG A ARV A DTS S ORI 25 50 A1 L B 101H3-8 I, Jb— W Bt , % 3 755. 33 m; c. AR KRN FRAE , 244 WY 5 LTS5 18 i kil
Goor AR, FeBU B AT R B 101H3-8 3, Jo—2 W0 B, MIVE 3 745. 92 m; d. BAAWRAR4E , 0 A T IRTT B 93, JCFEHT, B 101H3-8 HF, 5 — "/
2 B3 767. 73 ms e WA RGRSE , S0AT T R0 N3, JE 781, B 101H3-8 3, Jp— "/ ZE #1343 764. 00 m; 1. JUE MR AR4E , /0 TR0 9
PR, JCFEHL, BH 101H3-8 H, Jp— 2 WL, VR 3 745. 92 m; g WA WRARSE , 40 T RoRE™ 9 P36, JC 7 3L, BH 101H3-8 -, FLUGL, HLTK 3 793. 80 m;
h. BUA IR SE , A F R R i 4, o L, PH 101H3-8 I, FUG2H , HEVR 3 788. 69 m; i. BUAINARSE, A T IR6™ P K, e s, [H
101H3-8 JF, FLUEAL, 310K 3 788. 69 mj j. WM, 434 TRKIRELD ) N3, FE38/ D by A1 i, BH 101H3-8 I, Jb— S BE MR 3 745. 92 m; k. it
B AN TRRERER 9 N B, JCFEIL, BH 101H3-8 -, b — 2B, B4 3 755. 33 m; L. I IMAR , A6 TRRER L Wi ¢, ILFEHL, 1 101H3-8 -, Jp— '
INE R 3 777,26 m

15

15
a
s
20 =
¥
=
&
l 1
0 .
i 4% R 2g g i H 4%

JEIGGR

o
®

40 — 39
b
30 |-
20 |-
10 |
4
1 1
I I
JI5t /2% 5% 6 5 A A 08 s 4 5 ThgE

Kl 11l DX TLIA 2 ~ i Eh iR 2 A A0 WL AR 4 N T R 4 5 T 2
Fig. 6 Density of different macro- and micro-fracture types of the Wufeng-Longmaxi shale in southern Sichuan Basin
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