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Abstract: The brittleness features and their controlling factors of shale are clarified based on the systematic study of
lithofacies and mineral composition, dynamic and static rock mechanical properties, and diagenesis of the Da’ anzhai
Member of the Lower Jurassic Ziliujing Formation in the northeastern Sichuan Basin. The following results are obtained.
First, the continental shale sequence of the Da’ anzhai Member is mainly composed of clayey shale, silty shale, shell
limy clayey shale and shell limestone, featuring high content of clayey minerals and local enrichment of carbonate

minerals. The source of felsic minerals is mainly terrigenous detritus, and the correlations between the TOC, clay,
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felsic and carbonate minerals are complex. Second, the brittleness of shale strata is under a joint effect of mineral
content, mineral architecture and their interactions. The Da’anzhai Member is at the middle diagenetic stage, with a
low degree of concretion, and its felsic mineral content has a weaker effect on brittleness compared with carbonate
minerals. The increasing content of calcareous shells leads to differences in dynamic and static rock mechanical
parameters and reduces the energy consumed for rock fracturing and fracture propagation as required. Third, the
interbeds in the Da’ anzhai Member are diverse in type and complicated in mineral composition and architecture. The
dynamic and static mechanical parameters of shale with interbeds of homogeneous architecture are in good positive
correlation, while those of shale with interbeds of heterogeneous architecture (i. e. shell interbed) are in negative
correlation in terms of Young’s modulus. In all, factors such as lithology, interbed type, differences in rock mechanical
properties, and diagenesis should be fully considered to establish an evaluation system for the brittleness and fracability
of continental shale in the Jurassic. The conclusions achieved above are of important referential value to deepening the
understanding of the brittleness and the evaluation of geological-engineering sweet spots of continental shale reservoirs
with interbeds of complex types.
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Fig. 1 Sedimentary and distribution characteristics of the Da’ anzhai Member shale in the Jurassic Ziliujing Formation, Sichuan Basin

[10]

a. DBV BURAMRERE ;b T2 A2 LA AR E

1.0 %, AHUBSERILL I, B0 3 SRR R 3 (R,) A
K [0 PYAEIZE TG R, MR LB IX R, 35 3 KT 1.3 %
(B 1), Ak B AL T BT -1 U B

2 A AR A SRR

2.1 A4

WA 5 B D WL R S R X R AT A
W ai R, REEB UG R RN EE LT R
B YR BT A T8 KSR A A S8 K 4
Fip FEEZCA AR (51 2) o K 2% BUfif B 2 w] 2200 A
TIUA AN TE K I A A PLAL  TEHLFLA R W
PRODLZREEE | A it 2 8] AR o fe] SLAAT BILAL O 32,
BB R RIS S Sl PR RS 5 A 7 I e 2 LR 6]
£L LA A AL RN R 8 D SR AR AR 23 ) 5 SR W PERE K
Jo 5 AR N AR 22, U LB R 3k A T 2. 0 % ~

6.0 %, /1 7C KA I )2 AL E —AE 0.5 % ~ 2.0 %",
BRI TOC e , A F 0,59 % ~ 3. 89 %, PI{H A
1.46 % ; Ho kR R A5 K LR £ L4, TOC 4 F
0.45 % ~ 3. 06 %, HIH 1. 29 % ; B3P 5T 5145 TOC HA%
AF0.20 % ~ 1. 60 %, HI{H 0. 89 % ; /7 K 75 TOC
i B, BIME 0. 31 %o UL, DUA N EEAEZE , A58 K
FRVD> R AR A S IR AR IR 2

2.2 AN RERESE

2.2.1 A

181 et i &2a 3 20 ) X B s 3 o W & 2R
WY, N ZR b H XK 2 28 Bl UUA 0 ) B 4 LA GG -4
WA, AR, WA R R A A s A K E
B (K 3) o REFEBF LTS ENT21.5%~
68.3 %, F¥I N 48.3 %; A F+ KR AFTENT17.1% ~
60.3 %, 38 35.7 % IR W =N T 0~



%2 EGE A JNARICH X R PR G2 B 2H K22 FE B Bl AR U M AR e S A i R 3R 369

Eayifl it e FFRIFR LRI GRBD fr3e ki

a, bl C, dl
W
RHE
e

a,) bz C, dz
O
FHIE
R

0.5 mm 0.5 mm 0.5 mm 0.5 mm

& 2

VU BRSS! F A T2 R 22 8 B DU 2 2R RS BUARAE B

Fig. 2 Micrographs showing the major lithofacies types of the Da’anzhai Member in the Jurassic Ziliujing Formation, Sichuan Basin
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Fig. 3 Whole-rock mineral compositions of the Da’anzhai Member in the northeastern Sichuan Basin
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Fig. 4 Correlation between mineral components of the Da’anzhai Member shale in the northeastern Sichuan Basin
a. KEEBIUAFE LWk vs. TOC?; b, KLTEBIUHA Y vs. L0 W& a; oo KOWBIUA A vs. B ET YOk d KB
AT S vs, BRIRERT W& i e, ROWBIUAR L0 Y vs. KA &1 £ ROMBIUA A3 vs, KA E i

R o R 32 B B R A R R s R Y
SRS UKL, TS A e S R T 35 % JRIRER )
SRR e SRR iR B L S
AL E AR BEAR, DUA A 5w 5 W) o B il
B 2E (Kl 4e,d).

T RAZFEBSA TS B Ttk & e 2+
W EEMTOC = H A RE L, Mtk 1) & i
IF AR BT, USSR RS 2 B ik, B2 % &
AL 5 TUA A A ) B i, 3 T e B 0T
2R MaPE S AT R E, LAIA R 3 VU 56 R i B (1
5 A

3 U e AR SRR N

3.1 TUEMEMYSE

3.1.1 BahFhdEimtitic

U NARAC R ZEZE B AR AR JZ B AR

SEFSFAE B UUA M e 2O R A T = Al 1
AR S5, IRIBOR RIS BURE 5 1 8l S T S8k
S FENE R N -0 A8 IR 5 SERHIE . ARYE iU
Je EEERFEAE ARTR], AP LA S W2 RV SJe 2 2 4y 3
—RURNSJe ZEERANY ) —F . Horp By Rb R R b s A ot
TR e S R HE 548 ), Gk dse g — (181 5) 5 K JBAY
FERJZ A SEHEN AL AL AT, S5 H 35— PERAIS,
RJE T I BRI —HI(E]5).

AR )2 S8 S S A S OIS R B
(F 1), Bl 35 MPa(F 80U ) 45 T, R 28 B
T2 RS R A T 53. 56 ~ 74. 82 GPa, -1
4 66.26 GPa, H 54 L /1 T 20. 21 ~ 46. 49 GPa,
SEFIR 34. 50 GPas THAA HLAT0. 22 ~ 0. 28, V344 0. 25,
Horr, DU 3l # A Ag A I (E 53 510 65. 25 GPa
130. 75 GPa, JAFA LA K 0. 25; 52 KA 8 FR S
Ak FOBE B M 43 310 60. 22 GPa F1134. 96 GPa, JA
FLIE S 0. 265 U6 TR b 25 3l i A5 A% GRS it 34 {8 4
WK 74. 08 GPa F140. 85 GPa, JAMA LI M 0. 24, #
[vi] B 2528 T g A 06 21 — e Sh VR 4 0 5 S A ER A



52 1] Fil R AF L JNARACH I PR % Gt 1 W 2H K 22 28 BEREAH DU PR IE B HeA il R 3R 371

s Bt H/m BT s Bt #5/m BT
H— 45-0 12835 m . A — A 51-1 152.61 m .
YT 45-1 128.38 m . Ay 28-2 73.53 m .
B it 45-2 128.45m . AF—H 49-2 145.61 m .
Hj— 45-3 128.57 m . Ayl 264 68.43 m .
Yy—7 45-4 128.75 m . Ay —1 24-2 63.90 m .
H—7 45-13 131.81 m . Ahy—Hl 24-1 63.71' m .
170 51-2 152.77 m . Ary—5Y 24-0 63.53m .

VE: FEMEAR2.5 cm.

BI5  JIZRIEHLIX MY A S R FE BN R e JR A A B ey 5 e SRR S R ik JE
Fig. 5 Core photos showings the characteristics of shale samples with different interbed architectures in the Da’ anzhai Member in well

MYA, northeastern Sichuan Basin
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Table 1 Statistics of dynamic and static elastic parameters of different lithological samples from the Da’anzhai Member,

northeastern Sichuan Basin
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24-0 63.53 5453 3030 61.70 35.31 0.28
24-1 63.71 . 5071 3027 59. 00 34,61 0.22
24-2 63.90 oo 5420 3181 66. 63 — 0.24
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