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Abstract: The lacustrine shale in the Da’ anzhai Member of Ziliujing Formation of Lower Jurassic in Central Sichuan has strong
heterogeneity, and the study of favorable lithological combinations is critical to the selection of the target interval. Through the
observation and description of cores of more than 21 wells, the determination of organic matter contents and major and trace
elements, it classifies lithological combinations and discusses the characteristics of each type. The results show that the shale strata
of Da2 sub-member mainly developed three types of lithology: muddy shell limestone, gray-black shale, and shell-bearing shale.
Then, according to the characteristics of its biological shell development, the special shell-rich layer was identified. Furthermore,
it summarizes 4 types of lithological sections: A massive shell limestone section, B shale and shell-rich layer interbedded section,

C shale intercalated shell-rich layer section, D pure shale section. The differences in paleoenvironmental characteristics of the 4
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lithological sections types reflect different shale oil potentials. Therefore, comprehensive analysis indicates that from semi-humid

to humid paleoclimate, high paleoproductivity, suitable deposition rate, as well as anoxic reduction, brackish-freshwater

environment are conducive to the enrichment and preservation of organic matter. Finally, the favorable lithology section types as C

shale intercalated shell-rich layer section were comprehensively optimized, followed by D pure shale section.

Key words: continental shale; shale oil; Da’ anzhai Member; shell-bearing shale; shale lithology combination type; sedimentary

environment; hydrocarbon.
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Fig.1 The location map of the study area (a) and stratigraphic column for the continental shale oil and gas strata in the

Da’ anzhai Member (b)
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Table 1 Contents of TOC and major and trace element of part of samples in the Da’anzhai Member

b WE  TOC FHITR(X) R IT R (10°°)
(m) (%) Fe Mn Ca Mg K Na Al Sr Ba Ni \% Cr Ce La Yb
PLL10-3 2035.7 0.40 3.56 0.03 32.09 0.62 0.71 0.24 3.20 917.60 257.20 44.58 38.94 38.06  55.88 22.90 2.87
PL10-6 2031.6 0.99 3.52 0.05 13.35 1.10 2.02 0.31 8.30 230.00 525.60 32.74 122.14 91.16 53.00 25.28 2.01
PL10-7 2029.8 0.60 5.96 0.13 501 1.32 2.17 0.33 9.29 243.80 489.80 41.14 108.98 109.36  72.02 33.08 2.73
PL10-12 2022.7 0.73 4.06 0.04 2.20 1.24 245 0.35 10.30 404.20 534.80 36.38 112.62 84.42 49.02 25.66 2.22
PL10-14 2021.1 0.69 1.95 0.09 4746 0.39 0.18 0.07 1.07 1004.00 230.60 8.88 12.69 9.57 9.99 490 0.42
PL10-17 2019.1 141 473 0.03 2.63 1.22 2.60 0.38 10.32 196.70 647.80 49.20 115.88 109.42 61.74 30.74 2.68
PL10-22 2014.3 290 5.18 0.03 1.64 1.27 2.66 0.40 10.61 166.72  659.60 49.82 173.30 105.38  48.04 24.28 2.14
PL10-32 1998.6 1.61 4.28 0.02 0.95 1.69 3.26 0.53 11.23  212.00 751.60 45.80 218.60 124.10  53.50 26.22 2.22
X29-1 1983.6 0.25 0.69 0.02 51.56 0.56 0.22 0.04 0.92 439.60 101.46 8.09 11.54 14.89 6.06 2.99 0.21
X29-2 1986.0 0.57 1.21 0.03 44.64 0.32 0.50 0.07 2.10 896.80 214.20 12.18 21.36 22.04 14.04 6.85 0.48
X29-6 1996.2 041 4.17 0.02 1.39 147 3.33 0.34 12.15 140.86 597.80 53.52 192.86 143.54 82.72 39.22 2.68
X29-12 2005.5 0.70 6.22 0.03 6.91 1.34 1.63 0.17 7.52 392.00 370.00 36.20 95.84 72.64 49.64 21.60 2.11
X29-13 2006.8 0.68 4.91 0.03 1.90 1.57 3.10 0.28 11.77  224.40 625.40 49.42 130.50 129.88 68.66 32.80 2.28
LQ-3 21187 1.18 1.80 0.07 40.95 0.64 0.41 0.11 1.79 2126.00 387.40 9.44 2472 1458 14.77 7.17 0.68
LQ-5 2113.8 1.11 448 0.06 0.71 1.32 2.17 091 8.69 151.08 642.80 45.04 119.52 104.24 62.20 29.94 3.06
LQ-7 21104 048 0.96 0.08 45.90 0.53 0.30 0.16 1.42 1178.20 191.00 9.78 17.92 14.14 13.04 6.01 0.45
LQ-12 2088.5 2.50 3.30 0.05 13.27 0.79 1.72 0.37 6.83 510.00 541.20 44.84 105.20 68.20 126.30 51.26 4.25
L21-1 1965.7 0.75 6.03 0.09 1.23 1.79 3.02 0.36 11.23 165.90 602.80 46.94 152.32 127.16  86.42 40.30 2.80
L21-6 1958.7 0.36 4.21 0.03 4.61 1.42 2.88 0.33 10.83 241.60 590.80 47.76 151.66 116.66  82.08 39.34 2.42
L21-8 19554 0.89 3.63 0.05 10.40 1.21 2.66 0.30 10.22  269.00 724.00 47.78 133.06 113.28 77.66 35.76 2.59
L.21-9 1952.7 0.53 4.56 0.04 0.94 1.21 291 0.34 11.18 118.28 647.80 58.00 198.24 138.84 111.86 51.84 3.74
L21-11 1948.6 0.66 144 0.05 41.32 0.31 0.46 0.10 2.03 898.20 285.20 12.92 2454 20.80 31.50 14.12 0.87
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Fig.2 Lithological types and shell-rich layer characteristics of the Da2 sub-member
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Fig.3 Modes and characteristics of four types of lithologic sections in the Da’ anzhai shale series
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Fig.5 Column of vertical distribution characteristics of each lithological combination type and shell development characteristics in
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Fig.6 The development pattern of the four types of lithological combinations in the Da’anzhai Member
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Fig.7 Distribution characteristic pattern of lithological combination types in each sub-member and facies
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Table 2 Statistics of organic matter abundance and paleo-sedimentary environment parameters of various lithological sections
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Fig.8 Frequency distribution histograms of climate index C of various lithology sections

I

=
o>

I 7 IR B AR B C Ar A FR-AIE 5 b. B 0T
B Ui 8 C 43 A R AE

HETE

sAF AR IR TC B £ B 5 HE P O 4 7 T AL D PR IR A (2019) , R R A5 (2020) 5 9 7R 1M1 AL — BE DU s

J2 B R BOREAR R C M FRAE s 0. C U Je A 7 J= BU U AR B C 3 A FRAIE 5 d. D 4



3666 HEREL 2% http://www .earth-science.net

i 46 &

A A B S DR BIL Y A S R A B
Feml (FF 445 ,2018) , [ , C Be 5 D Be B A 4
JBT T A AR A
412 SWEFERE EHEGOLT AP LE A
(30 JE K R B8 A B TR 47 (Hunt, 1979).V Ni,
Cr.Ce % 70 R 7EA R 1 S0 38 JE IR 5% vh LA 2 AR
H (Taylor and McLennan, 1985; Hatch and Leven-
thal, 1992; Jones and Manning, 1994) , B It V/
(VHNI) . Ce/La.dCe &5 nJ 1 2y ] 51 i 7K & 4 Ak 27
B BE.V/(VANI)<<0.46 35 78 & E B, 0.46<<
V/(V-+Ni) <<0.60 #§ /= 7 /A ¥ 8, V/(V-+Ni) >
0.60 1% 2 H Ry BI85 5 Ce/La<<1.540 F KM Ry &
B, Ce/Ladgy T 1.5~1.8 A, Ce/La>
1.8 M B E K AR 3R 85 ;0Ce IE# — IE S % (& 4 ) B
Cepon>—0.1F8 /R S H I 5, Cepon<—0.1 8 /R &
A IREE (Yang ez al.,2019). F) I F i J 4R 2 8060 K
LB AR K A A M B R AR R IR B R AE R AT
Sy BT AT AR TR R SRR BE A R T A LT
A7 (B 9) . MR TR 5 v BEERUOR B, A A5 KA BE
V/(VAHNDETE0.376~0.724 Z ] , ¥3{5 4 0.612; B
Bt V/(VHNI) {75 0.466~0.814 Z b , ¥ 5 K
0.718; CEE 5 D B V/(V+NDE 4 A T 0.557~
0.811 5 0.584~0.827, F 4 { 4> %] K 0.728 A
0.748.4 25 A 1 Bt Ce/La S 8 (1.91~2.44, 4 {H K
2.10) ¥ K F 1.8, Cepon ( —0.061~0.009, ¥ {
J—0.023) WHK T —0.1. Rt , IR KA 4 2K
PEBEA B.C.D B AR IR BT 22 1 /N 1 28
B AEE AUH D R LT S — TR
4.2 HEEHE

SroGE F 5 Sr/Ba U AE Bl A 2 P43 iy
JE S B SRR 22 0 A b TR R b A B 2 W
BTN KR BF5E N Sr/Ba>>1 I A Gk 3 85, 0.5<
Sr/Ba<<1 8} Jg > K 8%, Sr/Ba<<0.5 i} J iR /K R
Be (B2 A 45 ,1999) . 38 1 e 1 58 X P 4 11 4K B
B Sr/Ba b {H % B , Sr/Ba<<1 #J #£ & % 5 [
T5.47% IF 85 A B MURT L K BK % 98 B K AR 1 R
JEAKAEE (L 10) FEAN R A BTN A5 KA
B Sr/Ba H 3 {E N 4.90, LUK B85 0 325 B B4 (E
h 1,00, 7K A4 Ry 22 ik — oK 58 5 C B 5 D B 3 (B
43510 0.40 5 0.37, ¥ RIRK A BE (% 2). K 7Bl
JUT i AH T2 DO PR R O IR K AR B 2 T
N BUOK B (PNTS P54 2015 ARIbE 245 BiE 5%
2019) , 5 K ZFEE P C. D A EBHA MMM &

9 K278 BOUn AL IR I PR G AR AR
Fig.9 Redox environmental characteristics of shale in

the Da’anzhai Member

FI10 45255 PR Bl 3 B AR
Fig.10 Paleo-salinity characteristics of various lithological

sections

fF A A BB D B BE 9] 51 2 3 A Js K
SR KA b B RRAE

4.3 MMERSHEFNISE

431 MRER PIRABELE —EHREFE NG
FI T A HLFE Y & 4E (Stein, 1986;Ding ez al., 2015).
Tt o0 2 40 Hr 4 FHAE o0 B DO R GER S 1 % O ik L
(La/Yb) e 7KDL 3 AR (La/Yb) W T
B UL % (Elderfield and Greaves, 1982; #{& 7%
45 ,2014) . R (La/Yb) S B0 K 28 558 B 45 4 1k Bt
HEAT M RAE BB, A A5 IO B (La/Yb) (3 1H R
134, BUUH SN2 2 B2 BE N 1.22,C TUA &
N ZBS D i vUR B 400 1.23 5 1,18, A
B Lo At 5 v B DOBLE R 8, B LC LD Be Yy
B AR 458 R B OB SR AR (6 2).

432 HEFN EYIS RSN A MG,
iz F A W 0 1 R AE A 7 0 ) K/ (Bernstein
et al.,1998; il A 245, 2006) . M ¥E A= Wy ol & == i 5
KRN KRS R AEBR W EYIEEITE
Gy HT R A 5RO CE B LY Ol 204.48 X
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1077, Yo A 52 R 2y A 7 S AR B UA 5 A e )2
HZ B C 0 I A 52 2 Be¥E 43 51 530.10 X
10 °H1625.40 X 10 °, HA B 09t £ 7 01, A HLBT
S5 BN A2 5 D BEAE W L B S B Dl 596.84 X
107°( 3 2). i V5 4 3 V> = Be AR W L 3 B 7E 75X
10 °~435X10 °Z [, B{H 2k 284X 10 °, KBy
S A2 77 J1 (Wang et al., 2020) . R , K 2 %€ B 4%
AR CRS DB A e, BB 5 C.D
B AR LU RS AR, A Be A7 K i A2 7 T KFAIR

4.4 TFRRIMEY @ T LT

T SC T 3R 19 K %2 28 BE UL FR A B3 A7 A 30 K i 22
S E I A AR . L PL10 Rk B R 4]
R R 855 2 B AR AL R AE R4 T 44 B B, R R BY
Bk B EEHE G & AR (E11).

T B B ol A M 2 R N i SRR B C
AF 0.6 ~0.8,V/(V+Ni)5 Sr/Ba Tt KA1k, K
PRIRBERRE , IR KB JF AT 5 (La/Yb) W fEH A F 1.1
B 3T, A W) RS GE AE 50010, A ML & & /N F
1%, ABRIC KA BN .

B i X PL IO 2 8 B ok — W BT AR BRI 4 1) 28 {0 R AT

Fig.11 Variations of sedimentary environment characteristics in the second submember of Da’anzhai Member in Central Sichuan
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I B B« oty A0 1 BT 52— 1 3 B A Ak 1
fiE .7 2 020~2 022 m Ab T R B f e L O V/(V+
NDPEAK, Sr/Bai KT 1, KMAHh 5 E AL IR 85, A H)
Foe AR Al A T R B R A ) R A
A PR SR KRR PR A ML 2 B
i, 5 W% m , ABCD 1 5 BCD BRI A58 £ H BE

I B B3« R 1 2 o 9 — 30 1 A S s R
IR, K A b B A FLAA SR i, A B ISR 7 47 300
Hdb) B, ZROREAR 5 TOC KT 18id%ir 1, &
¥R E BCD AL, TOC E{A EZX N C I B
1995.3 mAMFEAR (i AEFEEL C/NT 0.2, 7E A T
A DU DL 2 SR O A (B 4D, T34
BEACI £ 1 K dk Cage &, A5 S8 50 C RIS .

IV B Be oty A ) T A AR SRR RN T 0.4,
Sr/Baf¥ K HiE KT 1, (La/Yb) {8 i 2 1, F W
TR R B A, [ B A 0 0 A, 3% B B K ARk £k
ARV A WL &K, LA ABCD BUA PR &

5 AFEMEBAL L

T TOC & 2 PEA 0T 5 T 38 6 0 g 1 o 22
WA, H8 7R Ho AR BE Ty KA i Ko LR, R X
AL A AT PR, B R ] A v B R AT ML
i E B 25 SRR X K TR BE 9T SRR AR AT A G
it R, TOC EEAMAAE<1.0%, & H 70.10% 5
TOCAH T 1.0%~2.0%, 4 1 19.59% ; TOC>2.0%
7 HE AR, R 10.31 % 6 I K 4 28 B TUA B R TOC
B, M 0.92% . v E A AL TE 2R 3 6T G 4
i #0255 A R XA LR R BR R 1.0%0 (8 4R
85,2018) SR A IR 50 K K e BT
A F A B TOC AR ER 4 1.0%. 24 1 33 4 i A
EE M B A AR S0 <<1.0% . 1.06~2.0% .
=>2.0% 1E R B2 o il 44 ok B BLIE L
A B & A LT, DTS B0 b R AE A R BE T
Ak (22 555, 2017).

P12 I vp XK =S Be AT AL g S A

Fig.12 Organic matter enrichment model of the second submember of Da’anzhai Member in Central Sichuan
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K113 (La/Yb)5 TOCH XK Z (a) FIZAEYIE TOC XK F (b)
Fig.13 The relationship between (L.a/Yb), and TOC (a) and the relationship between biological barium and TOC (b)

R3 RREBRNEFAEMHRITNIRE
Table 3 Evaluation criteria for favorable lithology combina-

tions of shale in Da’anzhai Member

R PEA e e

TOC >1.0

S T —

IELE S K —IRIK
AR ) (Bay,) =500 10

IKARIR 8 e SA IR BE

TR X3

Z M TOC 43 9 FL8 % 4 26 55 1k B b AT W &
B, A58 KA BE TOC A F 0.03%~1.18% , ¥ &
7 0.35% AUFAE—DFH S TOC>1%, H AL
R ARG B EEBE EEUT AN R E, TOC
Rk 2% L b BME R 0.72% , A HLFR A A BEHE N
B CHARNEZBENEAHEIEA, TOC 4
F0.42%~3.11% , ¥ M 1.34% , H WL A L B Bt
H)ZERE R E A LD BRI & A AL R, TOC
M F0.32%~2.40% BMAER 1.17% (£ 1).

BRI M B B AL A B PR R R DA R
A 7R O YR e 2 A AL A S R A
KB 7 W) T A5 K 2 R A5 K AR A )
1820 A 52 45 A W 4 AL £ 0 ok U5 1Y ) B A B 2 Y
— AR R DU HL PR UE T TR A LR
U85 25 R AE 58, i 7K Bk S0 T 19 2 K — TR UK 3R

B A A MUY PR A R A0, Ik, A B A B B
2 T FE L U I T BUOL B = A L TR R
FARAF S, C BOR D BoA LAk B 0 52 50 9 2
O, B T LF A BT 5 S (B 122) AHTE T 5
AN W A B AR SRR A D R R
TH o E I FE S S BOCH MLTUOR AN 2 | R I 45 2 A
B TOC & B ¥ 8K, AR F A HLTT I A2 15 1
2 (L 12b). A T HF— A 0 e DR R 5 A ML &
W XERSEGEM,#Z(La/Yb) 5 TOC )¢
F R LA B, OB D AR R e e i 3 o e R
FIFAVITRAE, DA SRR T — A5
(8 B BE B, A BIL T 9 2 it Gk B — A R (E XL X 3R
T 2 UL R A AT R A B AR e
s E A mBEERSECEIE S & . A
I, B XX — R AE 5 T TR BUR S 80(La/ Yb) (FE
0.93~1.22 35 [Bl N 45 7= 45 HLBK 75 it s {E X (18] 13a).
WA I —E B R M T A AL A
J, R i AR R T A Y AR AE R K R
YS TOC #4748l A T LLE B, TOC 5 A4 ¥4 5=
JERAE —E R IEAR G |l A = it T 2 1
JE s UTBUA HLTT, 24 28 Wy B & T 500 <10 B,
TOC H B i, RIS 7 18 3 — e dUi =z
J& DU A ML BE A ) T 6 45 L, i T ol 2R
71 (Bay,) F A 50010 *( 13b). £i4 Bk 3 #r,
A DL 2 R 2 g8 B A R B L B bR oA (3R 3).

R4 BREMERFAERESRIT

Table 4 Comprehensive statistics for characteristics of various lithological sections

B A TOC(¥H) A R DURER A ) ol A R
A ST A B FALIT(0.35) TR K LEROE i e 430 5L
BIUA S5t )2 )2 B FAHLIL(0.72) 24T R — 2 SREYUN XT3 A% R AA T
CIUA A7 )2 B FAPL(1.34) SRR K — K AR X B B AA T
D 4l i 5 B FAPLB(L.17) LR oK AR B A i
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iz ERFREXT A B .C D B4 Fh A M B2 R A7
WA (R, Cp N ZEEBE P E&ENA ™ 08
T 1 S 55 3 Y T AR R L A v A L
J = B AR R A — IR K IR A R T A
ML B PR A7 5 554k A O g o il fE C 0L 2y
7 )2 BE UL B2 B4 (1 4g) , P8 R I A T e %
176 3 508.8~ 3510.2 m W & kA 5e 2B RIS
I S5, 00 v o R e N R A T 2.2~
2.8 m’/t,DEMA SR 1.1~1.8 m*/t, Kt C Bt
J ARl B AL M LT S D BORZ . 5 Ah L
HMEHANMERE, K WA TR KEBCD A
FEA A AL

6 Z5ig

(D)X KL B R W EEEH 3F
FlE L ERA K K BAATUA LS A S T
FEXT R W B AE W 52 K B AR R U0 R 4
— KRR A B AR R E FEY A R
HEEE.

(2) KRLEHBETUAM A LT Z0 TR
fiE, A R BRI 4 2855 M B A HUOR A e IR
B BUAHSNZEOLZE CHARMNTER.D
v B AR A AR B R, A ABCD R,
ABH BCHI M BCD M 426, K - WEFELKT
BCD#Y .

(NGB KRB b 8 Al
S AR TR SRR X 4 28 R BERRAE (AT RAE
SR IR C U e A 7 12 B b A v i A 7 0 5 i
BB PR B 3E v B e L B A R A AL
F B i SR TR 2 K — IR K IR R R A HIL T DR A
55 A 2 SE R, AT A B A BT D 2l
HBIRZ K B R CTEAERNREBCD A
PR G

W& LM R A FE W (hitp: //www. earth-

science.net) .
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