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Abstract: This paper is the result of geological survey engineering.
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[Objective] The purpose of this paper is to synthesize the theories and methods of comprehensive geochemistry and high resolution
sequence stratigraphy. The high—precision chemical sequence stratigraphic framework of Wufeng Formation and Lower Longmaxi
Formation in Xindi 1 Well, Upper Yangtze region was established to provide scientific basis for shale gas exploration in the study
area. [Methods] We use the core, logging and sample analysis data of Well Xindi 1 in Upper Yangtze region to optimize the
indicators system which can divide the chemical sequence stratigraphic. The indicators system contains three elements assemblages:
the terrigenous input intensity(TII), the autogenetic precipitation intensity(API), and the organic matter adsorption and deoxidation
intensity(ODI). Then the fourth—order chemical sequence stratigraphy is divided by these three elements assemblages. [Results]
Based on the above indicators system, Wufeng Formation of Liutang section is divided into LCW sequence, the lower part of
Longmaxi Formation is divided into MCL1-1, MCL1-2, MCL1-3, MCL1-4 fourth—order sequences upwardly. The total amount of
elements assemblages related to TII is relatively high near the sequence boundary, but relatively low near the maximum oceanic
flooding surface. However, the total amount of element assemblages related to API and ODI are generally lower near the sequence
boundary and higher near the maximum flooding surface. [Conclusions] Representing different genetic significance, the cyclic
variation of element assemblages is respond to regional sea level change, and has regional consistency. The sedimentary environment
with smaller TII, smaller API and larger ODI is conducive to organic matter enrichment in shale. So it can be used as the basis for

regional stratigraphic correlation.

Key words: Upper Yangtze region, Well Xindi 1; Wufeng Formation; Longmaxi Formation; chemical sequence stratigraphy;
geological survey engineering

Highlights: A new idea of chemical sequence stratigraphy in the development of isochronous fine division and correlation of shale
segments is explored. A theoretical model of chemical sequence stratigraphy based on the combination of geochemical elements of
different origin is established.
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Fig.1 Regional geological map and location of the Well Xindi 1
1-City; 2—Section location and name; 3—Well location and name; 4—Thrust faults; 5—Cenozoic intrusive rock; 6—Jurassic intrusive rock; 7—Triassic
intrusive rock; 8—Cenozoic; 9—Cretaceous; 10—Jurassic; 11-Triassic; 12—Upper Paleozoic; 13—Lower Paleozoic; 14—Precambrian
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R1 TE5TYHIFELEXZE (I8 Craigie, 2018; Zhai et al., 2019 152 )

Table 1 Genetic relationship between elements and minerals (modified from Craigie, 2018; Zhao et al., 2019)
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Table 2 Element correlation coefficient data of Wufeng—Lower Longmaxi Formation in the Well Xindi 1
Al Fe K Mg Ti Zr Ca Na Mn V Cr Ni Zn Cu Si Ba P As Pb Sr S Cl

Al 1.00

Fe 092 1.00

K 096 0.84 1.00

Mg 027 0.18 0.39 1.00

Ti 090 0.81 0.89 0.17 1.00

Zr 0.48 041 049 0.19 049 1.00

Ca —0.47 -0.52 -0.29 0.49 -0.49 —0.12 1.00

Na 0.22 021 0.14 0.03 0.27 0.18 -0.21 1.00

Mn 0.08 0.10 0.17 0.56 —0.05 —0.01 0.43 —0.24 1.00

vV 0.67 058 0.74 0.11 0.89 0.30 —0.35 0.21 —0.13 1.00

Cr 022 0.09 036 0.55 0.28 0.06 044 0.05 021 0.44 1.00

Ni —0.02 0.01 -0.07 —0.24 0.02 —0.11 —0.27 0.20 —0.23 0.19 0.04 1.00

Zn 0.12 0.12 0.09 —0.13 0.08 0.09 —0.22 -0.03 —0.13 0.21 0.08 0.55 1.00

Cu —0.33 -0.28 —0.29 0.12 —0.35 —0.13 0.45 —0.02 —0.03 —0.36 0.06 —0.37 —0.38 1.00

Si —0.46 —0.40 —0.62 —0.71 —0.40 —0.30 —0.50 —0.04 —0.47 —0.35 —0.52 0.24 0.11 —0.14 1.00

Ba 0.61 049 0.68 0.14 0.86 0.21 —-0.31 0.23 —0.15 093 0.40 0.02 —0.01 —0.32 —-0.33 1.00

P —0.69 -0.57 —0.71 -0.61 —0.57 -0.43 0.01 —-0.26 —0.22 —-0.34 —0.32 0.16 0.10 0.06 0.63 —0.40 1.00

As 0.09 0.13 0.13 022 0.00 -0.22 0.23 -0.01 0.35 0.04 0.15 —0.12 0.10 0.18 —0.34 —0.03 —0.10 1.00

Pb 0.23 031 0.11 —-0.36 0.21 0.16 —0.45 0.34 —0.07 0.05 —0.33 0.31 0.08 —0.23 0.18 0.01 —0.04 —0.09 1.00

Sr —0.44 —0.52 -0.28 0.26 —0.45 —0.11 0.86 —0.20 0.28 —0.30 0.40 —0.29 —0.26 0.40 —0.36 —0.27 0.12 0.15 —0.40 1.00
S —-0.04 —0.17 0.00 0.13 —0.16 —0.09 0.15 —0.46 0.43 —0.13 —0.07 —0.26 0.05 —0.11 —0.05 —0.13 0.00 0.27 —-0.32 0.19 1.00
Cl —0.20 —0.13 -0.24 —-0.17 —0.16 —0.17 —=0.01 0.55 —0.19 —0.16 —0.26 0.09 —0.07 0.13 0.06 —0.11 0.03 0.14 0.45 —0.02 —0.16 1.00

RI M ARER—ADRATREETREMNSER

Table 3 Principal component matrix of major elements of Wufeng—Lower Longmaxi Formation in the Well Xindi 1

TEITE Fior1 T2 93 4 EZR
Fe, 0, 0.915 —0.192 —-0.123 0.122 —-0.076
ALO, 0.972 —0.142 —0.082 —0.001 0.016
K,0 0.974 0.038 —0.085 —0.112 —0.005
Na,O 0.260 —0.275 0.887 0.250 —0.082
MgO 0.400 0.774 0.187 0.045 0.448
TiO, 0.915 —0.233 —-0.003 —0.116 0.003
CaO —0.344 0.868 0.189 —0.234 —0.146
SiO, —0.601 —0.699 —0.137 0.259 0.211
MnO 0.173 0.748 —0.259 0.560 —0.142

R4 AHEE L DRATRBETERENER

Table 4 Principal component matrix of trace elements of Wufeng—Lower Longmaxi Formation in the Well Xindi 1

MEITER Fior1 FEin2 93 4 ES TR
A% 0.864 0.314 0.010 0.171 —0.005
Cr 0.288 0.686 0.201 0.331 —-0.370
Ni 0.416 —0.533 0.427 0.230 —-0.317
Zn 0.396 —-0.299 0.649 0.075 0.052
Cu —0.611 0.269 —0.341 0.259 —0.220
Ba 0.785 0.379 —0.144 0.147 0.013
P —0.440 —0.421 0.402 —0.055 —0.307
As —0.157 0.241 0.227 0.625 0.520
Pb 0.295 —0.664 —0.403 0.197 0.127
Sr —0.548 0.508 0.095 0.174 —0.260
S —0.254 0.271 0.424 -0.212 0.668
Cl —0.144 —0.446 —0.380 0.599 0.175
Zr 0.436 0.161 —-0.369 —0.420 0.089

ST aE R, BaE B 1R EMERN  KREELN 1, Ti5 FeF FIRIKEEZA R 3,
0.785(F 4), TERE Mgk Hrp, Al S5 K iFERK Al K. Fe. Ti & 0 rBR R BEBSAE 4 LLIN, Al

http://geochina.cgs.gov.cn H1 [E L, 2024, 51(4)


http://geochina.cgs.gov.cn

B 51 B AW B R HION b UF IOE—JE EHRA T Bos e B R T 2R 5

HAKRERS 1361

Cu

o ——

Mg —

si [
P

Zn

15 20 25

VLGN

P2 i 1 T2 — g SR T BT R RS REARE

Fig.2 Dendrogram of element cluster analysis of Wufeng—Lower Longmaxi Formation in the Well Xindi 1
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FREGCHE 254 6, Ca, Sr. Mn 5 Mg AY-F 5 KRG 25
A 11(E 2),

V., Ni 1R A HL BT W B R 3 Ji i B A i M o
Fo TEILRMESIEERP, VS Ba LR
K, A 0.93; Ni 5 i J0 2 A HHOC REI AL

0.5(5% 2) . TEMUEICER Mot SR, V. Ni,
Ba 7E 3 MU 43 1 9 2107 1B 43 9l A 0.864. 0.461 .
0.785(% 4) . fERIHTEE R, V5 Ba 9°FJ7
Wk FG P B e, g 1, N Zn B9 )7 Rk EG B B8 A 4
4 3; V., Ba, Ni, Zn SRR 5 IR G B 7E 6 LA
(K2),

4 R E R E

J2 7 b 2 27 43 W B Y AR 2 G A
1] /9 37 5] (Hagq et al., 1988; Posamentier and Vail,
1988; Haq and Schutter, 2008; Catuneanu et al.,
2009) . Pl AR BEAHSCTT R 4 & 5 -1 TR
F14) i) i, 5 Ry SRR, PRI b AT LA FH Bl 5 A58 B2 A DG T
R A SRR 2 R U A ORI T T
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ST T, VK 5 DX R, R R ek XN, —
U i O A e B ek 559, ok R AR B A SE T R A
SR WS TRDT FF, K B 35 X e /), ZR R
ol X498 R, — P i YA A e iR R VR A
MXICEH G BER K, AU 2 7 12 501
Hh, Bl AR A DG T R AL A R R R R S
MR Z A, HAEDIRESRIE | A LT R A8 5
JE B AH G 0 22 A G X T T8 A R AR At A —
Wi 7, 38 R 5l T AR i A R R AT KOG
F,AHSZ KR G4, ik IRRIE 3% | pH
{H. Eh {55, S R T LR ERG R A . S H 55
Bili YA A R, ZEAR SO AT, 5 B A DITE R B Y
XTI E A SR A AP 2 F, A B
W2 B s Ji e B P AH DG T R 4 AR A EF 2 AL,

B 1 I A — T TR AT B o Wk
JZ2 2 2o d b i DR AR . B AR DL
55 L A AL I B B D5 A C T R AL A R
AR EE A b, TR IR U 1A 2
(LCW), Je DR 4 T BOfBIH 4 )27, A i By
#°4 MCL1-1, MCL1-2, MCLI1-3, MCLI1-4; JZ )
JiE i FAK K i 44 4 SBW., SBLI, SBL1-2, SBL1-3,
SBL1-4; 51| 1 45 J2 ¥ | Kz I, IRk am 44 0
mfsW. mfsL1-1, mfsL1-2. mfsL1-3. mfsL1-4, [if
T AR BEAROC E it O TR A A B R TR
T O A X 2 i, T e R I 2 T R S AR G A1, L
A ICER B S hE AR A RRE . A R
DUESR A E T R A A E AR T EH A
S | A LT R R B T A i T R A A
TR )2 P S BT — AR, 7 R Kz i —
M e, HLOTE S 2l /D i AR AL RRAE
AN [F) B R e R A A B B e P AR b
DX Sl 1A~ T A8 A A o 1, BT DX — 3k, TR R
DX S th 206 AR . 2 BEUZ P PR iR 58 LR (R
FAZE | 20005 Catuneanu et al., 2009; £5E 4 45, 20105
ARHAE, 2018) , AR B A0 A (] 25 15 43 B, X 262
JF DA > T 0 95 e T -2 T Tl e ) A0 R o T
THEEIE ) JE )2 e, LCW & i —S g2 ¥ 40
W =Ry . FETFHARTCRERAS BEE
FRAE LI 3 FNEE 5.
41 LCW BF

LCW )22 7 i 5 ) A 988 B AH OC (Y AI+K+Fe+Ti

FHROTE A G MEH Al B ERBHN R, =%
SEYE S 5K 20.14% F1 0.67; J2F IS AL SBW [ff
T, W RE R 25.76%, 0.88; [1] I, — &I
N, TE e KR IZ T mfsW BE T, T ECE A B R
9.42%. 0.30; )\ mfsW [1] I, — 3 & A7 3 Kt 3%,
FZFF A SBL FHL, — 3 B/ iillh 20.14%.
0.65. HAVTTEME M EH CatMg+Mn £ EIGH
HE I Sr i TR BB Al AREIE . A LB
R Rz 46 J5 88 5 AH 5¢ VANi+Ba+Zn R T E 44
i MO R B, IME A 1.16 2 30.32x
107, 1266.4x10°° & 6.65; J2 ¥ ik #ifi SBW Fff it ,
VY 2 KUAE 43 5 R 0.86 K 22.01x107*, 1339x107° J%
5.28; ] b U35 BUE AR 2 1S a3, 75 i Kifg iz
T mfsW T, VO EE 7351 1.22 & 49.17x10°7%,
1833x107° J% 10.70; M mfsW [i] I, DU e A 9]
kA, B2 E T A SBL1 MHE, PU# 5084 3R
0.98 & 45.43x107*, 1048x10°° & 5.34, W& 3 F1# 5.
4.2 MCL1-1 BFF

MCLI1-1 JZ2)7Rlii%m A s A Al+K+Fe+Ti
FRICRAG DM Al &£ RBHT R, =&
SESAME 430 R 13.48% Al 0.44; 2 F K S 1 SBL
RfF3f 1] b, 35 080N, FE e K2 T mfsL1-1 [,
THBESMN 6.31%, 0.15; A mfsL1-1 1] |1, —
HEEAYE G, B))Z2)F A SBLI-2 [k, —
H RN 22.31%. 0.86. [ A= UTTE SR A O
) CatMg+Mn £ ITTEH A K Sr il Iu R S5
1 AL-bR HE AR . A HL BT B B i T o BE AH OC
V+Ni+Ba+Zn IR A A it M HE £ R EIYE
=, SFEES A 2.28 2 63.79x107*, 1333.42x10°°
Ke 11.62; f1 )2 FEIRE A E SBL BT i) |, DUk kK
PRSI R 3, TE B KIRRZ T8 mfsL1-1 FHIT, DU 4K
870 59~ 4.09 K 145.6x107%, 1142x10° f 22.48;
M mfsL1-1 [f] [, & V+Ni+Ba+Zn i e Z 44 508
wAh, HAy = HEUEA WM S, 227 Tk R
SBL1-2 BT, DU B0 5390 0.45 S 18.31x10°*,
1892x107° J¢ 7.74, HARULIE 3 g 5.
43 MCL1-2 BEF

MCLI1-2 JZ2J7hlii A SR A Al+K+Fet+Ti
FHRIUTEA G MR Al &£ R, =%
-4 1H 4 B R 24.61% i1 0.83; 2 7 I A m
SBL1-2 Bffir ) b, & I8/IN, FEHIZ 17 mfsL1-2
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Fig.3 Histogram of chemical sequence stratigraphic analysis of Wufeng—Lower Longmaxi Formation in the Well Xindi 1
1-Nodular limestone; 2—Siliceous mudstone; 3—Mudstone or shale; 4—Silty mudstone; 5—Argillaceous siltstone; 6—Tertiary/quaternary sequence
boundaries; 7-Maximum flooding surface; 8—Variation tendency

FFFSIE, — 2 BR300 A 21.83%. 0.73; M mfsL1-2 [
b, SEBCEA RO, 22 P TR SBLI-3
VT, MRS HR 26.77%. 093, HATITERE
A CatMg+Mn EEICEA A K Sr iE e R B
T AR AELRAE . A ILJET W B B O i B A O
V+Ni+Ba+Zn i IT R A G B M EE R T
B350 0.66 & 19.80x107*, 2022.47x10°° % 7.59;
2 7 i T SBL1-2 BT 1] |, DU35 BB KA 2
B FEd KR T mfsL1-2 BT, PU& $E 5

S Sk 1.06 K 25.08x107*, 2149x10°° } 7.98; M
mfsL1-2 i) I, DU EE AT D/ N 35, 2127 T
St SBL1-3 [if i, DU %018 43 1l o~ 0.26 K& 11.00%
107, 2053x10°° Kz 7.44, WK 3 fne 5,
4.4 MCL1-3 BF

MCLI1-3 JZJ7 R4 AT BEAR G Al+K+Fe+Ti
FRERIGTRAGSEM AL'E £ R R, &
SERIES M 26.13% F10.88; H1)Z A FLi SBL1-3
RpF 3k 1] b, 35 /0N, TR S K HEZ T mfsL1-3 [,
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RS 1 ARIER—EDRATRUFZERBEFHERE

Table 5 Chemical sequence stratigraphic characteristics of Wufeng—Lower Longmaxi Formation in the Well Xindi 1
SN AT HAEDUETR PR CER AU PR B I 5 BE Fa bR e R
R (Al+K+FetTi) EF-Al (Ca+Mg+Mn)/Al SUAl (V+Ni+Ba+Zn) EF(V+Ni+Ba+Zn)
1% /10 /10

SBL2 26.99 0.98 0.87 16.45 1640.00 7.12
mfsL1-4 20.08 0.61 2.05 48.19 3432.00 10.76
SBLI1-4 28.36 0.96 0.31 15.38 1938.00 8.03
MCLI1-4(33{H) 24.64 0.82 1.09 27.30 2698.18 9.35
mfsL1-3 20.93 0.66 1.39 27.06 2310.00 9.10
SBLI1-3 26.77 0.93 0.26 11.00 2053.00 7.44
MCL1-3(3{H) 26.13 0.88 0.52 17.61 2399.56 8.28
mfsL1-2 21.83 0.73 1.06 25.08 2149.00 7.98
SBLI1-2 2231 0.86 0.45 18.31 1892.00 7.74
MCLI1-2(¥J1#) 24.61 0.83 0.66 19.088 2022.47 7.59
mfsL1-1 6.31 0.15 4.09 145.6 1142.00 22.48
SBLI 20.14 0.65 0.98 45.43 1048.00 5.34
MCLI-1(3J{f) 13.48 0.44 2.28 63.79 1333.42 11.62
mfsW 9.42 0.30 1.22 49.17 1833.00 10.07
SBW 25.76 0.88 0.86 20.01 1339.00 5.28
LCW({H) 20.14 0.67 1.16 30.32 1266.40 6.65

T H BRI HIN 20.93%, 0.66; M mfsL1-3 [f] F,
HEEAYE G, B))Z)F A SBL1-4 ik, —
HEE N 28.36%, 0.96, [ A= UTTE R A &
) CatMg+Mn EHITEHA A K SR E BB
1) AL-bR AE AR A BIL BT IR B i T o BE AH O
V+Ni+Ba+Zn g o R A G it ML E £ RECF
B350 0.52 & 17.61x10°*, 2399.56x10°° }% 8.28;
)2 IS B SBL1-3 FfFT 1] b, U2 R fE Rk &
B, FERHEEIZ T mfsL1-3 R, DU %E 25
9 1.39 } 27.06x10*, 2310%10°° &% 9.10; M\ mfsL1-3
) b, POE B A D8 N R, B2 7 T 5 SBLI-
4 PRI, DUEBUESY 4 0.31 12 15.38%107, 1938x10°°
Je 8.03, ULIA 3 FIEk 5,
45 MCL1-4 EF

MCLI1-4 27t AR Al+K+Fet+Ti
FROTEHAASREM Al EE R R E, —
HOFHE 4 B N 24.64% A1 0.82; H 2 TS B
SBL1-4 Fffifr ) b, — KW/ I\, TERKIFZ 1 mfsL1-4
FFFSIE, — 25 MR350 20.08%. 0.61; A mfsL1-4 [i]
b, SERCE A WK, B2 )P T A SBL2
W, AR 26.99%. 0.98, [ AETTVE R B
A CatMg+Mn ERICEA A K Sr i EITER L
I ALBREAGAE . A AL T W B B2 3 T B AH G

V+Ni+Ba+Zn IR A A Bt M EE RO
535910 1.09 }2 27.30x107*, 2698.18x10°° & 9.35;
2 7 i Bt T SBL1-4 BT 1] |, DUS5 BB KA
B, FE e KR ] mfsL1-4 BT, PU& $0E 4
B 2.05 B2 48.19x107*, 3432x107° & 10.76; M mfsL
1-4 i) b, D5 B0 A el ) R 32, 30 )2 7 T A
SBL1-4 [T, DU B0 53904 0.87 J 16.45%107*,
1640x107° K& 7.12, WLIE 3 5k 5.
46 ETESXESH

P ol VA i i A N A T 5
N AT BT B B D B R IR TR AR, AT
FITF oA AR E . P, AR 25 27 G
FLH A =R oC R LA A R AR R S (& 3) AT,
mfsW BT 00 S 50, MCL1-1 46 K &R 43 L
& mfsL1-1 Bt i 5UA S0 1 848, mfsL1-3 Bif i ot
TR S5, SBL1-4 2 7 S 18 FHE % mfsL1-4 Fff
DA S B, HAR 45 27 S 5US <0
J1—M o

5 45 i

(L) 1 T —Jg R T Btk RliZe
GRS RIR AR i kRt Y/ NESE N} (¥ eL|
Ao Fh A 32Ok A R, 439 R R B A
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Bl R A, WA A AEDLVE, A A AETUED
Y. Al HRETRE A bR EMEICE, Ca i A A VIIERR
BHEITE, V. Ni A AU B SR B A b i
JLE.

(2)Hr i 1 HF 2] — I R AL T Bk
OB A 5# A X TR A G Al K. Fe, Ti; @H
A DIE R FE A LR 4 A Ca, Mg, Mn, Sr; @FH L
TS B R s BE AR DG TT R 415 V. Ni, Ba, Zn,

()RR A E BT R 2R bRl s 3]
30 LCW —AN 27, e D3 A B A R kX4
4 MCL1-1, MCL1-2, MCL1-3, MCL1-4 3t 4 4~ )2
1B 22 PP G U ORH 24 T DU 2 R v T R E [T 1
W2 BEREASREEA G & | g o R4 A B
TEJZ 1y 5 T80 BT R X A e, T 7 e 2z T RS A
XA FAEDTIEREA X E M T RAA BE
Fe A6 BILJG  Bf R 3 I i AR el R e R A A
TE )2 7 S IR I — AR, T i Kz Tl —
MR R o XA R R PR 7 R e 2R A A R e [
PEAR A 2 XIS AR AL A 7, 7T 7 Sk IX 3 )2
X AR

(4) A HLIT — M a5 4 i YRR S o A 38 /)N
A DTSR /DN . 75 HILJS W BR B 3 i B R A AR
2o PR, 76452 5 b B RV 2 1 BRI 198 )
3 P 45 )2 P A, JE R mfsL1-1, mifsL1-
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