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Fig.2 Petromineralogical characteristics of the Longmaxi Formation on both sides of the ancient land.

(a) weathering crust between the Longmaxi and Baota formations in SH outcrop on the west side of the ancient land; (b) graptolite of
Well XD2 on the east side of the ancient land; (c) thin-bedded pyrite distribution in BZT outcrop on the west side of the ancient land; (d)
radiolarian of the Longmaxi Formation XD2, east side of the ancient land, thin section characteristics; (e) pyrite framboids in well XD2
on the eastern side of the ancient land, scanning electron microscope characteristics; (f) minerals characteristic of BZT outcrop on the
west side of the ancient land, thin section characteristics; (g) radiolaria in BZT outcrop from the west side of the old land, thin section

characteristics
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Fig.3 Sampling locations and mineral composition characteristics on both sides of the ancient land
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Table 1 Major element content(%) and related parameters on both sides of the ancient land
TOC Sio, ALO;3 TFex0s MgO Ca0 Na,0 K:0 MnO TiO, P20s berk i CIA
B(25) 0.13~4.07 34.09~95.37 1.14~18.37 0.40~4.57 0.12~10.49 0.088~18.42 0.073~0.77 0.32~6.04 0.003~0.72 0.054~0.83 0.028~0.13 1.70~28.02 50.07~70.09
By 2.13 78.61 5.40 1.60 1.30 271 0.34 1.86 0.11 0.28 0.06 7.14 63.97
X(26) 0.17~7 29.54~67.07 4.12~17.39 Ts51~5,48 0.97~7.21 2.77~22.06 0.04~1.43 1.15~4.60 0.018~0.40 0.20~0.72 0.051~1.10 5.60~30.28 46.63~76.18
X s 2.09 50.88 10.98 375 3.24 8.78 0.63 3.08 0.067 0.51 0.14 14.88 67.78
ucc 65.89 15.17 4.49 22 4.19 3.89 3.39 0.07 05 02
B/UCC 1.19 0.36 0.36 0.59 0.65 0.09 0.55 1.57 0.55 0.32
X/UCC 0.77 0.72 0.84 1.47 2.10 0.16 0.91 0.96 1.02 0.70
TE: B (25) J9 BZT #illif 25 1FFE i o ME~ R E: X (260 A XD2 I 26 FFE i 5 i IME~ KB UCC 5] B 3CHR[12]. CIA ML XUALIEHL
x2 HERMEETER (100 RAXSH
Table. 2 Trace elements (10°°) and related parameters on both sides of the ancient land
Sc v Cr Co Ni Mo Th u Motr Ukr La Yb SREE Mo/TOC  V/Cr Ni/Co U/Th
Bos) 1.0~16.8 18.4~667 10.8~95.6 0.4~16.4 9.7~134 0.3~34.9 0.9~19.2 13123 0.45-264.82  0.69~26.58  2.7~51.7 0.4-3.1 1592167  22~201  11~199  2.0~40.1  0.10~5.37
B ys 44 232.1 34.8 42 30.5 16.7 5.9 44 101.63 8.91 18.5 13 81.4 8.5 7.7 11.7 1.59
Xeo) 291~17.10  6.85-458.84  21.22~162.59  3.31~18.22  34.42~15234 033~95.71  3.60~21.49  1.25-39.45  033~241.18  1.03-32.07 15.73~51.93  1.12~3.01  73.46~229.59  1.7~29.80  0.32~4.94 2.83~18.10  0.16~5.04
X g 10.27 132.89 93.47 11.71 69.77 15.53 14.77 8.25 35.92 5.66 3821 1.97 171.6 7.02 1.52 6.93 0.83
PAAS 16 150 110 10 55 1 14.6 3.1
B/PAAS 0.28 1.55 0.32 0.42 0.55 16.70 0.40 1.42
X/PAAS 0.64 0.89 0.85 117 1.27 15.53 1.01 2.66

WE: B (25) A BZT HIM 25 HAE S gn 5 i/ ME~ORKME; X (26) A XD2 3 26 1-#f i 5 B/ ME~IORE: PAAS {651 HSCHR[12]. EF MR EHE R, AN EF J6R= GLR/AD Ff/ (GLEK/AD passe ZREE

Rt s F=La+Ce+Pr+Nd+Sm+Eu+Gd+Tb+Dy+Ho+Er+Tm+Yb+Lu.
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Fig.4 Linear diagram of terrigenous material input



s PESE: RREVEC el O TLe A — e R A U A 2 7

— U TR E G R, W Zr. HE. Th. Sc. Y. REE Z5/EJUA ML AL FE b & =
ARAAR/NOEY,  BEARGF MR B B ) R IR A AR S5 B, WA Wil g P B R X AL 3 1 55 A
9] 0 FR ARG 2005231, ZE W5 A 40 53 PRI AR REE-La/Yb 06! (J&] 5a) , BZT B THIFE R Ak %
AL T UIRVE B BT E X SR A X, DR EETIVE A5 RS  FERE M X E S
DXk, 1M XD2 J T ARE L R ZVEANTIIE X, e iR 4LRE i s W K 2 AR K 5 1T
FUE AL IX 4k 7F La/Sc-Co/Th FIfERY (P& 5b) v, BZT H#ITHAF 5 3 B A T K TR Kk
HIX SRR A X, B0 1K PR - R A TR A IR X R (%A o T XD2 JF FLid2H
e SR A i BRI S, R EAERIEFUK A ML A 2 0. BT BLE H, dilG
PEPDIRECN B2, AR PE RSB K BE o, IR B S RN o 1 by B 2R 4
BRHR—, FENKIEF KBS

1000 (a) 100 (b)
o
100 R
& O 1| * NG
£ £
5 10 & ®
® _— A °
L °
L) A °
i 1 ) A A
K Kl & L]
. e
0.1 . . A 0.1 : i : ‘
1 10 100 1000  1000Q 0 9 4 La/Sc 6 8 10
REE(%0)
25

® LBk puBZT ] i
A HEEFRMXD23 g TR 4
A R A IXD2 3 FLg A

RG]

Lo f PN pUE: 4

it 5 K

05
KEEZIN

) 02 04 06 08 0 Th
Se/Cr

KBS (a, b) YRR (e, d) MG 500 5] K
JRE (a, d) $EICER[16], (b)) HESCHR[24], (o) HEICHR[25]
Fig.5 Provenance attribute (a, b) and sedimentary tectonic background (c, d) discriminant map

base map modified from (a, d) [16]. (b) [24], (©) [25]
FERIE TS 57 0 0] B Sc/Cr-La/Y wptis2) (& 5¢) , BZT HITHAE % A BB 1, 2
2 B NS KL 25 B K By IS LI X 3. #E La-Th-Scllo) (& 5d) 2B ARFE
Fo FTA RS R BRI SIRREIA S . sl KL 2 K K B X k. T XD2 S T4
Lo e S A S B R, B A KL & (X .



LR Rk

Zi b, XTECERE AR, PEOVE R oy B G R BN E AR, R 2 K B IR
Belg ik, Xl ae 50 541 s OC, Wl Re s R B IR e AE OC . Tl
ol 2 00 ) B b, X7 23 b P 0, i i b ST @ P, M AR RRE , N Bh KBk 4
7
32 AMEMRKESHERERR

VUK A (R A8 JE I S 4B 7K ARV S B R IE S LA DR AR A SRS A & s A A b 3k
WS RHE R 256, 85 SRS SR IR K AR R85 A R T LT 1 CRAF 177 5 s T Bl 5 D0 AR
K026, WEFRER M, S FEBURMEGCER MW V. Cry Thy Co. Niv Mo, U Jfase i X R
M o3 (REE) T 12 B T KA S AE i 1t it g 27, SR T IX 46 e 38 1) AR 52 4%
TR E R, TR R 2 R HR IR 25 45 25 4 R A9 2 BUA R IR .

KERFFCUESE, o B3 7 M X F 02— SR 4 B A R U DU T 3T S B R 527281,
LEERFSE, AR RAER M V/Cry U/Thy Ni/CosR& Mt ke e HLHER 1 Eu i 2
HOROT G T B P A AR A2, ] 6 s, PO V/Cry, U/Th. Ni/Co ¥ 2 BUARAUE S,
XD2 Tl b3 A e B A I KR I IRAEIA R, A BKAR 2 EG: Tva 0l BZT
FI e SR AR AARAE T IR — R, W A Ve o . XD2 FEAE T B IR AT AR K A4
EA—FIEIEL, (LAIRTE B A USSR T i A7 LR A DA oy A 7 ) At
R R AR CRAE S AR o T o7 Bl P O 5 DL SO R A, U AR RS A ) T LTI
RAFA TR E.

FEYURRA 2 Hb 5 T, 0K Mo R LA 1) 1 B3R 4k 22 KR AE K H A 9 251 Mo/TOC I U-Mo
B AR PR i N T L HORE KR BRE R 19281, U A Mo MBI, 7R SEE SRR K 4
GEETRIR L, (B2, U KPR EET Mo YIRS, U 7R /KR & 5518 [R5 T 3l
FHEVTRAB3, T Mo T 75 S50 R 1R 7K A4 S Ak B 1%, BR HoS BIARAEA FFURTTRANS2, #E 5
TR SR TIRR RH, 6 )8 J0 B TE SR — R AL K A 1 SR A1 2R T UKL AL AL )
(particulate shuttle) 35012829331, FERRALTAR Ftth HOR AL BOREAE i, UARH) Mo W18
W 38 e T AR R AR R AR i DX e T AR ARBR A (R R AR SR I DTAR St U R BEAR AR T
Mo, HBA BRI, 7E U-Mo MR KT (& 7a) , HEEVEM BZT HH M K Z
ENFRLALRIX,  HA5 557 B PRI Cariaco ZiHiAHIT, B PG Ie SR yiAR 152 B AR
SEMA R, PR KAR 55 R IR BB AR IR . X 5 SRR AR A ) &, BZT 11 X 9 — Ui P&
s (B DD KO HE R, A — R T AR A TR K EE b e Bl 2R 0 XD K 43 R
BN GG AL HIX, Mogr KT Uer, K2 H0HI Mogr/Ugr {H 5AE 1xSW 2 3xSW X, {E



s PESE: RREVEC el O TLe A — e R A U A 2 7

A FKIME T, Mopr/Uer I 3xSW £k, (HANEILIXIK, FFBCAREE U, Mo I E £
U SR B PR IR . IX P U-Mo P2t 2T Ry - A2 AR B 20, Mo VR, Mo/U
SRS . TAESRIA R, Mo B G H ARG Mo/U FE(R;  dffi A< 00 i
Mo DX A B A, Mo FEHEK 1 IR BERAR,  IXHLEAS Mo/U AN ARG F A FE Fr 2L
e, T H 993 A A O] DMERRHE KIS B — 2 1) Mo U 4hay, AN AR ami B i I
fi Mo/U 1B FEARE*35). - Algeol! 81 i H X Al U-Mo W2 15 2UAE 2F iy B WTAR 7l o B AT L
Ak, XD2 8 BIERA Mo-U 2R M IER 5, 3 B HOK AR AL A g5 Us], i)
IEARSRESS, WA AR BE R e R A 5 0®) (J Tb)

b7 ki PE B Z T T i Bl AW XD 23
H V/Cr Ni/Co U/Th I 2 V/Cr Ni/Co ~ U/Th
o 0 2 425 2057 0] 1 15 6 - . ‘25\ R 2” Oy i/
IR = 0 (o R i 4 P Ak ERRE TR
7 s L 1920
e o e
.® e > 1950 ,. * T
.. . I.
2 S & . L
p T4 i R . Sk
B‘é . 0 . I!J 1980 x :' :.
; B iy I U R
. . . 2 ‘e ® ]
8 o < - . .
. . . 010 :* ‘. <
< g < : : :
. . . 'I ' .
. . . [} % ]
E ‘.c i . . < o‘( 20407 :‘ .3‘ ‘:
| _sims i q 4 B ] Y Y
EHA o == - . . !
e 3o 2 1 ‘ . L] .
= N - _am s ° ® i o e . o
‘ ‘ iﬁu Hi B .o . Lo
i

B E= @ = B 1
T ‘ : i E=== E=% == |
rRKeE  ®IHkES Tek I 5 e KE RS BRKE BURES KERE =HiES
B6 bl 0 A AR S A B X L P

Fig.6 Comparison‘ef exidation-reduction properties on both sides of the ancient land

® i i 7 B Z N i Bl 2R UX D23 o 5 3 4 A B AR MXD2H: g 4
1000 100
- o
[ T R g ! ] 80
Cariaco o N i _._..'ﬁ W iy
100 R e 5 T B
E 1 . < 60F
| & " 40
10 E
5] WP ) )
- ) 4 K 5 207
i e (RAFH)
1Lt L L PR SR L L PR T T 0
1 10 100 0

U U(10°)
Bl 7 SRR Mo-U HE ]l (a) 18, Mo-U £kt (b)
Fig.7 Mo-U covariant diagram on both sides of the ancient land (a) ['®! and Mo-U linear diagram (b)

WEFR N, S B BRI 5 A BB, Mo/TOC fH B 4.5, T AE 2K 5 IR 1 57 (K 39 2k
Framvaren I¢7%, Mo/TOC {3 K% 9, T1E /5 PR 459 123 N B dz H A6 E6 Cariaco 73,



Mo/TOC {4 25; i FF et KR IS K Saanich ##%, Mo/TOC Jy 4502934, fHAE R 2,
Mo/TOC iX —Z X LE AR A Ak MK A R 3 FH 29 AR YR 9t b BZT 1T 2 55 R 4R B: Mo/TOC
EAT 10~15, 55 RMERGRN Framvaren IS AT, B Mo/TOC A S ity JRFRPE
wag, IR 20 KA, JRPRVERLS, NARXIIFRECREE (8D o MiARN XD2 Hi iR
4R B Mo/TOC AT 10~15, R RIRVER M, 1M Tugd 50 BE A A, Mo/TOC 18
NT 5, AR A . T TR B UKo, A BREF I R, Fn R RERE
THEFR, KRR ], BRI I . MR IR, RO, K R,
2 5 R PE R N5, RO B . T2 rh e ], ARHREP I R R, ORI
WIEELF, KEREMIRS.

o7 i B 2 T T 7 Bl AR XD 2t

Mo U | sk | Mo/Toc | g

: oy | Fik | Mo/Toc | #hith
Mo, B Mo u 9 & 1000 40 IEBE o kB 30p JEE
= B i

4~ JE i1
0 wlo 20 EIRLE |, R 30 Itk

T
=
I

24

l L
#? IF L.
— — L — i B
— E £ 53
[ B g E = a4 =
| = E E: =
— — ) £ = —
= i — ?\ E E
L n [— - £ = -
- o e i E S
= . = = = =
= = a IR
B e oy — .1 3 £
r_' ) ‘f'; e s —_—_c& R LL. 8

B8 oty ) 2t e 1 F B

Fig.8 Comparison of basin attributes on both sides of the ancient land

33 RULEHRHSE

AR HL (CIA) BSVE ISR M il DAL 7 A A Y B SRR A 2R b, A3
N: CIA=100x[ALO3/ (ALO3;+Ca0*+NaO+K,0) 1. Her, ZA WM NEE /R F &, CaO*
RARERAERER S P LSS & &, BRI R EHRA AU CaO, KIETNVES % SR
[36]. [IBT, ZARMEA A AR Ca> Naty KFEEAFRE BB, mszm CIA
(HERR S, 8% H ALOs- (CaO™+Na;0) -Ko0 (A-CN-KO AR HEBR A AR AE I A 2 m 7381,
BRSBTS B AER, IBA WA E - ZH-F4T T A-CN Bl A-K {77 [ (26371,
BZT #{1 &% XD2 HHfh m7E A-CN-K EH 7 A-CN J5 10 A, S2Br A2 5 B R KA 2L
BAPAT (B 92) , UHIRERAETTRRI A A I RES, CIA (BT T A e AR AR T



G PEAE: BRI R O T A — e S IR A ORI A 22 5

W, FEA L TR T I AR CIA AT 50~65, EIE . I35 R i rh s
RALAER] CIA fE AT 65~85, % #v. WIHBI L F 5 2 XL AER] CIA {E A T 85~1001%81, BZT
HITH CIA AT 50.07~70.09, “FYIME A 63.97, Vi HA e B IR 4H HUAR IR R 52 0 5 AL R S 45
&, RMVSIEATRERONIEA . T4 (B 1. B 9b) o XD2 JF CIA N T 46.63~76.18, T
{49 66.33, Ut W I IR AL UM REAR 52 P AL 22 AR T, SRS MG A TR R (K A 5%
P, R P 307 L (Y UK S 04 068 T L 35 B R 2 A P 2 A o o R 000 LT S A5, AR oty
Bl AR 00, b Bl P OS2 ISR, BT T4 . BRI CLA fE2 B o s 76 07 1 1 I 3
K TGS PR, WALAYE ] DA BE AR F A 3, A2 A S i ol i ZR 40 2 XA
TEFECPE ISR . [FIRS, 75 A-CN-K FE| b, P ORE S s o0 A R 2080 (B 9b) , Ui
PRAEDIRUE AR AL T AR E B AU ARG 3 25 PR 3T) . [RIIS, A2 ML B L vE EE R 5 5
KL KA 2 1), s 3 ZON KSR KOs SRS, X 5T 3 M4t —3.

1002 et /Nu 5
KEN /4
| Axp2it / ; ‘ T &
- .fx)i'{imm 74 ; e f@{f;pﬁm e A ﬂ'*aimﬁ inﬁ%
80 el A //I ). EEslbe ® : Py T
/I Y7 4
70 i A é
A el
60 A A
; o Ay
S50 ¥ \ P T o
T : AR ) i
401 e 9
&,
304
" i A
201 a & A, i
7 R Y
101 e : 2 i
» %0 50 60 70 30 90 100
" K CIA

PO RN A-CN-K Klfi#(a) 5, CIA Elfi# (b) B7)
AZIE B RRE: RIS GAERA; UCC bitimesf
Fig.9 A-CN-K diagrams on both sides of the ancient land (a) 33 and CIA diagrams (b) [*7]

A. andesite; B. basalt; F. felsic igneous rock; G. granite; UCC. upper crust rocks
3.4 HEEAMTRAEERLER

B Rt — B S B 2 58, 52 X PN KRB UK AR S Bk, i B4 7 S X A7 AE R (1
T PR OB, AR IREE, AEVIRER Y, UUR LB M B 5 ACE 74041, i ol AR A H
I3 DX AT I UAR R S, 1T v i A0 <5 8 A e DU 52 3 o T BRI e S, v B A 2 G T
CA TH Bl SRR TIOR8 B ke, DU s R [l B, DSy, 1 i B3k
AR JZ K A B SR YO 1 K AR T SR 2w A WL DA 120 T ot Bl 00 20 4 R 4
AT R I A ERIE L T R R, R BIRRAS , 2 XM BF e 4 TR S b
g, PO T e SR A AL IUE S iR G AR (B 10) .



HE

AR P FLAF

e DR H

Tt e AR LT AT T B
i TR LT T =
e T T B D
\ e i e i NI s ey S e mem s
‘ Skl & B
-, o /
B P N mpe
& A
MIE R EEA
d. g eh
il i ""f}'\m 1 1A RS o Ol ik d TN F v 1t -
o g o AR AL A s s e A = o B Ak T _ i
\ \‘,‘?!w;};z T ) < - :4 i) 3. VIR P s
A cpiid 05 A T =
Rk o par / 4 - me-mm@».
oy gene /s =— s mEEE
i A —toans A 4
- T 562 1

H 38 £ 45 [ I

ey JE TR R

il e A AIXEEF A
eI
\ R
{ €, s
& < | AR iﬁﬁ;@'

---- = &* —4 s
Wik AR R P 4 ST

by A& Hr

v

ks T

s ® : :
- S— _ Bgks sk
= e 745
A * B P R

a i ]

g ' Yipen
,,,,,,,,,,,,,,,,,,,,, BZT#m - CEer XD

i [=]nens
mwin L] BiEH E=LE
woew [ ] | e ; noe.,
ot it 1 (=] o pamE
[a]
[N

HE N

BoAIR w205 ==|wns [ ] | szrm
i A I - e X
B0 bGP A B o]

Fig.10  Models of sedimentary evolution on both sides of the ancient land
g B TV S ARG IS SR, A5 2 O P 3 X s TR e R R B 1]
e A % 3G v I A S [ RO SR B ) JR BR P IE ORI o oty i P 0 00 46 T kBl R AL
YO o SRR FRIAL T B0 SR KR (0 Pt e o 0 B N Bl AR O L, e e it 7 K s
Yo, R . RN AR T A HUR I PRAF, TOC B
LS E MR BL: 32 A BROKHISEAFRE R, 7 i 4 00 e e DR F- i B, EE0BT E A
A IR (AR BRIR Eh E TR T o DKIIRFAE A= P00 e R DL AR b S S A ) K B S




G PEAE: BRI R O T A — e S IR A ORI A 22 5

H TSR SRR, B A8 75 Sh it/ 1T 5 SO A AR 8D, 1905 AP g, R
HAUKH TOC . T R Pa s B RE X, B Ui .

HEIR M KA, SERIRE, RAKIUBER, o kAR 00 B R e RRSE, K
IR Y2 TR A — R B IR KRS, TR A2 B T AN BE & S AR AL PR S5 A0 A 7 5%
AR I AR R THI AR KA, 388 JE A KR A R T A LS A DRAT o N T R AT SR K i 1 8
FVIR, HERER, RO SIENIMEENIRE R )y, B TOC SEILEAR . 1 ok i 76
M) T 9R ZA RIS By, 3 R X A 18 SRR TR, TE R S — A VR KA, Iz T it
BRI ETHERAE R, KL TR R OK TR SE 0, T BCR BRE TUE DO . B e (n
B L AR KRB, PR IISG R ) T AR S RN,
HLA2 DB AT /K A T B J2 AR B AL ANAE B B A 77, BT DA T R B ) 4 oy 7 7 M
BAR, T VR AR P S B

TEEE A gl AR S RE AR o B I R — A RGO RO @ M X T R 2 —
IREE, BHUEREJE S NBRAE TR T R R R E R WA, SR PRI A I,
BRI — 55 B KR IR B T EAA R T A DU ORAT, AEI2 AT T 555 A= 0 K A R i 0
X B e R R DT B AU DU s i PR ) BRI 2 M S ORI T B R, 18 AR X sk
FEE AR IR B A= D0 3, 45 TOCH B &

o E IR . o Bk AR A A X AR T IR KR S AR R, i U G R 2
BANR, LIEARK TOC H. 1 FEVEIAE POk R, TR IR, BRI
ISR, SRR ANABSEWIR, R EYRIRD, RIGOh AR SRR, B IR G K
N f#15 TOC EHA% .

4 ZEip

(D ABEPIIE R T AR R es, HITBASWEAR . ARNiEnX)E T 5
BRI FE AR DO A5, & A LB DU 1 2 DU AR B RO . PR R IR 2t g T T il i
REAIARDCRA S, WA NUR TUA EEONREUE R

(2) PEMERYE 7t v B8 g 5 B AH G OIM S 4R T Bt R L LA IORR, PIIAE g SR
JAEA i LB P R IR S RN, T AR XD2 MBS S, HRA s BN —,
PAR S K dca . pis BN & ¢, EE LRI RIS A A T, a0 EH
SV RN . SR PSS T SR, A RRL 2 K Bl B Jm bk, Xl ety
VAN Fe 5 4 5 Bk e A RE R A G o 11 vty ol 4 000 i 2t e 308 P 6, RIS AR N AR,



<

B R

IPNRULSZ8:

(3) TRl Pa e iR AL GTAR B AR 52 Al 2 AL RE LR, SRR T REBON VS T
W o TR 32 rh AL 22 RARAE R, AU i g SIS . BRI S, S RE AR AL 27 )
A TSR T ARG PG, ok s PE IR AR

(4) BP0 BZT Ht AR & e s BRI 2, 8 IR 20 g DRt e T+ A fae, It
BUKMEE IR, ik JR—RA e KA, RN 32 50 22 BRI & AR TTRR 520, S K AR A2 )
KERH, BAPURIUCE NG T REF IR 1M FE R0 XD2 H: DX sy i AH X
AR, BUBRIG TN R, IRUKRBGR, DA — 39 B8, KA RERT,
A NG TUA T A 28 TR R Uk T AR I S, R i A7

Bt RORFRAEEAREFLMREGEZTERL

SE Rk (References)

[1] Guo X S, Hu D G, Shu Z G, et al. Exploration, development, and constructionin the Fuling national shale gas demonstration area
in Chongqing: Progress and prospects[J]. Natural Gas Industry B, 2023, 10(1):62=72"

2] Zou C N, Zhao Q, Wang H'Y, et al. Principal characteristics of marine shale gas, and the theory and technology of its exploration
and development in China[J]. Natural Gas Industry B, 2023, 10(1): 1-13.

[3] Zhang J C, Li Z, Wang D S, et al. Shale gas accumulation patterns in China[J]. Natural Gas Industry B, 2023, 10(1): 14-31.

[4]  FEERFH, X, EIER, S REEH UG0S B AR A IR IR R TR IR R B DU IR CY D23
SABI[I]. HUBEIR, 2022, 41 (10) : 1813-1828. [Cheng Yifixiangy Deng Min, Wang Zhenghe, et al. Paleo-marine redox conditions
and development model of high-quality source rocks of the Early Silurian on the West side of Kangdian Oldland: A case study of
CYD2 well in Yanyuan area[J]. Geological Bulletin of China, 2022, 41(10): 1813-1828.]

[5]  5kvE, E8I, KUk, & BEE RGO E IR BB A TUS MR 2R AE R 25 L [T]. O SRR IR, 2017, 37 (1):
97-107. [Zhang Qian, Wang JianyYu Qian, et al. Black shales from the Longmaxi Formation in western Xikang-Yunnan ancient
land: Geochemistry and geolggical implications[J]. Sedimentary Geology and Tethyan Geology, 2017, 37(1): 97-107.]

[6] Zhang Q, Zhang B, Yu Q, et/al: Study on the provenance and tectonic setting of mudstone in the Lower Silurian Longmaxi
Formation of the Yanyuan Basin onthe western margin of the Yangtze platform[J]. Minerals, 2023, 13(2): 194.

[7]  EIEM, XM R, 5. TR R L 00 W2 T JRE S i SRR A IR . AERIR A MO ]. siBRAREE, 2018,
43 (10) : 3616-3624. [Wang Zhenghe, Deng Min, Cheng Jinxiang, et al. Influence of fault and Magmatism on oil and gas
preservation condition, to the West of Kangdian ancient continent: Taking Yanyuan Basin as an example[J]. Earth Science, 2018,
43(10): 3616-3624.]

[8] XIS, WAL, XNRMN, 5. BTG TS B R 7 M), dbat: #BT Rk, 2004. [Liu Jiaduo, Zhang
Chengjiang, Liu Xianfan, et al. Mineralization regulation and exploration evaluation in Southwest Margin of Yangtze platform[M].
Beijing: Geology Press, 2004.]

[91  HEoRTE. BEFERKE AW RAE R mFHR, 1988, 7 (3) = 229-235, 237-244. [Xiao Rongwu. The character and
evolution of continental paleorift zone in Xikang-Yunnan (Kang-Dian)[J]. Yunnan Geology, 1988, 7(3): 229-235, 237-244.]

[10]  KEEdy, BREE, 3%, & WHEEK RIS UR X A — I DR A TUE <R SRR EEERD] R, 2023,
43 (4) : 93-102. [Zhang Tingshan, Chen Lei, Liang Xing, et al. Geological control factors of shale gas enrichment in the
Waufeng-Longmaxi Formation of the Zhaotong national shale gas demonstration area[J]. Natural Gas Industry, 2023, 43(4):
93-102.]

[11] RSy, E, FHERE, 5. hEe B NICP-MSTIE Bk AL F & H 14 AR E TR [I]. & 07K, 2019, 38 (4) : 394-402.



G PEAE: BRI R O T A — e S IR A ORI A 22 5

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[Xu Jinli, Xing Xia, Tang Ruiling, et al. Determination of 14 Trace elements in geochemical samples by ICP-MS using kinetic

energy discrimination mode[J]. Rock and Mineral Analysis, 2019, 38(4): 394-402.]

Taylor S R, McClennan S M. The continental crust: Its composition and evolution: An examination of the geochemical record

preserved in sedimentary rocks[M]. Oxford: Blackwell Scientific Publications, 1985.

Sugitani K, Yamashita F, Nagaoka T, et al. Geochemistry and sedimentary petrology of Archean clastic sedimentary rocks at Mt.

Goldsworthy, Pilbara Craton, western Australia: Evidence for the early evolution of continental crust and hydrothermal

alteration[J]. Precambrian Research, 2006, 147(1/2): 124-147.

Adachi M, Yamamoto K, Sugisaki R. Hydrothermal chert and associated siliceous rocks from the northern Pacific their geological

significance as indication od ocean ridge activity[J]. Sedimentary Geology, 1986, 47(1/2): 125-148.

XM, EER. AR Nl X R o A AT MR SR S IS s S PR AT 0], KAE 5 5, 2018, 42
(1) : 163-176. [Liu Bin, Wang Xueqiu. Geochemistry of early Paleozoic sedimentary rocks in the Middle-Lower reaches of the

Yangtze River and its constrains on tectonic setting and provenance[J]. Geotectonica et Metallogenia, 2018, 42(1): 163-176.]

Bhatia M R, Crook K A W. Trace element characteristics of graywackes and tectonic setting discrimination of sedimentary

basins[J]. Contributions to Mineralogy and Petrology, 1986, 92(2): 181-193.

Tribovillard N, Algeo T J, Lyons T, et al. Trace metals as paleoredox and paleoproductivity proxies: An update[J]. Chemical

Geology, 2006, 232(1/2): 12-32.

Algeo T J, Tribovillard N. Environmental analysis of paleoceanographic systems based on molybdenum—uranium covariation[J].

Chemical Geology, 2009, 268(3/4): 211-225.

Algeo T J, Lyons T W. Mo-total organic carbon covariation in modern anoxic fmarine lenvironments: Implications for analysis of

paleoredox and paleohydrographic conditions[J]. Paleoceanography and Paleoclimatology, 2006, 21(1): PA1016.

WA, TIREL BAE T, . Mo-US AN TR SR G R & A BT i E 2 h5 . R, MBS RED]. AR,

2015, 29(1): 1-13. [Tang Dongjie, Shi Xiaoying, Zhao Xiangkuan, et al. Mo-U covariation as an important proxy for sedimentary

environment redox conditions-progress: Problems and'prospeets[J]. Geoscience, 2015, 29(1): 1-13.]

TREZE, B, AR, % TGS SRR AR AL SR R R ORGSO AT I]. MR AR, 2017, 91
(5) : 1083-1096. [Zhang Jianjun, Mou Chuanlong, Zhdéu Kenken, et al. Geochemical characteristic of sandstones from the

Mangbang Formation in the Husa Basin, western Yunnan, and its constraints on provenances and tectonic setting[J]. Acta

Geologica Sinica, 2017, 91(5): 1083-1096.]

Verma S P, Armstrong-Altrin J §{ Géochemical discrimination of siliciclastic sediments from active and passive margin settings[J].

Sedimentary Geology, 20167 332:':12,

Verma S P, Rivera-Gémez M“A, Diaz-Gonzalez L, et al. Multidimensional classification of magma types for altered igneous rocks

and application to their tectonomagmatic discrimination and igneous provenance of siliciclastic sediments[J]. Lithos, 2017,

278-281: 321-330.

Condie K C. Chemical composition and evolution of the Upper continental crust: Contrasting results from surface samples and

shales[J]. Chemical Geology, 1993, 104(1/2/3/4): 1-37.

Roser B P, Korsch R J. Determination of tectonic setting of sandstone-mudstone suites using SiO: content and K>O/Na,O ratio[J].

The Journal of Geology, 1986, 94(5): 635-650.

Moradi A 'V, Sar1 A, Akkaya P. Geochemistry of the Miocene oil shale (Hangili Formation) in the Cankiri-Corum Basin, Central

Turkey: Implications for Paleoclimate conditions, source—area weathering, provenance and tectonic setting[J]. Sedimentary

Geology, 2016, 341: 289-303.

Chen C, Mu C L, Zhou K K, et al. The geochemical characteristics and factors controlling the organic matter accumulation of the

Late Ordovician-Early Silurian black shale in the Upper Yangtze Basin, South China[J]. Marine and Petroleum Geology, 2016, 76:

159-175.

Li Y F, Zhang T W, Ellis G S, et al. Depositional environment and organic matter accumulation of Upper Ordovician—Lower

Silurian marine shale in the Upper Yangtze Platform, South China[J]. Palacogeography, Palacoclimatology, Palacoecology, 2017,



<

B R

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

466: 252-264.

Yan D, Wang H, Fu Q L, et al. Geochemical characteristics in the Longmaxi Formation (Early Silurian) of South China:
Implications for organic matter accumulation[J]. Marine and Petroleum Geology, 2015, 65: 290-301.

JEMR, AL, AR, E. T SO ROE iR L Mo R L FRFIE S0 A UL A F s B L T]. HERE A o 5 OR
2224, 2007, 32 (6) : 759-766. [Zhou Lian, Zhou Hongbing, Li Mo, et al. Molybdenum isotope signatures from Yangtze Craton
continental margin and its indication to organic burial rate[J]. Earth Science: Journal of China University of Geosciences, 2007,
32(6): 759-766.]

Zhou L, Algeo T J, Shen J, et al. Changes in marine productivity and redox conditions during the Late Ordovician Hirnantian
glaciation[J]. Palacogeography, Palacoclimatology, Palacoecology, 2015, 420: 223-234.

Helz G R, Miller C V, Charnock J M, et al. Mechanism of molybdenum removal from the sea and its concentration in black shales:
EXAFS evidence[J]. Geochimica et Cosmochimica Acta, 1996, 60(19): 3631-3642.

Zhao J H, Jin Z J, Jin Z K, et al. Applying sedimentary geochemical proxies for paleoenvironment interpretation of organic-rich
shale deposition in the Sichuan Basin, China[J]. International Journal of Coal Geology, 2016, 163: 52-71.

Tribovillard N, Algeo T J, Baudin F, et al. Analysis of marine environmental conditions based onmolybdenum—uranium
covariation—Applications to Mesozoic paleoceanography[J]. Chemical Geology, 2012, 324-325: 46-58.

Nesbitt H W, Young G M. Early Proterozoic climates and plate motions inferred from major element chemistry of lutites[J].
Nature, 1982, 299(5885): 715-717.

Cox R, Lowe D R, Cullers R L. The influence of sediment recycling and basement=€omposition on evolution of mudrock
chemistry in the southwestern United States[J]. Geochimica et Cosmochimica A€ta, 1995, 59(14): 2919-2940.

Fedo C M, Nesbitt HW, Young G M. Unraveling the effects of potassium metasomatism in sedimentary rocks and paleosols, with
implications for paleoweathering conditions and provenance[J]. Geology, 1995, 23(10): 921-924.

Sensarma S, Rajamani V, Tripathi J K. Petrography and geochemical characteristics of the sediments of the small River Hemavati,
southern India: Implications for provenance and weathering processes[J]. Sedimentary Geology, 2008, 205(3/4): 111-125.

Zhang Y N, Wang Z W, Yang X, et al. Petrologicalahd Ni-Mo isotopic evidence for the genesis of the Ni- and Mo-sulfide
extremely enriched early Cambrian black shale from Southwest China[J]. Chemical Geology, 2022, 598: 120812.

MRne, B, F30OF, % BLX B R DR RO A TUS M B AT D). P ERE (DED) - HiEk
FBl£, 2017, 47(6): 720-732. [Chen Xu, Fan Junxuan, Wang Wenhui, et al. Stage-progressive distribution pattern of the Lungmachi
black graptolitic shales from Guizliou to Chongqing, Central China[J]. Science China (Seri. D): Earth Sciences, 2017, 47(6):
720-732.]

WRiE, RaEs, SEEEHF, & RS RALHEAD T ARG E[I]. b AEYER, 2000, 39 (1) : 100-114. [Chen Xu,
Rong Jiayu, Fan Junxuan, et al. A global correlation of biozones across the Ordovician-Silurian boundary[J]. Acta Palacontologica
Sinica, 2000, 39(1): 100-114.]

Liang X, Shan C, Wang W X, et al. Exploration and development in the Zhaotong national shale gas demonstration area: Progress

and prospects[J]. Natural Gas Industry B, 2023, 10(1): 44-61.



G PEAE: BRI R O T A — e S IR A ORI A 22 5

Sedimentary Evolution Difference in the Black Mudstone of
Wufeng Formation-Longmaxi Formation on both Sides of

Kangdian Ancient Land
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Abstract: [Objective] This study examined the difference of sedimentary environment and tectonic evolution of
the Wufeng Formation-Longmaxi Formation on the east and west sides of the Kangdian ancient land to support
regional shale gas exploration and development and related research. [Methods] Based on a comprehensive
geological survey and systematic mineralogical, petrological, and geochemical analysis, the provenance,
paleoredox environment, and paleoclimate characteristics of black mudstorie\in the Wufeng Formation-Longmaxi
Formation in the Zhaotong area on the east side of the ancient landvand Yanyuan Basin on the west side were
studied. [Results] The results show that the indicator parameters of terrigenous detrital such as AlOs, TiOz, Sc,
and Zr on the east side are more enriched than those on the west side, whereas the redox index parameters of Mok,
Uer, V/Cr, and U/Th are lower than those on the west side. There are clear differences in the sedimentary
environment between the two sides. The eastern side is' eonfined to marine shelf deposits, and the organic-rich
shale is dominated by siliceous calcareous rocks. The west’side is an open marine shelf, and the organic-rich shale
is a siliceous rock series. Well XD2 on the east side is closer to the ancient land, the parent rock is mainly felsic
igneous rock, the chemical weathering is stronger, the climate is warmer, and the sedimentary water is shallow and
dominated by weak oxidation environment. The western side of the water body is relatively deep and dominated
by anoxic reduction, with strong tectonie movement and more complex tectonic background, as well as active
continental margin and island” arc\environmental properties, which may be related to the collision between the
western ocean crust and Yangtze continental crust. [Conclusion] The formation of organic rich shale is the result
of multiple factors together under different sedimentary evolution patterns. In comparison, the formation of
organic rich shale on the western side of the ancient land is controlled by favorable preservation conditions of
reducing water bodies, whereas the eastern side is controlled by extremely high paleoproductivity caused by the
flourish of organisms in weakly oxidizing environments. Different sedimentary evolution patterns have created
significant differences in the main controlling factors and distribution characteristics of organic rich shale
formation on both sides of ancient land, which is of great significance for guiding regional shale gas exploration
and development.
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