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Abstract At present, there are relatively few studies on sedimentary palaeoenvironment evolution of
passive margin. In particular, due to limited understanding of the changing patterns of upwelling current
activity, the main controlling factors for organic matter enrichment remain unclear. On these grounds, we
investigate passive margin shale sedimentary palaeoenvironments and their controls on organic matter en-
richment, based on an integrated core/outcrop, mineral petrology, organic geochemistry and elemental a-
nalysis of the Lower Silurian Longmaxi Formation in northern Chongqing. The results show that organic en-
richment in the study area is controlled by preservation conditions, terrigenous input and palaeoproductivi-
ty, but the main controlling factors vary in different periods. During the Rhuddanian ( LM1-LM5 deposi-
tional period), the accumulation of organic matter was controlled jointly by preservation conditions, ter-
rigenous input and palaeoproductivity, and the TOC content was the highest. In the early Aeronian (LM6
depositional period ), the basin entered the flexural-migration period of enhanced tectonic activity, the
barrier in the Yubei area opened, resulting in increased upwelling current activity, and the deteriorated
preservation condition was the main cause of the decrease of TOC content. During the mid Aeronian (LM7
sedimentary period), the migration effect was enhanced, with the barrier further opened and the up-
welling current reaching an activity peak, and the deteriorated preservation condition and sharply in-
creased palaeoproductivity were the main reasons for little change in TOC content compared to the LM6
deposition period. During the late Aeronian ( LM8 depositional period), the barrier opening migrated to
the northwest, the TOC content decreased, and the main controlling factors of organic matter enrichment
were the same as those of LM1-LM5. During the early Telychian (LM9 deposition period) , the sea level
dropped to the lowest, the oxygen-rich environment predominated, and the TOC content decreased to the
lowest. The preservation conditions were the main factors controlling the enrichment of organic matter. O-
verall, the changes of controlling factors of organic matter enrichment in different periods in the study area
are closely related to the varying sedimentary palaeoenvironments caused by tectonic activities and sea level
changes.

Key words passive continental margin, northern Chongqing, black shale, upwelling current,
main controls of organic matter enrichment
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Fig. 1 Geological background of the sedimentary period of Longmaxi Formation in northern Chongqing
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Fig.2 Ternary diagram of shale types for different sedimentary

period of the Longmaxi Formation in northern Chongqing
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Fig. 3 Shale hydrothermal identification map of the Longmaxi Formation in northern Chongqing
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Fig. 4 Sedimentological and mineral-petrological characteristics of the Longmaxi Formation in northern Chongqing
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et al., 2016; &1 x5, 2017; kB =45, 2017;
Algeo and Liu, 2020; Qiu et al., 2022), H i,
C,,/P KT 100 f57- HIREHEE, C, /P HENT
50~ 100 Z 45 7R B3RS, C,,/P H/NT 50 45
NNEATHEE (Ma et al., 2019; fif X4, 2021);
Ni/CofH KT 7 NREHEE, NiVCofEN T 7~52
] O 3% % 3 88, Ni/Co fH /N T 5 & A 5
(Wang et al., 2015) , 55X 7 LM1-LM5 3 fid
W (HTREPEh—otRE ) , WG s i, s
S A F o 7 ( Wang et al,, 2015), Ni/Co,
C.../P . Moy Al Uy, (B 35 75 I IS 7K 35 58 DL IR S0 3R
BohE (BESHIN 19.2, 231.9, 74.4 f18.8);
PEA LM6 LR G (RTRE el —iZ o) , %
TR RE, DOR G TR G 1 TS AL Jy TR (E K
5, 2018, 2019), 2 Kl S X 452 1 5% i 4K
59, BRI LLIR ARy £ (HE DB 8.5,
132.4, 25.3 /14.9), Hi& 7R LM1-LM5 JifH
WA Prodi s ; LM7 ORI (iRl 8 i —12 % 97 5K
W), WP RS R (R4, 2018, 2019),
JEAE J v 7 — 2D 08 55, B AR O IR — 3 M R B
(¥ {E 5 5% N 9.8, 109.9, 18.8 F1 3.2); # A
LM8 # LMO LR (Hif bl 1% i —iT # i 341 )
T B, R K R IR RS s, LM8
TR S AR (E 5 7.6, 743 11.3
F3.0) sy LMY JUBUN R & SRS (¥ H 5
MA3.1,16.5, 3.1/ 1.4)(FE£1; BS5; K6),
KR E, HFFEX i LM1-LMS & LM iR,
JR /K I Ji B 58 52 T S T B4R B R, 5 o i PR A
B, AR TAYUTRAF I8 25 1F B o .

4.2 BRIREN

Fifi DR AR T R DT R ) Bk U, AL T R Zr
JUHR FEEORIE TR, 5 20 1 s A Be i AT
HAG2EVE BT g, X 3 Fhoc R fEfis . DI
R AR 2 52 3 KA ARG 7 T 52 0 ( Tribovillard
et al., 2006; Ma et al., 2019; faf pS4&, 2021),
LA ALO, & & 1 Ti/AL {8 . Zr/ Al {8 K48 77 Ui
ey RE I A (% 1; B 25 B 3), Ti # Zr o
R E P RAFTER R E b, Wt Ti/AL fi
Zv/ A1 {3 R S e Bl J5HLRL B S 19 i A it ( Young
and Nesbitt, 1998)

WX AE LM1-LMS5 TR (Hethi—UikE )

AL T, MR TS shfasE , B ALO, &
A F AT (BIME RN 12.2%) , 48 78 I I i 6 4
AR LM6 JUARUY (SR —E o), Wik
WG, VT4 T B, ALO, & B LMI-
LMS LRI ($9(E 15.2%) , 457 B Bl 5
AT A TR LMT IR (Bt —iE Ry ik
W), WiEEsh Ak SR, WP AkLERRAR, ALO,
ST (BEY 18.0%) , 45 /8 Bl P A &
BHEREE; LM8 DU (Heth—E i), shmt
MR SR ISR 2, P R 2E T [, ALO, & &
PTG (K 18.8%) . 45 7% B L4 A Bt 4k 25
Bk s LMO WLRUN, W R G, ALO, fr
B E e (FMEA 23.2%) , Bl P A B8 B e k.
1M Ti/AL(X10%) Fl Zr/AL( x10*) {4 5 56 F W75 I+
G TR B (RSN 5. 455.255.3
—4.8—4.4 1 16.7—16.1—19.6—16.8—13.0),
5 ALO, S EAA -, XEHTH LY
F18) DR S 1 T S AR 1 Rl DRUREL 4 S 0y JB T i
(ZEHa57, 2017), (e LM7 JURRE 9] TiZAL(x10%)
FI Ze/AL(x10°) (H R TH i 7] B8 5 B THPR 5 4H ok A
RFEEEE SR Ti, Zr TR & I &AL (Mur-
ray and Leinen, 1996; Wang et al., 2015; 41 3
&% 2017; Algeo and Liu, 2020),

VA ESrHr B, ARSI N LMI-LMS 2 LM9 it
FRIY, Bl AL 3 0 3 o AN TR R, Rl RS A
B OB, MBET AR SR, BRIRTA
LB IR R (Flitg 1, 2020) .

4.3 HEFH
PICREEYIRMELEHAN TR, WAL
Ja P LA BB A AR ) B B SR B B D0 AR
(VR %, 2011), 7k ki ferp DL A 2R w4
WL AXRAE TR, R EAH T A9 P AT
PR B (TERSE, 2011), BAKAY Fe B Tk
B TiEmE AR SR P AETURY
A, W HmIHA—4L (P/AL) EBREE IR WS 1)
g WSk 38 8 4k 7= 77 (Jones and Manning, 1994;
Tribovillard et al., 2006; Ma et al., 2019; Algeo and
Liu, 2020; Pk, 2021); PR H 9 Ba LR
KZ VL BaSO, WL A7 76 T UU B K b, BR
G B XS, DU Ba TR RZRIE TR
ARG, A0 (Bayg) Al FT 2 Wrd A
JIKF (TR, 20115 p5 W aE, 2021), {HE
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Fig. 5 Variations in TOC content, palaeoredox conditions, palaeoproductivity and terrigenous input changes

of the Longmaxi Formation in Yanmai outcrop of Chengkou, northern Chongqing

TE SRS Z6 T B R 4 38 J5Ud 72 b 2 3 B BasSO,
B, AT B Ba & RAD, BG4
77 1w 1% ( Jones and Manning, 1994; Tribovillard
et al., 2006; Ma et al., 2019; Algeo and Liu,
2020) 5 HEWIARE (Siyg ) K258 U5 T i 55 R A9 4
FHAERERUEY), HADHEIRH AR — RS EEKIRR
WIF A A K, HICTTERY b A Wik (Siyg) 198
A AT R W A2 3K SF (Jones and Man-
ning, 1994; Tribovillard et al., 2006; I & %,
2011; Ma et al., 2019; Algeo and Liu, 2020) (%
1y &25 & 3).

WX LM1-LMS TR, i P 1 Ak 1 8 7
Ba fHAL TAHX B m K (B R 5954.4 pg/e) ,
WA K OF B s LM6 UL, T R R,
Bay {3 R (FI{HDY 6062.9 neg/g), ™ Sk
A TR LMT LRI, TP 4K ZE T R, Bay

EAZEEE (BMEN 15027.0 png/g), dAE 1K
-3k B H i ; LM8 R LMY PUA] (B8 ih—iF F8 g
W), W mRFZE TR, BaH AWK (N
o399 8321. 8 g/ gl 1866. 1 weg/ g), A J1K
SR RRE, P/AL (x10%) {E7EE A B DR 4T
TR 5L ) B B AR a #A (I(E 21k 112.6-85.6
—75.7—69.3—65.5), 5 Ba fHAZLBFIERA
[, WARFG AT A, AR T X —B
EFAERPIEARE & P ILE; Si(x107) {7
LM1-LM5 3| LM9 J{RR 08 1A 52 T a3 (422
{3k 36.9—27.0—19.1—19.4—10.6 pg/g), 5
Ba fH AL A —5, T2 H T 1 2h 1Y
S, TN RE, BEURE AR, AR T A
wEMAE PN (H4RSE, 2020), Kk, P/Al
{EL RN Siy (B 76 9 80 K i 171 2% i X AS BB 250 b A6 7R oy
A7 1K AR A R
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Fig. 6 Variations in TOC content, palaeoredox conditions, palaeoproductivity and terrigenous input changes of the Longmaxi

Formation in Bailu outcrop of Wuxi, northern Chongqing

DL EArHr 6, WF9E X N LM1-LM5 % LM7 it
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W, A KA BRI

4.4 HKXFH

4.4.1 XEHBEE

1) Mo/TOC {H. %A fb & J5 & T R Mo
TOC 1 L AEL 5 FH R 41 DB Vi 7K 1) 35 B8 R B, Mo/TOC
THBARE, F8 78 K MARAL T 5 i B 3R 8, 2 Wik

557 B (K 7-a), HIZEREMNTAT—
E AR BRI PR 4 R 5% ( Tribovillard et al., 20065
Ma et al., 2019; fi] <&, 2021), BF%% X LMI -
LM5 & LM JTFEHH, Mo/ TOC {HA T 3.6~14.9 2
], EURJE TR A, LM1I-LMS PR ($%
M—oiRE ), MG e, M AL T AL
Mo/ TOC fEfix im (J{H K 8.9), e Wil B A B e
55 LM6 PR (FRM—iT /40 1) , #4305 3 1Y
SR, T R, Mo/ TOC fHIS /N (HfEHN 7.8),
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Fig. 7 Discriminant diagram of water retention degree of the Longmaxi Formation in northern Chongqing
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By sk, Mk ihah gk s on, WP miFsE
&, Mo/ TOC fEHuk /N (¥I{E Ny 6.4), Wi i A B ik
—L g LM8 TR (Fih—iE B i), i
TE SRR Z, W 4K ZSE T, Mo/ TOC {A i fIK
(B R 5.7), WF A FEE I8 3 5o LMO iR,
KELE BN E, Mo &£ FEZE T AL
IR R AT, AN EE K J W K A i B BR B

2) U-Mo PpAEfX . SR U-Mo 28 #2 th fig
FUMK A B, AR ARG T, UNE
LEHT Mo, Moy, /Uy, {BH J}y 1E 5 #E K 0.1~0.3
fif, BE AR ISR, Mo ME MRt U,
Moy, /U {B A TE 5 WHE KB 1 ~3 %5 78 DR A 55 i B 20
B, Mo JTCE AW 13 21478, Moy, /Uy N IEH
MK 3~ 10 fi5; FER A B R BT, Mo #hAE 1%,
Moy, /Uy {6 — B MK 1 1 A5 LT (2405 5§,
2015); #F55X LM1-LM5 YifL 8, Mo, /U, {H 3%
AAETF 3xXSW Fff iz LM6 JLAL, Moy, /U, fHAL T
(1~3)xSW Za; LM7 JiF M, Mo, /U, {H 4t F
(1~3)xSW Z[a]; LM8 YLFUY], Moy, /U, fH 3 A4k
T 1xSW Bffif; LMO JLRUHE, /KK DLE H IR 5N
F, Mo ME & FEZHE T AL A0, BiEA
PG . U-Mo A, #F 58 X LMI-LM5 %
LM8 LA, Moy, /Uy [HIEATRETE (1 ~3) xSW
ZI), JFEA A S R R 3G 0 22 30 1 sk
Ry, FIWrR AR R T 10 B 5 (207 5%,
2015) ,

L4 Mo/ TOC E Al U-Mo 2 #i A Ky, 5
XAE LM1-LM5 % LM8 JiFHIA A i B R 8, 24
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4.4.2 LEHFERED

KBt i1 % b T4 s 3l X (an AR i v
W& N %) MRIRE™ KPR, FEER
B ETHERARZEE & ERY K 2RZ,
{HIEH A Co Fl Mn JC R % &l H 8¢, IR ATt
WA BRI T B A DL Co 1 Mn 1Y &
A2 HAEM R 45, Co 0 Mn 3232 DAk 3 7
ARNE, NRATRER JER] A 5 & 4 32 B A 2 R
il (Sweere et al., 2016) ., Sweere 2% (2016) 2%
. 2 Coy XMny, fEH K T 2 B R ¥ B 3R EE, 24 Coy,
XMn {6/ T 0.5 B IR/ B PEm A e, W
Z RN Sk 2= BT A (B 8)

WF9¢ X 75 LM1-LMS % LM7 3020 0 JF i/
FEEE IR, LMS F1 LMY IR Ry A R
W—HH B AL, AR S BT R AR A Bay A
AL RS R 7E LM1-LM5 & LM7 SN, EJF
FEULE 3 AN W7 3 0, X2 i T A LM6 TR,
Pt —iE R85 B om , SR EN 0 I B0 f pE 22 08 v
ST NG 77 a0 i 1 | o LA ) S AN BT S A
EFHFERIRAY F IR B R (RS,
2018, 2020; Zhao et al., 2019); Z LM7 JTFLH,
P G SRR S g o, BEBETF AR EOR, BT
W ok 2w (F K W4, 2018, 2020; Zhao
et al., 2019) , i Cou,XMn,, fH7F LM1-LM5 % LM7
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‘(IM K

Wi 45 sl Rl i 2% 00 AR o PR3 S O A HIL B o 46 Y 2 ) -

#2608 HS5H

VL B3 F i AL st X T 35 8 48 e Sig 2 D B 1087

(F EW%, 2018, 2020; Zhao et al., 2019), T
i Ba AR, 1B GR, UM LA
PR a2, WA KT R W R (Bag (H
E) o BTN BT TR S POt R, P/ALE
ANBE S W 2l R Bl 101 % b TR D T R XY A A A 7
TR 5 Si B2 Bl PR A S ALK, INASBESE 78 B
SR % b T4V I T BR DX i) A AR 7 K i
NS LB 80 B A AL A Ak o s s AR O E,
TUA AL )RR A PR AF AR 22 R T
I AL E R R R, HUON RS A (&
9-b),

LM7 JUAR B i Bl B8 i —iE 97 sk 1), o iE
Th SRR e ol , Rl A S RREE O, R ol il Ak
SeAa Tl VT RE AR SRR KR, KK L SRR R
fiK, 28R IRA—FUA IR, AT A DL & IR AF
FIPURZE AL 75, Mo/TOC fH A1 U-Mo P A8 KA 4 7R
T R S 5 (4 2 B R ), R IB KRS Ah
T S S BRAE P Ao, AR SR W B N Y R
B s (P/ AVIE R 2 ) (25465575, 2015) o Bl B
Rli B M — 1T AL 05 S poa% o, I AL 3 DX R0 R RE T 1 3E
— ATV, TR Sk — A0 B 0 (R WA,
2018, 2020; Zhao et al., 2019), W& F P& & F
L R AN B2\ i N R SR X N U A P
PR e (Bay HAAE ) o 2 IHHIAT) LK 805 A HLR
A IRE I DUE DR O TR DR AR SR 1R 25 A TR B
GNP S o=V PN = N 5 S P A B i W S i E
PLB & LM6 PRI R AL AN K, Bl P A 52 1
FHXE/N (B 9-¢) o

LM8 FUAR ) (i fili b8t —IT R B 30 ) , A4 3 7%
SRR AN, Rl PR AR RREEHE R, E Gl Bl 4k 22
E= DA NN (73 YT =/ 5 Sl N S o N A S = B
F T A LR 5 W ORAE A5 A E— 208 2%, Mo/TOC
{ELFI U-Mo Pp8 4 2 415 75 ¥y BE 2 32 4 2 38 5 (A5
N ), RIZKM G M E sz R, A
TEEE IR W) BT IR N A PR R A S 0 S (P AL B
E) (¥ 555, 2015), I iRl 48 th—iL 7% 05 3)
e ity I b D RSy B RE I 10 ) PE L D7 e RS, B THPER
WS 55 (E E i 4F, 2018, 2020; Zhao et al.,
2019) , A IR REAR (Bay [HBAE ) o %ML
JRABAETR BT UH TR N £, AP S S AR
PRAFA IR 22 . Bl U A A o 388 KRy A= 7= g K P
R R A AL E R A EEER (K 9-d) .

LMY LB (ARG 58 i —iE A2 b)) , M i
BTSSRI AN, T A G, R DR A B R B
K, WRKZE N & AL, ARG BE f—iE A2 1% s il i
A3 DX R R RE T T 4k S 1 PY RS, AR Bh
55 (EEWi%, 2018, 2020; Zhao et al., 2019) ,
AT KB B AR AR (Bay Bl € ) o 1IN LUK
LREORD FUA DU N E, RA7 SR F R P I I A
PLB & i) EZ IR (B 9-e) o

gi b, BEE KA ML B 5 2R
Wk A A2 KSR 2R A IR P, (HAEAR
R BN R R, XA 2E 5 £ 2 i
iRz I RPN U o) o R R R E S Rl A
1, A PEUX N e SR A PLB & A WA

6 g

WA X R & B G e R AL TR 3 2 R
i 1% 1 R4 0 B SR, AS TR) s SRRy PR 1 AR Ak
S A TR AE R BT A R BE AR, AN TR A A
AL F R R A 2R

LM1-LM5 JULFRH (FRih—DiRe bl ) , At s s
S e I wT R B il — TR, W m AR, BT
WA TEBR, ULSR A LT AR AR A DAL
F, TOC & &t e, RS COF) o BEUE 5 A
() Aty A 7= 37K (i ) S [ 42 10 A BILJ & 46

LM6 JUEU (Belh—E R v 8)) , wi ke ih—
TR AW G a8, g U8 Ve A T A0 8
T A b DX 1 B RETT LT IR IR B9k, L THE I
AN F I MBAWIG K, B 7 J1AKCFA
em, DIRKBEEAIRAYEERTUE TR, &Y
REJT B TOC & REFEACEA B, fRAF 51 (E2) 2
AL R EEN R

LM7 JUBU (Bl —E R 9 sk 80 , i bhi 4% il
—iE B AR, ARG Sk Bl R, A
FHERAE & TOC & 8% LM6 JT AR 2% R K, A7
AN AR ZE TN A 7 Ty KV SR T R e AR X A B4
M FEHE;

LM8 JURUH (Beh—ERe metbl) , A bt b6 i —
TS T Sl 6 i b DX 5 BE T 3% 85 1) VS AL AT RS
VI P PG R, F TR TS S s, DK R
OERRTUA DU B, TOC & &b &, R &1
AR e Bl DA AR AR 7 KO R R 1AL
AR E TR R



_

1088 + W E

#& 2024 % 10 A

LMY JURRM (PR —IT A8 e M), ETHir s
i, LUKS @R GUE LU £, TOC & &
A&, RAFAMFLZ (B8 2SECAILRS &
R f IR E RN R

5 2% 3k ( References)

TG, e B, #E ] A AR, A0 e 0. 2021, SRV 3t X R S GE 4
i T A 0 3R R 2 R A R OB IR AL OB AR AR
39(3): 686-703. [He Q,Gao J,Dong T,He S,Zhai G Y,Zou G
F. 2021. Elemental geochemistry and paleo-environmental conditions
of the Lower Cambrian Niutitang Shale in western Hubei Province.
Acta Sedimentologica Sinica, 39(3): 686-703 ]

El 4, ELLR WK AR B, ok £ 2. 2004, 47 T i Yo AR gl A
B TH R UTRURE B 5 0 U B O AR T 3t 5T 5 4 DU 22 4t
Jii, 24(4):29-35. [Li B Q,Wang H G,Hu W S,Shen W F,
Zhang Y L. 2004. Relationship between Paleozoic upwelling facies
and hydrocarbon in southeastern marginal Yangtze Block. Marinegeo-
logy & Quaternary Geology, 24(4): 29-35]

R4 1. 2020. b4 7 LW 4L R e O B AL R A HLIR DU A E R
E e PURUE R R A v [t 5 K 2 1 2% 38 3¢ 133135,
[ Lu Y B. 2020. Quantitative characterization of lithofacies andrecon-
struction of the sedimentary process for Upper Yangtze Wufeng and
Longmaxi organic-rich shales. Doctoral dissertation of China Univer-
sity of Geosciences; 133-135]

A 7. 2017, 47 T DG BB fIE— L R AL ”'i‘@lﬁﬂc?ﬁ%ﬁ
A WU 4 Bl PR BT R M RE I L i 30, 33-34. [ L
Y F. 2017. Geochemical characteristics and organic matter accumu-
lation of Late Ordovician-Early Silurian Shale in the Upper Yangtze
Platform, and implications for paleoenvironment. Doctoral disserta-
tion of Lanzhou University: 33-34]

A T7, BRI Sk, kN e, BRAE BT, 1 AR B Kk W . 2015, pY )i
i T 20— Eh R AL P U-Mo B2 485 28 55ty g 7K A i 7S
FREEAG IR, MR, 44(2): 109-116. [Li Y F,La H G,
Zhang Y ,Zhang X L,Shao D Y, Yan J P,Zhang T W. 2015. U-Mo
covariation in marine shales of Wufeng—Longmaxi Formations in Si-
chuan Basin, China and its implication for identification of watermass
restriction. Geochimica, 44(2): 109-116]

LR, AR IS DOk 2021, B THLIX ML — S ALz
S AL R XA BLBT R AR 152 0. IR A2, 46(7) ¢ 2329-
2340. [Lu Z X,Shen J,Guo W,Feng Q L. 2021. lInfluence of mer-
cury geochemistry and volcanism on the enrichment of organic matter
near the Ordovician Silurian Transition in the Middle and Upper
Yangtze. Earth Science, 46(7) ; 2329-2340 ]

EAR VLA, O R A, T, R RS BT RG BREEE, S
fE . 2017, ARE X FOWE 2 . g B R 41 U A HL S T AR XL
FEB I K224k, 46(5): 1134-1143. [ Qiu Z, Jiang Z G,
Dong D Z,Shi Z S,Lu B,Tan X,Zhou J,Lei D S,Liang P P, Wei H
Y. 2017. Organic matter enrichment model of the shale in Wufeng-
Longmachi formation of Wuxi area. Journal of China University of
Mining and Technology, 46(5): 1134-1143]

BRI AR AR, ELLA TR TR, BRIRE X R, 2R 5, XAk,
PR, B 2020. Hp [ R 7 H A — g TR AL BUR T S e A

FRES 40 R . KRR HERELS:, 31(2) : 163-175. [Qiu Z,
Zou C N,Wang H Y,Dong D Z,Lu B,Chen Z H,Liu D X,Li G Z,
Liu H L,He J L., Wei L. 2020. Discussion on characteristics and con-
trolling factors of differential enrichment of Wufeng-Longmaxi shale
gas in South China. Natural Gas Geoscience, 31(2): 163-175]

HFEAR UK. 2014, PP R KW =14, PEER . kR,
44(3) . 377-404. [Rong J Y,Huang B. 2014. Study of mass ex-
tinction over the past thirty years: a synopsis(in Chinese). Science
China: Earth Sciences, 44(3): 377-404]

Vi MK 2 DK 2011, 9 7 ) MR LA b 0 B
JERHE R, 30(2): 69-77. [Shen J,Shi Z Y,Feng Q L. 2011.
A study of geochemical indicators of paleomarine productivity. Geo-
logical Science and Technology Information, 30(2): 69-77]

N XA Pk, 32 2 i, B 3. 2016. BB KRl 4 i —m

SEREBFE UE R, BT R, 35(1): 1-16. [Sun Z,Liu S Q,
Pang X, Jiang J Q,Mao S. 2016. Recent research progress on the rif-
ting-breakup process in passive continental margins. Journal of Tro-
pical Ocean, 35(1): 1-16]

EEW, L7, ERE, BHR, s, KRR, B e, 2016, )]
B NG EG e IR VUA A AR AE. HAETT %, 23(1) 2 19—
133. [ Wang Y M,Wang,S F,Dong D Z,Li X.J,Huang J L, Zhang
C C,Guan Q Z. 2016. Lithofacies characterization of Longmaxi For-
mation of the Lower Silurian,southern Sichuan. Earth Science Fron-
tiers, 23(1): 119-133]

EEW,EH R, ERL, KRR, EIBTT. 2017, L%?ﬂﬂlZﬁlﬂ’f

H—Te HRAMFTTCEVRERER. KRR L, 37(4)
20. [Wang Y M,Li X J,Dong D Z,Zhang,C C,Wang S F. 2017.
Main factors controlling the sedimentation of high-quality shale in
Wufeng-Longmaxi Fm, Upper Yangtze region. Natural Gas Industry,
37(4):9-20]

EEW PR, TR, B R SL, . 2018, JIRILIIX T S
G e TR AL b TR R A DURR R AE. A7 2 R, 39(10) ¢
1092-1102. [ Wang Y M, Chen B,Li X J, Wang H, Chang L. C,
Jiang S. 2018. Sedimentary characteritc of welling facies shale in
Lower Silurian Longmaxi Formation, northeast Sichuan area. Acta
Petrolei Sinica, 39(10): 1092-1102]

FEW, R, M, BRI, BN, AU, 2019, DY) £ AR R
B L — T AR S DR AR A R RIE KO BT
oA S &, 46(4): 653-665. [ Wang Y M, Li X J,
Wang H,Jiang S,Chen B, Ma J,Dai B. 2019. Developmental char-
acteristics and geological significance of the bentonite in the Upper
Ordovician Wufeng-Lower Silurian Longmaxi Formation in eastern
Sichuan Basin,SW China. Petroleum Exploration and Development,
46(4) : 653-665]

FEE, ELLA, Ry, RSO, R, IR, 25 R, E .
2020. i1 Jb—SB P4l X R & B2 4 g TR A b B R B A
OB S . Al AR, 41(11) : 1309-1323. [Wang Y M,
Wang H Y, Shen J J,Bai W H,Dong D Z,Qiu Z,Li X J,Wang C H.
2020. A new discovery and geological significance of thick-layered
bentonites in the Upper Member of Lower Silurian Longmaxi Forma-
tio in the Northern Sichuan-Western Hubei area. Acta Petrolei Sini-
ca, 41(11): 1309-1323]

L. 2019. IEIJll/’i‘lﬁjt%T“lkéﬂfiE%"(—%éﬂ@,J\ ERERI NG S
T ROTT BRI LR 24 8 30 : 126-133.[ Xiao B.



_

CM K

Wi 45 sl Rl i 2% 00 AR o PR3 S O A HIL B o 46 Y 2 ) -

#2608 HS5H

I B i db st X R & B S5 de SR A A ) 1089

2019. Study on the main controlling factors of organic matter accu-
mulation in the black shale of Wufeng—Lonmaxi Formations in the
northern margin of Sichuan Basin, China. Doctoral dissertation of
Chengdu University of Technology: 126-133]

B, XU AR, P, Al AL 2019, 3£ FICE Mn Co Cd Mo [
T FH DT RS A HLBT B 48 PR3 0 50 48 A 78 1Y )1 48 4 JE 2 04 1 .
WFRIETE, 65(6): 1316-1330. [ Xiao B,Liu S G,Ran B, Yang
D,Han Y Y. 2019. Identification of organic matter enrichment fac-
tors in marine sedimentary rocks based on elements Mn, Co,Cd and
Mo: application in the northern margin of Sichuan Basin, South Chi-
na. Geological Review, 65(6): 1316-1330]

A O, IR, PO, IS B, B B AR R 2017, 45 TR
edb % T K B g e T 1% A R A S5 R R AR B G R PR BL A 4 A
BOVYIFIRE, 36(2): 213-226. [Zan B W,Liu S G,Ran B,
Ye H, Yang D,Huang R,Xia G D, Jiao K. 2017. An analysis of bar-
ite concretions from lower Silurian Longmaxi Formation on the north-
ern margin of the Yangtze block and their genetic mechanism. Acta
Petrologica et Mineralogica, 36(2): 213-226]

TR, BRE  BEWI A 2017 M BR AL A% 7 1 7R ik U R IR 5 R R
WEFE b g 3 R K Il . R ER O TR A (B RR R
44(3) : 293-304. [ Zhang C,Huang H,Hou M C. 2017. Progress
and problems in the geochemical study on chert genesis for interpre-
tation of tectonic background. Journal of Chengdu University of
Technology ( Science and Technology Edition) , 44(3) : 293-304 ]

RIS, S84 TR RIBL, A, DR, 5. 2017, o T v S AL IR
JE b IR AL 2 38 R AT I BT S 3t BURL B i, 36(4) ¢ 95-106.
[ Zhang M L,Guo W, Shen J,Liu K,Zhou L,Feng Q L,Lei Y. 2017.
New progress on geochemical indicators of ancient oceanic redox
condition. Geological Science and Technology Information, 36(4) .
95-106]

KRB IRER, B, S8, R, KM, mE T, RERR.
2005. H AR A K B EH R er a2, 12(3) 0 39-
48. [Zhang S C,Zhang B M,Bian L. Z,Jin Z J,Wang D Y, Zhang X
Y,Gao Z Y, Chen J F. 2005. Development constraints of marine
source rocks in China. Earth Science Frontiers, 12(3): 39-48]

XU . 2012, g I b AT B 2% AR V8 Bl i 4 3 e AR B X w3 K
DG RE AL B RE 7R R 2 B I P A 5T BT ) B L 2 3R
3 : 4-10. [Zhao S J. 2012. Structures of the Dongsha Movement at
the northern margin of the south China Sea: implications for the
evoution of the passive continental margins. Masteral dissertation of

Chinese Academy of Sciences( Institute of Oceanology) : 4-10]

Adachi M, Yamamoto K,Sugisaki R. 1986. Hydrothermal chert and asso-
ciated siliceous rocks from the Northern Pacific: their geological sig-
nificance as indication of ocean ridge activity. Sedimentary Geology,
47 125-148.

Algeo T J,Liu J S. 2020. A re-assessment of elemental proxies for paleo-
redox analysis. Chemical Geology, 540; 119549.

Jones B,Manning D A C. 1994. Comparison of geochemical indices used
for the interpretation of palaeoredox conditionsin ancient mudstone.
Chemical Geology, 111; 111-129.

Ma Y Q,Fan M J,Lu Y C,Guo X S,Hu H Y, Chen L, Wang C,Liu X C.
2016. Geochemistry and sedimentology of the Lower Silurian Long-

maxi mudstone in southwestern China: implications for depositional

controls on organic matter accumulation. Marine and Petroleum
Geology, 75: 291-309.

Ma Y Q,Lu Y C,Liu X F,Zhai G Y,Wang Y F,Zhang C. 2019. Deposi-
tional environment and organic matter enrichment of the lower Cam-
brian Niutitang shale in western Hubei Province, South China. Ma-
rine and Petroleum Geology, 109. 381-393.

Murray R W, Leinen M. 1996. Scavenged excess aluminum and its relation-
ship to bulk titanium in biogenic sediment from the central equatorial
Pacific Ocean. Geochimica Et Cosmochimica Acta, 60; 3869—-3878.

Pedersen T F, Calvert S E. 1990. Anoxia vs productivity: what controls
the formation of organic-carbon-rich sediments and sedimentary
rocks? AAPG Bulletin, 74(4) : 454-466.

Qiu Z,Zou C N,Benjamin ] W M, Xiong Y J,Tao H F,Lu B,Liu H L,
Xiao W J,Simon W P. 2022. A nutrient control on expanded anoxia
and global cooling during the Late Ordovician mass extinction. Com-
munications Earth & Environment, 3(1) . 82.

Sweere T,Boorn S V D, Dickson A J, Reichart G J. 2016. Definition of
new tracemetal proxies for the controls on organic matter enrichment
in marine sediments based on Mn, Co, Mo and Cd concentrations.
Chemical. Geology, 441:; 235-245.

Taylor S R,McLennan S M. 1985. The lcontinental crust: its composi-tion
and evolution. Oxford: Blackwell Scientific Publications.

Tribovillard N, Algeo T J, Lyons T, Riboulleau A. 2006. Trace metals as
paleoredox and paleoproductivity proxies: an update. Chemical
Geology,232(1/2) . 12-32.

Ulrike H, Oliver E, Karin Z. 2007. Distribution of organic-walled dino-
flagellate cysts in shelf surface sediments of the Benguela upwelling
system in relationship to environmental conditions. Marine Micropa-
leontology, 64: 91-119.

Wang S F,Zou C N,Dong D Z,Wang Y M,Li X J,Huang J L, Guan Q Z.
2015. Multiple controls on the paleoenvironment of the Early Cam-
brian marine black shales in the Sichuan Basin, SW China: geo-
chemical and organic carbon isotopic evidence. Marine and Petro-
leum Geology, 66: 660-672.

Wang Y M,Li X J,Dong D Z,Zhang C C,Wang S F. 2017. Major con-
trolling factors for the high-quality shale of Wufeng—Longmaxi For-
mation, Sichuan Basin. Energy Exploration and Exploitation, 35
444-462.

Yan D T, Chen D Z,Wang Q C,Wang J G. 2009. Geochemical changes
across the Ordovician-Silurian transition on the Yangtze Platform,
South China. Science in China Series D: Earth Sciences, 52: 38-54.

Yang S C,Hu W X, Wang X L. 2021. Mechanism and implications of up-
welling from the Late Ordovician to early Silurian in the Yangtze re-
gion,South China. Chemical Geology, 565 120074.

Young G M, Nesbitt H W. 1998. Processes controlling the distribution of
Ti and Al in weathering profiles, siliciclastic sediments and sedimen-
tary rocks. Journal of Sedimentary Research, 68(3) : 448-455.

Zhao S Z,1Li Y ,Min H J,Wang T,Nie Z,Zhao Z Z,Qi1 ] Z,Wang J C,Wu
J P. 2019. Development of upwelling during the sedimentary period
of the organic-rich shales in the Wufeng and Longmaxi Formations of
the Upper Yangtze Region and its impact on organic matter enrich-

ment. Journal of Marine Science and Engineering, 7(4): 99.

(REHE BHFH XXHERE F )





