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Fig. 1

Geological background, location of the study area and stratigraphic development of

the Upper Ordovician-Lower Silurian

(a) paleogeographic map of the Late Ordovician-Early Silurian showing Gondwana and surrounding areas (modified from Torsvik and Cocks, 2013; Zou et al., 2018); (b) simpli-

fied geological map of the Late Ordovician-Early Silurian showing location of South China and the studied sections (modified from Lu et al., 2023); red star indicates Wanhe

study area; (c) time scale and graptolite biozones (Chen et al., 2017b); climate and oceanic environment changes (Melchin et al., 2013; Liu et al., 2022); record of global ma-

rine genus diversity (Harper, 2024) in the Late Ordovician-Early Silurian
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Fig. 2 The field photographs of Daduhe Formation and Longmaxi Formation in Wanhe section

(a) boundary between Guanyingiao member (Daduhe Formation) and Longmaxi Fomation in Wanhe section; (b) carbonaceous shale at the base of Longmaxi Formation;

(c) calcareous shale in the Longmaxi Formation; (d) carbonate lenticle in the lower of the Longmaxi Formation; (e) large amounts of volcanic ash (bentonite) in the Daduhe

Formation; (f) characteristics of volcanic ash (bentonite) in the Daduhe Formation
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Table 1 6°C,,, 6®0,,, and TOC values in the shales and carbonate lenticle, Longmaxi Formation

GRLE ) 51 /m = 8C_, /%o 80, /%o TOC/%
WH-1 31.15 pURER T -2.9 -9.5 0.3
WH-2 31.30 Je A 0 -9.3 3.4
WH-3 31.40 Tt 0.6 -8.6 /
WH-4 32.15 TR 0.7 -9.6 1.9
WH-5 33.55 T i -0.5 -10.2 1.5
WH-6 35.40 T % 0 -7.3 1.9
WH-7 37.20 T b -0.5 -6.9 /
WH-8 38.20 AR 0.1 -6.9 1.3
WH-9 39.70 Je g -0.3 -8.4 /
WH-10 40.70 Je oA 0.3 -7.8 1.5
WH-11 4270 Je b 0 -6.9 15
WH-12 44.80 Je A 0.7 -1.6 1.6
T1-1 34.20 15 -8.4 -10.6 0.6
T1-2 34.20 15l -8.3 -10.8 0.6
T1-3 34.20 ISRV TAIN -8.5 -10.8 0.4
T2-1 37.00 25 A -3.8 -10.7 0.8
T2-2 37.00 25 -3.8 -10.9 0.8

M e B % 20 PR A8 U5 1) TOC 8 (1.3%~1.9%) . 3.3 # 44FE

Je B 4R 50U Y 8°C, (AT T =2.9%0~0.7%0,
8"0,, [T T-6.9%0~-10.2%0( 3 1) . BRIREL A B 5
B TOC & & (0.4%~0.8%) ¥ A% , 6°C,,, A A T
~3.8%0~—8.5%0,6"0.,, fH/T—10.6%0~—10.9%c(F 1) .
32 £EFESNERREE

e B EHBATUA FROTE TR ILE2, K
Si0,(9.1%~36.8%) Fll Ca0 (19.8%~46.9% ) % it e iy
MgO (1.0%~9.3%) Fl AL,0, (1.7%~7.3%) & +& v 45
Ti0,(0.1%~0.3%) . Fe,0,(0.8%~2.5%) .MnO (0.02%~
0.03%) . Na,0 (0.1%~0.3%) . K,0 (0.4%~1.9%) . P,0;
(0.05%~0.14%) % AR . e H iR 4 B0 T il o
JG AL I R AU T RV (16.8~ 330.0 pele) .
Co(3.1~7.1 pglg) \U(1.7~24.0 we/g) & i , 1HH
5388V, F U EE S, 704 T 1.3~11.7 fil
4.5~41.3,

T3 R H R A R A GUA TR T 2 A 4
L4 A e (16%~34%) KA1 (0~2%) T5 it 41 (17%~
58%) 11 =41 (6%~43%) FEHA (1%~3% ) FFE L4~
Y1(16%~24%) (£ 3) o AR FIAER/ N JESFERTT
R, o R B0 TS Th T B
KR FEBROIR B (K] 3a)  Fe I AE BRIR B 28 (&
3b) A AT B (] 3c) , MilkiREL A B SR b 2
UL FIE B (K 3d) . Hord ki ih A E 5k A
e Bl H A B KR, R 42 A F 30~200
wm, F HLEAT 55 5 1G5 1 (0.06%~0.1% ) A
i (0~0.03% ) FIHL(0~0.01% ) 7% .
34 EFEE#STRENAER

BRI S B BRI 34 HIE S i
57 ZEAE A3 1M 11.4%0,9.1%0 1 18.3%0 , 55 — AR
HABE TR 2 A Y AL R A5 58
18.0%0 11 18.7%o0.

x2 AMFEMEEFETE.TOCP . ETENETEIEREERHE

Table 2 Major elements, TOC/P ratios, major trace elements and enrichment factors in Wanhe section

. Si0,  Ti0,  ALO, Fe0, MnO  MgO  Ca0  Na0O KO PO, ¢ v Co U Vi Uy,

1% 1% 1% 1% 1% 1% 1% 1% 1% 1% o Mpglg)  Npgly)  Nugly)  Apgly)  Anglg)
WH-1 9.1 0.1 1.7 0.8 0.02 1.0 46.9 0.2 0.4 0.1 14 16.8 3.1 1.7 1.3 6.3
WH-2 327 0.2 35 1.4 0.02 32 27.6 0.3 0.8 0.1 203 330.0 5.4 240 117 413
WH-5 335 0.2 5.2 1.9 0.02 2.6 27.1 0.2 1.4 0.1 115 90.1 6.3 7.9 22 9.3
WH-6 25.9 0.2 3.9 1.8 0.02 93 24.9 0.1 1.0 0.0 250 62.2 5.4 4.9 2.0 7.8
WH-8 323 0.2 4.8 2.0 0.02 7.6 225 0.2 12 0.1 150 64.8 4.6 55 1.7 7.0
WH-12  36.8 0.3 73 25 0.03 5.8 19.8 0.2 1.9 0.1 126 75.7 7.1 5.4 1.3 4.5
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Table 3 Mineral compositions of black shales in Wanhe section
GRLE ] A15E/% A% BHAT% I A% o A1/% S 1% % B W%
WH-5 34 0 2 30 13 0 2 19
WH-6 19 0 0 58 6 0 1 16
WH-8 16 0 2 17 43 0 1 21
WH-12 28 0 0 37 8 0 3 24
4 iTJL]‘,/a AT 53 R AL B B AL Bk 48 (Yang et al.,2020; Algeo

4.1 KWLSER
KOS S SRR S R G AR &
s, LR RIAE T LS S AU & CO, . CH, R %
AR TR AT LA & Rt A ) A A T L T A
FRICR . W2 —E B AT I SO LS h e 45 T b
DX 12 AT 78 0O )1 b K A % 4] — T Th IR
B K KK, X8 KRS AR — , —
A TF1~6 em, FEAEX IR ASEATXF e . HiERfb2#
UEHE 48 7R 1 014 1 i X A7 A KL B, HAE3E
PR LG SRS H 5R B RAS 5, B KLl
] LI BT o B 58 s R S i RAR
Tk [R5 R AN [\ 62 & (I3 3C 4 20065 Yan et al.,
2012; ERPRAN4AEAfE, 2020; Yang et al.,2022) .

TF5 DX RN TR SR A YEERT 4 v ml LA SR 5]
Z)Z KK (] 2e 1), A& E Bl D[Rl 28 7
A%, 48 R i 2 AR % B W 3 (Yang et al.,
2020) . BN K B Thi 4 T 350 2 A A 5k TRl 457
R = I A7 1K F (Yang et al., 2021) j2&
T8 B LS Bl 3 — AR ik [ 57 22 180T LA K A
Bt £k A m R b i IRk R 6 2R . SR MT, AR
FEIA R KL Bl X AR5 X 2 DR A R i A BR ,
JER PRMABAE = A7 T = (1) J7 R0 T 8 S 4 v kil
TR MEMEE R (K 2¢,d) 5 (2) BRIRER B A L
AEARR A PR E (R 1), X 55 KO0 S
A= TR R G e AN —B (3) K L sl Y 52 )
AN AN 375 SR A4 () Bl RS2 3R A 52 0], 171 %F [R] AR
(AR B TRl 20 R (6 1) .

42 EEEREBKEEITEEYE

R KR AR SN GE a URR A
MU ARAE 5 5 4R, R S 2 5 i S e AR v
FLBRAAR B AR A A2 25 A, 3T 52 i DT AR ) 08 B i
VR AR o AR AR s i K F | TR KA 1 4
b3 T AR 25 B R0 43 o E AR (>2 mL/L) | FE4 (0.2~
2 mL/L)  E 2748 (0~0.2 mL/L) FI B4R (0) , 117 48 X

and Li, 2020) . JE4EK , A HLERAEHE (C, /P) FEIR L
Bl (U) AUV EERE(U, V)8 Z TR
T AR TR 2 KR 1 S8 A A TR S (Algeo and L,
2020;Li et al.,2025) . 3, FAKAGZABA B
i1 C, /P 1 (<50) FELARAY Uy (~1.2) V(B (~1.1) , T
FEfAGER A ST WLEA e i C, /P (>80) Al
U, (~2.4) \V,, fE (~1.6) (Algeo and Li, 2020; Li et
al.,2025)

3 ) W B )2 K S B AR C /P
(<80) Fl V, fH (<1.6) , 8 7~ WL M5 2 B 1% T 40 X
AL — A B SN JZ KRS (B 4) . AR, B 5D
BT A 0UE W A RS2 S0 C /P E
(>80) 1V, A (>1.6) ([ 4) , F8/~ HIE Bl F HHX Al
BRI Z AR, U MO PR 23] e iR 4
AR R AT A (52.4) 8w AL B K4 4%
P, 25 C PRIV, R —3, X AT 5 Y A
XF 7K AR 12 b DX LA B R KA S A . X —rh
WA 2 1) e SR A Ak B AR AR fb ka3 5
HEAIE TR JRAUROT R R 2R ARd oIk
T A9 o T TR AT R AR A — 2 (Yan er al.,
2012;Zou et al.,2018;Liu et al.,2022)

W H, e BB L U A B A IR KRR
BRI Ry 55 T T A A8 Ak D R K LG shAE 48 s 1R A
Ftk (Zou et al.,2018; Yang et al.,2021,2022,2023,
2024) TG, KOG S I B AR AR T, B
REEIN T IKARE A7 T, R L R i) & B o
AT AR B R £R 30 S5V E IR AL DR A . K
IFE A R R EFRT R (B B VA RS, AT LMk
WAL 7= T B A B R AR BT 8 (Yang et al.
2021,2022) . HK, Jo DI A BTG R vk 55 57 Rl
55085 1 1 T, SE AR S T B XU AR A
SR X RECTIR)Z AL KR R F
(Yang et al.,2023,2024) . #R1fT, /i SCE 42 M kil
Bl 5T Xl T 18 A TR 1Y 5 e mT e AR A
R DR, ARG IA N 3 2 45 i 1) K A PR 58 TN
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Fig. 3 The SEM images for in the Longmaxi Formation

(a) framboidal pyrite in the calcareous shale, Longmaxi Formation; (b) infilled framboidal pyrite in the calcareous shale, Longmaxi Formation; (c) euhedral pyrite in the calcare-

ous shale, Longmaxi Formation; (d-g) euhedral pyrite in the carbonate lenticle of the Upper Longmaxi Formation; (h, i) calcite and barite in the carbonate lenticle of the Upper

Longmaxi Formation
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B4 XA S5 A B ] e B ST IX R R K A

4.3 RORARBRE S ERAE DAY T
DUBVER RO (T iR - 5 B R 1 S B Y

Bett A 5, TR 554 %IRRT BRAEAY R e 2 I

& A0 & (Yan et al., 2012 ; Matveeva et al.,2015; Li et
al.,2025) . HIABEIE AL, € 1 X AE B R
40— B AL AT T RE B SR AL K I R 15 5
(Matveeva et al.,2015; Yang et al.,2021,2022) ., [Al
1, DL LG 3l RIS Sl e IR AU S S 1 SRR
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i, RAIRTEWT T TR — 1l B v e k™ B
BCHL AR I

KL Bl AT Ry SRR Y B B A A Y B T
2, R A 225 A R e S8R 2 i3 T A Ak ) Bk
B[l 67 Z A8 (<0) w2 B Tk L& sh BTl 1T R
SISO, SR (Li et al.,2021) o SR, AHHF 5T & BHL
F B B4 S8 5 A 35 L T 3 e 2 v e [ 7 224
(~20%0) , PR AT LAHERR JCLL & SRy 520 o il 16
JEEVR SRR B LA TTORR b 23 1) & & R e Ailh, DUAR 2
TR AL FE b, DU ISR B2 B3 i 45 T Z 0T
TREZ AW o+ BOsa 1R ) & Az (Cai et
al.,2021,2023; Chen et al.,2023,2024,2025) . Ji Fl
PR T e B 3R 2H TR 2 R 1y 2 1) 5 1 2 5 1)
—H R EE , LFZRLR H5 2 AT eI T
TR —5 A B B (8] 2¢, d) o 38H, AT —
B B B R R 5K 3 Y R e DR AR SR A R[] i)
A AR BRER R ) R BB I R A b e
AT LI T SR AR B A i . iR e R
WAE TP Z K AN HIR I kiR £ 7
B AR ) — > B o FE (Matveeva et al.,2015) . & R%
TR B GE A T RESR A M Z KA AR S
1B, WA e 5 KRR AKEW AT & WL
B AT LAk — 20355 K B IR R R 2 T~ 1 FR e DR A AUk
YEHT, JFIE O it [ 2B R R R4 v el LA S /b i
(R A, X SRR SR A O R 7 S Y
31 S 3o A e 5 ] R A AR 25 S RS AR
FAT, A% Sk i ik & B I A e
LLRHT A AR, Rty 2 Ve SRR R A U AT LLGE )
F 2635 Ma 1 BE LLVEZHTTAUN . SR, ¥ SR BK B Y
X i R R 375 A4 B PR 2ok AR AT R B — 2P AR
(ln# FocR et 4 R FAL R 55 ) R E . IE
A AR R AT DL A B e (PR e 4 7 4 Ak
AHILIET) , S IR R R 9K 50 1 H o DR AL S ks 2
WRIRER B AR &, R R v e s B B
7 FBEAE T R IR Eh 3K 2l T 1 PR B PR A AR T
B PR R 38 iV FH R G J80 9 B ) it 2 ek s DV
SR SOR BT X S R T BAR A
431 FRER T RAR Rk T 8 FEAR KSR
AL

IR JE K AR B T R A LB K A4y 4 2%
1 ELB R 15 o5 3 v B, A AL 0T 7 A PR 2 38 L 7T 1Y)
YER FEABA IR (Wu et al.,2022) . X—id FE2f%

RTTRR Y b 1A BT & 2 AR AL B K A R AR
B (S0 7) By BE , [m] i B e hme iR = A 25 1~ (HCO3)
FBALE (H,S) , HAb 7 i X (1)

2CH,0+S02—H,S+2HCO; (1)

WA B R B 1 (Fe™ ), B2 5 HS A2 i
AR R SN R (2)

15CH,0+8S0; +2Fe,0,—4FeS,+15HCO;+OH +
7H,0 (2)

BEAb B R k30 D ik B rp 25 7 AR R Y
T C I CO,, AT RLS KA H Y Ca™ F1 Mg™ 25 5T ik
FRERT )

W RARRR AT L2 ) A 45 T8 L
o HAEBROR B2 (Liang et al.,2024a) , Hih, B4
ARBCERA B ] 72 RO Bt n 7 il VR i aDE
i (Fenchel and Finlay, 1995) . [RlJLEWE HIHE Al A &
FRR B R 5 SR BRI K A SR A G, AR AR
B/N(<S wm) TR B TA) R RS0 B kA AR 4
K (>5 pm) (Raiswell and Berner, 1985) . #5¢[X Jg 5
B TR A EA B 1 C, /P A (5150) , 8 7R AH T
WAL B A AR S5, PRHCTURR ) rh 8 o3 R AR R BT
PR AT B TR KR KA 2 v e Ah, R
A VE BT B, 48 LB K A4 i A P iR h ik
JAE T (MSR) 1 5 30 T 0F 9% X BL A R\ 2k 1 JE
I, HUEE i K B e Th B A DU h R IR R
HABALW 5345},“@ (#]-20%0) (Bottrell and Newton,
2006) . B Fi 20— R A LA S0 U PR R R A A A A
Al 2 RAEA T 25%0~33%0(Wilkin and Barnes, 1996)
FARIR B R I — B B B W) 6 R (E A
AT BE 5 AR WA Y OBt R ki Dt B B A 50 1) it )
2= EVE ) A % (Bottrell and Newton, 2006) o
I, Je B B A R IR Eh o B R A vh B AR Bk 1B
32 BB AN R VR P R BB ER 34 i T
VE A SCE 50
432 HBRHIRE)—F b R A A AAE A= H) T 89
B ek A T A 1L AE

ST AL Nt B el N 11 - L AP SR S = =R A A
TR PR R I A e DR S 48U AV T A AR e /R
(Wilkin and Barnes, 1996; Boetius et al., 2000; Moore
et al.,2004; Roberts et al.,2004; Zuo et al.,2021) ., H
AR BT AR S R AR AR (0,) AT
Ak (CO,) A i (3) :

CH,+20,—C0,+2H,0 (3)
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TE N AR A Z MU R AR it R #h 38 S/ L e
PR AR AR FD A B e 4 T (Wilkin and Barnes,
1996; Boetius et al., 2000; Moore et al., 2004 ; Roberts
et al.,2004;7Zu0 et al.,2021), FHrp, R = B e i T
WA BT, B 8 e (CH,) AL 48 1EAk (CO,) , £k
RN (4)

2CH,0—CO0,+CH, (4)

AR, Y F et AT R YR T SR EUE TR A
BUR I HGA JEAVE ] . B2 X S8 E C 1y H e T ZE it
PR b — R ek WA (SMTZ) SRR 257 (S03 ) & E
TR +h 9K 2 — P B IR A S8 AL /E FH (SD-AOM) (Boetius
et al.,2000; Roberts et al.,2004 ; Moore et al.,2004 ) , H
e R i (5)

CH,+S0; +2H'—CO0,+H,S+2H,0 (5)

X —d B, K E "C R Co, il SFLBRAK T i
Ca™ Fl Mg™ 25 G B BRER A1, TR A A H,S Ul ]
ALK AR (Fe™ ) 85 5 B U

BRI S T2 2 1 B 9K B h G 21 10 B 2
12 2Z —(Canfield and Raiswell, 1999) . ‘B RE0] DLIEE
FCAAE T AR b B RIR S5 F T H B R R A Ji B K
B (T80 °C) , U Al LATE e i 1 FH BT B H v i
FAE AT 130 ©C) B VR i A 1= A B 3 (B R #h
PR FEAER , TSR) (Orr, 1974; Krouse et al., 1988 ; Cai
et al.,2022) . IXLETF TR AT LAGE BE SR 19 IE B A
Wk

T R RIRER B B h R F I TR
HIE RS (35 50 pm) , EA R ARR S ™ B
T 1 8%S,, (B (11.4%0~18.7%0, E] 3d~g) , X — [F] {7
B AE 5% W 0 K L TR A7 2R ARG, 46 78 B k™
o B BRI 2 A SRR R JEAh 67,
(LR P SN T BE S S5 T BRI B i 7]
(2R IR AR B AR TR B S A O, 5 5T AR & Al
BRI R 1922 A O (Li et al.,2024) . ZFPATRE
I T LA S 5 T 57, {8 B A e
PGA JFAE H (Liang et al.,2024a) FIHE = 1 UTFR R
(Liu et al.,2021) o 55—, FEFE BRI BN, B
2 B ET & X B Yo &4 w52,
I il 84S, i 7t # (Cai et al., 2022; Liang et al.,
2024a) . AWFFEH AR HA RS 60S H AL
Fl Co & i, M RERLE A TSR 55 . M 1
54X B B Y R R R A 2 500~4 000 m,
F LT BCAE (R) AT 2%~4% , 2 BIX S84 1 4 )5

T R R A R L — W A B B (Guo et all.,
2020) . [AIAF, FE AR H e SR TR A i A
TE BB LEARDT B 1) 2540 th T R A AR
FH(TSR) K it I FEFLBRUK iR L, T2 i ELA i )
PR (>10%0) BB (Li et al.,2024) . SRl , TSR
KBTI U B R A AT A7 AE — L [m] i, AN
(1) Je SR A J5 A Dk s R Y — IR A T
128 °C~138 °C(Nie et al.,2020) , Ifij |17 [F] 7 2 UL
T e AT W E B2 O = s e BUR AT
100 °C(Hu et al.,2022) o 3X & HE W 4715 21 sl F (1%
T Rk PG JRAE 9 5 AR IR B (5120 °C) (Cai et
al.,2022) 5 (2)38 5 , Mo ] eV FH I a) A e 20 5
FIFL B % 25 5 B0 R £k A8 S FH 7= A4 B ik
W HA ToE I M BB, H B8 HAa i/l
(Hu et al.,2021) , iX 5 A58 th &K B B IE 82k
RARA—E(> 200 wm) o X—22FPEBEIR T 5%
XA T A b SR MR TR R 7K Ak BT T 5 /i JoT L
TR, 5 SO R IR B B, TSR AR A s e A 55
EATS IR TC I HERR TSR X A i3 S AR vh ek T2 iy
SR, S SLATY R 8 R 67S A 6VS {H X TSR
T FEIEAT 53 M1 (Cai et al.,2022) o 5 ., %5 & ) B0k
W 6MS, fH it B M 2 M TR R A &, P2
50 em/ka(Hu et al.,2021) , #2837 100 em/ka(Liu et
al.,2021) , SR, JHE M1 b 2 22 53 B 25 SR SR AR IR BF9E
T A e R 2 T e DT FR B R 24 Sk 39.2 em/ka
(Zhong et al.,2020) . X—ZE R RIHVTRE R A S
HEE R 84S, MHEERE,

T R A K A 8 B AR LA v B RRR T Y
8%S,, [H 290 -20%0(Zuo et al.,2021) , i FHi iz £k if
Ji TR B[R] 62 2R 43 1 B 29 R 16%0~46%0 ( Canfield
and Raiswell, 1999) , K It , 5 8S, fH 4 H1 MSR K fift
BE ISR 0L 7E B P R FE AR = A B P A
Hh IR ER I S5 3K B —H e DR A A AR FH (SD-AOM)
KA B R A R 3 — 2 R R IR A
o S04k 1 B ANME £E 7 5 8 R R 38 IR 5 (SRB) B
AL [RIA B e Ak 10 TR s (R B B RR R IR . AT A
R IK — i Pl AT R B E Y 8%S, M, X T
I MSRAVEFH K HE AR & “S BB IREL , B AR R T &
HAR A MR AR E S, X &t — 251k
SD-AOM JE iy 0k B A (1 8%S, (H . T K 7
B AR R A BRI 6°C,, i, #6787 MSR 5{ & i
fig £R 0K 3 B IR B ARPE T . o T — 2D BT i —
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755 8%S, (5 & FH MSR i J& SD-AOM 5| % 1 , T3 % %
B i o R S I T T, ST i
JCE, W4 (Co) L (V) , BN I B A 1R T Hh Bk
W B8 Wt B R AL SCHE SR (Cai er al., 20215 Chen et
al.,2023,2024,2025) . FEF-HHRCEAERE], Co JL
S WOT RS, IR AR 5 MSR A 56 1Y B Bk A 1 it
T2, Co W] FH R A (Chen et al.,2023) o A%,
SD-AOM H 56 1 BB TE WA B2 Y, Co B W AT 2 48
K (Lin et al.,2022; Chen et al.,2023) ., K, MSR &
B B A 38 B AR Y Co i (<100 pg/g) I
BV A (B ik 120 pgf/g) | T SD-AOM JE i 14
TR AT B 11 Co & 1 (B =i 29 1 400 pg/g) Al
BAKAY V & (<20 we/g) (Lin et al.,2022;Chen et al.,
2023) . fE DBEARIRE B RIA T, AT ek
-3 HA B 1 Co 75 1t (5700 pg/g, Bl 5a) FELAK I
V & (<20 wg/g, 51 5b) , F BT SL B R 19 TE ALY,
FEZ T SD-AOM., SR, 25 FEE DU )1 20 PG b5
FAR A 111 b X L2 — i TR 2 3 o SR e A
FR T DU, SR B X ULk i . A —E T
BRAL DU EA SR 200 KL S A 20 a0 AT
(S HR4E,2019; Wang et al.,2023) 5 2.4 B2 i A 15
TR TR Y Co ATV B BT RE 5 K L BT 3
A Ko B, AR RA T i — 25 JH I A XKLL R
FILR A PG B T Bl e 2 A A S T

S LR B AT X e R v R B A R S b
B HLIT A B IR R 5K sl o DR AR SR AR AR T 78 A2
Y HGE , i S HUBE AT et 1 7 HBE B sl A AL A
WEAER AL ENTT SEiREh &4 R, Tl — R 5

1200
(a)
. "o o0
mimRhK @ ®
800 = Zyuipep [ e
- w0 @
= ()
3
Q
400
R A
0 1
44 45 46
Fel/%
& 5

MIFELE ) (R BRIRER ™) (A 55) (18] 3h,
i) PRI, BF9E IX e SR 2 3 A i S o 2
P ORI e B R A )57 3R o S i B B e
PRASAACTE R AL T s Mtk b =k . itest,
A A B e SR 20 0 B 3 e 1 A s [
F (13055, 20175 Zan et al., 2020) R ABR ISR
WP A7 2 (Chen et al.,2017a,2020) , #E 42 H 2
LR B b R IR A I B AR 5 R
15 A0 ) B e PR ARV SE A P RAT B A AR G o
44 BHEBERNESEEESIEZFHFNERENX
AR AR AR U SR O R E I 2 —
(Sproson, 2020) , 7£ it A [R] , 4= BRG] SR Z2 kK
RS By B[R] 32 28 90 3l L oK1 R AR P K A =
3X — B 0] 4 BR AU S5 A I e B LA B AR £ 2 3
1Y T, AU 58 T G T AR T 47 1 L X g i
2T RRUI XoF i 6 L B HhE 55 — 8 A ) R K 48 s 1 AR
Wy ISZ I, LA Kbl B e DA ) 45 R R 4 R A A 1) 38
H AT, 55820 LS Sl FK 22 B4k 47 e 171 B 1A
5 7 B A0 LB A R AU M i s LA E S AR e
(Yang et al.,2021,2022; Sproson et al.,2022) . B,
H 7 O BHORS b 35K %) R ST o R A AR B 1) 2 2
ESNCIRD0 I i 152 3571 U P31 sy s RN H I
2 0 0 R 1Y 2L 18 4 F (Hinnov, 20135 Zan et al.,
2020; Sproson et al.,2022) . 25X e SR
HEAT 1K 2RI AT BE ] 44 4347, FE IR B 0 58
RERAE(E T TS R I R R B g il k2
TR Ry AR T B R R K AR () 4R Z 2 T D

140

(b)
120 - O
100 fiEEEhIK
B HBE IR
AR
% 80F
0
&
> 60
40
2 B AR ER I AR
[ J
I 00 0Nesee——
44 45 46

Fe/%

JK A B GER AE BBAT OT R A SE A

(a) B S B & HERTCHER s () BRSHLS BEAR DG (8 Chen et al., 2023, 2024 &0)
Fig. 5 The elemental concentrations in euhedral pyrite within carbonate lenticle
(a) crossplot of Fe vs. Co; (b) crossplot of Fe vs. V (modified from Chen et al., 2023, 2024)



1694 A

S

5444

LR (Jin et al., 20205 Zhang et al., 20215 Xiong
et al.,2023) . PRI, K 2= RHAE ST B4 T 09 & AR
77 AR KA AN N A 2R T AL S
e (Zhang et al.,2021; Xiong et al.,2023) ,iX —i 7
25 T & B 22 1 2Bk 45 F (Sproson et al.,
2022) . HU, WFFE R BB B 40— B 20 AT B
WG ahU& I HIHX ks PR R 8 A8 LU R A=
s A 4 BAT B, X — I NP A A A AN
b BR Ak 22 0E B 1) 32 FF (Hu et al., 20205 Yang et al.,
2021,2022) . D)1 %0 Ko Jil 2 TLUAE2H — g T i 4
B REKNIKIZ , FFEEm ] (448+2) Ma 2 (440.4+
5.6)Ma, Jf Al 75 DX #EAT 3T L (Su et al., 2009; Du
et al.,2020; BAEHEAE,2024) . AT AIA R IX —5RZUAY
KTE s S AR AR TR G DL AE
KR 5 477 A He 1 wilf 4 A ¢ (Xiong et al.,2023) .
FLE R G R 20 A kL SRR R Ui A
(T CONHEHE T IZIN A UKD 0 25 SR AN 4 BR AU Y
W% (Yang et al.,2021) .

R BE e A Hh S il 2 AR, X Rk e
I P P2 VR T — 4R A ) 28 4% (Voigt et al.,2017),
TR A FH B B %) R e DR 4 48 AL A F Ao
D)2 e 8 TRCAE AR — A 2 22 33 72 (Bottrell and
Newton, 2006 ) , iX {75 H Bes i 0 U 28 vh
) — TR S AL . FiF ARSI eI K L
SRR LRI ], 4 R T
A7 7 B R O T BT R R I KA 48 (Jin et
al.,2020; Yang et al.,2021; Zhang et al.,2021; Xiong et
al.,2023) o 3 —BREEUKAR A LR 1 R AR R
ERIX ST A F e A B AR R AL T O AR R
filto PRIHG, SRR O B %) FR e s 4 T T et B 2 P
IR AR HA —E RS E R . SR, BRA
2/ BRI — B AR TP g R A BT ik =
FERAE, PUHOR R T S Z IR ARG TAE L
ZN LI A PR e RO A BRAS AR SE M BILR
5 45

(1) DU %3 1 VG i 38 RN TR A B i 2k 1R
W g8 KT 40— F B8 48, C, /P BEJR HUAH U, VM
FH UL A J2 B B R 20 2B 68 DUA B T ey, R R i
— IS4 T IS KA A A i v A A e B A Bk A
L

(2) e Sy BRd ] W E oA R, b R B /Y

BRI FEOh AR E S M AR E Sk,
T ARIR B R R AR RN HOP il 32 R A A
FHBY BN R R ER A I AR I SZ e . T B Sk A
AR ARAR (530 wm) , %5 &304 [ T ke 2
AR Co it R 1Y 8¥'S, MH A SRR V &%
it HIP Bn] fig 5 5 e B Bt R 3K 20 g H
Bt IR A E A RO R o ABAASHERR R
1f AR TSR RIS 31 5200

(3) H e — a2 AT 2 A I 2 H e )
S TEFE R BR AR B AR IR TS ), 25 TR 3 B iR
W RATUAVIRED) T W R RUE H R A
AL R T2 TR e TR TS A W R oy L 8 e o v 7
Sh e PR R R A L g B T AR B T
—EfEHEER

il RREFFEAMSSATAREL LT
A OEA S
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Formation Mechanism of Pyrite in the Longmaxi Formation, Wanhe
Section of the Sichuan Basin, and Its Influence on Climate
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Abstract: [Objective] Pyrite is widely developed in the organic-rich strata of the Lower Silurian in the Sichuan Ba-
sin. However, its formation mechanism and how it influenced the climatic transition during the Early Silurian remain
poorly understood. [ Methods ] In this study, the Longmaxi Formation in the Wanhe section, located in southwestern
Sichuan province, was selected for analysis of the depositional and diagenetic processes using sedimentological , min-
eralogical and geochemical methods. The study also evaluated the formation mechanism of pyrite in a carbonate lenti-
cle found in the Longmaxi Formation, which reveals the influences of early diagenesis on the changes of climate at the
time.[ Results ] The high C

ed that they were mainly deposited in euxinic water conditions. The organic matter in the sediments was anaerobically

/P ratios, high Uy, and V; values in the black shales in the Longmaxi Formation indicat-
oxidized by microbial sulfate reduction (MSR) due to the anoxia of waters above the water-rock interface. [ Conclu-
sions ] The sulfate-driven anaerobic oxidation of methane (SD-AOM) resulted in the precipitation of euhedral pyrite
with high Co content and high §*S

duction (TSR) in late diagenesis on the formation of pyrite in the study areas will require further investigation. Given

. values (>10%0) and low V content. The influence of thermochemical sulfate re-
that methane is a greenhouse gas, the study suggests that the release of methane during early diagenesis influenced
hydrochemical conditions in the seawater and/or the warming climate in the Early Silurian.
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