a4t 4
2024 4F 12 H

Vol. 44 No. 4

U0 5 RE 4R 7 Hb Sedimentary Geology and Tethyan Geology
Dec. 2024

FLRERR, P, 2505, 55, 2024, 477 M IX B8P 20— 35 B A0 % 4 3 oy S A0 5 B WL R 25 78 1k A
[7]. JURR 53R 4 5T, 44(4): 809—825. doi: 10.19826/j.cnki.1009-3850.2024.06001
DU W J, GAO P, CAIY D, et al., 2024. Paleoclimate evolution and origin of organic carbon isotope variations dur-

P ing the Ordovician—Silurian transition in the Upper Yangtze area[J]. Sedimentary Geology and Tethyan Geology,
% 5 ) i

44(4): 809—825. doi: 10.19826/j.cnki.1009-3850.2024.06001

EHFiXRELE—SELERRHESEELS BK
E =T EA

AR, FH R, REHKA, xzkt, R
(1 hEMFE K CEgd) BEdERe, dbnt 100083; 2. WFERFER MERIL AT R T, B ER{L 22 FE 5K & 5
SEESE, TR M 5106405 3. PREBIERBTRE, dbE 100049; 4. R EAMEIEEES AT, U KA 610041)

WE: AL —FYLRMRLE LW —NERRITY, SRBERETERN, RPN BEREHERNRELREES
=4 (HICE) " A A#, BEXTHEABREMFBREACEESNEENRELEELXBH AN, UL FERIMK IV HE
E— RO REABETENARGER, ARAANEEE. ANKRAMLE (6°C, . TETLERMUETENN, HTEETAR
EBRHNFMT IS (CIA) , £A45WMES, X WF2—WF4 B 8 & AE & e iR BRI Z #i 46 %  E A T4,
LMI1—LM4 & o4 B TN ESME, EAFRNERE EEIN BT ERAHEE, LMS BASEHE 2 REBEHTNE
AEHE, LIM6—LM7 RHEU FRNHIT —AARHEZTARL TR ERGELENENNT . TEHRMLFHETLA,
WF2—WF4 B R E A EEH m AT A TR, EAFHEEKTE4gRE A, LMI—LM3 BERE MR THE
FAHEEHRMAMTAIEF, ML IMIREAECEZHE N, AR ELZHHREARNTE. AEEAUREEALELE. AFH
B6°C,, 7H “EE” TRHREEEANKEREEAMMEMA X, WFERMERASHNE R RN EEBLELE — FHE
B, MEDEABERER " C,, & “HUE” WHINT 5 AMEEE S C EFEZEHEHER X,

* O mE—RBEA; FAME; WEMLE; HFE; HEKAF

HhESES: P532 SCEAFRIRAD: A

Paleoclimate evolution and origin of organic carbon isotope variations during
the Ordovician-Silurian transition in the Upper Yangtze area

DU Wujia'*’, GAO Ping"", CAI Yidong', LIU Ruobing’, CAO Gangshan'

(1. School of Energy Resources, China University of Geosciences (Beijing), Beijing 100083, China; 2. State Key Laboratory of
Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China; 3.
University of Chinese Academy of Sciences, Beijing 100049, China; 4. Sinopec Exploration Company, Chengdu 610041, China)

Abstract: The Ordovician—Silurian transition is an important period in Earth’s history, marked by drastic changes in paleoclimate
and the well-known Hirnantian isotope carbon excursion (HICE) in the Late Ordovician. However, the causes of paleoclimate

changes and carbon isotope excursions, as well as their correlations, are still unclear. Based on the analysis of the total organic carbon
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(TOC) contents, organic carbon isotopes (613C0,g), as well as major and trace elements, the chemical index of alteration (CIA) values
of the Wufeng-Longmaxi Formation black shales of Well JY4 in Jiaoshiba area in the upper Yangtze region were calculated.
Combined with biostratigraphy, it is found that the paleoclimate conditions of WF2-WF4 members gradually changed from warm
and humid to cold and arid. The paleoclimate of LM1-LM4 members remained cold and arid, with an increasing trend upward in
chemical weathering. The LM5 Member marked a gradual transition back to warm and humid climate environment, while the
paleocimate conditions of LM6-LM7 and their above members showed an episodic fluctuation to cold and arid. The elemental
geochemical proxies indicate that the sedimentary environment of the WF2—WF4 members shifted from oxic to anoxic conditions,
with a rapid increase in oxygen content in Guanyingiao Formation. The shales of LM1-LM3 members were deposited in an
extremely anoxic and sulfidic environment, with oxygen content gradually increasing upward in the LM4 Member, transitioning from
anoxic to suboxic, hypoxic, and finally oxidized conditions. The "positive drift" of 6]3COrg in Guanyingiao Formation is likely related
to the burial and oxidation of organic carbon, with enhanced nutrient input from chemical weathering also playing a role. The

subsequent "negative drift" in the black shale of Longmaxi Formation may be associated with the return of "°C to the marine carbon

pool due to large-scale transgression.

Key words: Wufeng-Longmaxi Formation; paleoclimate; carbon isotope; paleoenvironment; geochemistry
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(A) Global paleogeographic map of Late Ordovician (about 445 Ma ago) (modified after Seton et al., 2023); (B)

Fig. 1

Lithofacies paleogeographic distribution and study section location of the Ordovician—Silurian transition in South China

(modified after Lu et al., 2022)
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Fig.2 Stratigraphic division and sequence stratigraphic framework of the Wufeng-Longmaxi Formation in Well JY4
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Fig. 6 A-CN-K (A1203—Ca0*+N a,0-K,0) ternary diagram

and associated CIA variations of samples from Well JY4
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2 Bl A e (RO A ) Al LAtk — 20 A i 3k — 2k
&, NI B0 =M 1 S i, s By A A8 v
(Moulton and Berner, 1998); H:k, BFg4—&E 42
T W ELA B LS B, BRI Y SO, 3L
RACH AT ISR BH O 1 5 70 3088 5 a2 17 el 2% b 5
FRARIIRLEE, 11K L 2 1 CO, IRFRXT KA
th CO, S s AR IR/, FFFERERR Eh KAL i 2 rh ok
HIHAE XWATRE T AmE SN ENZ —
(Sigurdsson, 1990; Buggisch et al., 2010); It 4k, iff
A ML 58 (L5 3C 3.3 735 A S Hi Ak R 2R W) 4
FH, A4 356 — BsF 3009 % o) 0 AR A 2 DA/ 2= 22,50,
1.2x10% 2435 5 ff O R 50K LA K 2 J2 10 I 3 3%
A7 A A5 K FH 79 8 5 BB 1 %5 55 (Shaviv and Veizer,
2003; Ramstein et al., 2011; Elrick et al., 2013; £l FH
FH, 2019; 5K 545, 2021), ik 2K K 19 S i 2k 7] 5: 30
TRAN CO, BT R &k T bk rE R
RE AU, S L, H sk R vk LA R
FEI R IR 2 28 th il T — /g vk A4, I8
IR R UK IR 22, HERIRE I T A Bkt
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Tk [l (37 % VA% =54 (GICE) MR 1Y CO, W B, 5
IR G ORERE 2] T oK T i 2544 R B,
2015; 2574, 2019; WL A4S, 2020) o e FEOK IS
41 E L 3 1 3 A WES D15k B 2801 4R (28
A, 2019), DKES IS AHRFSEI ] 2y 0.8~ 1.3 Myr, 4
5T AR R X R Y 70%~ 80% KX it [A] ( Gradstein
etal.,, 2004) . TEX A BRI FRE T K2 70~
100 m(Brenchley et al., 2003; Finnegan et al., 2011),
4 BRI K Y3 B R B2y 4~ 5°C (Trotter et al.,
2008), AT 4 43t 5 Uk /N B vk A 26 (Yan et al.,
2010), PARB 33X — BB S AR Ak 1y 52 2 bk . Tl
IS b A AR £ EE B G, 1.2x10% AR 55 g L 36K
/N, FEWAET R et Ak A3 i sl R AR RS ARPE L, L
KOTF BRI I A A T B0, AR L NLO IR 3 CO, 4
T ZE AR, ST ) k2 W A
32 ARIMESR

O A M5 R, DU Y U/Th> 1.25 il
V/Cr>4.25 45 7~ i | s il 72 48 i DT AR BA B2, U/Th
A V/Cr FEAE 4T 34 F 0.75~1.25 Fil 2~4.25 Z [H]
i 48 78 3 A BUR A DLRLER B, U/Th<< 0.75 il
V/Cr<2 B} 4878 & S DT BB (B PR [ 45, 20205
XURL AR 4, 2023; 5K 7 BRIZE 4358, 2023) o AR PEX
W3 48 A 3 T FS b T 31, WF2—WF4 BE A DT AR ER
355 PR AR AL R B R 2 A8 SRy i i AR, A L AT B
TREASGRE T, HEA TR DR AL IEFY U/Th
A1 V/Cr HAE R TF, 230 R i 20 DT RA
B, A ORES BTN E RS EEETHE, J IR
AR B UIURRIE, B SRR Z I AR
— AR A b E R Bk E, LM1—
LM3 BeXf I 123 A — kA8 1 TLARBA B, LM4 Br s
IRFE VIR IREE, LMS BE R & gk S & LT
P, RAETHR—IRT A —E AT AR L, LM6
B M7 UL B AR R R & A T A
WAL KT, N LMI—LM4 (4 W 245 1) |
A5 Sy LMS BRG] HL 25 it v] LA R 22 BRI K AR IR 5
B AR 15 3% (PN IR TR 5E, 2018) 5 3 b, LMI—
LM3 2 A IR AL i R BBk 1 3 1 (5% ) 3
o T HAB B 5, 454 B A TR IE 19 1Z 85 1 6™ Mo,
67U Nl Fe 4143 ¥, 48 78 7E3X — B 101 =T &
T Wi Ak 35 £ (Dahl et al., 2011; Yan et al., 2012;
Zhou et al., 2012; Kendall et al., 2015; Zhou et al.,
2015; Ahm et al., 2017; Lu et al., 2017; A& [& J< 45,
2021) . Z5A AT ANBITSY, 1 Hb DX 7E W L 3 ) —

0 R S0 it 2 i B IR TS B, TR B4R KL
Wi 5 2R 38 A2 vK 152 W) 1 3R 25 ] g2 T TRt i 9K
AR, FRA L3RI, AL & i, R
T A, 2 KU VR KA B AR B A D TR (i
2021; Yang et al., 2021) . BGAb, A 057 3% B 16 08 fiy
T PRI IG R, 7 SR R S BUE )
%2 77 KRR B (Qiu et al., 2022) , WA 2FF4h
B A5 ML) R R AR AR Y, FE R R RR O i S 4
BRI N PR BT 12 AL, TR R R IO P T
AL I JE 2% 7 A ) B R R 4] B (Liu et al.,
2020)

1 000xMgO/ALO; 7T LA K43 ity £ B, % (8.
INT T IERIROKIAEL, AT 1~ 10 Z[A] Ry gk
BT, KF 10 B Rk A 8% (4 4055, 2019) o &5
TR, B A R A I A R TR B
WF2—WF4 BoR R £R B 5 b ot e )OIV R R,
THEE AL P B 22U B, e e S R A 2
o EA—TFE— A —TFRE— LI s, 5
X — B A A R AR RRE Y & o FEARSCIF SR AT
BN, W T A AR AR X Tl IR 1 AR A AT 2 F B
SEMA, PRI ] ot S0 f0 ) S8 T 3 8 2 B0k 1
IR, TR R RAS R, IR PR ) 4R
FERR R S RIS, PERES KRR AR fL, KR I
X AT BE NG, R IR AR SRR B RS o 1
FEVKIAZE 5, A 0z, - 28 o5 30
K IR S5 TG ) i AL AR AL AL AR . KN 5
AR = 440 S IO i A o S — R AR R K 4 B
%5 (Rong et al., 2002), B[] b, H BLAE 5 w45 0K
SO1FF s 0 P 4 B0 UK 55 B T Rl st 3, 43 )
T R VR AR LA R A2 Bl 1 K 45 (Harper
and Rong, 1995), FAR Ay g A= 5 LUK 26 — ) K 4
Fi/F(Chen et al., 2005), T3 TIFVEAED 2T 50%
(1% J 1 80% I 2K T (% A2 55, 1996; 5% 43 FlI
Bk, 2006; Fom A FMHETUK, 2014) . R TFAEYIKR
KA B, A 2R L KL S TR Y
KK P E—E BN ESE TR, filan He 1
Pb 45, iX $E LR XHEF AL W) 2 A F 1 (Yang et al.,
2022),

33 KRRERNZREBEHIN

K7 BT JY4 I 0E—Ip THR 24 RE S A AL
W FI R 6°C,,, 5 TOC 75t 2 [AIAF 16 558 1Y) T 4
ek, NI A B R TOC F - Je AR b #a $ ik 17
WY . FlE—Jp i A i ot EL A #2519 TOC
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Fig. 7 Correlation between w(TOC) and 613C0,g of samples
from Well JY4

S, FEETE LM1—LM3 BEF LM4 BOR BB RE
i 15 6°°Cy, A TOC B i AR f R 3 5 i AR5
ERIA, BB B I AR OC R, (HEE
FEFE220, Hod Jy4 HF “IEE” WS T JY1 I
(Jin et al., 2021; Li et al., 2021), TOC & &y 28 k
A G ATAARTE B9 )1 g X A 7= AR AR A AR
LT 4, 2019; B HEHEAE, 2021) 6

H AT, & TRFA R IR EEAATE “HEFA 17
M CRARFUL T BE C F LR Z U
CHRBEF UL DR, A LR LR EL R i DA R R
1R (R PR G AR 7 0 S R] R BT Bk [l o 3 AR,
PRI Ay s 2L A 1140 2 A B S % °C 1Y, X R
R R AR JC HILBR 2 AH X & 4 °C (Brenchley et al.,
1994; Brenchley et al., 2003); “ X Ab2=i4d” AR,
T TR R B, R R 5 Hb) 12 R BRI A7
AR AR, B KA R, Ha 5 PC /=43
b MR AR AR, 750k [R5 26 e & AE WF2—
WF4 BETE P T “ 1B (Kump et al., 1999) .
{E3K PR P2 A A7 AE — 2 1 i, Foox) 32
UL R RO XA B D R R A X — T A A
FH 2 I A8 R €0 DT 5 e AR S i R R s T X AUk
2EUL” R GRS B Y DR R B R T bR R R A
RACAE F #2559, & °C Bk R £k 7 i JE i A 2 B
O AHXT 5520 (Gorjan et al., 2012; 1B, 2015; {a] B 4%,
2019),

AT IREL I RS2 bR, A SCA R
AL “IEE” F2 MR ALR SRR A 2521,
B “HGETAA L AT RE AT EZ AR o BRI
I BE TR 5 KA CO, A O, e B2, TB xS Ak

A PREE A8 B 5, B0k U A A2 v T PR
1Y fin4E Ak (Tosca et al., 2010; Kennedy and Wagner,
2011; Rafiei and Kennedy, 2019), 54 3CiH8 77
RSB, KA TOC & & 5iX —iH Ak
R BE AR i 7l PR AT Ok, S B HLIME LADRAT,
ARV ZC A TV Y, s i X
COURTEE” MR AR Ak HA R 22 M DX (B An &K
7 00 248 STV U0 JE A ) B T 55 5 KU FH AT
o 14 i Ui AL B — 2 B BEAE T (Zhou et al.,
2015) o SR WALAEHIAS & F 2R HLH], (H et n]
DU B BIEEN “IEE” MREER 22 5%, Biltnt T
76 S A YRR 8 A AR D, PRt A B
T rh A B Bk [ A6 2R P Bk IR R A i s B D,
SECZHL X CIE B WE BE A X $2 55 (Fan et al.,
2009), XIPERHAE SR T3 Sk il E2 3 1 KI5
AR A B B I R BIR A i 22 T 4 T 52 1) DX It 47 B
)52 (€ 8; Laporte et al., 2009) ., B& T # [7] 7 2
ARAE LIS, A E W T X — AR R 5
B [0 2R A2 Ak, R T HE 7K A 7R 00 1) [ A A
L RAEAAE S 40 B iR #8005V T, T R+
I T 5 A R 58 R R s Al R B s B AR AR
M7 WTfE stk S AL & W R AF SRR, YT
AB BB A BB 13X — i 0] B R
L7 0 LA KA LB BA RAF I BRAFE A5, DT S
¢ T A P 5 (Laporte et al., 2009; Luo et al.,
2016; Liu et al., 2020) .
FE VK3 25 H5 9 LM1—LM3 B, CO, #1 N,O
S5 2 AR 8 7 A A A A A5 B B I I
V- T U b T 5 A A BRE A BRSO R, B PC
AR K b 3 1 3R )22 TC MUK 22 67 A 2 T S 350 T
67Cop VTR “ U o BUAN, 3X —HHT AR 5 b
SHAEEFENEAA, 2AELH, FERIX —
I AR R B 85 2 w0 (ZE NI A, 2018), BAT R4F
MPRAE A . BRI, 2B TOC & i, [l A e
TGS B, BABGS AR, T8 A KSR
T WD, FTRETEA Y R R R 2 )5, A
FEEATEN P A A i sl & Iy, R4S e — B
IR R T TIEH RIS, B4 RIUES
TERI EL RO 9) o YR KA S5 W5 A
T S MR ety A7 ) ) BT R IR e 22 07
TR o LU Bl BT s 2t %) L i 85 KL JiS )
JiE 7 Si. Fe, P48 37 (Zhao et al., 2021), X}
AR 7 0 3G A 2 AU B9 4 ] (Lining et all.,
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2000; Ran et al., 2015; Lu et al., 2019); fk.2%= XL AE
FH 1 SR i Bl V52 A 8 Ay v 7K 4 — o 0 9
Yy 00 R AR AR A 2 72 D0 Y A DR 2R AR
H S AR IR, S 30 TR IR IR Y E N K
2R K A 1) [l I 5 LUORAE 352 8%, [RIRE R e —BUIR
HR = B LY TOC M 17— srsk (1 9) o oK1l
KA AT REH K T B SR, S BERZ Y A
71 ETFF(Le Heron et al., 2009); 55— J7 M, H FEK
FK ) Rk 25 BEAS ], DT BRI T 7K AT A i 1 A 4
IS 3T WL (Liining et al., 2000); 55 <&
T8, TR R A% iy B A B TR E K
LR I AR ZR BE L IX., K13 Bl % v A ) K 48 5
T I 5 M AS AR AN, PR AR 7 ) AT REAS B
Z VKN B AN R R R A, 1999), B
U By A 72 ) SR R R AR (2 LM —
LM3 B) % i TOC JZ=BeA il
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FEA HLBR [m] 137 2 H50 (78 5 8 I ] A ) P sk A8 A o
X, T S S R B IR LA G HL ] 5 N
Joy IR 2 b 1) 2 7 DL R ORE GT~F- THT B AR A, FEBEGR Y
TRARIREE AT Ry i AL 22 5 HLS AR, A A Tk
R, {H AR AL B DL Bk B R Z K, T
FEP A A DR 2R B ), oty PR S AL R A
X, FE B KRR T LURNE & PC iR Y
CO, & HEf A #, A5 1 % JC ALK (DIC) HAH X &
1, ghim S 613C0rg {6 2% 75 55 K (Jiang et al.,
2007), I T FZ KA IRZAKECC SR 2205,
R 2 44 0 A= W 2R D BRCIAD 8) o T TEHILAR W) 57 26 1Y)
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% (Buffett and Zatsepina, 1999; Gorjan et al., 2012;
R, 2015)
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