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ik A 7z KBt (Pangea) ML ST, HRPEFKHA (Central Atlantic Magmatic

Province, CAMP) MG SN & ETME )& B fil &K HL#| (Marzoli et al., 1999) . CAMP

KWFSEHEA: 2026-01-12; WiEiEAEA: 2026-04-07
ESWB: EZEESPAITR (2023YFF0804000) ; H K AR FIEETH (42372130, 42488201)



Bl i

=

BT B 2 SR SE SR T ARG IR AR AN L g PRI AL AN B AR S5 — RSB EE R
%l (Schoene et al., 2010; Blackburn et al., 2013; Davies et al., 2017; Lindstrém ez al., 2021;
BT RIAE, 2022) , X AREES RGIER T BRI

BRI = UASE, CAMP KBS SE 7 IR R 2 RGN K&K (Hg)  (Pyle and
Mather, 2003) . XESRUSEZRFUR (Hg®) RIEAAFEAE, RS BN K (0.5~1
), AIFERERYGEAY B WIS B AR I AR (B, UikE . FHEBO (Rudnick
and Gao, 2003) , HZAMETHPMTIRAF (B 1D o B, JORYH IR E SRR
St 5 73 S K K A Y Bl O T SE R ER AL 24 46 FR (Schroeder and Munthe, 1998; Bagnato
etal., 2007, 2011, 2015; /=%, 2025) . ARG ETME 5 CAMP &SI CEL, /T AJF
J& T — RPN TR R ok & SRR I T B4, Shen er al. (2022) i 734 H A
- (Katsuyama) FITH (¥ 7RIKE S R RAFAE, KL CAMP ZAFEIE, IMAGHUT, Mk
UK S8R (CO2) » SEOMEIAMAN) KL Perpivaletal. (2017) iEid2ERZA
W T (A 7R S SR RRE AT, R T CAMP K L& 3 DA Sk R 7% 2UR FGR A — 484k
B, SR RIS FREEE), IE T AR KA ESE T RS REIIKE . ARk AN T
E ETME K408 207 [l 2510 S B R S 3, Sy 24 6 ARtk S0 2 1) [ 20 O 4R 3 1 4 D0 e

K1 ERoREhorER (EEESE, 2024 1250
KUSKRIFERIRARE HelE B E RS, SEMEMSITRE, HeZou i S R A A KE R He? s, il FR il
HENFGHOAGEEFE . HeO N W] B i + 3 E i e, B AR N . HENIRAE IS He AL SAHUR . SR +4
WEE ARG T IO . b, Wb i He W # BAE M Ak (MeHg) » fERAHEH BB
Fig.1 Schematic diagram of the global mercury cycle (modified after Gong et al., 2024)
Mercury from volcanic sources is released into the atmosphere in the form of gaseous Hg’. After global transport and deposition, Hg®
undergoes photochemical reactions to convert into water-soluble Hg?*, which is then deposited on land and oceans via both dry and wet
deposition. Hg® can also be directly absorbed by vegetation and soils, and is transported to the ocean through surface runoff. Once in the
ocean, mercury is eventually buried in sediments in the form of complexes with organic matter, sulfides, or clay minerals. Additionally,

Hg?* in the ocean can be converted into the toxic methylmercury (MeHg), which accumulates in the food chain
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A3V ERA/E, Wignall and Atkinson (2020) BRI i i it o ks BE i AR |2
EWEFL, HUGRH T ETME 7E5G & S AE AT 1 0 R AR T PR EII K 4. B
kb, B KERETHREY, SHLFBEEE (W Rhaetavicula contorta) FIATE
M REESUR N R R INE, FRERAE TR TR R Y, 1 UF TR KA e XL
FEA L TRUR ORISR SN 2 FEE B2 PR IK (McRoberts ef al., 2012) o /L& 41T CAMP AH
TG Bl 5 AR WK A 0 DRI DI S, LK e 70 I A M i3 43 % 3 A B VE R s K 4
CAMP KBS F KR, R T XhE e L e R L sk S B ) Ha s

NTIERANE R CAMP KINGE) 5 =S LKAV KARIN KRR, AL E T4 5
A 5o R % 22 b Dove’s Nest 5O AU BF Fo 0 &, @I 5I N SR IEFR (Hgeo
RGVPAL T HOR & AR, JREULIEAE b, AR T oK R SR BRI S RN ]
HHI IR UIRR S B, LA IR R CAMP 4 BRiDat. thah, AHFTERH Hg-CO,
A ELAEIE L, X CAMP W& 23 8] AR A — S A B HE UM BE AT e A B, B e N =
BK CAMP #3UKILTE BN 5 # A KA 2 5L /By & B4R, ®5, 5IN KAl
FUAE 1 A K AR F SR BE b, LAMAR R ETME BB A W 9 s 2R 4 105 R WL

1 HRE R

Dove’s Nest &0z T O E L sl e MK 2 2 (K 2) , HAHEN 54°26°11.35” N,
0°37°29.21” E, o3 1 Wi =& 2 FORZD I — 52 AR R ITAIE R (Wignall and
Atkinson, 2020) . H ML, 1Z%HH 53750 9 _E =& %% % Hi Bule Anchor 20, Westbury 41
Listock 2H /% 1% G dE# I Redcar Mudstone 20 (& 3; Wignall et al., 2025) . HH, Bule
Anchor A& SN HRRD USRI, KRB TRHiE KAV SN 15T . Westbury 2H
JRE AN RmAAKI S =, B8 2 RERERDE, AT IR S. P 78 A 1E& A
Planolites B A7 . HTTHE 2 m ‘& HEXFEK Isocyprina sp.5 Rhaetavicula contorta. Listock
HE R b XA A Cotham BRI Langport B . Cotham BYJEHE N 4 ecm 2 Hb A, 17 70
cm R K e AN &, & & Rhaetavicula contorta WA RE, TIRFRAN 1.24 m B
Fib A, RE KRR K ZZRITRAZ MG . Langport B A& 55 T Cotham B2 I, &
MR K e s SHZAR KA B2, TS K B B A uE (Wignall, 2001; Bond and
Wignall, 2008) . Redcar Je'm A AHNEREBEOT S, FEMEERE, & 58K
FeRw g, BRI N CARK B A NE, & & Pteromya spp.. Modiolus sp. % cf. Semuridia

sp. M FEH (Hodges, 1994; Wignall er al., 2025)
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K2 =&4—kPAH (24200 Ma) FFK 234 Dove’ s Nest &0 (FEEIEJTTE) B AL & &
(4% He et al., 2022 220

() SRR, TEPEENTRTEERE (CAMP) , #7 1~6 REA LEGITALE: 1 A7 HIHT/RIGR L St. Audrie’s
Bay T ; 2.5 7R K22 % Dove’ s Nest 50 (CABFFT) 3 3. 8835 Eiberg 7 Kuhjoch #ITi; 4.84F% % Jameson Land 7ith
Astartekloft #IT; 5.7 HEE) /R B KA HIT 6,00 [ 001 Zit B BT (b) PEARFHR T X i 2 ]

Fig.2 Paleogeographic map of the Cleveland Basin during the Triassic-Jurassic period (~200 Ma), showing the

location of the Dove’s Nest borehole (orange square) (modified from He et al., 2022)

(a) global palacogeographic map. The red shading indicates the Central Atlantic.Magmatie-Prevince (CAMP) Numbers 1-6 mark the
locations of studied cores or sections: 1. St. Audrie’s Bay section, Bristol Channel Basif; 2sDove’s Nest core, Cleveland Basin, UK (this
study); 3. Kuhjoch section, Eiberg Basin, Austria; 4. Astartekloft section, Jameson Land Basin, Greenland; 5. Haojiagou section, Junggar

Basin, China; 6. Qilixia section, Sichuan Basin, China (b) palaecogeographic map of the western Tethys region

K3 =B AR ARG A L E 70 F) 2 2% i Dove’s Nest & DB BRIL Z24GFME (63 Corg. TOC. Hg. Hgex-
K/Al Jz CO D
BRIFBLZE S A B Wignall er al. (2025) , LARLFREEEVNHAKLZA, CIE FoRiik AR, TOC FRMaHL
Ei, Heo Ronid Bk EE
Fig.3 Geochemical profiles of 6*Corg, TOC, Hg, Hg/TOC, Hgex, K/Al, and CO2 emissions across the
end-Triassic mass extinction in the Dove’s Nest borehole, Cleveland Basin, UK
Carbon isotope data are referred from Wignall ef al. (2025). The red dashed line marks the two-phase extinction, TOC represents total

organic carbon content, and Hgex represents excess mercury content
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=B RPHED) K A5y 3 K AT Cotham BEFI Langport B 1513 ( Wignall and Atkinson,
2020; Wignall et al., 2025) o EFXFEE—HE KA PMGFEERGERNE R, BA WS DN
X A1 26 FE AR AL B R B I PERES B (Mayall and Wright, 2015) , {H7E Langport BtifgAf]
FMKE G, Cotham BT R MIXGERIFAREF B, B HYIE 5 48 A [ AR S AL
g, FWIFE Langport BT 2 A TR A SE BT K 4 (Wignall and Atkinson, 2020; Wignall
et al., 2025) . Wignall et al. (2025) #&H Cotham BURIBUIRIAEE R A B KA, ik
PESIPDER I R T B SR MR TTRUC B R . A, SR A T 2 8 KA R A FAF
85 RERFA TR FE KA, RSO —R KA E LT “Initial CIE” FF4A 50w (¥ E AL
(B3 .
M — & tH 2 B0k D P 4 32 7 b DX AH 2 10 10 5% D9 ok B R B9 ALK [ A7 3R 67T
(Negative CIE, NCIE) 541, KA “Precursor CIE” “Initial CIE” “2™ CIE” } “Main
CIE” (I8 3; Wignall etal, 2025) o %W} #1426 Dol 3 T35 7 kil oy, LR
Kuhjoch | H# 2 N =& Z—KD RIN “&4 7”7 (GSSROWIH, LA A Psiloceras spelae
tirolicum R LA A (Hillebrandt et al., 2013) o B = B AH & B LA Choristoceras marshi
R, H AT RAE 5 — R KL R RE S AR P £k 2 40 40 A A Re SR T X 1
P, spelae tirolicum F1iZ KEEHIX ) P tilmani“(Cope and Chaloner, 1980) , ‘g1 T 5[
G WA E P planorbis. T 95[E Penarth FEUUAR T SIS, k=36, SEHF I+
SRR R 2 204 iy o [RLE, TE[E B P planorbis L2 T HIENLE SN “Hii-Planorbis
2”7 (Korte et al., 2009/ 3ZJZ A0 (ER ] F X GSSP H#ITH H B R K48 f5 5 P, planorbis
HILZ BT “THEHA” ./ Dovels Nest 75U [R5 b RIZE I X S8 A S T, ad ik R 1 DB )
BRFIOL BRSPS 53 A 1 A ERFRAEAEIURS 2R AT A, AT S ST A 1 (4R AR
HZZR .
2 FEmERERTIE
Dove’s Nest # O FR1F T 58 B HIE = Bt & FARP HPURHZ 781, AU T e X
491.6 m % 521.1 m ZIAIf) 74 FERERIEAT T B o0 PR R A . RER ZBRNILTE S, MR 2
200 H. BfE, RMPEFEMET T EANE (TOC) HEM (TS) &8, KETEMFEEIT
REEMHT
2.1 TOC #1 TS ZEMiX

P bt S AT LB B DN AT I K PR 27 S 6 oo R T A OB R A 57 5 6 2 8 Al
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FREXZ) 0.50 g By ARFE ST 15.00 mL B0 F, IIA 2 M HCL fE =I5 TR 48 he Bl JE i
A K R PR AL EEBUR BRI, RO (R TR

FREL 25 BRI R BRI RSB R 2 10.00 mg BNBMH, 48 # BN Thermo Fisher
FlashSmart CHNS/O JT R4 B gt 7 AKe, AaiF 3 4 DMIEME, 23 5%F 8 C. Ny O,
S LR & &, B R E R AU B BRI AR AR, B RN IR,
TR S BB A & MR A NN Thermo Fisher CHNS/O #RyfERE S 1E NS HrnE, NIE
A 52 SN+0.10%0 0
22 REESH

P it 5 B B A3 T LA YR S Rk 27 ST w0 T Y TR R A 27 51256 = 5 B, WA
#N Lumex RA-915 R BLZ) 50.00 mg brifERE B T AT, K280 R 5 0 A 58
FHE N S AL S SR, B A2 S IR PR R T SR 28 P 28 2 J IR O 1,
M RE TR SR FAE 253.7 nm B FIRFAER IR, B Hahdk B R SOEAR R, IR IR bR
M 25 0O TR T B A B AP AR AL R 20 AMFE AL I N GBWO7401a FRAERE Sl TR IE .
23 FERERMA

B R TR & 8 NATE b R B g m T A T BT S0 e R HEF PR
50 mg ByARFEM, TEDARAP Ll 550 cCRyldK 08 h, EERANUR . Bl S HHE S NRF U
FEF, A0 HNOs-HF 1R AR, 25 NNE, T 190 °CHfi# 72 h. EEICER G RMHH S 710
Tl 42 [ FRLJBKRE &5 25 B TR R G (ICP-OES) g . M FAE Jy v [E 305 i 2 )% Brush
Creek JUA . %03 B MGERARNT bR ZE (RSD) #9/hF 5%.

3 4%

Dove’ s Nest 7 /0o F WL [F) 17 2% 25 5 70 Bl -24.79%0~ -28.30%o0, “F141{E N-26.30%0( K 3)
MEEIHT, 1% OISR T R NRE 1 4 RBRIFAL R Ul FF, H “Precursor CIE” HIILTE
H— T KAEAT 2 HTH Westbury ZHH DA )=, MEEEIA-3.00%0 (] 3) o “Initial CIE”
W BLAE 178 Cotham B R 3B, 18 £9-2.00%0, HFRHE 555 55 —F KA EA T B (B 3D .
“2MCIE” Il “Main CIE” W43 5CRAERFIEMT Redear Je i 4L (K 3) .

Dove’s Nest %50 ) TOC & 25 HA 0.08%~5.15%, “FHMEN 1.57% (K 3) . HA1E
FaFA 5 813 Corg i Y RIFHIRE A R 7E “Precursor CIE” HE], TOC (A ILIREHK (4
4.00%) . BEJGTE Cotham BB, 1%ZNL 53Core [EHIFI 1 TOC AN FEAL, #Eon T HEEEAR
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WIpTROC S (B 3) o B—HK4EELET Cotham BL) “Initial CIE” H[H], TOC FRZEI
FSTE (E3) .

Dove’s Nest &0 R IK VL FAN 2.10~240.60 ng/g (K 3) , fEFA OB A 15
WEfl (E3) o 5 IEHE (161.50 ng/g) HINAE Westbury b aZE (K 3) . fija
JKAE Cotham ERJEHE N I4E 4 50 ng/g (KB 3) o Cotham BT (5 —3= K4 Z460) JFAH
LT 55 I (240.60 ng/g) , 5 “Initial CIE” JZAimEW A, HFEER =84 (kP4

Fe (Triassic-Jurassic Boundary, TIB) [ffiz (& 3) .
4 v

4.1 Dove’s Nest BRI FHEER EHERZE T

TE RN AR TUR M v He ' SRR R R KO LG Bl 2 A, 7 B2l b Hyg 1) 3 20
FEAH, DLIBE S b 2 o (1 5R 57 2 E LA AR AR AL BT 51 2 (1928, (Sanei et al., 2012; Grasby et
al., 2019; Shen et al, 2019, 2020, 2022) . SEUFHF7RY | SEPUFRLE A IR N2
Hg 7EURRW i) 2R A T 20, R BEAE VP b 2% vh ok ' S 8 2R H) Hg/TOC (Boszke et al.,
2003; Sanei er al., 2012) o SR, PCHRZEFCINRBITIRD PRI+ 2 2%, B
BTSN, Wl SEA s L4 G (Bower et al., 2008; Grasby et al., 2019) , [A
PERELRG 70T Hg 5 TOC. TS HUARSCHE, AR TR ok 1 3 2 A7 T X il3d 43 47 Dove’s
Nest £t KA 820 555 TOC. TS, 4888 (AD MM R AHE R IR R (B
da~Cc) . Z5RFEW, Doved Nest 70 Hg &5 TOC Fl TS & &3 2 I — & A M,
HAXRE (RD 559056 F10.45 ([ 4a, b) , HILLZ T, KSESERZIIIE K
Ktk (Bl 4e, R*=0.11) . HAFERMSE, Dove’s Nest #£dh TOC # &5 TS R AGHEN
IEAH G (B 4d, R*=0.49) , [Hitt, Hg 5 TS FIAH G0 LATEBA /2 15 N A7 AH (1% R BT 8L
ST, ASCH A ER AR E ORI E R . I EOR (Hgeo RIRFEM TR =it
TR S BR AL RV BT UK S (O FL S (Fendley et al., 2024) o kb, HiBRAL4F
PEIESRFE S PR KA A, B TOC. TS 37 Al & & o BT Hgex T ™ K B4 Fendley
etal. (2024) WAL, BT ANAE SR D HFERTR BIRPESR A AT (T-OAE) HIWFFih RILE 11
HH PR BRI 453 25 7™ B PR P A AL oy 1 B, AN S M F 4 BROR B SR AR T I VR4S
(Fendley et al., 2024; Liuetal, 2025) o NHBRITIL, TETHE Haex BB SLRIE T 0RIR
#hat Hg L HARGE & (TOC. TS & AD [F520:

X
chzm (1)
100
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A X ToRkEfhH Hge TOC. TS 3¢ Al & &, CaCOs RonFEf PRI & &. Ky
Sl (Hgokg) 72 Hgex THEI AR P 2R HEEHI S, Fendley et al. (2024) @i G FE R &
B 5 FLAE A 0 SR A A0h 5 R 8 A A EE DL it 20088 5 Dol B ek s Xt 1 1) R 2 (Fendley
etal, 2024) . *7T Dove’s Nest 50> Hg &5 TOC S BRI VR, Bk, FIH
MATLAB R2023b H 5] Curve Fitting T.H, 435X} Dove’s Nest 75 0] Hger F1l TOCcr #E4T
TR EVTR BSOS (B Sa, b) , SERLRIRAERLA thZ AR ED) A, BT
WERRMRBOCR, TR SR Heog:

Hgpig = 899.91 X tanh (3-%) +9.50 2)

BifS, RERERKTL Hge WTHIAR (3) 15

Hgex = [Hg] — Hgpig (3)
s [Hg A St SR & & . Dove’s Nest £ 4t ) Hgex H7TS S Al 58 GR35 AHCHE (K&
Sc~0) , ULHIHRZHABRAAAH T . 54, Hge SRMMEIER (K/AD J1R £
EAIEER (B 50, KPR Dove’s Nest 0o T B R IT A ZIEHIIX, (HIFEARZE
RIS A A IS, A R4S CAMP K FUEHE ). Dove’s Nest O 3L ELA 32
L Hgex & 5B (B 3) , 73 J4E Cotham BRI H AT Cotham B IH#E % Langport BT, H
1 Cotham BUE T Hegex HUE TR 2 36996 ng/g (K 3) , et 2 ok i & 4, £9 Dove’s
Nest 70 A AICs% T CAMP ) —FiE3). Bfif5, Cotham BTN Heex =ik 179.42 ng/g (K]
3, REHMZFRI A X ESE, LT CAMP (5 —5E50, SRS 3 5
FE S — R R A R AR R B ) — Bk, IR T PRI B R KA R
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B4 So IR TR IR T U R R A
(a) 7k (Hp) —HHm (TOC) XFHE; (b) K (Hg) —afi (TS) KHREKE: (o) K (Hg) —# (AD XKRE BEIENF
TERENIERD 5 (O BAPK (TOC) —k (TS) KAE
Fig.4 Crossplots for identifying the hostifig,phases of sedimentary mercury in the Cleveland Basin

(a) Hg-TOC cross-plot; (b) Hg-TS cross-plot; (c) Hg"Alcross-plot (Al as a proxy for clay content); (d) TOC-TS cross-plot



5 TR EHRE AR IR Sh A R BB (Hee) 5AMNBREE (TOCer) & it & oR4% I H %
ol fig
(2) Hger TOC X BB AR (b)) Hger TOC XM IEVIR B G B (o) WER—AIBKRE, (D SER—LDEHR
B (o) EER—FARRE: (O dER—EER—WEXRE
Fig.5 Crossplots showing the correlations of carbonate-free mercury (Hger) versus TOCct, and
the controlling factors of excess mercury (Hgex).
(a) logarithmic function fit of Hgef versus TOC,; (b) hyperbolic tangent function fit of Hgef versus TOC.y; (c) Hgex-TOC cross-plot; (d)

Hgex-total sulfur cross-plot; (e) Hgex-Al cross-plot (Al as a proxy for clay content); (f) Hgex-K/Al cross-plot

4.2 ETME FHEALEKGMITIR 12 R XTEE

N B4 ISR ETME 5 CAMP WGEIC R, AW 7 2EK 5 MARUIRME
/A0 ER R B RN R RRIR SR (K2, 6, BAAEEE: FORs I ROk S
H[X [F) 5% [E St. Audrie’s Bay 1T Al B 1 5] Kuhioch #T (Hesselbo et al., 2002; Ruhl ef al.,

2009; Percival et al., 2017; Huaetal., 2023) . ¥:f& % Jameson Land 7 Astartekloft T
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(Mander et al., 2013; Percival et al., 2017) VLK 35 kg /R 1 A0 50 5 AN DY )1 7246
B (Shen et al., 2022) o FIPYE NUGAHHRIT, J5 =3 MFGAHR .

SRR R AR K A B A AR S SENLZ A I TR B ARILR (B 6> , HEH
Dove’s Nest 7 O A7 AE i BEA ALY . “Initial CIE” &R ZE 2 B2 AL CED, TE[E 112 Westbury
Hrh b Heg WKFE S Hy/TOC FEAHNEURMEAR G, [t CAMP A KA K RUBLE S, KA
RIRERAL (B 6) . BiJ5, & “Initial CIE” B (R, HEEHE Cotham B ) , Hg/TOC
I A, RBIILR T CAMP MIKMIBLES) (B 6) o ZIENIITTaa a7 )
MIEs—HeRdn, (EFESsl)E, & “2™ CIE” (B, JEE )2 Blue Lias 4URH) B, Wi
FENER R (B 6) o PURFRITIAE TG 1) AR = A A RV i s FE — BURTIRUR &
FHHIE (B 6) , KB “Initial CIE” BIRIZR BRI XA R (I, FRECREA) 4.
et A 7 T 11097 ' BEARRAE 55 PH RS T VA 35 T (A 9 AR AR, 35TE “Initial CIE” Bt 30 Hg
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Fig.6 Comparison of carbon isotope and mercury (Hg) records from marine and terrestrial sections during the end-Triassic mass extinction (ETME)

The locations of the numbered boreholes or sections 1-6 are shown in Fig.2. Red dashed line marks the marine extinction horizon, and the orange dashed line indicates the terrestrial ecological crisis, B.A. Fm. stands for

the Blue Anchor Formation, Lils. Fm. stands for the Lilstock Formation, Co. Mbr. stands for the Cotham member, and Lan. Mbr. stands for the Langport member
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Abstract: [Objective] The End-Triassic Mass Extinction (~201.5 Ma) is one of the “Big Five” mass extinction
events of the Phanerozoic and is characterized by a two-pulsed extinction pattern in marine ecosystems. While
widespread volcanism associated with the Central Atlantic Magmatic Province (CAMP) and subsequent massive
carbon emissions are widely regarded as the principal driving mechanism, the precise spatiotemporal relationship
between specific CAMP magmatic phases and the two discrete extinction pulses remains a subject of intense
debate. This study aims to clarify whether these pulses were driven by immediate volcanic toxicity or by delayed
environmental feedback triggered by sustained igneous activity< [Metheds] To address this, we present
high-resolution sedimentary mercury (Hg) records from the Dove’s Nest“drilling cores located in the Cleveland
Basin (UK). Mercury is utilized here as a sensitive proxy for large-scale ‘'volcanic outgassing. To move beyond
qualitative descriptions, we employed a coupled mercury-carbon emission model to quantitatively evaluate the
degassing processes and the scale of CAMP activity. Furthermore, we utilized potassium/aluminum (K/Al) ratios
as a robust proxy for continental weathering intensity, By\integrating these geochemical datasets with previous
high-resolution biostratigraphy and paleontologicalerecords, we investigated the dynamic coupling between
volcanic pulses, continental weathering rates, and the stepwise collapses of marine biodiversity. [Results] Our
analysis identifies two distinct phases of Hg enrichment within the Dove’s Nest drilling core. The first enrichment
phase occurs at the base of the Gotham Member in the Rhaetian; however, its distribution is restricted to specific
local profiles, suggesting it répreSents\a regional signal rather than a global volcanic event. In contrast, the second
Hg enrichment phase spans from the ‘top of the Cotham Member to the Langport Member. This latter phase is
characterized by a significant, sustained increase in Hg concentrations that coincides precisely with the first marine
extinction pulse and slightly predates the onset of the second pulse. Crucially, this second Hg anomaly exhibits a
globally correlative, appearing in both marine and terrestrial sections across diverse paleolatitudes, thereby
confirming its origin from large-scale CAMP activity. [Conclusions] The widespread distribution of sedimentary
Hg enrichment across global marine and terrestrial profiles during the late Rhaetian provides strong evidence for
massive, episodic CAMP activity. We propose a staggered causal mechanism for the ETME: the initial phase of
volcanism triggered the first extinction pulse through direct, short-term mechanisms. These likely included rapid
sea-surface temperature spikes and the fallout of toxic substances (e.g., Hg and SO.), leading to an immediate

decline in regional and global biodiversity. Subsequently, the sustained and cumulative release of CO: drove
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prolonged global warming and a significant intensification of the hydrological cycle, as evidenced by elevated
K/Al ratios. This intensified continental weathering accelerated the flux of terrestrial nutrients (such as phosphorus)
into the oceans, fueling primary productivity and expanding and intensifying marine anoxia, indirectly triggering
the second extinction pulse. This study highlights the staged nature of environmental collapse and biological
extinction driven by large igneous provinces in deep time, providing an important deep-time analogue for
understanding the complex responses of marine ecosystems to ongoing global warming.

Key words: end-Triassic mass extinction; large igneous provinces; sedimentary mercury records; pulsed

volcanism; spatiotemporal relationship



