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AR B EFER & SRR 2R (1b 2 30 M gsSi12030(OH)4(H20)4-8H20),  ZIRAT T35 — B 25 Fie i
KA, ERMEE T2 240K (B2d), Mg/SitbENT0.607~0.670 CREREE, 2024b). ¥4 RN2:17
IR B BERERR R, 12X AMgEsSi010(0H)), [FIFEIRAE T8 & AR R A s HIH R B R IR R EZ
W, HOME R RETEER. Bk, BAORAAEREIRSE, B#faE U RESHRNESEE (B
2e, ), Mg/SifrT0.607~0.670 (R4EEE%E, 2024b). HFEAAEFR. &MV MIEIAS T o] B m
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Fig.2 Petrological characteristics photographs and photomicrographs of the sepiolite-containing successions in the Mao-1 member,

Sichuan Basin
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Fig.3 Mineral content characteristics of the sepiolite-containing successions in the Mao-1 member, Sichuan Basin
4 F—BEEEAERM IR B S RHIE
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2025). i, UCalbff nl A AL R A& A R 48 F5: 291/Ca>2.6 pmol/molff, s W f& 3 K 44 Sy A AL 3h
1% Mil/Ca<l1.5 pmol/mol MFE /R 7T S (UL FEAE, 2024) . 187Sr/36S rfE 38 S WA Fili AL AE 0 18555 ( Yong
etal., 2024), T & 3CHIEfw N 4878 WL G I A A e ong et al., 2024). Mt ILEME
EGAEABEIR A E R HKIE R EIE FAIRSE L2 MR AR (%P5, 2025).

4.1 AEMRFEAEIEIRIRSH LR SRR
NIE— ISR — B )2 R OBu U 1 R 2 H S AR IR SRR AR L IR G HG, BT TR
BT 5% 50 2 0 20 AR ALE TR I R B H R AR 5 5 S UHOGEBu LA R, SR K4
7R o
LRGN R I, TEHT T s b, UK E SRR AR BOBu 6t 5 R H I X G 4 BRSP 24 I B A1
F20 'C, WML ATCaliim % T1.5 pmol/mol, S7Sr/36Srif & T Fa#a%y, Ui BoEu 7 vl e ik T-1RiE -

A HORRE A 55 31 5T . % BARINR : 72 B284T 52 M Vingerbreek Al Baikonur 55 /MK HIHI VB &5
SEuT-0.72~0.98, 31 40.86 & 2025a); KOy E & N3%~12%PAL (FEH#L, 2015); 613C

N T-0.8~-0.7%0 (BEFEREE, 20150, HiFHRFKE] (G Jes oBuft 770.76~0.92, ¥J{H 40.85, MK A JEu
+F0.82~0.94, ¥ H0.87 CRERS, 20252); FHIREHNI.5 ‘C~17.2 C (Scotese et al., 2021); K’
02 & 8 N7%~27%PAL (Wang et al., 2025); I/CattfE<1.3 pmol/mol (714, 2023); 63CHT0~1.78%0 (3%
JFEEE, 2015), ¥7Sr/30SrE 790.708 1~0.708 9 (U HHE%E, 2025); #fip FEvKIH (EH L) Ve A 0Bufr 10.79~0.98,
BIE 093 CRERE, 20252); FHIRE N16 CT~18.5 C GEREEL, 2015), K08 8 N27%~52%PAL
(Wang et al., 2025); I/Calttffi<1.3 pmol/mol (H J/J%%, 2023); §3CH1.60%0~1.78%0 (3 EFHEE, 2015);
87Sr/36Sr{i 40.707 9~0.708 1 C(Jk HAEEE, 2025).
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Wt AR CARAD) Yo/ Buft 170.62~0.96, ¥IMEH H0.83, K& IEu T0.82~0.97, HfH0.87 CK

SR, 20252); TIEE N11.8 'CX19 C (Scotese et al., 2021); K025 &8 N70%~90.5%PAL (Wang et
al., 2025); I/Catbffi<l pmol/mol (H /J%5, 2023); 6'3CH2.61%0~4.6%0 (i BEZE, 2015); $7Sr/%SrEbfE
“H0.707 9~0.708 6 (& HAESE, 2025); B AEARUKIA (=SB4 KA HISEusT10.65~0.86, I M0.75,
K HIOEuA10.55~0.82, ¥ME N0.75, A=A HIOEu/T0.85~0.89, HI1EH ~0.87 CRERS, 20252); T
I N11.8 C~19.5 C (Scotese ef al., 2021); K027 & 790.5%~101%PAL (Wang et al., 2025); 1/Ca
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(Wang et al., 2025); I/Calt.fE<1 umol/mol (H 7155, 2023); §'3C{E 12.8%0~4.3%0 (B LSS, 2015); 87Sr/%¢Sr
FLAE A T0.707 5~0.708 2, ACTERAFHFMRMERX (R HFESE, 2025).
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Fig.5 REE:s availability determination of the sepiolite-containing successions in the Mao-1 member, Sichuan Basin
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— BRI A 2 RIOH LR A A (E AR Ba SRR,  HLAZ B0 R IR N BRI
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B DY)y — BeE i in R &M o R 6 Bu i i iUA

Ak

FBREEAZEANM T IUR EE (ZREE) BAR(K, RICAEM T (La-Euw) MHAX T, =L
(Gd-Luw) X &SR E. BAERMIPCe B . GAdIE S MImZIKIYIER %, Y/Holtb K 5, &
YA A S (Smrzka et al., 2019) (E6).

Ko PUNEMTF — B & A E R/ Lo Rl =
(@) KEMETRIAEEN: (b)) WIAKER LRI (o BAEM LRI
Fig.6 PAAS-normalized REE distribution patterns of the sepiolite-containing successions in the Mao-1 Member, Sichuan Basin

KA WG LG R o B 28 2L BUNARE, B Lo RZ MM BREER, EuE2IfnFH (Hea),
(La/Yb)NZ 1E0.41~1.03 C°F35°50.68); Ve i 2K & [ ot 2 iC 7 i 2R B A8 P30, (R4 3R B0 48 sk Ze i )
s, BRETRESEEE, EuRfRE (E6b), (La/Yb)HIGHEI7E0.47~1.08 CF¥IN0.69); Yo &K
Wi oA o R o P, B BRI R Z A A B O ITESEu it R IR (Kl6c), (La/Yb)x
2> A £0.34~1.64 CF350.97).

DRI 7K A GA IR B A E 57 8 2 X OBt B 45 B = 2E o (B 2745, 2025), A SCR FSmAIThIH 5k %
fESBus s, HAXA:

OEu=Eu/(0.67Smx+0.33Tby) (D
A: A APAASKMEL G IR LIt RS &

SRR, FBESERARRNKE . R KE VA FOBWRE A IR A 71U 7 HAFE . KA IIOEus
F0.53 ~1.27 CF480.93), KRS FOEum A 10.65 ~1.11 CF°80.87), e HISEuIZE0.59 ~0.96 (°F
$#750.81). SEufi 3 # 2R RINHIBES IR IR K B> KA . F—BRE . RIRKEMKSE T IigiEa
BRAEZE R, A N2 1 R EEBIREE ), HERTARNIPE B 72 A B %05 (Suarez and Garcia-Romero,
2012), AMUARBBMA IR (RERZE, 2025b), WA FE+I0KIATRE . A4 4 & B RO 4T
L2 G RIL, W PiEaa & &S5 0Bu B, (BiE —VR K E A & & 50Bu R K5 7
HxXR, A& EME, oBuffk, oBufi B EEME (K7a).

#i L ICREUFAER2 L3P ASR 2S, HAAr SR K EAE L FAEH] (Zhao et al., 2022). Bu¥'7E%H
WK FRE, BRSO GRFEIFE) T (BKEEE, 2022). EwiRMIMEARH, HHAMT Y
7 BeAT NEAIE . Bu R Se E NTRIR 65 fnkg, ANIMIEioBuRH (Zhao ef al., 2022). Mo. U. V. Ni,
Co. ThZVIK R I R AL R 25T —INE Z 4845, V/Cr. Ni/Cov V/(VANi). U/Thi] BLASRFEZRK
PRIAAGIE FORAS (BERKREE, 2022). NHERR BANMERIRIIAHE M, A SCR A V/(VAND) FINYCoi MR FR %
% — BB R HEAT AL, 24V/I(VAND)>0 8445~ BHAEGE JFFREE,  V/(VAND A T-0.60~0.841E 7 55 A it %
W, V/(VIND<0.6467~ 8 AE8 NI, N/Co<SAREMIFE, N/Cof T5~TREBEZEMEE, Ni/Co>7TH
AR SEREY, KEV/(VINDAT0.53~0.97 CFHIM0.87), Ni/CofrT4.80~36.52 CFH5413.66);
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VSR KA VI(VAND AT F0.61~0.93 CF1°H0.86), Ni/CostF6.64~27.82 CF¥IN17.37); A VI(VAN)IT
0.74~0.93 (“F3%°50.88), Ni/CosiT°11.95~43.29 (“F3#4°420.59), H4R/RF —BUb THEMSE, HBVARSE
AR NIE<RRIKE<TRE (ETb, o).

R ATEEw T RN S K AESCE, FEEuAT XA T AL AR Lo, A2 R
FHEHE (Zhao et al., 2022). fEMRIRZM T, EublEw N E: SR T, Bu 54550 # (Sverjensky,
1984; Bau, 1991). SEERKE], SBuSIRERMHUIMR, XoUhES5HAKMHEAEN, HoOEubf s MR
FIFt A2 K (Nakada et al., 2017). Blt, ZF—B A RE K E 2 CE %, AL 2% Shackleton and Kennett
(1975 AXKE dHilEKIRE, SRHATER:

T=16.9-4.38%(5"30y1cite-0"* Oppater) 0.12% (83O acite-0"* Oppater) 2 (2)
e " O0catcite N LM KT BRIR 3225 1116'80  (V-PBDFRE) &3 (AR IEJG M, FEARBPAL EbRiES
FMusashi et al. (2010) . 6'80waer/y ~ B LLHFK K 6 BOME (V-SMOWARAE) =-2%o (Galili et al., 2019; Grossman
and Joachimski, 2020; Isson and Rauzi, 2024).

GEREFY], HAEMTHAIAES.46 C~16.71 'C CF¥ION11.19 CP; MK EKI T4 16.60 'C~17.70 C
CPEIN12.90 C); AT T9.00 C~17.42 C CPHINIS,06Cos il 5 R IR >V K 5> K
s (B7d). XEWFF—BEEEAE RBARL THOKIAEE, R R & & i3 s .

BB R, MRS C~10 CHY, KA FISEuSE T 4301 7£0.89~1.03 (F341°50.95), PR %A
fIOEull]/F0.89 ~0.96 CFEJ40.92); HIRE AN10 C~15 CHE, KA KIOEuEH 10.84~1.04 CFEI40.92),
YR K 4 1 OBu /3 i 7£0.83~0.97 (*F1°50.89): Ve dEute th 1°0.69~0.96 (F31°50.82); HiIREZ N15 C
~20 CHY, K#EMOBuE T HAi1E0.74~0.95 CFHI082), Jelfi KA HSEulfrF0.71~0.90 (“F#5°40.83),
Je it IOButEH 7-0.66~0.88 (FI41°50.75). FEHKIE N, SEul il B sy s/ B A7 S SR BRI R (1A
7e), TE/ROBWENS KR B W SRR, OBufi S A K IR (1 2 B BIFE AR

St/Cubb B & SAE WK E A ba . Wi, P 5 2 E IR A 55005 1 3 St/Cu b 4373 91.3~5
5~10A1>10 (Shaltami and Ben Hkoma, |2024). > —B & AE R K E K St/CutbAE 4 T53.98~6 809.97
CFHI1 675.24), IR K4 1ISH/CubfB A T68.37~3 089.61 (CF-1962.35), e Sr/Cult{E A~ 140.71~2 260.13
CF14743.87), T 5 R B NI A>T TR A>T A o 87Sr/0Sr EUAR FN613C 43591 FH T 48 7~ Bl I N o A= 72
J1HAE 4k (Yong et al., 2024). K I87St/*6Sr 4y F0.707 199~0.708 765 (F3J°50.707 675), SCHF
2.1%0~4.7%0 (F-34°43.5%0); Ve it KA HI¥7St/Sr B A 3-0.707 405~0.709 100 (*F-#41750.707948), SBCIHITE
Bl T2.2%0~5.2%0 (“F-3513.4%0); Ve 1187St/*°Sr bt 0.707 209~0.707 947 (°F340.707734), SBCHATNT
3.1%0~4.8%0 (“F-13.8%0) o IXFH T A= Sy A0 HLAR M7 TH . Ka<e ik a<les: KEiXL
(2 F RN : IR E<RTRIRE <V - HOBu S5 IREOBCIAAE—E M IEMLIK R, X R EN0.188 7(EI7E~h).

Ew/Sm-Sm/YbXUZH 73 VR A1 Y o] B T PPAL PR A2 FR g K 5 iR PR ARG R FABAE X L5 ( Alexander et
al., 2008; Voigtetal, 2017; JIBE, 2023). SR EKY, F—BREWBEAERES . BEKENES
FESRIILF01% iR ABIAR A X (E7D, IR TS MR .
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Fig.7 REEs cross-plots of the sepiolite-containing successions in the Mao-1 member, Sichuan Basin
44 BEBABRARWLIITREu FEIERLEHE
NZE S — B S A 2 5 T SBu g R 1 el SRAG R, 3 B S TR — 22 1L 5 T AT M R A 2
AERFE [0 L o AR A PR B8 K OBu R BIRHE, K — B A BT FRIGATANE B (EI8): H—/NEA
RE—RFRIKE—RA RS, BENHRIER N30~50 cm, 2 WRINE IR Y Z I 5 M IRERZ
SEuR S/ N E I R H . TR, RRKEVIRREJE, SEukt TEURME, /10.67~0.86, A EHKEZ
VIR, SEuli R, H0.76~0.97¢ 26 T/NBORTR UK S — KA MRS, (HIRFACE LB R, Jess tfil
ol SRR R, 930~40 cm, SEufE I HH Saik 5 K R R/NARRAE, TER BIRE A AR
RAE, 0.66; 55 =/NEIHAR NI s —I B ICE — KA MRS, Vea MY B ACE Ll — D), BEEE
JZ B 925~40 cm, SEulfIURENIE BEV /N, RIS IE K5 WO ARFAE, IR AKCE IREE, JEuiE, A
0.75~0.93, [r] FBEFE YRR AKCE VIRIE)E, SBulk/b, 40.70~0.87; ZEIU/NBUNIRIRIKE — KA MR, K
HBIE K, KA GIEN, R R R N20~40 cm, AN BRERE FKEZR AT, JEul T
R E R, BEVEFN0.95~0.96. Bk b, HIEEFRFRYSI/ASr. 613Cy 5'%0. Sr/CufIV/(V+Ni). JEu
AR AR LA B AP I R B, Hor7Se/80Sr, 01CHOEu B AR, 980, Sr/Cu5 0Bk AHIA ,
S KRG AR AR R e RRIEE . BT, JBuf R AR, BRI A SR
XOBuR A EHIER, BEE e FIVE R KA IR )&, SBufi s W FE BEI .
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Fig.8 Vertical evolution of dEu negative anomalies in sepiolite-containing sticcessions, Mao-1 member, Sichuan Basin

5 FBREEIBAERMTILER SBu fi 7w BE R

5.1 BEMIESH

REBESs A H7E % W A 285 547 0 Bl W Bt = 1) 22 AN R FIE 45258, (Voigt et al., 2017; Smrzka et al.,
2019). WKL IL R T SRR R A% G, TERNBRIRIRE G . BIRIRS ST A2 TpHlE, pH
/T 6~8, LAREE)CO; %&¥)AE; pHKT 8K, LPAREE](CO:); 4G4 8F (Mbller and De Lucia, 2020;
Schijf and Byrne, 2021), HfasE

BEAE (Voigt et al., 2017; Smrzka et al., 2019; Schijf and Byrne,
2021; Zhao etal., 2022). ﬁﬁﬁ%ﬁ)ﬁ@ﬁ%%%%%%a R AR, B EEET,
T H A P B AR Ca?t, ZI R S e R 9% (Voigt et al., 2017; Smrzka et al., 2019; Schijf and Byrne,
2021; Zhao etal., 2022). F734b, ML CREHF L0 P)IB I B 7 A2 B AR 45 A 1 FHUCPH,  FLA IR B AR 25
Bz TN SCA B RE (Wuetal, 2023). HHURD BRI EAEAIEE 1, WHREESE it & 45
&%) (Smrzka et al., 2019; Salehi, 2025). Y& Jeii KA H HIEEA & & 55 CEM SEu (B4 7E I AH 5%
KRB
IO )1 e 1 2 — Byt AR N R — B SR MK SR EE, pHIEZ) 98~8.2 (H 1%, 2023; P4,
2023; RERSE, 2024a, 2025a). (R T, Bubl[Eu(COs); /A7E, HBEMH M HBHE T ERES3M
(Shackleton and Kennett, 1975; Musashi et al., 2010) (E9a) . K& 7125 Bl /SECAL Ca2 /) 2 12
£ (1.00 A, #nT B Ca> # A SCA dHs, BRI TR (Shannon, 1976; Zhao efal., 2022):
2Ca?*=Eu**+Na* (3)
3Ca?*=2Eu3*+[] 4)
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B DY)y — BeE i in R &M o R 6 Bu i i iUA

Ak

Ca*=Eu’*+F- (5)
AR (D, OFFR I MEETE0, NRRESEE AR JUMERAA, &5 AP BEu B REA
Ca?*itf, W2 A — AN 8 12 AP R 38 H
ZEVRNEBHE TR SREFEA L. REHEEE, RRZEEWEBAE GRS, RRHmE
H B Filkb . R AR Z M Schijf and Byrne (2021) 2 THEARE H L (ogh) MIBLLIAIIHBAL (A

6), SHITHE 5 T~15 CF Eu(COs);« Sm(COs); Fl Th(COs); A& E # 4L

logf=logf’+0.511AZ +czr+ao+"—T1 (6)

R
1+BVI
A : logO MBS TR T 0, 1£ 25 CHEIAZ 2 54, Tb 9 logh’ A 12.82, Eu ) logB’ N 12.67, Sm K] logh”
1257 A2 NEACT RS, BUEN-16: 1 HEFHEE, #MH ) 0.7; BN Debye-Hiickel TS, #ifd
N 1.734; CHBETRELMETSE, AN 0.361; ao MR ETUEE, HUEN 1.325 ar il TR LB R 4L,
B 9-393: T HifFE.

SRR, BAVINFEE R logBEIH Tb(COs);> Eu(COZ)55 Sm(€O:); FIRFIE , I il P2 FF v 1 486 K o
X R BIRRCE B TR /19 Sm>Eu>Tb (& 9b). REEs 43 At 280 J2 Wt T HC7E 7[R M Bk Ak 2 A 2 6] £
A, HfEME, KRENTRBASEE: MKREET ¥ REEs 2 R E I Sm>Eu>Tb [
#a¥% (Smrzka etal, 2019) (K 9c). Fik, S5aFaR HEHMN I RE, Sm. Eu Fl Tb BEASF Atk I BE
N Sm3 >Budt>Tb3 . AN, WA REA ORI REEYS, 73 BT AN E R SN E% &Y. SNES Sl
WA BT R, R R, LA Sm. BuFRMIIGRNE: MHNE%EYA REEXEES Si-0
HIE RRECAL, e R, U Tb FEM L TR B R NFHE (Wueral., 2023; Bishop eral., 2024). HHl
JFoo E R ICER (T %) TR 80 R =55 T Smy Eu %MLt R (Salehi, 2025,

10.3

10000
C

[b]

Th(COs) Eu(CO»): Sm(CO:)

1000
10.2

%1004 oo o —®ige o *o . _
$10.14 i Toyama and Terakado(2014)
] 104

logp=12.67+a,/T+constant Terakado and Masuda(1988)

10.04

9.9

Ll

T T r T T T T T T T T T T T T T T
3.0 1.0 50 6.0 7.0 8.0 9.0 100 50 6.0 7.0 80 9.0 100 11.0 12.0 13.0 14.0 15.0 La Ce Pr NdPmSm EuGd Tb DyHo Er TmYb Lu

Fo (a) i FEuff kIR FE & FI A KR (#EMacRae et al., 1992155505 (b) REE(COz)z'é%é\%ﬂ@é%é}”‘%i&ﬁﬁ; (c)
REE-TREREL A0 W0 B REUFERE (¥ Toyama and Terakado, 20191&850)

Fig.9 (a) Determination of redox conditions of Eu at low temperatures (modified from MacRae et al., 1992); (b) complexation

constants of REE(COs)* complexes; (c) mineral partition coefficients of REE-carbonates (modified from Toyama and Terakado, 2019)
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AWML TR ET Y ARG HUR B R IRE, ASOARF —BEIIEAZE R HSEuf
S SRR E A A% DL RO A — A ML R AR I Bu-Sm-Tb /L R & B 22 78 K. AR d R B4FAE DA K
B ESCA R A — AN I IRHE, @A T —BEEA R R SEufim i sE s (E10).

KEVIRH, ENT546 C~16.71 C, HAETF. NHENER. WA DEAR. KX HREZHR
FHISCA R, BRI R, B RO R, BREKh R R B RS ER . &
PR R AR BRI D S BUKRE E A S EER (RERS, 20242). K4 REEX 5C0 %4,
JEREu(CO3); « Sm(COs); FITb(CO:), &4, HEVIERH BRE TE&MmLtR. SalERY
KA E BB IR I ASm? >Eud>Tb . fEARIEA ST R RFfE+34, HEuw 4E/>FSm>, HE M
NSCH i o SO i FFEu B Rz - Sm3, i T BB ) 6t 5 RRAE
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WA K b ARG B SO RN 3 sl Tb™(CO,),’ Sm’(CO,), Eu’(CO,)..
%Ha % B % 41

K10 D) ES —BOg#iE a2 & SEufi i iR A
(@) HAEVE: (b) JeRACETIRRM: (o) JHVIH
Fig.10 Genetic model of JEu negative anomalies in the sepiolite-containing successions, Mao-1 Member, Sichuan Basin

PeFRARAE VIR, BEAE6.60 T~17.70 CZI8, W URMIME. TRk S4B, Kb
A AR X 3G 55 PR SO A3 . BEE RS N S I0, KA Lon R S BN, ARSI,
I IR P STALA T BT R 3, Sl K Mg PRI T 2 IR BE BRI A TR CRERESE, 2024a),
WK T I Y DO AR A O . IR BT SBE E AR E WK, EA SR . K
P8R ORAF Sm> >Eud>To*> (11 B & TR Y, (EARET 2CA TIOR3, IR BT Ut A SO dh ks
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A

B R /N T Sm3, IME T A VTR SR . R IR A W Sm3 . B TR RANE % &4, W Tb3
TEHNESEY. RN ESGYRERERTINES Y, BARMTC HERS . FRXEREE—D
$300 Buft m WA INE], B AAURFR EHI K T AKCE DT .

e E Ui, TN T9.00 C~17.42 C, HAEEIIRIE. FNEREGEIR . 54 fkm . KbsiRAGH
XFEUIR I A . SR BN B, KR A LT R BRI, AR SR K
FURE S, WIEARKETR, KT EZOREARANR, HioK, SEIEREE T AV IR
17, BRBEA—FAIREAE (RERS, 2025b). BEZH T SFRE SR kRS, BKPH+
TGER [ BB IR FE AR B ROV R 2K DURR I S A BT, (R R FFSmP >Eud>To3 AR FERR o Wi
ST I6 TR TO> T lfa e N ESEY, MOBuRIA & R H R E . (HiA—G HUR 2 &k
W B BRI T H B 78328 /5 Ve B A TR Y, OBu i s o R B ik i K

BCE W, B S — BB B K, FUHh 2R B &M v . (RS B Eud 58 S5 A Eu (1 i FE
%M (250 ‘C) (Zhao etal., 2022). Eu(COs); & WFa e HEFFEM K, ST S RN N ES G DY
€, SBuft) U T R E Ak B O

6 45t

(D D)@ — B & A2 RN E — R ICE — KA RS, 20 b2 A “ IR —HRER”
Wik, Jes 2 RaEER, HNRAELA GBFA) B RBAKERRKEE—HER, FERFER
WA GFfAD, SOBEEREA; KEERGD~NEER, ZREARELA GFR), SO08FEFR
WA GEf)D.

(2) F—BEA B R P IRE . JRFUR SRS YR I ] B (0Bt J W 41, H A FHT
EIRESTRIKE >R AR . ERUKTEE N, MERENT S, A S 8GN, sEufimEiEi
s hm L, OBuS i IR HRFRY S8, 613C. 6'%0. Sr/CuMIV(VAND)HAE LA UL R R,
87Sr/%Sr. 613CYH SEuEMEF M, To'®0. Sr/CutioEu Al AHE .

(3) ZF—B &g a2 2 SEufit g 8 RIE 2 mUK IS 5l A 2 R4 G M R, XN SEufis
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Rare Earth Elements from the Sepiolite-containing Successions of the

Mao-1 Member, Sichuan Basin

GUO JiaXin', SONG JinMin', LIU ShuGen'?, LI ZhiWu'!, YE YueHao!, YANG Di!, JIN Xin!, REN Shan!,
WANG JiaRui!, ZHANG ZhaoYi', SHAO XingPeng', ZHANG ZuBing', YANG ShaoHai!, LUO Ping'3

1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation (Chengdu University of Technology), Chengdu 610059, China
2. Xihua University, Chengdu 610039, China

3. Research Institute of Petroleum Exploration and Development, Beijing 100083, China

Abstract: [Objective] Europium (Eu), a redox-sensitive rare earth element (REE), is used as a proxy for paleo-ocean reconstruction.
The middle Permian Maokou Formation, Member 1 (‘Mao-1 Member’) in the Sichuan Basin exhibits a characteristic Eu negative
anomaly, but its genesis remains unclear. [Methods] An integrated approach was used in this study to classify the rock types in the
Mao-1 Member, including field section measurement, core observation, thin-section petrography, major element, trace element, in situ
microscale carbon-oxygen isotope, and REE analyses. The properties of the Ew negative anomaly in different lithologies were
summarized. A genetic model was established for the Eu-negative anomaly in theMaosl Member containing sepiolite successions by
considering the mechanisms governing REE occurrence and fractionation. [Results]] The Mao-1 Member primarily consists of
rhythmic alternations of mudstone, argillaceous limestone and limestone. Laminated and lenticular sepiolite mainly occurs in the
mudstones and argillaceous limestones, with sporadic sepiolite being common in the limestone. All three rock types exhibit REE
distribution patterns, with Eu negative anomaly intensities decreasing in the order mudstone > argillaceous limestone > limestone.
Within the cool-water realm, the Eu negative anomaly intensifies\with increasing temperature. Vertically, trends in paleoenvironmental
proxies (Sr/Cu, ¥Sr/*¢Sr, 6'3C, 6'*0) are closely synchronous withl JEUSA genetic model for the Eu negative anomaly is proposed based
on the modes of occurrence and fractionation characteristics, The sepiolite-containing successions of the Mao-1 Member were
deposited in a cool-water environment, with paleoseawater temperatures ranging from 5°C to 15°C. In seawater, Eu primarily existed
as the carbonate complex [Eu(COs)];, releasing free Eu*" ions capable of substituting for Ca?" and being adsorbed by both sepiolite and
organic matter. [Conclusions] The study reveals that the differential complexation of sepiolite in cool-water environments influences
the formation of the ¢ Eu negative andmaly, providing a novel explanation. During the limestone depositional stage, with
paleoseawater temperatures ranging from45.46°C to 16.71°C, the low abundance of Eu*" and its low partition coefficient hindered its
incorporation into the aragonite lattice, resulting in a Europium negative anomaly. Sepiolite was precipitated extensively during the
argillaceous limestone depositional stage at paleoseawater temperatures from 6.60°C to 17.70°C, selectively adsorbing Sm**/Eu** to
form unstable outer-sphere complexes, while Tb*" was adsorbed to form stable inner-sphere complexes. Furthermore, the quantity of
REEs adsorbed by sepiolite far exceeded that incorporated into the carbonate lattice, significantly exacerbating the relative depletion
of Eu. During the mudstone depositional stage, with paleoseawater temperatures ranging from 9.00°C to 17.42°C, sepiolite
synergistically adsorbed Tb*" with organic matter, further intensifying the Eu negative anomaly. During the diagenetic stage, the

complexes became increasingly stable, preserving the Eu negative anomaly.

Keywords: JEu negative anomaly; genetic model; sepiolite-containing successions; Member Mao-1, Maokou Formation; Sichuan

Basin
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