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2k N2, 2022 155 5 645, 2023)

ARk, B BFSE TR, TR A 7 b JoT €538 1Y)
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Kassa et al.,2020; Mokatse et al.,2023) . TEH HIHE
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TR AL R AR 32 4% T Z2 Bl ST DR 3R (AR e o i
FEZ&1F CBUA PR TSR ik S BOL AR PR R Y
I FAAFAE SRR AN 7 1 o i) A = o e
TR A7 55 R PR B PRI 2R 1 R o 4 BB LA
BB —RAERB A0 W) Y ST e 2 —
ARUE . A SGE I AT L HE AT TR , 2Rk
TR A BRRAE SR AL DO — R B G AR
DAL A AU i) S 5 4R R 05 3 XA
AT, I3 96 HAE 5 v A R A5

1 IR A B M TR AR

WA R — R LY, AR K S
BERERR £k ({2 M Si Me,0,,(OH),(H,0),-8H,0),
HAH— 2R G50 (5 2855, 2020 B A4,
2023 ; 2 AR S, 2024) (& 1), F Ak 4 DU T4 )2 5 8
SN AR 2 AH B0 i (LS, 20225 —F 4%,
2024) ., HEA 2748 Y EERAE B 0L A 6
JRAE R DL Rk B (215 55, 2024) , PR DLCER
st 2R (B 2) 5 5 MY B A (X 4,
1990; Post and Crawford, 2007 ; Martin-Pérez et al.,
2021; FRL A, 2023) o WL A 7E TR (3 1 4
2001; & & , 2003; #B IF 48 5 , 2023; K 4 R4,
2024a) K BUE LA R A T T AR (6 1) (223

FEFNEKER 1999 ; 2430, 2001 ; Murray et al.,2011; F
TS, 2019)

WA IR 2 A0 TP BEA R H L e
[E%?(Murray et al.,2011; Nakasugi et al.,2021) . FH
ez T, A E HETE 248U A 0 R ECE 2 R
60 >, F E 4 A AE VL PG L 091 DL K i e A b X
(Giustetto et al.,2014; 32 5% , 2017 ; 5K 25 15 F1 fH A,
2022;Shang et al.,2024) . WA K EE53 I
FRUFNPCAR I P IS, b e AR RS SURT 2053 Ry i AR DT
FRRY VAR AR DURR IR AN e Y, 3 I B F 1503
T N ST B AH O B DTN EREE (R0 , 19925 Zhu
et al.,2020; F4E4E 2023),

2 IERELAT R LR

VAT 1) PR S G Ry T AR R R i ok A Y
W25 (£ 2) (Tateo et al.,2000; Cai et al.,2019; K4
Re45,2022) 0 Horp, DU RS AL AR B4R DTARAL 5 il
PRIz DUARBL PRl o i 2 46 10w & BE Ak A B e
VW HE A B IR TP v AT 5 T S )
SRR A i 852 BRI, DA S OB A4 2
18 K B s IR . A
AR AR AR A S R T, P BB BT M I ) 1
I, 2 5w W e A T R IR AT, E— 20 A0 03 Dl Bk
SEMEAT IR AL BY IR S8 W o ik AR B R B B
MR ER A AR Y
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Fig.1

Crystal structure of sepiolite (modified from Zhao et al., 2023)
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K2 VA R ARAE (8 Cavaleante et al. , 2011 ; Martin-Pérez et al. , 2021 ; Mokatse ez al. , 2023 1&84)
Ca) PE A R WU RO LR 5 (b) 7638 SUIRROG BRS T BRI A 5 (o) iR T AU IR 8378 T — K R R ML £ 4 5 (1) B S L T R e Pl 15
R T ARG AT RS s (o) R AR ; () ZFARMRIFILAT 5 () BAIIIFILAT £F AT AR 5 (h) WA 1SR IR AR A
Fig.2  Microscopic characteristics of sepiolite
(modified from Cavalcante et al., 2011; Martin-Pérez et al., 2021; Mokatse et al., 2023)
(a) photomicrograph of pure sepiolite in plane-polarized light (PPL); (b) photomicrograph of sepiolite in cross-polarized light (XPL); (¢) transmission electron microscope

(tem) images of a large continuous mass of sepiolite fibers; (d) ordered arrangement of ashestos-shaped sepiolite; (e) sepiolite aggregates; (f) fibrous sepiolite; (g) pads

formed from long sepiolite fibers; (h) thick aggregates of sepiolite
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Table 1 Occurrence of sepiolite in different rocks

j;ﬁ W2 LG FHRIES SCHRATR

e A DA A S A R R £ 5 IR GEFLR R PR GEBORAE #2001 FRET, 2003 5 R RAF, 2024a
DU s MRS AT AT ST AT A AT SRR AT ROk AR ENIEAE 2019 HIE AR S, 2023

plzay Y I AT BRI R S JRIR R IR R A #24,2003

KATEIB A DA BRI R4 R GEBDIR AR ZESOEHIBKEL, 1999 ; Murray et al., 2011

KHCHE AR S AT KA A S Btk IR 250, 2001

piaskey Do AT LRV R4 JRAR ERAE AIOLHIGKEE, 1999
. lizsess WA DA AT R4 Joktk R RS ZEIOERIBREE, 1999; FAFEAE,2019
AR

KIS geifedn I W AAE Jikk 7 Bk A5 20,2001 5 FIEIESE 2019
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Table 2 Genetic types and influencing factors for sepiolite

L K Wk AL S
S F B 25 Mg 181 COR) Ot R U 2 R o SIS T
s " (s pH 6 A3 i S FE I8 ) FLHE A ALV R e PRI AR
RRURMUETURUE R TR IR, 2B M — MR — OB =AW B R P SUBUERHE K B 45
BRI BESEIL T LV T S/ VPR IS SR AP
I A IR T T A P 2 KT IS
JE AR Y

BRI R (A1 2 SRR 45 VR R A7 T ) PO Rl 28 7
HEE AL B A BT L SRR S i B —RER & SN 7

BRI AR A A 7Y

BEAB A RERBES S

2.1 AR
2.1.1 AHERRAE

BRI AT T R —k TR %
T, EEZE T pHAE (8.0~9.5) FIEh FEF L HINE
(RS, T8 & & A REFNEE ) 22 AR 1A T v i Ak
SFULTEIE B (Tosca et al.,2011) o Horp | 5576 XfE
WAL AFTEINRIVE ] o YW b A8 PR RG m
RS S AT B AR T T 1 R
TIE A RN A AR, B2 U WO Y Mg /S LA,
T BELAS T 960 P 45 b, S ORI A T LR
1 % FEAR (Birsoy, 2002) o AN [F] i BT ER5E T AT 1Y
DURARIE R, Bk & i 5 pH (AP TERE B0 OC R .
TERE S i F 5 IO A Y B RETVE VR Y
5, X F BT 5 T AR AR R 4 R AL T A
BN ZERBATT . TR A B AR, D5 2 Y
pH ¥ 55 (pH 2 9) LL4ER; - ¥ 45 5 19 3h ) 2% 75 5K
(Galan and Pozo,2011) . BLAb, iEEA AIE Bz Ak
RN SN A S R b R R A 7 A 2 K
BN IEAT S AR —TTTE e AL 1 G B R 2R (Pozo and
Calvo,2018) o b B2 A XU AL ] 572 i T U A7 45 & -
—J5 I, £5 B TH i 23l R T Mg Si(OH), 11 5 1
I B, 33X P kA RR A AT R e U A Y 45 e R
HER PG L 0.5M I BRS04 48 , T 2R Al AS
PR 5 53— T3 T ER B U S R NAB i T 3 R RE R
(Am<3 atm) A F TUOHE , 1 & (Aw>5 atm) W5 | &%
it (Eberl et al., 1982 ; Cavalcante et al.,2011) .

W2 1 R PR RN DU T A S A, IX.
S S AGI RFFEaE —2DARIE T 22 R 2R U R 6 OB 1
FERIBLA o BIan, JC-RIH 2 B K R 3 4 DX %) 3 Jo
WA IS A 7 2 5 A BE R R UL, X SE VA ) o 7
TR 1 = ik (pH K 8~9) ARSEFREE Hh B HEDTTE
H I 0 A (Schultz et al., 1971 ; Rateev et al., 2008) .

B 28 R 2 AL — 25 oAk, B T AR By e i G
B A 22 355 (Bristow et al.,2012) o X — 1 FE 2 1
TS RV A A R JC 235 B e 1) 1 AR v A
D T B s R R M BT RS VE AL . HLAT
KA R, MgO: ALO, LU 6 0] ¥ 7 [n] 36 15 H ik
Z RSB BT , SR S 2 b X 3 2 A — A 2
G IFARRE IR IR 2 7= ), T2 RV A 20 o B2 P
J% (Clauer et al.,2012) . Z5HL, 4t E IR BLE W RN
VU AT EEDUTE T Mg/Si~0.7 . pH 4 8.5 Fty &f 41 1) 7%
(Pozo and Casas, 1999) , 11 % 4N FE 1) . 7 H v 6 44 11
T A A R S I 2 Gk A S S
IK—IRH PR B B UIAH G , X MoK SCsh 2 0 1 i
A1 HAEUTE (Pozo and Calvo,2018) .
212 MRMEIARE

it Y5 4 s Y Y Y6 A Y T e A AT A I 9 Sy
“ A iz — TR = B B A« 75 R i 1 XUAR B
B BB WG SUE MG A S S DL
o R R IR A Z T PR R R R R S A
P BE k20 233 AT L (AT RE G2 40 0 WA A A LR
hnsd e Yy i , L EE s & Mg Si(OH), 1Y XAk
Ak, BEIS XS R o S R AR R G s 2
W I DU (Madhavaraju et al.,2002) o R IX.
ol PRHCIMRE (0 W AL 2 R E , R TR AT A DT VE At
TR . AR BRI D T, R X K Bl T %
PERSE AR A 7K 3R GRS /T 5 em/s ) 1 3T
F-ER S AT A R T A AR R A K
IR o TEAL2= IR )y T, VRV 1Y) 55 B 1k P 455
(pH=7.8~8.3) ML AERF T Mg FIRERRAR B 19 £k 2%
S 7P Sy &I I i o o R 7 W 1 L 2/ =
(4 1E o R B T o 1 o B U AR E T4 A R
(Galan and Pozo,2011 ; Draidia et al.,2016) .

[l S IVENILY/N T 2 E KSR PE B R UE 3
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YRS PR, R AR 2 - W 0 R B RN 7R T
Hoblg iz 2RI FREE A I L o 38 85 R R e
VAT LK I RE AR e S g B0 1 4 2 MR X
%) b, J5T b R A7 B, ST TR A Sl AT
B RIRE G R . TR RA r AR 77 L K 2
F R AT 5 A Y SO DG DL K
PR R 7 i 0 IEAHSCE , BE /R T B IR 3 AT I A R
U555 R 0 T 5 A T I ZE R ARG 0 A ¢, X 516
B 5109 4 kAR R A A REAE AR ) 45 (Cavalcante et
al.,2011) o [A)I}, =94 vl B PRI rh oK T 2 0 R 21 4
BRI LER YITELS S J5 IR Zad K i [l i i iz
(Bolle et al.,2000) . PRI, AT LAHEWTE 5 tH—4h 8T
TSR], A B BT IR IR EE IR e B
Jo w15 B H7 S RS B 2 ORI R . DI,
AR 2R AL AR ) S 48— P Y I i AR [X
I, 0 sR TIM A RORD IR L s T X SR
Yy 0 Bl H A2 R (Keller, 2001; Madhavaraju et al.,
2002) . JfH., %X R TR A rh ISR 3 T
AT XA SRR 1A AR IR R 7R
T A PR G JeE TR
22 pEhTR

T AR A ] AR LG P R IR R 53
h =P AY  AAEEE S A T AR O R )
i A R LK w BB IR £ A Y

56, BESE A i h  A B SC IR R A T
WA RATRE)ZN LB, HIE LTRSS 12K
Fok PR A 1) R TR 5 A P A8 Y HE 5 P B B (Cai et al.
2019) . B A+ HH PG e LAY R OR b DX A
) S TS | i 0 2 B A IR 8 e IR S Y 52
JB A WO B S Ak, R WA R TR 520 Ll
TE I o 3 LT AR W) BT Bl Ik I 5 4 2t H I A 2
I, 20Uk T A W B R AL ] (Yeniyol ,
2014 ; Tutolo and Tosca,2018) . ZK{lHh , fEESE T
(ERIUEZS L LIPS B RO % N = Y E2 X A
IR KA RERRBE T IAAE A HE i d4 , 78
TR AR R R AR AR 33X T R A LA A 1
A AR TR LA (Galan and Pozo,2011)

HR, KRB Wy o 2 e T R AR s - AN
HRARE 85 K LB b A8 5 SRy 451) 23 # & HEAE 60 °C~
120 CHY PRI PR IR b o B E T F 5 1k
YIAES &R IO IR Z B, 5 KOs Y Bk A= 5
A, B Mg 1 Si (OH), S5 L 4 43 . ik 2 2f]

3B 5 7 K LB RO [ B A i A A T TE S i
TE MRV AR AR A o 11 M ™ A A RN 5 A D)
BEUE A KR NS AL AR (8] 3) |, X — 25 (3] 4357
T TR 7R TR A LR DOTE S A i R A )
i 2% % (Cuadros et al.,2016) .

5, B BB IR A AR R R4 DL BE Rk R £R
N E = 2055 Y Bret, HAE b AR |
JE AR AK B BE—RERR A ROV A FE . Sio, il
Mg S5 PR 2H 53 A PRI B R Eh A i FLBT BB 55
BRI R e E Y (A =4 FERR T s
CO,PNE T A A il , S B Mg I Ca™ AT ) A% o
Fe7i (CaMg (CO,),+4H+—Ca>+Mg™+2H,0+2C0,) , [f]
I3 A A 45 R B S, D TR A AT R it T
B B A BES , PO Si0, 28 43 (R RESR IR
T AL R ES AA) 5 H AY Mg™ R fORUEE B
v R SO AT BT 6 A (2M g™ +3Si0,+
4H,0—Mg,Si,0,(OH),*nH,0) , 7EFFLE A PR A T
B R E A A LT AR R IR A S A (Yalgin
and Bozkaya, 2004 ; Draidia et al.,2016) .

EARTE R, Bk =R AT W) Bk A
AR R B AFTE 22 5, (B HIE i3 W] 52 31 B0 1
T IREE I G o X WS TE 220 M DX ) b BT AT
FEHPAR S T UESE N, e ) Z Y B SR
300 o X RO AR I (A Y 9 A 22 AR T A A ) EAT 0T
5, Ha 7R T 20 F1AH I8 o 4 40 v 3 A R e A
BB B4 (R UG 5, 2021) o bl , 26 A< g
1) Y rh o TR A LA S AR 20 e gl Kt 2 i
20 E R A, RN e R i AR TR R Al
Y (Allison and Riggs, 1994) . X% % B Al 5574 &
SARIAE LT WA 5T He— WA S A e

WA AR AR A 3R EOR A RS RTRE AR A ETER
Yy, X S A W RE AT 28 7 A A o S e AL R 4F
HeMRIEEHL A (Li et al.,2015)

R LR ot B Tl AR TR A 5 TR AL i
WATEIE IR A5 R R )~ R R AE 5 T A7 7R
WS . W IE T DU 145 5 () 3496 B Bt
F R A S A ST IR YR R R SRR T
AR B, 20 HH A o 1) R 1% et R S S T 254
I W32 15 F 3 A B (IR R ) 55 s 45
MG # I T RAEE, & Mg™-Si(OH), Ji AR AEUT
FEUHA sl 0 R g 61 85 i) e A AL 2 DT TE T2 1, FLTE R ™
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Fig.3 Single-point electron probe microanalysis (EPMA) data for clay mineral assemblage (modified from Cuadros et al., 2016)

(a) clay minerals plotted on SiO -Al 0,-MgO chart; (b) sepiolite (green), attapulgite (yellow) and montmorillonite (orange); montmorillonite is mainly seen in the core area of al-

273

tered volcanic ash particles, sepiolite is mainly in interparticle spaces, and attapulgite is mostly located near the edge of particles

e B2 4 FUUBUR SR B2 6 I AP T E 5
pHFL T AR )

3 A STUR—RUA R R

3.1 EBANERIMNE
3011 sAREA

VIR A ) IR H B A R T AR AR AR AR
() 22N (32 3) , HOP it 72 5 b P il 8 3 3l L K
Lt 2 DA S P A= IR BT B AR fb B bR O . HLA i
W FFRME IR EZR T &4 Fka. #
un, PG B T8 R 3T A 8 PROR 56 [ AR b A A R
DL BT BT IR A R, He i i3 8 T
g, M EKZHENTIRE T &L, g
SRV I RE K R4 T IR A (BRI R 55,2014) . X
SO T A ) I 5 3 DX A TR A B R, TR AR
FEMFAHLAT T B A Ml T 5% DA s B2 14 1 T
RRRME T B3 SRR TR .

3.1.2  WARFB

TR AT 2O T OB 1) 24 3 A R T A8 D B
S X S PR O S B  BTR AR AR (&
4)(Galan et al.,1985) . HUIFLUT R — PRI ZE
RS e, 52 B3 55 A pH AR Ak BRI LA K
KL FMELZERER XML EHEH (K S)
(Arizaleta et al.,2020) o

G, AR B R A B R,
TR A TR AT AT 5 A6 5 A M S5 1 25 DI A
K, TR SEAEZ8 K B S TF R e A BT rh 24 7
tho TEZR S, T RAURT R L], B
FPRTHBE B IR, JT I i 4 R B A B (pH oy
8.0~9.5) AL FPREE , ix S S5 3k (R (2 F 1 Vit A 1Y
DUBE . T AETT [ W PR v, BIRT 3) 5 B XUA
VERI i A2 8 i it 1 78 1Bk RESE I TR .
(] A, Vi 7 B 1) 6 B (24 35%0) P MG 5 B 25 1 5 ik
P2 AR 25 180 18 e P R B AR P AT 2 o T 96 A P 245
AR A TR AR T Bl 5 R SR AR A A A
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Table 3 Mineral deposit distribution and characteristics of sepiolite in China and elsewhere
KR W IR A Hi BURFAE
ST % %ﬁ%ﬁﬁ%mﬁtﬁﬂ/&(ﬂﬁw IS ?fmﬂ;ﬁ é?ﬁﬁ(’&(@ﬁ%%T%?{%ﬁi@ﬁ%ﬂﬁﬁ
R T 5 BRI IR —an SEECE R, B ERE , T AL
— YL (31K £ 0 IR B 5 BRULRUT OC, BEBUIR™ Al A
PG BIE A 7 L VR VL A PR BT SHATEANFIDTRPR S G AR TR PR JRRE) , 5 2 3tk
TP AR AP W MR AT R R = 311N VLLFARAR AR S AT A9 S S 3
3 e ) P A RIER YL A 0 PR RS HJZ 7R B2, AT ACTARIRAR 5 M A S A kA
UURBNERELAOT IR IARDURR  SERAI AR JE SN S8k TR A 07 IR BT WA rpor it fe b, SRR AR R LA BT A
EHHBMH A RO R Bt B HREATALRE R, R E AL X
AR AR AT IR W el s RSB GOIR A S5
ol Ky R e AR 2 T e R PR 7 S P (62 Mo TR A B PCREEF AR, A b A
VLRI IR — 2 RO7 ILRE AT R b Pl VAR B BRTB A 1, R Y BRI T XA iR

(A A2 P T p BRI S R 3 ) | oA A ()
B 5 RIS T A R CRIEARSE 2023 5 BRIEER
4,2025)

LV, Tt PRI 0 0 90 A T B it v ke 4 45 WL
FEAER . — 7, W e Y A 2E o i R R
SEAUEL AT T 75 A BE R JTOR U o — T B
P A AT A T 0 A /\ T A 2 HE 2R A
[l ARy T R AL RE AR RIS (B 4 R AT
2024) . X —EZ A= 2E A BRER 28 R T U A L
WSS R 5 72 ITRIRBE 22 6] B N FEBR &R

TR ER AR R ) — A PR BT R 2, X i
ARTIBRS T EM . &SRR T
Mg F1 Si(OH), 14 B 71 B, A3 U0 2V 3 A1 1) 245
112 (Tosca and Masterson,2014) . SCEFEHH 76 = Eh
J&# (NaCl=0.46 mol/kg) .Mg/Si=6 H.if K 25 °C A4
PRAAET  pHAB A TR LA DTTE P e PR 2R
M pHAE Ry 8.7 B, FZULHE W S iAo bl pH
BT 55 22 9.0 A1 9.4 B, DLE r= Wy W i A8 Sy W i
HHEZ T FEARER BE 3R 5 h (NaCl=0.01 mol/kg) , 4
pH {EIAF] 24 8.8 Fif BRIV AT fih 2 15 647 (A UTVE 2 (B
Hr,2004 ;5 Pozo et al.,2016) . X FPE L i fb 2 - 56
R T A Bt R b 2 R R A B A
FFIE .

BEAN, AT LK WA A oA S B S 7
OB A OC I RRAE o L5 S XS A AR R B o e
WA BN B X — 2T B T A Y R A
o PR AE VR A R Y HE AR (Garceia-Romero et
al., 2007 ; FRELILEE, 2025) o (HAFEE A, A
) 7 MY e 0 st 30 5 0% A TR S 2 %) s [ A 2R A 1)
B R AE A TR U 22 4o thE R WA e

Bk E] T % (Beauchamp and Baud, 2002) , 3X — s}
(] b ) SR g I b J5 7 s I BT A TT AR S
THEENSFE R

IR S 7K SCIRA TR F2 5 W T 9 A T ol ) o
o TERE STHHEARER D WA R 2 2RSS
Yy It AHAE K R B R A X 2 tH BLAE ) BT
MG, X MR &0 SR BRI, P EUE
PIRIBEIET . RS TEROK T It 1Y iz 5 0T R
R &S R BURDRE A W AR, e A T
AT I DTNE OB IEARSF,2023) 0 Wnds TG AT
NG TR IHHEL AT RIS H T RASR 3 AU S P 5
eI (PR35, 1992) o 60, IS L & R
LA ORI A 0T IR, HOE RS 1A PR 2% DDA
Ko HIASIHT T AR PR 3] 52 7K f i ) e T R 5
PR R DGR T AR 2 A ) VR A R T DX sl DA
TR ANETR B EE B Z=5 PE IR b ) | TE Wb 7K R
T 7K 252 Wi Vi 36 A0 5540 ) ) DG B PR 2R (Herranz
and Pozo,2018) . i %5 i [] 93RS , 7K SCAE A% 52 i
WRFLLIG R AU TR A A2 2, R 5 1R
T HBRDIE P 25 A5 — RS ML 72 (Reijmer et
al.,2022; ¥ A 45,2025) . ShFEHL A KGR A
S0 W) R ERAL T IA F 51 33X M A AR 5 1)
MPURYI T E SR SR s DI, i
WA AL S KR BB TS R A G, Bl
FHRRBIFFEEIC A, Si(OH), Y B2 i 7 1Tt o e
BREE IR EE T 2 A A i R AL i F2 (Caniaveras
et al.,2020; 5 JLERAE,2025) . BRI, B R K 1 #b 45
SRAL TR A 1) LR DTVE R R, M AE TR R B R I
SR H G IR, I A [F] 45 7R R R T iR
£1(E6).
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Fig.4 Mg-Si concentration in sepiolite precipitation (modified from Arizaleta et al., 2020)
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Fig.5 Many factors control the formation of sepiolite (modified from Galan et al., 1985)

salinity, pH and Si/Mg ratio play important roles in the syngenesis of sepiolite and magnesite

TR A7 A SE 3R A TS A TR AR R 3R
B it 1 aRA I i BE SR, R HURE T M Y

o XEESIR AU T 2R AR AT ik R
TELATIE Y SRR R R ER, DA B b A A

FRAETE AR A L B 8 e e s ER S i A E R
PR 28 Fe b B, K BRI A ] LLAE pHA(EAY T 8.2~

8.5 MR TP I, HLiZod 52 31 B - Mk B2 Fn — 484k
FETEPER S . AR AEBPE S5 F T (pHAE A T 8.2~
8.5) , IR/ A FEAH X B 1) — A A RE MR B I 1

TIAERR PE PR v, RIS $ iy — Ak ik vk e i L) &
J A A T A1 (Birsoy, 2002; Galin and Pozo, 2011;
Tosca et al.,2011) . X—Z58153 5] T 20724 & W4k
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Fig.6  Bivariate plot of sepiolite content and crystallinity (full width at half maximum, FWHM) distribution
(modified from Herranz and Pozo, 2018)

12C. layered argillaceous rock; 12B. keratinized/spheroidized massive argillite; 12A. layered argillite and mudstone; 11C. clastic sandstone within clay; 11B. mudstone; 11A.

clay; The blue column indicates separation between low-crystallinity sepiolite (LCS) and high-crystallinity sepiolite (HCS)

HIE, B8 [0 MgCL—IEE T8 — AL REAR &R s
NaOH Y J7 ¥ , 78 = I 45 10 02 & it i A
(Millero, 1974; Deocampo, 2015; Herranz and Pozo,
2018), XSS [E A N 1 pH X IR A TR E)
J12E R PRRERLE, RIS pH (4R T T h & AR
BT EE DTN R 5 9 A 1 T 3 T A
H AL A PR
32 ERARHEE

TR M ECE A b A S YA T
A B A RIS A S . ELRSR UL, 76w B
TR VI A D 1) B Ak R T A B S T AE
RPN D) B o) A AR S S A B AR e AT o X
— W WA A 5 TR A 2 B S P T R
FIE W52 BN R R TR (5200 o A RS e M
XoF T TR ) TR T R AW Ay R v iR S PR M (pHL <
7) HEFIELAT AT RE R A I R B A T A A ST
Yo MR, FERRHE 254 (pH AT 8~9) v, Wyt 41 WU
TG 1] T OR R JBLAG 4 AL BRI W P T TE
(Uddin,2008) .

HOLHENA R A
WA e = NIHAR IR EE IR EL 9, Hofb= =k
Mg;Si,0,(OH),, 3 HIE W T s it b o A fEs
TR SR CPIBAR GEBOIR UL R ARG Z R S
(FEIM4E,2023) (E 7).

538 50 VA A AR PR A A R B L
TRRE R (2R 2845 ,2021) o 120, AHAS S A e A i i
A1, He b AR R 32 B B b v 16 A A R I 40 5 5
IKAEHT, 5230 B (1) 86 £ A/ NBURLAFAE (Kring,
2007; Tosca et al.,2011) . HUK, FE#AHTHRZE I, 4
AN S A R 2 E A I
T 2 S I — TR P TR A T A A A D)
R H A WA A A SRS ke 1 A R (OH)
SRR Y S T, AR AR AR o R P A N f A
(OH) #5274 28 (Rahman et al., 2015 ; RS,
2024) . BLAN, HHAE I AR B RRIR 0GR R IS
(RATE 150 °C) , 3 H B A A& 10 (FR2E7
S5,1985) ot , AR A A AR T B T
WA S A O K S, I BAELL A G o R
BEATREIRI N (181 8) (FEIUAE , 1985 ; g dIR i A/E

3.2.1
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Fig.7  Photographs and photomicrographs of talc occurrence (modified from Wang et al., 2023; Song et al., 2024a)

(a, b) stellar talc; (c) feathery talc structure formed between calcite grains; (d) lenticular talc; (e) talc in the form of a lamellar aggregate with corrosion cracks visible along its

edges; (f) lenticular talc containing numerous pores; (g) metamorphic rock with sericite and chlorite components; (h) ore observed by single polarizing microscope; (i) ore ob-

served by orthogonal polarization microscope
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Fig.8 Infrared spectrum of sepiolite at 1 200 "C (modified from Zhang et al., 1985)

characteristic absorption bands of cristobalite mainly include peaks shown by arrows at 1200 cm™, 1095 em™', 798 em™, 620 cm ™' and 510 em™

R, 1987) o X B8 8 R PR ) oA A g PR 2R A At
TEEMT YR

Vi 60 1) T AR AR R R A A IR AR R T
(100 C~300 C), HA1bf G rb AR LS F R B2, v]3E i
2 PR AL ko VA i 25 P AP PLR SE B,
o A A — A B8 Y S N S R E
i PR TR 38 F328 28 K 56 1, TC s 2800 58 A i B o
IR AL T 90 C~130 °C HLAR T FE (logla,,/(ay, )’]<
6.5) BRI VA1 2544 P i A K BT HE S 51k

JEHERFE , TF IR K A 10 A AN T R AR (R4,
2022) o YIEMTEF B TR S5 A AR AN
T, S 2508 28 P A BT K AT o I B 4R DY g A
BERNEE S\ R T HES ], Mg F Sit & AL A 5%
TEA ) 2% 18 5L B AL T LW A fb A% OF AP RE 2R K
(Birsoy,2002) , Fifif5 )2 BESm A FFELY R, i A X
BB K, e A S e R R AR (5 HhAE,2004) .
izt B AT AR A R A SO 3K 3MggSi 0, (OH),
(OH,),—8Mg.Si0,, (OH),+4Si0,+H,0 ( [k == ¥ 4 |
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1985 {145 7% , 1988 ; Z5JILF- FIACBH 75 , 1993 ; Chahi et
al., 1997 ; XIBESE 1 2019) . AHELZ T, WS B 45 db ik
PN T ZRIAS S  MAS ORI . 78 & REBE R I
RAEFT A & A A T RO 25 1 Mg 1 Si
XA A O A PR S AL BR TR P AR AR R BT
3 3 3] 3o A R B4 A R A B R DL, A e R T S
R U WINTTR N =R N R R IR N
(Pozo and Calvo,2018),

TR A R T A T e R T S e X ST 3
T R IE I AR A I AR (&1 9) , AR T H /R —
A O B 0 B A RS (R 42 )55, 2024a) .
AR AU SE T WA E A A A=)
(A, 17T LA i A AT T S I A i R | A5 3R AT
TR A TE R R R OS54 22 15
U, 7 DU 23 b P G Y S T A )] 7 R A
M) = F R 04l il i T BB R AR g
B FE DL YRR A AR R o) W e A i
TEZS—P R R A — A (RIS, 2021 ; 75 A%
M55, 2021) , 3 —Hr B 7= 9 0 A 8 UL S gt T
EHARE . R, X AT S T g i e 7w 1
WA A A S B — 25 RS T W A
MR A TR . 2L, Ferh S a0 ] AR R M
X WA DT T a2 e BT B A
A (2545, 2021) o ZAHAR ST FE B 2 3] iy b
TR A5 1 T 24« U E B TR 140 CRE 242 )0
]9 A0 B AR T AE 155 G, AT A] D)5 4 i 7is
R A1 (Cai et al.,2019) 3878 T iy HEIR SR AR XL
AR BRI S
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(F R 6 R 45, 2024a & 2K0)
Fig.9 X-ray diffraction (XRD) characteristics of the conversion
from sepiolite to talc (modified from Song et al., 2024a)

SRS HE— 25 R SE VA R AR AR A R AZ TR
BE L T3 K i )i B [A) 4 BROR R U A A
330 CHI A& A AHAR , YURR T IRE 36 A7 W 7E 310 “C A AH
AT A A5 R A e v R AN R 130 °C o XA 2
5 R F AR T DA R Yy 25 R R ]
PRIR AR A T B T e ek e R EL B 3 Mg T 21
Be , H RS R , MARTR B DR g o I DORAY
TRV AT W B TR A1, &5 4 v i B K
AR B TR BRI A AN, BOFE 310 CHEARZE
BUAR o V8 45 44 () d v T R RN 3 130 °C L X2 i T
MRS AHAE 8 F1 22 B 20, 5 ) A BETE 1S
AP A S M (B2 NIR S, 1985 B ik AT 42
W, 1987 ; Cafiaveras et al.,2020) . B} [a]th 24 30
A AR R B ) E PR 2 3w B DR S VR
3R S S, V30 A () 5% Ak 3 B T R DS (Chen et
al.,2022),

322 HAGHLAZRE

S AT S —Fh B IR G M R R R
LR 2R A HES T 2 FR (Horch et al., 2002 5 55 1t
F4E,2023) (E10) . HALZ#FRIKA N (Na, Ca),,,
(A1, Mg)[Si,0,] (OH),*nH,0, 18 H 7E 1 ¥ 47 1 J 1
PRI, BE T 52 A0 S B0 Hotk 8 Atk DL R i
HREZFMIEE(E 11) (AL 2024 RE R,
2024b) .

V0 A Ak Ry 52 B A 2 AR TT L3 o = AN By
Bro VIR BB, FE B RV R A A A, R
W EE B T D R SRR S T, IR i AT HEA
W25 . S5 B B, U A 2 o0 A i A b R
WA, AV BRI SCEAER . — i B i A b i
Mg = S22 BT, o — 7 ThT s o AR D i 4 v iy Si*
5508 B8 0 ek A T A S S A 1 AR RE IR AR E
g i Ae o AL B B, 2o BRI T R8T A 52 A T
FFIRVIVE o XSO/ IN AR IE o 2 1) RAE A K7 =X
WAL A LR RS Y A HE SR, B 28 LR Y I S
RET Y RELEN . TR R b, 2502 [ &
Na* . Ca®* %5 25 1 FH LA o R R AR R AR A 19 Ha e R
V- ffif (Khoury et al., 1982; Birsoy, 2002; 71 1% i 55 ,
2021).

(ELAS VR R WA ) S A A R
Je— e, il Az R 2R EZEA R, A
$55 T Ak 1y b 5 PR (AN R B R ) A AT
BAE) LK BRI I3 ) fh e B 3 AR Y v vy vk
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K10 J2ARZ WA = 4k R K (35 Horch et al. , 2002 & 240)

Fig.10  3-D stereoscopic diagram of layered montmorillonite (modified from Horch et al., 2002)

N

BT SEME AT A5 3 L8 85 Sk 7 IR RS r B AR AIE (3 R 4 A%, 2024b 12 20)
(a) YRBULIE A W7 2 RRIEFHES 5 (b) | (o) VRBULJE A S AT TR, S LABE RoRIB AA7AE 5 (VR BUE S BCA 2k LA 3 R A e £ LI
() VT A I, AN BAR SR DA THE 5 PRAE A FLISURT 2t B 5 () DA R v DR A S BN SR G 5 (o) SRIBEATRIAR 5 (h) S B A U 1T 5 (1) ¢t
A1 R T
Fig.11  Outcrop occurrence and SEM characteristics of clay minerals such as montmorillonite (modified from Song et al., 2024b)

(a) talc arranged in a sheet-like disorder in argillaceous calcarenite; (b, ¢) argillaceous bioclastic limestone containing argillaceous montmorillonite in a scaly form; (d) chlo-

rite filling pores in the form of sheet monomers in argillaceous calcarenite; (e) fine plate-like chlorite aggregates appearing as pore liners in argillaceous calcarenite; (f) illite

with a honeycomb structure in argillaceous clastic limestone; (g) montmorillonite powder; (h) montmorillonite particle surface; (i) montmorillonite particle profile

B pHEAE) o 7E AR T, HEE B AIRIE  A55BAF RN B, 7EREZRT 65 CHYRIY
(140 COIEEMZAMET A TS A . X BCA IR, SRR A e & R iR R IR S T 4 1)
—HAL AR AT RE & PR RE S B EHTHES e M5 S RRAR . B A A S A TR SRR 5 A
WA G R I I O RS 55, 2021) o SRTHT, ANFIHBIX PRAGZIA , 52 0 R 6 AR a2 28, I ] U £ B 27 4
WSS AFAEZE 5 o IR MBI A58 VAL T IR (WAZRXUAE, 20205 R 46 A, 2024Db) o 26
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Rt , 7 DU 1235 355 i b DX A A el s e 30) A R Y
TR 22 07 T K AT ik 72 B 1 o s B ¢
WA izt AR A A AR s I A
PR LB FN 5% (5 A XA, 2020) o [AlFE b, 51 e
T g 1t X V96 AT BV PR B R DLV E T . 7
B3 AR A7 MR ) 5 R B B A
A, AR BE 2 5 A 0 A B (3 N8 4%
1985).

MIRT T 2EHLHE | A A AR AR 5 =2k
T B PR AR 2 P Mg AP BE LR () B )
el R R IRAEIREL T, > Mg /AU B2 OB A
B, Vg g6 A 0 ) T ) 0T 3 SCA Ak TS LA R
ECHSE, WO ST e A1 o DA BE i 4 0 K L BT
BN, BRAE AR HE Mg KA g , A TS LR AR
Wigkey , Wi B AE S A . AR ARG IR A
RS (<100 C)H WA M R DR IRAR, S 80
U FRE A 2R 12, /A0 TG B AR A TR G 35 /08 o
WNTEXALFE SRR (<50 °C)FREE T, 58 51 Mg k2% il
15 R WA Wk B AR SR Mg /AL 2% X Y
AIE S AT (Walezyk et al.,2020; J&7K2%,2022) .

SRS G — A5 BRI X A AR e R A 4 il
RN o XF HEHT N Z 05T, K BRI A0 E 29 150 C
B i A A B 3 A A Ak . (TR 25 205 CHF iR
PR S A, RIAILC i A BCE R B B .
MBI R 316 CHY, TTig Lk &R B & 2k
SRR VA 3 kA ) SR B A i e AR
(Giiven and Carney, 1979; Hover et al., 1999; Pozo and
Calvo,2018) ., IX—%5 % 57 A B 9E —3 (Cuevas
et al.,2003; Cai et al., 2019) , fli ] % B0V ¥ 47 76
200 CAA AL WA, T 300 CIHE—L 4k
MRS FRRRIE LT, AL ] i R
BEREA, B PR IR A A AR, S LA A AR
sy/lhie S/ RS E WAL oIS
33 AERARAEMMIER—REELER

TEE A 3 OB R AR AR (pH>8)
W FIAEE , HOY G B A7 Eh VK I B A AR ]
FIm . TUREREE Y s 25 A8 A 45 e vt A7 il
FEAR S SO R L i, LAD )1 A i
A2 ZR B, TURUH IR S5 IR K i AR 3l S i
WA S P TIAEFVURL. TEZY 150 C b2 IR
T, W R R RS AR S R B KA KA RN, 51T
AT = Ak, SETDE R T A —E A —H =

A— AT AP 5 GEET-E,2022; K4 R
45 2024a) .

FECIERE I, S A 2 R TTRS B i
B — 25 AR 52 2k 5 B B e, L Ak A2
YRR AR 32 B EE TR R IR AR B P RS
Wil o VA0 A T o R B A AR AR AR« Vi
WA —Hr SCA—ToF A A AN A —5E 0
A—s A FRa (F12) . B—4ui 7 £ 5
3 TR o AR Ak L R AR 3 T R 8 A i 2 A
AR, ZFEANEALEA T 130 C~135 CHHEHLA)Z
BEZEF T, 16 B Mg A PR A 8 T, Mg, Si
LR KA MEHE, PR A Ch . BiE
TRETHE 135 C~145 C EFFE R IRIEIMER T,
W5 SO HE— A WK TR 20, B A R TS AR |
TREE /N T i A, HL 3 T AR 55 T 0 o A LR
It 145 CJm w7 R A, IFAE 175 “C~200 C
114 GR35 B A8, AR A 3 7 A e Ak
R P AR Y TR AE R AR o 55 T ARSI
W7 T TCE IR N E 2 AL . AR s B B
GREMRT 65 °C) , b AP A AR BE T A
] S A R iR ik . B RE T 28 65 C~95 C,
B Mg Il Fe (A A M HR0 3K 31 552 i A1 28 7 it — -
ghbad R T A U AR T e . fE
B R PRAE B IR A I, AR BRI
T S RERAE A E . SR T 70 C~95 CHY,
KA A5 & T oK N, B i ake A S5 F A TR
EIET Y. 7595 C~130 CIX A, BIRFH/E2R 2 b
FROER (IR IREE 1 I S AT 7 R 2 i 2 (1]
SERY . WS TRE ZEE 130 °C, 2 8] K % Wi HE BT
FIA 52 LIRS s, e 448 180 CoE %78 h
A (S BASEE 2017 ; Mulders et al., 2018 ; JE#EF
85,2022 R4 R4 ,2024b) .

4 TR TE D TS A

4.1 ERAEHSRENR S EANA

TS b T AR, Vi I A X R TR S RN i 2
Yk B SR IR o R R A T By T, I3 b
DX R T Ay T 1 B L S () W R AR, 1k A AL
Jo B AN ok U A T i ) T A i, L o T
b7 H B H Y 20%~30% (8] 13) , 3X — i R S B0
A 0 A DL B TR K AR Ry R A, AT
PE TR A 0 b 5 A W ) (Wang et al.,
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Fig.12  Diagram illustrating evolution of clay minerals during diagenesis (modified from Song et al., 2024b)

2023a; K 4x R4, 2024b) . R iR AE — & R R
T I SRR KR RS A L) A DL 5 LR A
e i B IR A R LR A 1A ) 25 (Walezyk et
al.,2020) . {ERHZIE TS I, A7 UA AL 7
LB 28 K F , FEEGE L LA =AML 2
FLBR R GE : (1) A WA LIS | 38 e P A it
FRAC A ALEAL , HALAR FZEAE 10~100 nmyig
Fil o (2) R HEG AL 35 e i R b A1 Bt G R 2 i fL
HITE R, FLERE A T 15%~20% . (3) A TR 1=
AAVERT S R bR SLBR R 7 L FLAR AT IR TIOK ) (25 4%
& 2021 FAEEEE, 2022; Jiang et al.,2023; Wang et
al.,2023a; R4 R4, 2024b) . k262 R FLIG R 4%

B ERTH T 2B TERE , HOB B R R 2
PEE A0, MR R IE B R ARSI T S GE A .
T LR R A RS A E PRI AR
AR A A AR T A L AE CR 4 RAE,2023) . 78
35 M TV DX, VA 9 30 2o W R AR WL 1A
SRR, Al A S A v 2 7 LB o) 245 4 2 T
KA ], SRR 5682 A KB A
A= A B RO 2R 8 (AT 1655, 2021) o LA, 7RV
AR S AR A B A T AR a0 1 RN T 1 1)
(3T HS | BEEHHE B 111 563 340 25 s P 38 HH 408 v 35 A 2 11
H o Ak, dE i 22 8RR A 2R BRIk (=
g P A A OB, i Rk
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Fig.13  Model diagram of organic matter adsorption by sepiolite (modified from Song et al., 2022)

(a) in a suitable environment rich in magnesium and silicon, sepiolite is deposited together with organic matter and microorganisms; (b) sediments are subsequently buried,

forming organic-rich sepiolite layers

Y AE N R A A iU a8 R R B
~att)E LIRS (Wang et al.,2023b; K4 R4,
2024a; = ML, 2025) .

BEAR AN T 70 8 AN [ HE R B B ol 3
IRIAR A B2, R g T et s i AL AR (& 14) o 7
BV I LRI B, A i B R TR RS A R AR
Ak B T K 2 i )2 208 . e g
JECB B, B SRR B 3, Bl a2 R A
BILTEFASoE TN T 1 VI A B AR AR R RSO i A I
K. TEMFEIZBhIRBN T, 3K $E R i PR I 25 T 24 4k
PR R E, 5 & H s N e B S BE
R 2 ST (Cai et al., 20193 K4 R4, 2022; 1L,
P55, 2023) o B G B B, A AL 24 e A
SRR BN At & AR R Z A B K
BRI AT . X SRR R RN R ) S R A
FHF AL TIRBEHL X, #0252 (G
FAE, 2022 R4 REF,2022)

X — B A AL R ARG R T 6% 2 A TE AL

5ot it — R TS IA R R SRR
BT CER . AR, SR A 2R BRESS
FECY) 234 S I IEARDCOC R R R e S TR

O DB, AU R R R 2 R R B B i AP
K (F15) CRE R4, 2022) . BRI, 7EHETT
R 20 km FOFE RN | 245 TR0 J2 R IR AL T
40~60 m IF, i hE R AL . AR R TLAL AP0 40 km
FIFE I, J2 R EE AT 20~60 m A9 X dak Al [R) f HL &
K4 18 3 K 45 1F (Fesharaki et al., 2007 ; lic et al.,
2015;Herranz and Pozo,2022; XIMAR4E,2022) , XLk
DI & A0 2 AT LI AR 0L, 38 BE
ZEE A SR, PRI B 3 A REAE ATV SR <
BRI BN AE bR o HBHR U SR B 5 ST
A2 FR I E R IR IC , PUHCAS [F] 2 B R R T
PXIRAFAE 022 5 an, e )1 2t b — & Se Y
T M1 B B LR 3 C7 R X3 S B 4 )
EoR. BRmE s — B3 IX E 25 fe
TR )E R BITE R AL 20 m (1 DXCBE, W EEZH —
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Fig.14  Dolomitization model of Middle Permian sepiolite-bearing strata in the Sichuan Basin (modified from Song et al., 2022)

(a) shallow burial period; (b) mesoburial stage; (¢) medium-deep burial stage
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Fig.16  Schematic reconstruction of paleoenvironmental conditions (modified from Cavalcante et al., 2023)
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Formation Mechanism of Sepiolite and Its Geological Application

ZHANG JieZhi, LI Xi,ZHU GuangYou, GAO HeTing, LI Sheng,ZHENG KaiHang,

CHEN HongZhou, LIU JianYong
School of Geosciences, Yangtze University, Wuhan 430100, China

Abstract: [Significance ] Sepiolite is a clay mineral with a unique fibrous crystal structure; it has a significant po-
tential application in the geological field due to its high adsorptive capacity and thermal stability. [ Progress] The
genesis types for sepiolite include direct deposition, terrestrial transport sedimentation and diagenetic alteration. Di-
rect deposition is influenced by chemical conditions such as element concentration and pH. Terrestrial transport sedi-
mentation is closely related to the geological environment and climatic conditions. Diagenetic alteration of sepiolite is
affected by the burial depth and the properties of the hydrothermal fluids. Sepiolite is generally formed in an alkaline
reducing environment rich in Mg and Si, but with a low Al content. During the thermodynamic evolution process, it
undergoes mineral phase transitions and is transformed into minerals such as tale or montmorillonite , which imply
different depositional and diagenetic evolutionary paths. In terms of geological applications, sepiolite has an excellent
adsorptive behavior, and thus it can efficiently enrich organic matter, providing a basis for the formation of hydrocar-
bon source rocks with significantly enhanced oil- and gas-generating potential and quality. The diagenetic fluids of the
sepiolite layer help promote the transformation of high-energy beach limestone at the edge of a depression into a high-
quality dolomite reservoir, thereby giving rise to either of two oil and gas accumulation models: self-generation and
self-storage, or lower generation and greater storage. In addition, the thickness and distribution of sepiolite strata in-
verts undulating paleolandforms and is also an effective indicator of oil and gas reservoir regions, thus providing an
important basis for oil and gas exploration. In terms of paleoenvironment, the formation process of sepiolite also re-
cords a range of information (e.g., evaporation environment, water level changes, climate evolution and anoxic
events) that can be used to reveal major geological events in the region. [ Conclusions and prospects ] Sepiolite has
shown significant research value in oil and gas exploration, paleogeomorphic reconstruction and paleoenvironmental
restoration. Future development trends of sepiolite will include its use in defining paleoenvironmental conditions, en-
hancing the analytical ability of seismic data on the thickness of sepiolite strata, and developing the exploration of oil
and gas in sepiolite strata.

Key words: sepiolite; geological characteristics; genetic mechanism; sedimentation-diagenesis; geological

applications
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