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72 R T @A AR RN EAT Y, R I R 4 1R S 1T 5t 5 42 5 4 {H ( Bakhshi Ardakani and Rajabi, 2021 ;
A RIZAAAE, 2022; R AIESE, 2023)

TR, BEERE TR, WA 70 5T AU 0 5 B IR W™ 2 (Djoulah et al., 2023). #FEALE
ARG Z AR BT, EERAE T RUCE . KE—RAREFMARTIRE T, HHRs R RS
BIE R JE A A A, WA RGO B f R AR AR e A Il (55, 20215 R4, 2022; Cavalcante
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etal., 2023) . ML A AR 126, BB R CE M Bfen = X (Cai et al., 2019; Kassa et al.,

2020; Mokatse et al., 2023). EW WHERAE L, WIEAHE SFRA. ZFMAEF LI WILE, GoTH
At EFLBEAL IR AL, Juf BV SR Rk CRER5%, 2024a, b; Zhoueral., 2024) . [,
WA AR T RAERAEMESBRKE, G “BRE" MR YL —, ElAEETN SR H A
AHEENHAME UWIRSE, 2022; RERS, 2023; Eze and Molwalefhe, 2024) .

RAEUFIAE TR G B R, (BAEH AU RA R EAE . HEr, WA
TR R B ORMLHATI AN, ELYE SO P KA BR AR 4% T 2 i s B R i e 23« iR 2% 1
A PR ), X S BUCHAE T PR o 0 B AR AE RO AN E M . R AR AE I S BT, A
OB R IR R MR e B, HAE NI RIS R — RE BRI R I AT R Tl — P IE . Al
IREGE L HERBEFURUR , SRR TR B BURRAE . B RIBLE L DURR— B (1 58 28 DA S AE 1 o 45038 1)
R, BTERE ST A R, R4 58 A 5 2 v 1 B TSt

1 R A A3 TR AR

WA —FE LY, FEAER KGR (20N Si1xMgsO30(OH)4(H20)4:8H,0),
BHE— RGN (HFIF5, 2020, RBESE, 2023; ZFEHHES, 2024 (F 1D, mEEANHEESBER
IR B EERM R (YA, 2022; (£ 5%,/ 2024) . HEG XYL, Siowlat. &
K, GEULUGRET G2ESE, 2024) , PREMCREER T (8 2), & 5MMOEAIEAE Gk,
1990; Post and Crawford, 2007; Martin-Pérez et al., 2021; L%, 2023) . A EDRYE (EE%,
2001; F2H, 2003; FPIEMESE, 2028; RERZE, 2024a)  KRAEUKRBFRE T ZHE (1) (X

JeRaKEE, 1999; 250, 20004 Mutray et al., 2011; EJEES, 2019) .
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Fig.1 Crystal structure of sepiolite (modified from Zhao et al., 2023)



AR WA TR B FLAE R AT 1 8 3 J
FRAREEE A TS . LR, EE%SEZK (Murray et al., 2011; Nakasugi et al., 2021),

MIELZ T, P E H T CE R a0 RS R AN 60 4, FEHATLIG . PU)1 UL LI R & X (Giustetto
etal., 2014; ¥¥%, 2017; KFERPAEE, 2022; Shangetal, 2024) . HFHAH R EZE 5 NP AL
FRANH RS, A URR AL SURT A0 43 At AH DORR AR L Mg ARDTRR BN KL TRR A, o3 T B T30« 7 Bk
WG SIM SRV ER B R (M58, 1992; Zhuetal, 2020; 4%, 2023)

x1 BRAERNESE AR ERHE

Table 1 Occurrence of sepiolite in different rocks
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KpE  KIDERE O FEBA. fEE KA. MRS JikotRe, ENIREE 230, 2001

FiaEEa TiflkA s GRPEF . SRR JHCIR NI IRES: G FITREE, 1999

» L€ WA TR RS, S5 IR JEIRSE ZEIORIBREE, 1999; TiEIES, 2019

I peiitey Sef. TR RS iR & BRE 2530, 20015 EJEEAE, 2019

K2 A% NEE (JF Cavalcante et al., 2011; Martin-Pérez et al., 2021; Mokatse et al., 2023 15550



I Al
(a) FEBE RIS MAEREA: (b) FE X mIDEHS FIREA: (o) BH B 7 REESERGIRR T — KSR A L4 (D EHET
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Fig.2 Microscopic characteristics of sepiolite (modified from Cavalcante ef 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); and transmission electron
microscope (tem) images of (c) a large continuous mass of sepiolite fibers; (d) ordered arrangement of asbestos-shaped sepiolite; (e) sepiolite aggregates; (f)

fibrous sepiolite; (g) pads formed from long sepiolite fibers; (h) thick aggregates of sepiolite
2 A R L

VIR R A TR B s M B 2% (R 2D (Tateo et al., 20005 Caietal., 2019; R4
R&F, 2022) o Hr, JORASCEEE BHURAA S EIERGZ DRI AL A Al BT # IR 7E S & BRI I VA T
WA B VAR AT s T A U R R A VR 1 B e RS2 PR, AR R A T = S K I
XIS BRI . BCA TR R RAE RUE I R, AR S BR AR BE I3, & Ak,

MR A, BE— B NBEE R AWM R KL BB AR | BRIk LA AR Y
*2 ERAREXRREEER

Table 2 Genetic types and influencing factors for sepiolite
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LA A
T PRI LTS
B
BRI A HE & Mgl Si (OH) 4 [IERAER EM AR (i pHY AR APHEE.  BEGHAER, BREEIRBE 0. Mot &
PURAAY TERE L) HER AU TR
i YA AR RO TR B2 R, 407 < Rl A RBg 0T 7 = A Bt SO R R PURRIAREE, K WEDSE
BREWARMEAR BB AERIER R TR T4
KILFE G AR AR LS R 2 RAGRAE F R AR AR KL RS PG Bh S
kAR

WO AR HERIRESE (WAZE. EERYS) NGB TER R, He  REERCATE. RERHLEA S
AT LS AN B ) B — TR A R

2.1 JUFREY
2.1.1 H#ERARA

HEBRRENATER T TRELTRERERMET, EE2ZHT pHIE (8.0~9.5) MELEHLERFNE
RIS, 72 & A RER BRI SRR IR B AL AT TR K (Tosca er al., 2011). Hor, ARiEPEXTEEE
ATERAFTEIIHIE R . VA P VS TR I, BB AN SRR TR R P TR, R TR
SRBIPL A, 4 BBV R 1 Mg2t/Si* LU AR, E T BELAS A A 45 o AR, S80I T R 3 B T
(Birsoy, 2002). AN[FEMFEIAEE P4 KTIBSHMERY, SRS pH BHEERERHER. TSR
FEERCD, A EHEE R, X R BB R T 72 MR M4 SRt T LB S5 T
T PE A o S AT, T 35 25 w5 1) pH FR5E (pH 29 90 AERFI 485 i (113)) /1 % 75 3R (Galéan and Pozo, 2011).
BEAh, MR T B R 5 5 A RN E) ) (M R s, He b 36 B (0788 A 2 DXl g VA A — D OVE B A AL
HilfI 54K 3 (Pozo and Calvo, 2018). #hFE@EIXENHMGEEALE: —H, HEAmSERER



SRAS L WELA T AL e HE M55 AR 1 % PR o
F+ Mg Fl Si(OH)s H 2 F i &, XM et A e A 4 i FE . (H RS 0.5M B & i8R

[SicO1s 4544, FBEEMA™; n—hH, SERRSHMEIEL, EEEK (Ar<3 atm) HHTIE,

I (An>5 atm) M5 K %A% (Eberl etal., 1982; Cavalcante etal., 2011,

B 2% e AR B0 BB DTSRI IR A SR At XIS AIT ek — A VAiE 1 22 TR 3 1 R0 PO LR s
WL B, Joe e R R H b DX F bt o A BRI T o I BB SRR, X SR R T HE T gl
IE (pH A 8~9). MREEM LT BEE DU B (Schultz et al., 1971; Rateev etal., 2008). HiL4l
WERAE— 05k, TEMs TR ERE . RS 3R 8T (Bristow er al., 2012). X—id 2 & i J7 A7 X
TR FARAE T s it B e v 1) B AR MR, DX T R VRS AR R P i D BE R AR I AL . FLAT Rk 72
41, MgO:ALOs bt 3 [y vl i 3 ELR = 0 R gy, SEANE S22 X R 26— A 2 45 O F AR Rt 5 i
BFEY, A R LRSS SR (Claver et al., 2012). R, 4ER/R P H R A EHU
T Mg/Si~0.7. pH A 8.5 ({1} (17 (Pozo and Casas, 1999), i ¢ 4N+ LA &L Mg A ) 72 Bl =X 0
H N 5 BV Y 120 5 1 B 1 K — 3 B 55 D) AH RS L K SC A A R A T M A BB U
(Pozo and Calvo, 2018),

2.12 MRS UTARAY

RV Az R TR O AR AT R 22 IH 900 “ R — iz —UTAR . =FrBOs Ay . e ah i) AL BL
B RRE, WMESrs . MME SEEVEE DL SA SR BRI, I TR T R b B A 1 A R A R
TEA BT, RIS G AE ) 20 W A LR Il v i, SLRITE R & Mg Al Si(OH)4 9 ALK . B
Ja, XU o SRR R RS BRI R IR TR (Madhavaraju ef al., 2002). PR X350 R L MURR
IPIERAL 2R AE, IR DT sR B T B AR . EM BRSO, TR X UK BN A1 s e, AR
KA GRE/NT 5 envs) BT P S MUTRTE, A7 AR ARNREEKMRE. E0
W, WRIGARE ISP IASE (pH=7.8~8.3) AMXHERE T Mg FIRERRAR 25 ¥ HUfL ik, B4 &m
TGS T IR, B e e 3R @ R B TS (e T 45 il 2 (Galén and Pozo, 2011;
Draidia et al., 2016) .

ISR A DR 22 oK B AR AR 8 6 i IR WA BE, AR AL 2 L W K B ReAE 48 7= 1 Hopk
Wie EIE IR P s o B REA BRI R LBk B AR R ORI S A 2 AN S X1
HRAUAHAE, @ TIEA 5 AUR—VIBRRE RS KR ERERFREHIEF 7 L AKNE L E S, e
A SRR S R FUE M DU SRR #h & S IEAR G, MR T BERR SR AN A Sk VR S IR R T B A%
THIZRME SR ¢, X560 5 AR S R IEAHY) & (Cavalcante et al., 2011). [FR, 43
fifi HL 5 VR H R TR K A 4B T A8 3R B X Se ™ W TE 45 5 JF R 2 1 KB IR #Z. (Bolle et al., 2000). [l



U ¥ iR

b, R DAHENTEE TR 2R AR R R, R R A IR SR R R, A R S P T B ik B R e A R
DG IR . A, BT AN TEBIINE AR AL 00 B — A R R AR XA, e SR T TR Y
JRZEE Tt MR T IXEE R IR (Keller, 2001; Madhavaraju et al., 2002). 3 H, i%Xik%H
DORRSAL ch A IR B A I AETE, IXASCRE THRIE A M RGJEARE I, SRR T R A TE H h A e
R -
22 REMER

J kAR R A TR LSRR ORI RIS N SRR, BB B A AL L LR T A R
AR R DA K & BRI #h A AR Y

B, BRSO AR K SRR R B A/ E AR A R ORI, H BLHNESS T IR EER
B BRI A8 1 B BT I B (Cai et al., 2019). 33384 + FE L P4 5k BLAS B% K H X 90 A 10 S8 8
¥, RIEIGLOREE W R SR S A BAR R 540K, RV RIES A HEAl BT . X
WAEY TR B 58 4 R AT, E— B VEIE T AN A IR TR S (Yeniyol, 2014; Tutolo and
Tosca, 2018). I, TEBEEREEWIE D, WA BT AT SRR L. T, K&k

RREERT AT T BRI B, fE TR R T R AR, X — R BN B I I e AL SR A 1 T i

i (Galan et al., 2011)

HWR, KO 8 W 52 #8 AE F R AR s o\ AN I8 ) B 8 i R Ak AR A5 S ), i B R AR AE
60 °C~120 °CHJ T RIR AR b . RIRIEAT £ 5 AL AV e B E R L KB, 5 KL#EE R E
AN, B M2 F1 Si(OH)s 25 il 20 4%« 3K e 20 43 B i 78 K L 2 S0 1o B A0 A S B0 T i 45
T RS AT ARV AT o T T A RS A T =5 BV KL R B SR P (L 3), X — 149 7
B 4B 7 T A B R S A e B L % 5% (Cuadros et al., 2016).

BJE, BEORIREA AR AR DU E BERIR IS (WA TS ZHEY S AWREM, HEAR
TR IR B —RE R A N A FE . A S0 Al M2 i M 4140 1 BB TR IR 2R 5 IO FLBR . PR 453505
WIBIER, RAEFETY (WASA) ERMESE CO M T RABM, SH M2l Ca2 Wi )&+

B (CaMg(COs)+4H+—Ca*+Mg2+2H,0+2C0,), [FINS i BE A1 G5/ I fRA , N AT BT R AL T 5

=2
Bl

LA A B, PR Sio2 Ay (AT RESKIE T BLE AL BUR B HVED 5 H I Mg FERUR 3R
B A S S AT IR A6 A% (2M g2 +3Si02+4H,0—Mg:Sis06(OH)s nH,0),  FEFFEE I HGBAE R
BHWR B N LA LR RIR O IRIEIE AT R (Yalgin and Bozkaya, 2004; Draidia ef al., 2016) .
EARERIE, ER=FRA SRTEY FORIEA BRI LR 2 R, (A H IR LR 32 3 5 s 2R
B SCAR o IX — W AEZ N X R 7 RS B 7RSS . Biltn, DDz Bl e, S X



SRANESE: IR TR L B FLAE o U ) I a2
POV (R A5 AT RS BEATIRIT, #8712 DAL e 2 3t A e 1 A - 399 B i)

PRV (RS, 2021 o Sih, SEEZREGHRY B AL o i i A LR B RGN K B 1 2 AR i
WA, W RER RS LR T (Allison and Riggs, 1994). X867k B AT 58 1 32 BAKBLLE DA
THAGE: H—, A SHERMAsARREFY, BWRRTRBENB. K=, A=
ST R 2 TR 1 T A4 (I B IR0 » 3K e 26 W ek R 75 40 3 0 U o 5% 5 e A N AT IR M (L et
al., 2015),

Lig BB, R R R SUTAR AL A TE T RO BE . 50 R 3 B P R T THIARAE
FES o W T RCT- DO [ 45 5 1) R B, 3 B3 1o 58 A A5 KA D LE AR T TR A A R AR T 1
R B S & B R A e b, FOR B TR S IR . S RCE % . TR #HTERCT
FAEMEE, HE Mg?-Si (OH) 4 ARLEVTAR B ITAR M ] 45 B R A4 2AUTIE T AL, HTB O™ A% 4% 10T
RS PR 2 21 (IR AP . & pH B R IE B 25 )
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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 Si0,-ALOs-MgO chart; (b) sepiolite (green), attapulgite (yellow) and montmorillonite (orange); montmorillonite is mainly seen in

the core area of altered volcanic ash particles, sepiolite is mainly in interparticle spaces, and attapulgite is mostly located near the edge of particles
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3.1 ERARNFRAE
3.1 AREHK

MR IR M AR o AR AR 2 A ] (AR 3D, FOR R iR 5B A IEE S K
5% LA SRR S IR SR K AR B I K o B DI RIME AT IR R ER T &4, Fadd. Flm,
[ A1 8 ST B8 R A RN 95 [ SR, AR E TR T BRI IR AR, Hosl R 8 T
Bricsd. mEAKRZET KR T -84, WLEST. WRAMBREaT RS BYE%, 2014) . X
L6545 T [ AR S X AT IR, RN TR IR AT AT O . T 5 ¢ LA 5 R I s L R A
FASRHL T 35 H 5 SRR AR U5

&3 ERINEEEN RS RESHE

Table 3 Mineral deposit distribution and characteristics in China and elsewhere
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Pl ARG 2
VPRSI L M RO A IR Rt OPRXEAN DRSS G . T, WD), 52 3tE
TG SR PR AR R A T R 3 PREFYEIR . R8T, HERA. A5 SRAa50 mitE
T8 P 0 B R AR A T PR L= i HWRFIRPGE, RATKFIRES, FS5MMNEEA . SEhAEILE
UL A
AR Y 5 DI JE M 25 TR R A IR Rt W T gttt e oy, R, AR A AT A
R
BRI A A AR AT IR FR R b it IR A, SRREZMRT=X
SR I6 WA R Bt B TRSESIR, WA S5 NA . BattE
A e B T P T B R IR FOHT I E) 1 A REUE PR 4RIR, A A
Kih—UiA A
LI B — 2o LRE A T R Wira DUEDIR, @RS, H R B ORI T 25U IR

3.12 RARIRHE

RV AT TR T O P 2 IR e i SR PR B oy, X A i O R . AR IOARHE (B D)
(Galanetal., 1985)  HITREER —MERNZHARXMEIRE, ZRRFZME. pHAE . BEFRIELL
KSR AR L BRI R IR G150 (B 5) (Arizaleta er al., 2020).

B, AUEFZAREEA MR EA W . A T U S A R SR SR A DDA G,
Tove FEAE A R I FE T R PRI Ty A 7= o FEZR I T, T RAURSREAARIER, BERT
BER TR, IR S A (pH N 8~9.5) (k23R EE, X MRk IR T A MTiE . 1
TEFF FEFERR S, S0 3 5 R AV FOMIE A TR AR AL T 70 R IEE . RESE R 03 . [EIRY, K
TERERIERE (£ 35%0) R SREE 25 S RERRAR 25 1 1R (X A ELAE F , AT 3R v A (R 45 R 80 o BB,
HEPE A DI Sh3E T O R R BRI AL 2 R (o pH EURTES IR, ORI I % S AR K i T
R OBIEMESE, 2023; BREBES, 2025 .

HR, BRI A RO R ORI B AR . — 5, B INE R i R, et



SRANESE: IR TR L B FLAE o U ) I a2
B HRE AT O R RV BREE BRI o — 0T, SRR SR AR IE et 1 iin NG SR 2R A PR e, (A

P ERE T AR BARS (BRER5E, 2024) « X—RRMAEERIRZIIE R T A 00 R 451
H5EWITARIAE Z (B ) N EIE R

BEAEN S — A RS R R, EEARKTRES T RSER. &SRR T Mg M Si
(OH) 4+ B TR, A BRI A 145 &2 (Tosca and Masterson, 2014). SEE KRB, fEmhE

(NaCl=0.46 mol/kg). Mg/Si=6 Hif E1E 25 CCIIRFIR&AE T, pH {EBCHTE HlE A UTIE e PR & .
2 pHE Y 8.7 I, FEYE W NZEN A . BE%E pH ETHE 2 9.0 71 9.4 I, YTE N3 e .
MEZ T, EREHEIFEET (NaCl=0.01 molkg), 24 pH fHikFI2y 8.8 I BIA] fid & Mg i@ A UTiE it 2 (3
81, 2004; Pozo etal., 2016) o XFPRIRMIML AT 5C R IR 1A T B FE 2 =M & 1F A
JFRFAE -

seAt, BAEE DR, AN 2RI SRR TR B AR U RE . a2 X A A Ak R e Wb
AV ERIGE), X2 T AR SRR AR AN B 2 AE A (Garcia-Romero et al.,
2007; FBPNIEE, 2025) o EAEERE, HEA K I S B S8 TUR S [ HESE ARV &, %
Sl AE BT Y = A6 A, WA TR RA B TS (Beauchamp and Baud, 2002), iX— i [E] L)
SRR BT 78 35T 7 S I S R UTAR SR it T IS E RS
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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

BJe s IKOCERAR TR R A T ) B AJEE WA ERT, HHEER LK. WMHHREY
J, ARFER AN A RS X 2 AR ) 2R T8 & T RBE RS K2 RISEIR S, SBEY
KIEIET: . BfE, EHKFERIIE SUIBERT, B&8E. R0 TUBR BRI, R&RMR TR
ARPTE CGFIEMESE, 2023) . T & 2R B A SR 3 R AT R B B T R s B SEIR BT )
CBHR3E, 1992) . Zefoltt, Al BT A 7 BLIF I PO BEIGI A PR, OB BIIEBR B bIARSE . T
NIIHT Y B LIRSS 2 32 K ] (TR PR BRI A4, R QU T REL A B R (KD AT IX 3 (K ARV
PEIRSS B ATEIR I D, UE B R KR K S A ST S S 3 (Herranz and Pozo,
2018). BEERTIEIAHERS, AKSCAEF Msgma gt am, AMUESUR T A 4, 51K T BHT
VEFIE L, R — RYIHFISFE (Reijmer et al., 2022; ¥ HE, 2025). Sl E @A KEEAET YK
AL T WIS, XL S AT S S IA RS SR LT MBI A B Y
KA BEREE T ER R A K. BEEKEMFFEICN, Si(OH) IR EEZHT EFr, RHABBEMIFE T
KRAEFFEA RIS TR (Cafaveras er al, 20205 B{NIRSE, 2025) o L, HUFKEFMG SR T 0
A EREDIESRE, MAERFEARS TN RAEELERINER, THRA R REENELA (B 6).
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Fig.6 Bivariate plot of sepiolite content and sepiolite crystallinity distribution (full width at half maximum, FWHM) (modified
from Hewranz'and Pozo, 2018)
In the diagram, 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)

VR 1A S A5 BRI Tt R N IR O A B4R A T 3R I BRR SCRE, I EUS T R R
XS SEI AU TR RI FSR AR, AR TR T R S R R 2R, B A LT R R SR TR
AR ff o I, I 7EH BRI RN B K AR I AR, 45 SRR A ) DAZE pH /T 8.2 2 8.5 1)
BRI, HAZ R 52 BB IR B — SRR MR 0 . 7R S50 (pH A F 8.2~8.5), ifl
A ATEAH XS BRI — SRR P A TIERRIER Sk, R — AU Rk B ¥ DA A LA
(Birsoy, 2002; Galan and Pozo, 2011; Toscaetal., 2011) . X—45BE % T LA FH MAEIE, #TAE
1) MgClL—JE & AL REAR R AN NaOH (¥7575, 7E =i N RN & A (Millero, 1974
Deocampo, 2015; Herranz and Pozo, 2018). iXL&sEIGIL 4R /R T pH (EXHEIE A TE ah 1125 RS,
B4 pH R T 1 VA AU AR B R BE , AT IR T VAT PO TS 6 Ik L i AR S5 A A P R e
32 BEAMMEE

TERCA AR D, AL AR, AR A E A S Y. BARkE, 15 E BT
Wl AR AT A BUE LA . TE RS, WA A S A SR A . X
FAE R Z I T IR ST P e R B, 2 BV RO S0 o VLA (AR 5 MRS T VR 1R



UL 22 R
Bl R O BRI TRE B YE (pH<7), HEA AT RE R A BB NI A . SR A%ST Y. Mk,
P& (pH AT 8~9) H, Hgvf A I S A0 ) T PREF R UG 5 M s B8 NI TR 1 tiE (Uddin, 2008)

32,1 HEBGHNAANTEG

B R =\ ER AR IR ER G 4, HAL2E 3R MgsSis010(OH), B KR T B i i . 7288 TilFie
ARBE SR PBR, BERULFRELZMES (EMEE, 2023) , W& 7 i,

WA= A 5@ A AL, RO — SR (B, 20210 o B, AHARREREAR T
A5 Fo R RS 52 IR T SRR A AORE T 23 B8 5 K AE A 2 B0 MY [ 286 - A /NBDREARFALE (Kring, 20075
Tosca et al., 2011). HIR, FERSHTMhZ b, MM A SIS @ ARIH ZR . Sl A A7 th 2
R X FRIR AL, AR A SR AN B R A, XA URBE T A (OHD BERE
ST, R WA AR I R A A B\ HR (OHD #1256 4271 & (Rahman er al., 2015; #AFRSE, 2024).
BhAh, AT G B R R MRIE IS CRAIE 150°0), XEH B A ALEN (FE#ES%, 1985).
B5,  HERA AR I B T A L@ IR A S T K oy, SERAELL AR o B 7 S R R IR
HOE 8 (FEME, 1985; MIRIBAIVEAE S, 1987) o XLk B IR AT Ao i 8 e R it 1 B 22 (-

Y T

R i A
SN e S
200 um
|

v. w7y

Z ; e W oo 400,
B 7 WARMERS GBEIMEE, 2023; RKERZE, 2024a B850

(a, b) BEAEWMEA; (o fEXMBABRZE, BT BRI GEH; (O HARIBERES: (o WAL IREARBREE, il

AZEE; (D BERBE MBS ARSI (@) SEEFNRIRN A (h) 7ER R E e TSR & DR, (D 7EE Rt B

BT LGB IR B 2
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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 observed 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 ecm!, 798 cm™!, 620 cm™ and 510 cm'!

AT 1AV AT AR AR 3 & AR P RIR 2 E T (100 °C~3Q0°CU I tERE % i ik S5 M i B 40, Wl
P A AR AL BB IR S ML SEEL . b, S EEREAOR — MR AR 10 ML AR, i 1A
VAEEFNIZE A i K 58 %, To R4 D7 56 VMR B« 4R FE AL T2 90 °C~130 °C HA5E FE (log[aan+/ (an+)3]<6.5)
BARES, WA G5 h i A AGEHTHE L BRI BEIRE, TR R AR I A A B2 (R4, 2022).
R FEIN R BT, GBI B AN TR 5 BORE S (R B P KT o SR A A T A AN B AU\
R E B HES], Mgl Sitt R A ik TR, FEA W3R B8R BRARTE g A dh iz A e A& (Birsoy, 2002).
BEE B SRREA RR A R, WA XARWT YR, AL R (&P, 2004) o I FRRATE LN
WA N R 3MgsSiin030(0OH) i OHz )~ 8Mg3Si010(OH ) +4Si0,+H,0 ([F2EE 2, 1985; {£4 K, 1988;
PIFFIREN S5, 1993; Chahietal, 1997; XIHESE, 2019) o MHLLZ N, VA4S SIS R N R 2R 42
5, MARERE. fEE BRI T, WA R AR R R TBONE 25 (1 M2 Rl Si*t. IXLL R4 F7E
TR B AL BRI I 7 Rk B8 V7 P 1k 3o U 0 0 R o B O, SR S S R 4 R R =\
R ARG I8 f ik (Pozo and Calvo, 2018

R AL T A R AR P I X SR AT A S b AR AR e AR A I LA A (1B 9O, HLERME TR =
HRCH R R E R R I CRERS, 20240) o XEANAGESE T 1A ME NG A ALY
(s AL, T ELIEE 7 AT ST T A IR, AR ERAT TR N BRI A TE BUE R R RO G54 578« ol
FETT )| 73t PG AL 0 bS50 T A PE RS S5 ) — 8 58 DAL B b, @ T BT R AR R 3 T
F & ARG A AR K H ) 1 A R A I R A — P IR A IR (RIS, 20215 JRIs4E,
2021) , X — AP AT A LR AL T BRI . I, X S ERATS o AT RIS AR R T A v



ViM% iR
AEHACRESS R, - BESE TR A i ARGk . M, Eh —Bain, ErihXERna
G T ERAE, SRR TR AR A (RS, 2021) o %2R0 852 00 H IR 4% 0 0 20
WA FE MBS E AL 140 °CIN 222 g [0 A AL, TTAE 155 °CI, AT DL7E e & T A (Cai et al.,
2019, 7R T ity M B SR ARSI B AR R IZE R o
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Fig.9 X-ray diffraction (XRD) characteristics of conversion’from sepiolite to talc (modified from Song et al., 2024a)

LI T — AR SE, WA AR AR A2 IR . PR K TR A P R R . BRI 7E 330 °CH
KA, YR BDEEIE A WIFE 310 CCRARAR, T i 45 14 1 B s T BE AR I 130 °C I 22 53 H 2R T-IR
PRERGY 70 VAR W) 465 A R [ SR RSV T B T reili e . L & Mg iRk 3R 85, e R S i e
5T, AHAR IR R A e . TR AL I A T R TR IR R 25 T, S5 R RBRK R AR R B A %, 450
FHXS AR, WOEE 310 °CHIAHAE . BbAh, IS5 S iR AN I 130 °C, X2 i TR FREE R AH A 3] /)
FIHIL), TR R A L A A5 (3RS, 1985; BRIEAIVIRSC, 1987; Cafaveras et
al., 2020) . Bf (ARSI AHERENEERF R, @HEEETRSBCEER HRRNEL:, A m
A FEE AR (Chen et al., 2022).

322 BBLHNLAEKS

SR — P AE RGBT Y, DURAR RIS E R (Horch et al., 2002; #EF
2, 2023) (FE 100, HAL2RIEXA: (Na, Ca)oss(Al, Mg)[Sis010](OH)2 nH0, % 7 4 M 72
. B SEBAEBER. FRRUKEFREZ MRS, W 11 s CGEHESE, 2024; RER

&5 2024b) .



A W LR U MR TR TR
WA AN ZE A RS DU A=A B WIIERT B, 2 & VA h e A B s g, R i
BETFURLEAERE T, FRERTE APFENT WG . SHERNE, B4 ERArETRAE,
APTRERBEER . — 7 B\ AR ) M2 = AR 2 fgeg, 9 — 7 il o B AR i i Sitt, 51/
PR DY TR L S i B BRI ER 2 o 45 AR AU AR B, ek LRI VR BRI A 22 Wit A s T 26 R AR DT
XL S I e h) BRAR AR K 7 FOZ W i) 2 tH A€ I BB AR HE SR, BT AR WG B3 IR S0 1) SR B 45
Mo fEsE R, 502 28 Naty Ca> 555 1 F AR Fl i T4 8 A= 28 B B A A T4 (Khoury et al.,

1982; Birsoy, 2002; 73mulB%, 2021) .

ERERNE, WA RSN ARARREIFE—MEEE, HIRZIZMERNEGEEM, O
FITAL bR EE AP BRI 2% BATBOE 3055 ) LA BRI A o (K A 2 13 43 i il 7D B IR
pH &), EAMRKIET, LEREARE (140°C) EEMAET, WG THELNENG. X
WL FEFT R S ARl RE S EER BT HESY, (AR A ST (RS, 20210 o 2RT, AEIHLX 1%
WARMAAEZES . WIIRMX S DA, WA 55N IR R KT 65 °CH R A i H ,
HR ORI E B AR R Z IR B h R 1A SR A AR . T AR I S A A B I R T R R AR R, 2
B FOR B AS, DU U OR B AR 4R A GRS, 20205 ReRAE, 2024b) o i, 7E7Y
s e DX AR = Ve ), A TR R A 20 T KT REE RS, BN E BRI A . 120 R
I SRR AR s, R A D B s FLIR AR GE N A 2R S, 20200 o [RIREH, T80 e 1l o 1t [X 34
ATV T BERRUTEER . B a2 85U ) SRR, B8N A, [FR R
BEMAMAER (FARS, 1985) .

MHIIEHRIE , A A FHANS G 5 = Y2 B0 3 T2 HaBU i 2 b Mg/ AP B EL AL EE o B ] 2 1
TE EiR PRI, 24 M /AP PUAE B i, A e T 1m0 38 SO A o T2 2% BUAB AT, T
AT RSN A . MEREERAR I KL PR X B, BRIEAMENE M2 KEMIE, APHRELRAT 4544,
MITEEERZSEN G . M2 T, ERERBRS (<100°C) 1, BTHREGMEREREE, S
WRRBONENS, BEARTEE MR AR AR BN . INTE AL S RIR (<50 °C) HBE R, 3% Mg k2R A
13 = BN EE Y, AR E Mg /AP X N A TE R A (Walezyk et al., 20205 JA K24, 2022).

SLIHF FUE — A BOAIE T IR A AR FR AR RN . xR A 2T AT, R AT EZ) 150 °CH [
RERABENFZA . BTHRZE 205 )CIF IR I BE SN A, RNWH ARSI B . JiREx
F 316 °CH, TIRLWFMR B BRBEEANY, BB AHKE R EEZB A (Given and
Carney, 1979; Hover etal., 1999; Pozo and Calvo, 2018) . X—%5 R 57 AW —3 (Cuevas et al.,

2003; Caietal., 2019), MATT AT ALE 200 °CL AN NZEIA, L 300 °CIHE— B A4b by 2
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Fig.10 3-D stereoscopic diagram of layered montmorillonite (modified from Horch et al., 2002)
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Fig.11 Outcrop occurrence and SEM characteristics of clay minerals such as montmorillonite (modified from Song ef 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) chlorite 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



SRARES WA T LR B SEAE 3R 45U B i
33 BIERARRMMIA - REREER

WA R DU T B RS TUERIOBIME (pH>8) IEJRIAEE, HIM R FRIE 2RI AT . /KGR SR 5T
R (5 . PURRIRBE [ B AR Ak R 4% I A s B2 4 SRR . i, DADO IS8 D& i
RN, TIRBIAIRE S SR BBE), RERE STRFUKE BV 14 150 CHIMERET,
BB A AR S R BIRCE RAERRL, BIR THAR A=Ak, #MER TEA—A—Asa—Ha
AV MAES T GE@FE, 2022; RERSE, 2024a) .

FESCIER b, A A RIVIS Bea AR R — PRI SR SR ER I, s ER AT 1)
A SZENRIE . JCFITRE . AIBEF IO RSN . A s T A R R DU E SRR A —
B O — LA —B A A —S A —SR ARG (B 12). $— %5055 £ 825 TR
JE AR A LA B BB 20 BT R 42 (R S AH A AR 12T S AL AR T 130 °C~135 CIMHEE A EHESS IR, 7&

= Mg TR PRI S, Mg Si TG 3 R AR IE R AIVEE HE, T i I8 AH 7385 SO B TRLBE T 22 135 °C~145 °C,
ERFEEMBIEIMER T, Wi SCa BRI E L, H#AHRAECHN . SEBNMITFEA, HE
AR T A SE A . 3T 145 °CJa, WA ORI F, FRTE 195°9C~200 °CHARE s fY B S UL A, #4
ARG IR B AE BEAN AT FE h A REE W TR B R BE R . B8 — 2R IRAL P AU 38R T s LR i B 2R AL
e ERBEMB GREMRT 65°C), Hih AP NRHE T A 1m0 52 A BT aaE AL . Bl IR T
% 65 °C~95 °C, ‘& Mgl Fe B Al Ik hGe Mo 28 I3 T il — T 5 i AR, 3 oy SR A0 ik — B 6 AR
TEA . RS, REIENEFITR NN R, AR S G B AL 1l IE . iR EIXE] 70 °C
£ 95°Ch, KM ANGIR TBAKREL, TElaleq SHRAREEN Y. 1 95°C~130 °CIX [, HEIRH/
FIRZUTRES, (AR SEAQBBTITE RFLE M HZ (B 45 . B IR A 130 °C, JZRIKIZHTHE H
HARA GBI N, BZHE 180 °CCRER A NFF A (SIEAEE, 2017; Mulders et al., 2018;

JuEPAE, 2022; RERSE, 2024b) .
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Fig.12 Diagram illustra}& ion of clay minerals during diagenesis (modified after Song et al., 2024b)
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41 BRAERSHENERA

FEMAS TR, A AR RIE S TR i Z e B A IR . VRS T AR T, R X
HEIA RO S FEAR S AR B AR, O LT B SR AR PR R T I I 7, LR PR Tk B 5
I 20%~30% (B 13), X—id R F80E A S b # W A s Rk G N B, it 7 RIE
HNR TSRS (Wang et al., 2023a; REREE, 2024b) o FRRl2E &R YRR & FE KK
RIS, AHTAS L EREORAT, i TR IR A MR SR 4 T H R (Walezyk et al., 2020). 7Efif
JETERROTIE, WA R A AR thALBR I R, FEE I LR =L b2 LR R G (1) Wi
AWHENR G, Eid SR PO A HUR L, H AL EEAEPFE 10~100 nm B . (2) JZEELHH
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it R AR E R E R W fLATE R, FLBRETTIE 15%~20%. (3D Ba A%t B = 51k & i

LRERE, FLAEAMCKS (3L, 2021; FAES&S, 2022; Jiangeral, 2023; Wang et al., 2023a;

RERSE, 2024b) o XL LR RERTE T #EOEDIERE, HEEREREMHEERREZ M,
MRS ARG T R ROEE .

(b)
= g (= s

RVUE K SFEEAER KE-TRIKCE TR i B

K13 i A HUR R R (R e REE, 2022 &80
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Fig.13 Model diagra anic matter adsorption by sepiolite (modified from Song et al., 2022)

(a) in a suitable environment rich in magéi ilicon, sepiolite is deposited together with organic matter and microorganisms; (b) sediments are
subsequently buried, forming organic-rich sepiolite layers

T FIR K, IR AR E H AR USRS AR AR R AE B AR CREIREE, 2023) . 1E
MR X, I S IR R — R LT AR R IR, I e 1 R rh R B LB 4 R 1 A LI
s, SRIE SHENBERKE, WEAEAMNBEAS (EEFRSE, 2021 . B4, EEEA
MARIE AR b, B B AU I ) v R L7 TR, RS HE SN [P 10 Zr kA AR 48 s B KCE M = A
o, BEMZE HRRR R EREBPUR A =4 82, W8 TAE BRI 2R, BRMRET
HERE RS, B EEA TR RO s S EE IR E (Wang eral., 2023b; RERES, 2024a;
R AIIEAE, 2025) .

BEAb, AT NI TR A FE AN R HE A B I A IR O AR, A T A A B (] 14). TR
I B, DENEERAFESKAREAT AN, T KEASHSMHERE . 7Eh B,
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Bt HEARR B I3 N, SRR 2 R A VLR AV IIE TR AA AR, FEREBUN R ACE ARk 7EHLSE
BEIIRG) T, XERERAGENRLR FERERE, SKEREATHRN, RESIPURA &S E
B (Caietal., 2019; RERS, 2022; FLEZE, 2023) . FEEGEMN B, AL EUE P 4 R 2KA 5|

WefE, MR R AR RIZIARAR, B KR B R R AR . I BRI M E D 3R R R AR AR

WX ERE, WMRERHAEWE QU FEE, 2022; RERSE, 2022) .
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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; (c) medium-deep burial stage

X — A WA BN T 2 TR S A, Mt — R T AR R MR E R
MEVIRE. TIAERY, SWEAERREESSEN A EIEE EMHCCR, Bl RERLIRF O
WX, SHMEEEESEREEZHZMAENKES (815 CRERS%, 2022) . A4S, fEHE
UG 20 km SN, MEERAE RIEERLLT 40~60 m B, A AEREAL . TEREVIA L
40 km HIVEHEN, 2 RE ST 20~60 m Z [A] X St AR R % R 4P I Gt s% A4 (Fesharaki e al., 2007;
lic et al., 2015; XMAREE, 2022; Herranz and Pozo, 2022) . XX & i £ 2 R AU AT DAE AR
WIAR, EREZE A s U, B A 1 53 A RAE P il SRR ) S ZE TN 4R s o HBDBR KU
kL5 EWIEARERIEE SRS, FEIARZB MR N A X AR R 2. flw, 0018



SRASRR SR WEILA TR AL S LA 5T AT ) 2 P 3 Feg
Horh B SHET— KA MG A AL “C” X B RE HE K. Bk S, MR Bt X

PRSI A ZE R RN EEMIT 20 m X8, MEEH —BNIEFTE 0.3~1 m #Z Xk, M OH
— B CLE BRI 40 m X EAE R CRIEASE, 20065 XIS, 2022; KRER%E, 2022) .
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Fig.15 Relationship between deposition center distance of sepiolite-bearing strata (modified from Song et al., 2022)(a)

relationship between sepiolite thickness and test yield; (b) test of the relationship between production and distance from sepiolite deposition centers
42 EEAEEMIESENA

RO R RN ERER S — &5 E SE R M R IUR LR R . XK EEAR T A TE

R A VTR DXARUAR A, LR R ARl it s SRR R R I S AR G 2 BV 2 1 JE R e

B R Y R GURE R b0y, BIAEAR, AR TUIRMNRE, IR T BN A
B AR, # SRR R AR U, U S izt X ORI AR T A AR R, SRR
MR A S SRR (R A7 22 SR P I L A A 5 oy S (K B AR & (R, 2003 RJKEZE, 2025).
D0 ) 1] 2t PR 00 0 1 — PR S 7 X — A, A T UOAR Hh BO — B2 5P BRI 3 R B BRI T
OB, HIZXKR W A)E RN RBEEHAN R CRERSE, 2024) .

HOE TS L, A T RS S A DU RS R B B RN R o E S AR AL R AR o, A
(IR T SR T R T R, ABE . REEIIIR A RS R SRt T R (K036, 2 1A it
EHEE (RERSE, 2023) . Bk, WEARET AL S E SR XAHE 2. BFEHLT, R
JE OB G B 22 B R B3 W S TR ) 183 5 S RS . EMEEA—F AT B, 191 2 M R A H
BN T AR AN, LERIONE AR, RESTHERZE R . IR 5K INZE R IEEE),
FE)NPEALIX 23 “P & —M” Myl R, HP@L—KE —M") REFERNTIRRO, Eifk)EH
WA RSN E T, M0 X IR (K K AR IR i A DU SR AL 7 BEAR A, BEE IR 2 RS B RN,
AL 7.2x10°km?, “FHEEL 50 m. ML T, HEFH)IERAERX CHE” BT THHEx



WO ¥R
, A EREEAN B, b, NS S SN R R ARV E 4 8.2x10%km?,
SEEEZ R 25 m, TARIEE S EEAE RS ATEEIKL 4.8x10°km?, “FIEELSCN 14 m. XF4)
Ay 1S AR AR AT DA S g iy S A V1 B S B AR AR (FKAE LA, 20115 XUMTAREE, 2022; SKZEMESE, 2022,
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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 Zhilie, LI Qian, 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 potential 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. Direct deposition is influenced by chemical conditions such
as element concentration and pH. Terrestrial transport sedimentation 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 talc 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 hydrocarbon 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 inverts 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 records a range of information (e.8, evaperation environment, water level changes, climate evolution and
anoxic events) that can be used to reveal major geologicalévents in the region. [Conclusion and progress] 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, enhancing the analytical ability of
seismic data on the thickness of sepiolite strata, and developing the exploration of oil and gas in sepiolite strata.
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