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Definition and Grades of the Illite Mineral and the Ore: A Review
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Abstract: Illite deposits with illite as the main commodity are rare. Illite, though common in sedimentary rocks,
has a relatively short history of its mineral definition and utilization compared to other clay minerals, such as kaolinite
or smectite. The shortage of feasibility studies of illite deposits and of the illite mineral value information can
make an illite resource/reserve estimation challenging. The author collected information, though limited, such as ore
grades, mineral grades, and product prices of illite, which can be used for reasonable ore/mineral value predictions
and selection of cut-off grades in (pre-)feasibility studies. Some definitions of illite mineral, mineral resource,
and mineral/ore grades are also briefly described in this review.
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'7—64 S 27w

Soolle Aol Eillite)} wi g =]
Ao 2 A A QITH(Im, 2022). B5 dejolE

l

Z=E0](Weaver and
goll gk (RErd AL
oot &, 7 vto] E (kaolinite)-+

2eE}o] E (smectite)] H Q& 717F Aol -850

of eire H F=H4 Ao FA e Al 4 & & AEZE Hg)] 2 F&=o] g AT HelH=
&of ek AF7E 3] o] TN L 9lom(eg. Cho  Wol FHH A ¥, S0 mpE FEAFM] T
et al., 2001; Baek ef al., 2023a), SH=FA|E AL AT FE AAE FHolURA] gl B =Tof|A=, Adt o)

AN AL SS 913 FAARE AAlSkaL ST AN, Aol E o] A F oSl e o e
dete|Ex EHtellA w9 &3 F=olAT thE 3 tlole = °1E}01E9} FAREE e 5w == F91%
Exgo] vlaf vz 2l FE Aol ek gl 744l FEdE W8-S Al skt

7} o]Fo)H o (Rieder ef al., 1998), AA|AIH o2 o
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of Mining, Metallurgy and Petroleum)oll 4] 27}3t
FFEA 8o 35 Fo o w=2w, FEAd S
BAA o]e] FEo] 7FeE v A7l s5E B4
2A, 2 JH, F4, ol HFH R FAA e 4t
Bolg} ge]2o® A (RPEEE, reasonable prospects
for eventual economic extraction)& 5= lojok st} 5
R, FEAAL] 4, 57, 58 5 AEH SAG
2|20l ZABIA Az, sA E| AL B s ofof ghotar &
UTHCIM, 2014). WA, ofH Figo] FEAL o=
W=7 fEiM e XA A2} FAH 84S T
7| 2-8-3te] RPEEE Z71& WhSA] Aok STH(CIM,
2023). dnbH o7 FEa Fgol ek A2 FEe Al
7ol AVHA Eolx 2 g 2} F(resource)/) &
(reserve)2] of|Z2, HAlo] AMAFAH 73T x| <
gk oS Aol 2L A AS rFeiA] dAIH R 2
AZFmigge] ASAE sl ks v 34
o]tHCIM, 2023).

=2 FEAR Wi B 71 2193](CRIRSCO,
Committee for Mineral Reserves International Reporting
Standards)2] "=HA] B k4] o] wh=H, (dl¥])E}
FdFAL Halxol= RPEEEE #3+ AR o529 A
zlsl—z% =N F=S fﬂ—o 6‘]— ;q %z1_4 TJI/E =
:LJ)r TR (G5E = F4), SAES, =AZ TFe
T8 AHEAL AF W goll Barstedof shH, Bt A
A A3 WEelx sHAIES 2R 7IeS Baslof g
THCRIRSCO, 2024). &, wldH(reserve)S d&8 7
Foll= APEEAL R AAA AP AR SHAIERIS) o1&
2HEet] 918l AREE BEe] THZHA] HEE St
ste] B a1akA FTHCRIRSCO, 2024).

SHAIE-9] (cut-off grade)= 3 7do] AA|1d-& 2+
7] A8 FHAagke] FE FLAMH, &R71H SAF
%l (Break-even cut-off gradey= 342 A<, A &
EEHES yHAS W o)5% Sk gle FE9

o]tH(Castanon and Botin, 2009) Astol| wet 3k
=912] e]u]o °k7k4 zZtol7t A& o =T, B4
AolA SHAIFS = B4 EL'IJ/EI"% TEshe 7]
o] Bl= FEESo ]Uﬂ R R A R 7
FolM AzE 2245 e R Hdx] H4

o2 WIARE APsle 7IEe =, ve-S A ¢
2 E9]o]t}(Castanon and Botin, 2009). &= 7\}
oA 55 S5k du|H 7ol ARS8 1% SHAlIE
Nk Z2AEA e JHE F3) 4
S+A] & 9] o] tH(Castanon and Botin,
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2009). SHAIESI9] AL e d o FAE el ZA
P 71wl A= dSoA ARl SAIES
21748 vjl$- 52 3} (Castanon and Botin, 2009; CIM,
2023).

SIS AR Sl E FEAEERAES] 714,
A&, 2F8EE=, 22, Gy, 5/, vt

AW, FF] F5-358, 29 5 2 245
H3lloF 3h=Hl, RPEEEE $JalM= AAkEe] 713, =
A 71A BRI ZFQ8HCIM, 2023). DEtolEx
2F34-E (industrial mineral, A4 2] 71|17} o] A=+
H HF% v)dE X FE4)(Manning, 1995)°]H, 4t
HFES F53=53 92 HE AA S5ty &
Aol wEiM e St geiR] o, &) ule} FEo
7Hx 9} A7 7FA 0] EEFAITHCIM, 2023). Wb 4t
JFE Pde ALZmAF &2 S e FEH
BAe] EeE)slehd 548 olslslof s, 54 B &
Lo w2 7HA 3 A A RE gfets)of gth(CIM,
2023).

2Z|0|E &=2| FHo

AP E(illiteys 2-F-(mica group)o 2 H-F=+=
27 e BEolH, FEA A AHe HHE
ATHGrim et al., 1937). 7P &3] YA = deolE
= MEH (muscovite)} -FAFSE FEo|t} FRHo0E
Si-A A A 7 27H7} R ZHATE E A=A
Y 713 e 2:1 T4 FEFEo|n TEA|Hel=
T2 37 EFrlgo] EAsks olFWA| FEo|A, &
ZHll= 2 ZF o] A ghth(Weaver and Pollard,
1975). gtz oz glo|Ex Mennth 27k 7+
F ¢l A3 BOH) PPl ¥o} £Hem
(hydromica) F=5 ¥ (hydrous mica)& 7]1Z1E &
E3 fAke 7 o2 A7tE7 % ok (Gaudette ef al.,
1964; Srodon and Eberl, 1984). Z&u} 8} 8=
R dEte|ERT A3 mlalg ol A, 9
glo| E/2HElo| E S5 gw ) i E9tE o] 9
+4& Rol7|%= 3} (Newman and Brown, 1987).
Srodon and Eberl (1984)°] A 2]t d&}o|EE 4 ym
Hop 22 JEAVZ AREE Y 25 45
o] o} o] ZA| R} AR v A FEolTh
o] Aolo] W= Yejo|E/AHE|E SEAEE,
AR S5, Fmldlg o] 12 FEIU0lE
(glauconite)/ A 2} = 1}o] E (celadonite), YHEF o]
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=2 Halulglo] E(brammallite), 219202 HE A
712 g WeR 52 defo]ETL oyt Srodon
and Eberl (1984)2 “©F 10 A A= FAZ wHEEE 2:1
HZ8A] dlo|E Z(illite layer) 0.2 F2 TAE IE
7] B2 4 goj2 YdtolER EZ (illitic
material)’o|2} ) 3193, defo]|EA EZoll= A7

= =T
EREAR RO BEA LS Holk: Fo] HEAoR

dtolEo] JETHA Ao teixe= LA;F! T
o7} o] FoIRA] AL, deto| E9f the fARG =T
FEE 2531 CHBailey, 1980). 19984 ‘Qgto]E=
= A 345813 8] (IMA, International Mineralogical
Association) A15FE 2 FE ¢ Y3 (CNMMN,
The Commission on New Minerals and Mineral Names)
oA drd gt LR EZ9] D3] (Mica Subcommittee)S
=3l AL (series name) -2 A 2| E i By E T}
(Rieder et al., 1998). SR EFHA3|) = AEH’
ol EAsA AFE FEC] tEl] HEH SR AL
HE o]ES 4 HAoE FUsle Ao, ks
A7} o] Fo x| H T=E (end member)HOZ ¥ 7|5 o]
of glt}al HWAISIATHRieder ef al., 1998). AGHOR
Xég/li“—:—l (‘)__]‘ﬂ-O]Ev—t— l'<0.65‘A12.0|:]IAIO.GSSi}.}S(:)l()(OI—I)ZQ4 ‘?-
XA 02 FYPEE FER, FE U ZHAT 271 &
o] 2] H-&-& 0.25 o|sto|aL A F 37} Yol F
L2nF2] &L 0.6 o)iFo|ojof dlth(Rieder ef al.,
1998). Lol E= AolH 715 ShollA WlaLz] vk
HAEE TR T Ao, WA depo|ES] A4
Ao 1/8 == oy rlavg 22 27t &
ol o] RS o] oF 0.752] 7151 HTH(Weaver
and Pollard, 1975).

Al Aol E(sericite)= 2] FEH- ofyH, of2]
AL 71A GOl = AREHT) AR AL, 2 deHd
AHER YPAE e A wA Rt PolelE e
goljld], o] "ol o|f+ F=o] defolEnt ¥
SEAYE A ZES Fdhe A2 otk (Newman
and Brown, 1987). YWk 0 2 Algjrlo|Exs delolE
Bt o & 4R FEE AHEE tH(Weaver and
Pollard, 1975). X143} w4 HA Wlew s ALm (4]
APl Eyel F27|% shaL, FHH O Yol E e
depo| ES} ARG ES] EES AeRea FEr|%
3 H(Park and Jang, 2007). &, Q¥ ALRE Y82
g AlFo] detolE AlFoFE FAnj] 7] % FrH(Choo,
2001). ®]=F Y&]x=°] F Grundy 7FE] Goose Lake
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A AEEE dEelEE EZo] ‘Grundite’ B 4
FHOE FEEHA dto|E FEol} detolER
Edo] adttolE(grundite)Z &) 71 % K Grim
and Bradley, 1939; Gaudette et al., 1964).

LEOIEME LS ot SHSI|
e S5 TAl& 7isd

floll AFeH nfe} o] detolEx FEL] AlgHoR
BeEerng, ulo|Egk= WA o] AR FE]
SRS A A SR et dElolEXE E8E Ul
N A em FAZ IF AR 9 FEZ 2EEY
= HEGE T2 UFoAe] e FEHoR ok
& QoL S Fol2o] dEto|E Fwitt thEA
UEl}7) = Stk (Weaver and Pollard, 1975). ©] Aol
Me AEZES] & uet S8 e S Fol
& FETH EA0] A el Well efokske A
T, 015 TR sl FES 5FE FAT U=
WS 71 A7t Qo] alskara) sk
Mukherijee et al. 2006y 573 THAFE FEoA T
AR} G FHE ol e} defo| EoA] ©he] AR}
S AEY] &, FEAR U 54 o)) &, A
A 54 dole] & 5] TUwS AL, A
5 FENA S 3 FLwe] Afols Adige R vEL
o] o]2 da}o] E the(illiteness) S YR = X2
FAsAT) o] oA FYS 54 Sl gut
< Yol E 2 ] Agholy S8k A s
FEo] duhtt sl Sxoll A deto] EQIA
FAZ B 5F 7 EE = I =, A
B9 FEoHA i dagle] ofd 58 9l &
sl B U4 dao] shgvto] Fa38k A9 fAF A
EFEFe] EEC] taiAE o] WS Bl FAE
Uetd 5537 7FsE o2 Als

1) 5 2] A ZAA(USGS)o M & 34 (ore) S 74A|1 4
THI7E e HE e A e HEES dod &
= A A BEE gofst, 24 55 TR B
=2 30 FElE A=H L o] F AldHEnL silvt
(USGS, 2016). &, F=29] Algo] AAA o] H=9
Zedsfol B 0w B BAL Aoty
A, 7H, 018 5 18§ A4 o] dasit

_Hﬁ
do
o
>
fr
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(Lane, 1997). webA] o]&gt BE Q45 y#{ste]
o] Frdo] AIFES] ol dolH FA o= Held 4= 3l

2t

Adnkd o @ P Aolo] 7P Fag N xE FE/
Bz0] Fgkolxek(Lane, 1997), AF4E2] 739 e
SR ofUEl E)slet4] 54 w DA e dE
FEARe) 57, 281 FF S50 wet gERe 71 a7t
AN o FA o] Aeolo JeS FTHCIM, 2023).
SN A e F453E0E 22, A E
o] 7FAL HA AU AL} SIALe|E Tl A
71802 AXEE SR T, Sl Wt At FEe]
SAIZHA L AA A7 el A e e AL, oF
7re] FE A AJolo 71A0] IA gk 4 3l
o, 54 AR S zhs B9 7S Aikre) Azt
ofe] AGA T J4e Tl 27 E FHCIM,
2023). wetA, AHAFEL FAVHEE FEALY] 7}
A5 Zgshs AH=2 89 = o B I
A7 AL {8 F7HR1 7 2AE 2as &
ATHCIM, 2023).

oN

2Ci0|ES| 2t Witse| &S

Uejolet B, £7), WE F AT Fol, 27,
Fejd, ARE S Azel] A4E B ope) v
W AR 1A, 4, I, SIoRE, S 5ol 9,
AF RE, A5 2 AFAA 5 1 St vkt
(Kim et al., 2006; Park and Jang, 2007; Baek et al.,
2023a). 22831 FollA] Lol ECE Al HF 4
F T GEe|E FE S ARG A= vlg- =20k
S YB2421 Lotioncrafter.com®l A= 99.9% ©]7¢
T AEES E3sE ARIA ARl EE HA A
sPEE s HER dnfsiar glom @iz wet 3.95-
495 USD/oz., <, 139-175 USD/kg), Praannaturals.com
oA sdE HUEE Sl ‘Red illite clay’®] ¥t
olE =R 100%CItH7 4 1| AlA]). Glidewerk.com
oflA] B]F A2 FAElal 9= “‘Green clay’® 65-
75%2] Yol E g 5-15%2] 712E Vol E e
ZH=tH(€ 11.95/kg). BE Goose Lake YEto]E ] gt
EA4 02 FEAKmolding sand) 5ol &-&317] $3l
Tllinois Clay Products Company’7} 20417] % A4k
A Grundite™= YEHO1E 65-75%, 72 UolE 10-
20%, ]9 (quartz) 5-15%°] S-S ZH=oH@A] #%)

(Leighton, 1948; Trabalka et al., 1983). YZ}o|E &
G AAE O] AR AT Alibaba.comoll Al B
A8 WAE 70-80% UEtel E= $100-365/tonol],
QIE, 3, Sgt2E Ax 9 9§ IeE defo]
E= $450-600/ton°ll, 3%, £217], HIRIE, 35
Az} ¥ -E Green clay YOl E= $2.2-2.3/kgol]
N A=

SE2IYO|EE X33 v 14 AHE HAES
‘greensand’2} SH=H], F2 EYNAA9 A2 2
20| ol S5 Z AME-EE greensande &F 90%2)]
SEIC|E FHES 7, o] 9] FEL AYge] FE
o] &tHAshley, 1917; Dooley, 2006; CIM, 2023). 2004
W 7]% Inversand Co.°lA] Mn-greensandS $915-
$990/m™l|, Agrolith A/SOl|X] SEILOE 95%, A1
2%, 71EF HE 3% T3] glauconite sandE 300 USD/
ton®l] Fuj 51 tH(Dooley, 2006). Echemi.comol]A] 4k
¢ 5H(industrial grade) A|Z|AlC|ER A== A&
=T 54 719 B2EF oz AAE AFS 44%9] AlE
APl E S Zh= A 0= AN E o] Utk v Al
AD). 20183 715 MlglAle|EL] Al A4H340,0005 ]l
3k 74L& 500 USD/kge] AL, 2013 715 AlgjAtol E
He] A 7L FAof mE thEY ¢F 600-2000
UsD/tol™ A2EFE 752 15,000 USD/eIA] 40,000
USD/t o132 7HXE 7FA7|% $Hh(Xuan et al., 2014;
Yushina et al., 2022a).

E TF ARl ER 99% o) S AlAIEH
735 AlgAP E/RE B R s 97 ol
defo|Eol= EE3IHA 0 & Ajo)7t 9l i QT
ZERIA fj == thFEe] detolEet Alg|itol Ex
SHF AE Qo] Eulstetd 548 Al e,
AR ] F= Bol|x] AH|RA] B BEe] Rk
=83t 540] ¥ Fa3 AR fFHot A
& dElo|Evt AlgAto| Eol AlAE E8]81eH 542
WA e, U, A A, 23], 34, I, pH,
3=, 884, =4E, WA (E, 371), Si0,, ALO;,
K,0 =& (K,0+Na,0), Fe,0;, Ca02] &3 S 3
F, vAE i ol g oz AdPEe] F4E

=

Agste 5ol Ax, A, 4%, 2%, A=Y
’ .

o] Ao o Bewe] Y 3 5ol e, @

TR SR AlES ApEsteAY oY 54E 4
TR FAAA FFHAE =Y T UATHCIM,
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EI0|ES} FAREE M| S2

o] E= 7t} Eldoradort B7H] Tokaj Mt. A1
HEAIAE deto|EVt Fraddh HEZER] B/delA
T U2 HHEZES § s A9 ool
oM HIHEZES Eelete go] Hod = 3l
(Weaver and Pollard, 1975; Komada and Dean, 1980;
Pecskay ef al., 2005). ©]F Hol| A5 defolE T
e AEO|E o] & HoU(>65%) AEto| 9
e T He sEEn &0 e SHE FE
ARESITE AHEES A e £k ddE &
baEo] Uehlle Euistets] 54 AAA 7121¢]
At d Fx Jor ATE B3 €8x i
=W ERREE 7] Sl dEel 2 5 JUTHLeighton,
1948; CIM, 2023).

deto|EZF AA7HA] 2 AR EHE S5 i
7hEE|UolE9) o] Q@ 717k e Eo] 2 FEES
giAskE gxolth 19759 WSS RS =tol A e
& THE, A, ysEd 5o tis 7% 71 A
Az B s 71 oA e «deEtolEdl= obF A
Hell we} HEE 552 (1, 7HE 8o nE B
ol ARE7IE sh=tl, EEstey 54 #4E F
3l HEg, sl g, B8 HER AL 53
3(Train et al., 1975), FZoll & 234, 158, 313

i

I

Table 2. Industrial applications of pyrophyllite and impurity
limits for each grade. Reproduced from Ali and Ahmed (2021)

Pyrophyllite grades Impurity limits

Fe,0, TiO,
Refractory grade <1% 1% Max
Ceramic grade 1% Max 1% Max
Fiber glass grade <0.5% <1%
Cosmetic grade <0.5% <0.5%

Filler grade (Paper, plastic, paint) < 1.5% Max <1%

Carrier grade (Insecticides) 1.5% Max <1%

8, 21589 59292 553 Jrh(Maia Research,
2023). M1 EA 1:1 FEZES TRl ES &
3}82 B4 Y3t S vwE Z FRE 0 gl
orug JdgolES] B8 PR 7t E 5 Q)
Z)tH(Table 1) (Pruett, 2016). H]Z-8A 2:1 HEFE<]
‘34 (pyrophyllite)e] 744 =2 4Fr)F T} W2
e Y4 FqEFo 2 P (feldspar) = 7HEE|Uo]
E9] HAFER AMEEHA BEQ] EElr 2
Safol| Wl 7S FES ol JTH(Table 2) (Al
and Amed, 2021). 23| E9] A 2 FAE§
o} ENAAIR AMEEO] I, o5 EEEE ¥
E £ % Eolof SIATHEREIURIE 90% °)4) B
WA GxolXe ZEe S FoRE 25 ¢

Table 1. Physico-chemical properties important for each usage of kaolin minerals. Reproduced from Pruett (2016)

Refractory Fiberglass Ceramic Rubber Plastic Pigment, coating Pigment, filling

Chemistry, major oxide O O
White or near-white

Refractive index

Particle size, fineness and range

Particle shape, platy or delaminated

Surface area (5 to 25 m%/g)

Abrasivity, soft

Hydrophilic, readily make-down

Insoluble, wide pH range

Surface charge, low (meq/g)

Low viscosity, clay-water slurry

Plasticity

Conductivity, low (heat, electrical) O
Refractory, high melting temperature O
Stability, form (heat, chemical)

Calcined/sintered mineral content O

O
@) O O
O O
O O O O @)
O O O
©) O O
O O
O O O
O O
O ©) O O
O O

O

O

O
O O O
©) ©) ©) ©) O

Vol. 37, No. 4, 2024



288

Zol Wt 555 Wr71E skith(Ashley, 1917). Al
Zrto|E S5ty S ddH o R 48Tt
ol Aol S7kshe FAIUH, ThFd 827 4
71HA e gA ] 7R E o] i ¥ EA B
32 JTH(Yushina, 2022b). AlEAle|Ex= &A =9} v}
FHA R A8 3RS THOE FiEo] dvlE
3L YltK(Introspective Market Research, 2024).

Aol E v HE FA} wbd Z7)o=
77t T2 AL FA ] FE 24
T g ATl F2 A
Velay A F4l -0 &5¥ d2to] E(IDP, lllite du
Puy)?] 3%, =2 AlE FE= dOE 52-69%, 7}
ZEHOlE 13-20%, ZHEFOIE 0-17%, T4AFE3=
6-30%= A= AL, A4 AE HEE Aol
28-57%, 7FEEIURIE 8-33%, 34 11-21%, 214 3-19%2]
SFekS- zH=t}(Buscail, 2022). &712] Sarospatak A<
Tokaj Mt. Fuzerradvany/Zempleni Lelo|E 24L&
o) E 80%, HXH Z1Lo] E (montmorillonite) 4%, 1%
12%, 374X (orthoclase) 4%= T9E Z o2 HIET)
(Knapek, 2016). &= Pingdingshan Y Z}e|E FAFS
HFH oz APIE 66.5%, 29 28.2%, A4 3.9%, oF

e (anatase) 19%0] S 7FAH mike] EREREL
o|E9} HFs A4S F-7-31Th(Ji, 1999). 1=2] Mujjur A<
dFjo|E P A FEE LEOIE 32-35%, =114 (chlorite)
4.5%, 29 62-64%, F34 (rutile) 0.1%2] &2 A4S
ZF=th(Khoshroo and Devaraju, 1990). ¥&|=0] F
Goose Lake YR|ECHTIE)= UZE 80%, 7|EF
T2 499l A B 20%= 7450 UTH(Trask et
al., 1962) (Table 3). ¥]=F ZF2}&w} 3= Ouachita Mt.
Blaylock%-l4] B %= Beavers bend YU2[0|ES} 9|
2321 3= Fond du Lac 7}2-E] Marbleheadol| 4] A&
= dFolEe] A9 AA| FA 9] FE 28 FS T3
Ao 2 um PIFE 7] APl = Aol E o] tE
AEGEH MFEGEC] A gle AoE d#A Q)
TH(Mankin and Dodd, 1961; Gaudette ef al., 1964;
Gaudette, 1965).

ey} G5 kol E FdollA, AR T s
el f1x] gk 7hsE] B2 dEfo|E R
50.7-74.9%21 3L, 7TEF 4199 22.640.7%, AP (plagioclase)
0.3-4.7%, PIAP&A (microcline) 0.2-7.5%2] 3Heke- 7+
E=THBaek et al., 2023b). F5TEZolA 700-800 m E
o7l 3l SIXI3H 2] FAle Yelo|EMR 474-512%,
2199 40.348.0%, AFEA] 1.2-8.7%, PAFEAT 0.1-34%% T
dEo] lom, F3pe] FA FHoE SR 5
AL Hole WAy AEe delo|EMLR 8.7-37.5%,
299 22.1-42.9%, AP 20.5-53.7%, VAP 1.3-27.9%
o] FE %48 Welthk(Back ef al., 2023b).

d= o=

rlo o

-EDL 2F

Table 3. Mineralogical composition of foreign illite and sericite ores (references noted in the text)

Wlite/ - olinite smectite Y™ chlorite quartz feldspar carbonate anat- rut- pyr- goeth-
sericite hyllite minerals ase ile ite ite
wt.%
France Illite du Puy  Yellow/
(IDP) Green 52-69 13-20  0-17 6-30
Red/Brown 28-57  8-33 3-19  11-21
Fuzerradvany/
Hung Zempleni illite 80 4 12 4
China nggﬁimaﬂ Average  66.5 detectable 282 3.9 detectable 1
India  Mujjur illite 32-35 45 62-64 0.1
Usa  GooseLake 80 ~20
illite
Taiwan lolamang Oy, 12 42 6
sericite  defined as
. Son Binh 3-5
Vietnam sericite 32-43 (KinChl) 10-13 4149 4 0-3
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AlE|Ate| B 32do] A el AL A5 Fae
o7} =dl, k2] Hsianyang Al2AL1E 324l T3]
B o2 Hofdt B FE RS MAIE 40%,
B4 12%, A% 42%, 3 (pyrite) 6%°]CH(Hsu, 1989)
(Table 3). ¥IE'd Son Binh x| Ml2]Ale]E 4k 34 A]
B9 FE seke AgAto|E 32-43%, WA 10-13%,
219 41-49%, 7HEE ol E4 U A 3-5%, 3 EH A
(goethite) 0-3% ©]™ (Nguyen, 2019), o] F4te] A3
S A=EYFHS o), 5um 77 YA AlgAR)E
70%, B2 10%, 29 10%, 7+ Ul E 6%, 44
4%2] B2 2AE zH=t) 5-10 um YA FE FFEke
AlRIATOIE. 58%, FA 15%, 219 16%, 7H2EURIE. 5%,
A 4%01A 9, 10-20 pm PARE AlZALIE 21%, 'H4
22%, A9 46%, 7122 UO|E 4%, A 4%=2, F ¢
Lol Algjate| E g xlo] 7t =M, 1020 pm PAR=
100 pm ©1’% FRHA AL E 20%, HA 15%, 219
56%, 7HEEILIOI E 4%, A 3%)9t Mlg]Atel E gkl
A ©22] &th(Yushina ef al., 2020).

olF Aol E] HAEA] §mot 714, deto| Es}
ARG ES] S0 2 T, Aol Et AlgjAlo|E
B9 FE 2 el tis] golR gk Ak
9] 7 & Bt = 23 714 Qo= tiAE
ol 7H8A, 71788, AR & o) Al 1R, 3
2 Z2AES] A3y 5 ol 84F Es|of o
), ZAPG o= AR AF oF Aol gt ofe] AA
o] FR3IH(CIM, 2023), 3710 2AHE dEtolE 3
F3 FE 7o) ek JRoE defo| e A o
= ol 785 FaL A8} =4 vieitt

AbAE

i
i

o
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