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Abstract

The SWIR spectral characteristics of alteration minerals are increasingly widely used in mineral exploration.
Sericite is one of the most abundant alteration minerals in hydrothermal deposits. Extracting its spectral features
through SWIR spectroscopy technology and establishing a correlation with the basic geological information of
the deposit is of great significance. However, previous studies on the short wave infrared spectral characteristics
of sericite mainly focused on a single deposit, lacking comparative studies among different deposits. Based on
this, This article summarizes the extraction methods for the relative content of a single mineral in the spectral
curve of mixed minerals, the influence of temperature, fluid chemical composition, fluid pH value, host rock, mi-
neral structure, mineral grain size and associated minerals on the spatial variation of sericite spectral characteristics
is systematically summarized. Finally, this paper analyzes and compares the wavelength changes of sericite near
the ore body in five different genetic types of deposits. Although the effective application of sericite short wave
infrared spectral characteristics to mineral exploration still has many problems to be further explored. Neverthe-

less, this paper believes that the application of sericite short wave infrared spectral characteristics to mineral ex-
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ploration still has good prospects.

Key words: geology, sericite, short wave infrared spectral, average wavelength of AI-OH, mineral exploration
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JE (Thompson et al., 1999; BRAE 55, 2019; 5K AR 15 55
2021), TEBEA A P B IR P B VMS A 45 AR
R DR 1 7 7 ) A v 45 21 )32 1 H (Jones et al.,
2005; Chang et al., 2011; Yang et al., 2011 ; PR1E 5 55,
2021), HA ML T HE L5 BT (EMPA) I
X S ERATHOGIE(XRD) 7 AT A L, SWIR DG+ AR H
A ARG T 5 A ARG B R i TG
Pt T ARG A TR s AL R (R A, 2005
W WA, 2012; 5K T 5 20185 AN PUAY, 2019), AT T
Bz N T A

SWIR YL FI A4 %5 7 B fE M1 (H,0 . Al-OH |
Fe-OH .Mg-OH . [CO,]* .[SO,]* Fll NH* %5 W 5 i
WRRE &, 77 AT AT RS R B B E RS RRE S
B, WA & (Pos) (W45 i (Dep) 2 F 15 Wi 55 (Hunt et
al., 1977;Clark et al., 1990; [ 345 ,2019a), F] F i
R SWIR i ik S EGHE AT e it 240 3, dEar
At ARG &R, ] P A A 1k e
(Harraden et al., 2013; Guo et al., 2019; T ¥ %5 ,
2020), B ABFFER W], SLAYE 4] SWIR LS B
M T2 WA AR AR T R A R R
il (Herrmann et al., 2001 ; 4% i BH 45 , 2012 ; Wang et
al., 2021), 4N, 48 = B P 0 i 4 A8 A mT LA
M I FE R A W Ak = Wl 43 19 AE fE (Herrmann et al.,
2001 ;#7545 ,2012; Neal et al., 2018),

B bR T & ALOH B ) fE VR IR h iz
KA (Yang et al., 2011), U, BEs RG240 = Bkl
5] RE A AR TE T 2R e A Ak 7 2 Ak o A2
s VMS B IR 4 bR 5 4) U8 2R (3
4 ,2003; Sillitoe, 2010) ; UK I BT IR HH =
B grllefr ISR YR LT o 2R A )
Y 3 Az P A2 2 5 30 SWIR S i RR AIF I WA I 2 A o
B, B0 4 2 BRI RO HE DL A i 155 (Clark et al.,
1990). WAL, B TAS A IR Hb BT RRAIE 1Y) 22 5 5 3048
o EDEESE AR SR . SCRETERT AT
FEFRNZ I 0 TIERE A A A AT,
%z BE SWIRDEIE FHAIE S B S WO %, IF REEE
45 T8 = B B RLEE A pH (B S5 R 36 4

=B SWIR JGIERHIES B o e, SCH
IR Sy AR B e, BT R A PR, B T
[F) T PR B S 25 2 BRSO K SR 70 A 22
EL

Jt o
1 BB SWIR IR S & H L HL

11 BEZBREXEPELT WH SWIR KT

HHAE

B AR OB R Z R R AR Y
oy Z B B V) CEE, H 5 32 210 )38 B o HoAth
LA (PRI P sZ ), R DG e 2T MG R B L
Ve BB NE SR, WA st MA s R G HRT
Y RS GIEF LE , BT/ b A (29 15%) BAT
A {5 A 1400 nm 12200 nm 4 B IR AE 415 /0
ST A 1Y 2 Bl 0 BSR 38 7 A A R W o J3E
AR AR Ak, DL 1

BAMBETYEE T A fRa ZEAS
BE B8 BEAE Z R Py 2 A HOGIE MO 4 7E 2200
nm A HABL ) AI-OH F#+1E . AR, 7F 2344~2440 nm
B 3T A7 13055 B9 IR AL-OH IR ISR AE | AR 2R = B 1Y)
W Al-OH W SR AE (18] 2a; Hunt, 1977). 45 = B Al-
OH "R ik W Wi Vg 5 43 52 31| B AT ] — W AC e 52 4 ) 11
BN, A0 A A T ) 2200 nm Ak BRI B A 34 2

0.4

0.3
jlf_R’
1
0.2
76% 9 7 BF+ 15%3H T A+ 9%HH\E
0.1}
1
1500 2000 2500
WK/ nm

K1 s\ m B E ot (RA I A7 (~15%) Mg E
(9% ))HY S
Fig.1 Reflection spectrum of pure muscovite and muscovite
mixed with other minerals (the mixture contains about 15%

dickite and 9% topaz)



648 e IZx b Jot 2023 4F
1.0 1.0
K ® 205
= H
o5 #o sl 110 2320
R _zrang 90 ek
i Phenite Frt 1406
® 215 ™ e =
1412 415 uscovite 1394
= 2200 i _ MR
1407 —lfz’ngoﬁe Pyrophyllite R 7
—ARF _EE
0 ﬁiiJE 0 | Topaz . b
1300 1600 1300 1600 1900 2200 2500
= .
g HH
Ho ems
2 0.5F = 0.
g R
E | =
1385|1415 _WMFE 4
r Dickite
L 73
A 2180209 _%ﬁbe
Klolinite g-chlorite
1413 2209 c 2350 d
0 ! I I 0! 1 I L
1300 1600 1900 2200 2500 1300 1600 1900 2200 2500
¥ &/nm #K/nm

El2 i WEREERRER T PRk i 26 (P Zhang et al., 2020; TSG #diE 15 & 240)
a. HEHEEHASH Aotk ot SR b, AR T oo M AR A A A) ;s d. BELR A
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a. Sericite Group(paragonite, muscovite, phengite and illite); b. Pyrophyllite and topaz; c. Kaolin Group(kaolinite and dickite); d. Mg-chlorite
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Fig.3 Parameter extraction using scalar function(modified from TSG software)

a. Absorption depth of extracted AI-OH using PFIT function; b. Relative proportion of extracted kaolinite group minerals using CLASSEX function;

c. Relative content of extracted kaolinite group minerals using ARITH function; d. Relative content of sericite group minerals extracted using

ARITH function
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Tablel Relative content of extracted sericite using TSG function
n 52 B3 URE GO FUSRE ALOHRE DT SRR e
AR il i RO
R (S 0.579 0.421 0.129 0.421 0.054 0.075
Fe-Lie 1 PR £ ISl 0.605 0.219 0.176 0.118 0.445 0.053 0.066
=tk FIAAT-PX 0.768 0.232 0.117 0.232 0.027 0.090
bk [ 0.561 0.439 0.155 0.439 0.068 0.087
e ke bk 0.777 0.223 0.234 0.777 0.182 0.052
A LA is 0.543 0.457 0.233 0.543 0.126 0.106
fen ¥l Fe-Zlef1 bk 0.384 0.338 0.278 0.159 0.58 0.092 0.067
Fe-Haf1 AT Bk 0.469 0.341 0.190 0.189 0.643 0.122 0.068
BBt PR 0.577 0.423 0.158 0.577 0.091 0.067
WA [ 0.722 0.278 0.141 1 0.141 0
Fe-4¢lef1 bk 8 A1-PX 0.48 0.294 0.226 0.131 0.435 0.057 0.074
WA e 0.734 0.266 0.253 1 0.253 0
HE A1 LPaes 0.473 0.347 0.179 0.105 0.66 0.070 0.036
bk #HE 0.561 0.439 0.112 0 0 0.112
B Wk 0.446 0.28 0.273 0.113 0 0 0.113
HiH A M bk HR 0.346 0.342 0.312 0.106 0.503 0.053 0.053
I F1 #E 0.833 0.167 0.171 1 0.171 0
HIFA T 0.813 0.187 0.129 1 0.129 0
I O L Paeas 0.433 0.377 0.190 0.133 0.695 0.092 0.041
HiIFA LLPaehs HE 0.534 0.303 0.162 0.143 0.638 0.092 0.052
HIFA #HE 0.588 0.412 0.128 1 0.128 0
#HE Hohk I £ 0.435 0.403 0.162 0.138 0.286 0.040 0.099
B e 0.54 0.46 0.122 0 0 0.122
HiH A PN 0.661 0.339 0.164 0.661 0.108 0.056
bk HiH A WE 0.413 0.384 0.204 0.125 0.482 0.060 0.065
HE Hzhk 0.502 0.498 0.103 0 0 0.103
HIF A WL 0.831 0.169 0.104 1 0.104 0
Ho TP AT SPAh 0.691 0.309 0.136 0.691 0.0941 0.042
HiH A Habk 0.663 0.17 0.166 0.164 0.799 0.131 0.033
Hz bk A HR 0.434 0.324 0.242 0.108 0.427 0.0461 0.062
HEA HE 1E 0.589 0.214 0.197 0.148 1 0.148 0
[EFs A1 R 0.417 0.375 0.208 0.114 0.474 0.0542 0.060
HoIFAT 1 0.207 1 0.207 0
HiFHA Hzbk 0.723 0.277 0.178 0.723 0.129 0.050
HIFAT bk 0.831 0.169 0.219 0.831 0.182 0.037
HiIFA1 Hzhk 0.408 0.339 0.253 0.151 0.546 0.0823 0.068
HiHA bk R 0.438 0.369 0.193 0.101 0.543 0.0548 0.046
HIF A1 HE 0.641 0.359 0.177 1 0.177 0
HIFA W 0.826 0.174 0.199 1 0.199 0
Mtk #E 0.694 0.306 0.101 0 0 0.101
CES q=tE WA 0.4 0.328 0.271 0.122 0.453 0.055 0.067
LPaess #HE 0.558 0.442 0.129 0 0 0.129
M hE #HE 0.598 0.402 0.131 0 0 0.131
B E3 RN 0.622 0.378 0.206 0 0 0.206
R 1 0.277 0 0 0.277
H bk = £ -PX 0.849 0.151 0.124 0.151 0.019 0.106
RA 3 0.669 0.331 0.324 0 0 0.324
iz ik (S 0.666 0.334 0.267 0.334 0.089 0.178
iy WA A 0.439 0.29 0.271 0.265 0.398 0.105 0.160
[EFagS3 AT LEgE] 0.477 0.354 0.17 0.244 0.523 0.127 0.116
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Fig.4 The Tschermak substitution in the tetrahedron (a) and octahedron positions (b) of sericite leads to the obvious change of

wavelength(illite(paragonite) <> muscovite <> phengite)
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I AT A0 R 550 A /T AR FC 57 ) AL R OHE 22 i) A 285 45
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Fig.5 The substitution effect of K and Na ions in crystal structure of sericite(parallel to c-axis) is hindered by silicon-oxygen

tetrahedron(a) and the substitution of K and Na ions causes the change of AI-OH bond strength in crystal structure of alunite

(parallel to c-axis) (b) (https://zh.mindat.org/min-207.html)
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FE AT 08 R AE W SO R O 335 A B 2 R v 4 1) G
R, DA R 5 30 S i P B A O 1) B R R
S WG AR AR 325 ok L B TR 4 1) 52 e T g 2 o %
B BEEE B T
23 BREXIEHENE R

e AR S P 0 Sl b AR BB ) ) 6 T
AT S B Ry WAV B 1) 2 1R 58 ) SR B B T LR
S5 A T R AIG DA ke R 7 B Py, ©BCH SWIR
S A A% O N (BRAEEE 45, 2021) . ANZE = Bk
P30 PRI 1) B B AR AR TG 48 2 BRI
WA TR A (O 8 T (LB /DN ), S 1 A B A 18 55 (Duuba et
al., 1983 ;Frey, 1987; FIm #3455 ,2007), SR, 4H = bF
SRR I 2352 B A (PRI AL 0 W ki B K
FA R E B A B AR Dk S R R S

S B S AR I T A B ) 22 R IR A
2 B PR A RIS . IR AR ) i
BRIES, Faf2AS 2 AEan” H e
I W 1 B o — A WO, = SO s
R R AR RIRE BFE RIS K Y AEAE &
Xt 20 2 BRI R s S, TN K 28 == B
Tk B B AL (Wang et al., 2021), BIYR &% 2 b F)
FHHE— 9 ) FEE IS5 2 55 1900 nm &b 119 H,O W
WSCRFAIE 3 32 SHe FAIE ok A8 25 119 15 /K B B b 2 A7 AR
B9 1) @1 6a.b). BEAN, 28 2= B i E I8 57 3|
WYKL, A -G A ok B LR i BE A 52 e . 5

BB/ A

0.5 1.0
O i A BE

2.0

A

A PSR B 2H 43 1 ISMUE S 5 A L A
AT, 2 R AR AL 43 1 ISM U 7EAR KRR B Lo 2>
THAbE P T, B S OR A  ISME e dz iR
(Wang et al., 2021), 1 3-Ai AL 4 ik B T 9 )
A1 B B, ML AR A JURE R/ A 7K R
BEART KA ORI, A B - Ak i ik T DL g 2
A 3 PR AR S, DT B ARG 3% 1 I SRR AIE (Clark
et al., 1999; Wang et al., 2021), IL4&, 25 == B 0L
5ER JEE 5 W) A AT TR B g Dt DR o B A B i 15 i i
ZERRAM G R B, YW B KT 0.1 8, AT
TR 5 TSG HA IR B T — 3, MR IR <
0.1 I, NI PR BE 5 TSGR IR EEAH 22 80K 5 22
{8 7] 35 2~3 /% (Wang et al., 2021), PR, MCRFEEREK
DT 2 43 B 13X — o R S AT REHERR X i
REE R TIR R , LIRS 5k AT SE RO 25 .

3 Habk SWIR FHIEZED =4 b iy
v

HF A SE R, R4 = 7 SWIR YGIE R 1IE 1)
25 () AS AW B A S T BT PR, ST A 7 B A A8
OB A ST 7 A T B . SRR IR, H 2
FHIFIZE AL G PR i T8 PR BUREAE 9 AS [F) 52 35028
ZEOGIERRESECR BAA R . ik, B
LA s 28 = B SWIR J6 itk FRAiFE AR 1k 1)
R, A REHINA St AR AT 7 B & (g ak
BH 4% ,2012; Guo et al., 2020; Wang et al., 2021 ; i% 3

40

35+ = éifci%t%?ﬁ?neals
30p . 1%?155 érte

25¢

20

0.35

0 0.05

0.10 0.15 0.20

R WA
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K6 2R BEFE i ISM{E (a) Fl Dep2200 (4515 7 141 (b)
R dt T B A AR B K AN S A, b A, 2408 A1 S X 2E 2= RSO BE R ISML i 1 T4
Fig. 6 Frequency histogram of ISM(a) and Dep2200 values of sericite samples (b)

The samples contain other water-bearing minerals, such as montmorillonite, dickite, chlorite, which interfere with the absorption depth and ISM

value of sericite
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M4 20205 1 B A2 455, 2021),
3.1 FABZESWIRFHMET WA EF AT RER

h B AFAE

W B R B TR A B AL 5 A
A T AR R B LM, 1987), R, 5843 R
28 = BE G REAE S 85028 A ST BT IR 1 T A
B2, AT LAA B g vy S A AR

%8 B wAIOH 8 A 2 W 1 AN [ Jfg P51 28 B ™ PR
M BURRAE o 7RSS AT A S L A SO TR
SRR B, BT R B X A AT R O
o B AR T T B4 (B 7). W
THOR G A a7 R B 5 PR FE B, R B AR 28
o BEEAT R ALE R, O i 4H 5 B wAIOH I K 4%
kg, T AE 2202 nm BT . W00 £ K Nunavut Hi X
VMS % Zn-Cu-Pb-Ag #" JK (Laakso et al., 2015) 53
7 5 J¢ #H Rosebery e 4> J& B AL #) B IR ' (Herrmann
et al., 200 1) 5E T A IR A9 45 2 BRI AR B 1) TRk
I G IR I KK H & Fe Mg IRk EREh 2K
W) R A AR R A DL R AR TN A S AR B )
YA HE R H PR E Fe Mg 4k (£ IR €% ,2019),
XA FECT IR AR 4 < hE R Fe Mg, A EK
(2210 nm)FE <, 40, P58 Kanowna Belle 1 1117 4>
IR ELEBTEA o - A gk kiREh-r =
- ek S BB - g - R R ko, AR B 4y
S n R Fe Mg, U2 2 B wAIOH i ALK
(Wang et al., 2017), B Culk &, BEA AT IR
(2202 nm)ZFE I T H VMS 7 K0 5648 = B K
— B R AR, IX R EAZ B A BN - SR R Sk e K

2225
VMS#!Volcanogenic massive sulfide type
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Fig.7 Average wavelength of sericite near ore body in

different types of deposits

B8/ (Sillitoe, 2010), T 29 T 28 = A1V 5 Fe |
Mg 2SR R AVE R, S 8060 1Y 48 2 BEDE KA X
BT o AN PYFEE A Hb DX R 22 U L % 2
BB & 1L B VG A B T S B S R - R P AT
T TR RSB W A (HH E 55, 2019b;
ZEUNEREE 2020 W04, 2020), 755 T R 28
R KK (2217 nm) BRI 5 K8 & T & Fe.,
Mg B R 5 5 A A 5 (Sillitoe, 2010), 7 KR
PR PRI i 28 2= BRI K (2208 nm), M 32 22
2 TR AR AR PR A 1 2 R
TUTEBL TG Al 1 D) 3 38T 9 AR AR PR
TR T (i35 45, 2020) , U™ IR 19 R %
W T4 Bk ALE R EBAR . 5Z BRI 5T BRI i
Z R A BT PR A IR R B PR i
ViR 5 R A 25 5 R PR 5 i — 25 A 5
32 BRBERRDRFHRNT FHEMNER
EA M EM 28 B3R D i B 4 (Siv(Mg,
Fe) > AIVAI)JE 28 2 1 wAIOH % AF “TmAS (1) %
S X K (Duke et al., 1994), 28 2 HF 32 /R T 7 B i
SR RE AR B B T A B A S CH A B Ak
2F M AR A AR AR B BUB (Duke et al., 1994 ; Han et al.,
2018; Xiao et al., 2021; Wang et al., 2021). iU, 14
AR A L AR BEAL AR ] A A/ T 7 BE B Ak 0
JEHRAEAE I K TH R B 7 2 1AL (% Fe Mg &k lle A1
GIEESTIVERIIY/Ree & S|y A P Y 27/ L AN
5 (Mg, Fe)' Z [i] 1) 28 B [A] S 85 46, 15 i 9 N 1Y
ALV A B FEAR DL S Fe Mg & 519 7/ S804 = 1
wAIOH H 3L 5 5 = (H (77 H 5, 2017), FESP AR Fa 4
AR IX, ) 2 L1 -4 -0 DR T Y 1) = B Pos2200 5
A (>2212 nm)$8 7R T FEREE Y R A i 78
FEIPEAT , KA Fe Mg 554 038 i OB 52 AAE
IR B Ak B -1 B B RTAE A i AR B BOE B T R
Fe Mg %5 B0 W) (WA B8 A0 B R A SR T5 AT
& RS (BB ,2021) TRIRE, VR 2 BEA B PR AN
E1J¢ Batu Hijau 554 & 07 IK , A% Fe Mg ALYk
fRih i R BB MBRE THE AR E . XLeeF
FAARBR G T 5 B A AR 1 & F L i H 2
T B FR B 58 4 148 = BEANREAE N A 2K
¥8 /88 %) (Han et al., 2018; Neal et al., 2018), Wang
F5(2021) 78 XT FR R VTAS G5t i 28 e AP Tt PR
PR H 9 wALOH 72 Ak FiLE 34F 47 JBE 2 B 2% B0 488 /i 1Y
wAIOH B H e TR, T A6 Ve 358 3 31 wAIOH 5+ %
FER KRS 5 L2 LA S A BB RN
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Table 2 Average wavelength of sericite near ore body in different type of deposits

W IRFA X W48 B /mm BERBE R
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= AR A 2206 RYEMTEE, 2017
A 2198 Yao et al., 2021
P44 Sunrise Dam 2210 Wang et al., 2018
Kanowna Belle 428" & 2200 Wang et al., 2017
SRR Khan Altai 46" K 2210 Iderbat et al., 2020
AR Y3 2217 Xiao et al., 2021
AR 2212 BRI 45,2008
145 3] Zn-Cu-Pb-Ag VMS i JK 2203 Laakso et al., 2015
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FPNIIEARGE:TE 207N 2200 WA, 2017
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VMS EIE" R
Rosebery 2195 Herrmann et al., 2001
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FATHR AL K 111 5% Arroyo Rojo VMS B R 2220 Biel et al., 2012
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At AL IR 2214 Wang et al., 2021
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T RFEM T REE4E b Zn .Cr.B . T1.Sn #1 Cs
A A7 AE i 3 22 5+ (Uribe-Mogollon et al., 2020), 1F
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