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Abstract: As one of the important antimony mining areas in China, a large number of antimony polymetallic depos-
its (points) have been discovered in the southern Hubei antimony mining area. With the depletion of shallow anti-
mony ore resources, there has been no new progress in the exploration of middle and deep parts. Therefore, there
is an urgent need to find a fast and effective exploration method, conduct in-depth research on the exploration model
and prediction of the area, in order to expand the amount of resources and exploration results. This article takes the

Jinyinshan antimony polymetallic deposit as the research object. Short wave infrared spectroscopy (SWIR) technology
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was used to scan the rock cores of ZK3101 and ZK2701 boreholes in Jinyinshan antimony deposit, obtaining infor-
mation on the types, combinations, and spectral parameters of altered minerals in Jinyinshan antimony deposit. The
altered mineral zoning was divided, and the relationship between mineralization and altered mineral zoning was ana-
lyzed. The main altered minerals in the Jinyinshan antimony gold deposit include mica, chlorite, carbonate, etc.
Among them, the sericite mineralization zone is closely related to mineralization. By calculating the Al—OH spec-
tral characteristic parameters of sericite minerals, it was found that the crystallinity (IC value) of sericite at the
mineralized site and the absorption peak value (Pos 2 200) of the AI—OH 2 200 nm characteristic peak showed low
value anomalies (IC<2, Pos 2 200<2 205 nm), which can be used as an effective indicator of mineralization. It is
believed that the application of shortwave infrared spectroscopy technology can quickly delineate antimony gold de-
posits, effectively guide mineral exploration, reduce exploration costs, improve exploration efficiency, and achieve
breakthroughs in mineral exploration.

Key words: antimony deposits; hydrothermal alteration; infrared spectral analysis; sericite; chlorite; sericite crys-
tallinity
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Fig. 1

Geotectonic sketch map of Hubei Province (a) and geological map of Tuoping mining area (b) ( modified after

Shu Zhiming et al. , 2015)
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1—CQuaternary ; 2—Upper Cretaceous; 3—Sinian-Lower Triassic; 4—Qingbaikou System; 5—Late Jurassic granite; 6—inverted anticline

slope; 7—inverted syncline; 8—fault; 9—syncline tectonics; 10—low-level contact metamorphic zone; 11—gold deposits ( points) ;

12—antimony deposits ( points) ; 13—lead-zinc deposits; 14—scope of census area
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Fig. 2 Short wave infrared interpretation results and lithological distribution histogram of ZK3101 and ZK2701 in Jinyinshan

antimony mine
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Fig. 3 Microscopic photographs of alteration minerals and metal minerals in Jinyinshan
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a—carbonated ; b—microcline feldspar undergoes sericite alteration; ¢—chlorite alteration of biotite; d—the red line represents the direction of fluid

migration; e, f—pyrite and stibnite occur along with quariz and sericite; Cal—calcite; Ms—sericite; Chl—chlorite; Qz—quartz; Ab—feldspar;

Py—pyrite; Stb—stbnite; Bit—biotite

A A IR T ZK2701 BRI AR 48 2 B
i i 48 = BEET AR o R B (& Be (3F) , AT
VE R BB R PRk

4 HHE

4.1 BREBHUAEXESHIETEX

H A BHEE W PR AR Y 2 — | LA
HOXH2E = BTG 0 ) R AR S 2 200 nm i
B Al—OH MW AE , LA & 2 170 .2 350 .2 450 nm
RRFIIE 8 YR 02 WOERAE ( Clark et al. , 1990) , &l 4 Ky
P2 2 BRI S R AR E 5 AR SE I 28 = BE 04
TELRARAE , ZE 7 A 40 sk, B 48 = B R
TEM SRR W1, Pos 2 200 (2 200 nm Ab W 1 e £ 2
Ti#%) JIC A (28 =+ 2 200 nm AW WCIRFE 5 1 900
nm A& JZ B FE K REE 2 ) FWHM (2 200 nm WY&
WA 1 T AL ) ST BT RUAR R AR, TN H T 2R
[ PRI S B 2 b (SRS, 2019 X040 A 5,
2020; FEMESE, 2022) . MiFafh%5(2023) ZE3 L A

\[':fi LUEZ S P

S 4 2 1

IS

A L L L A
1400 1600 1800 2000 2200 2400
I F/mm

K4 PRifEH =B 5500 G I H = BERYLLAh
HRAHE
Fig. 4 The IR spectral characteristics of standard sericite

and the measured spectral in Jinyinshan

Ty 5 Bk v e BB SE T HOR Ak oy, R
A1 1C {E 34, Al—OH 2 200 Pos I/, X872 45
(2021) 78 2 0% i LB 5 A PR BB A 3T 1 1™



553 1

ERAERE A . WAL SR I B0 il AR 6 M LD SN i R B 4R 07 ] 781

s, =B Al—OH 2 200 Pos 28/, [ IR F 44
SR (1C) MR, AW AE (2020 ) 7 XIS i 42 B Tt
W X BEA AR ke IR S 3 T AL HOR oL  4 = BE
R L DT 10 W A% . Yang 55 (2012) 7R3 B 5 JEF
VIR VHSM 898 PR & B, 70 AR 3007 DL S AR
HUb 28 =B Al—OH 2 200 Pos M4k, 4%
(2023) 7EiH pE A HLAR S A R PR & I ki 48
Bk Pos 2 200 3R RAE (2 196 ~2 199 nm) ,
ICE I B H T (>3) . AR 4E5% (2021) FEEAR
B R IR A 45 N (<1.2) 5H =B
Al—OH 2 200 Pos #4111 (<2 205 nm) K LI,
FRIRAEF (2018 ) FEERAK P P BE A — v AT TR RO AL
IRERT R EZA FHE A, STPRE(H)
ZBE (2 206~2 208 nm Fff i) 77,

AHMEE H FEA TR AL 7 R A, 78 PR G
WAk & 42 HBA BT 52 BL T RRAE S B0 A — 2, B
i AE R 2B A PR S rh IR 58 2 R AH A, X Pl g5 48
=B A B ESIRHEA G, B B W S5
JZ Tk AR DY T R e — J2 AR AN TR, 28 =BG T IR
FEAE ik S DU A B AR TR SE R TR AL Tk
TE AR AL BT kAR O R I O T T
W E IR 23 & A2 038 (Jones et al. , 2005) . 400 J\
AR AL S i, 25 = RO R fE B R
Al—OH 2 200 Pos [a] 58 % Jy MW A%, i 24 Si, Fe Mg
BF5 R TR Al B F &4 Tschermark ‘& i
g NEAR AL & SN, i R Al—OH
2 200 Pos M K P i #% (Jones et al. , 2005; 2 fE
4, 2012) . #HR AL AHXT & 55 Pos 2 200 M2
6] 56 2 47T R4 B . B 45 48 == 1 (Pos 2 200<2 203
nm) FPERE B (BB & FF) (2 203~2 208 nm) |
RSB =B (£ 5 A = 8F) (Pos 2 200>2 208 nm)
(Scott and Yang, 1997; # & W], 2012; M- A HESE,
2018) ., Bkl IC {H, FEUE S MLZE = BE0 ) 1R 45 iy
PR RS 1C HAE R R AE T4 = BRI it
TR o 2 BRI AR I | 48 2 1 ik 480 DY 1 1S % v
G332 U A o3 BT AR 528 = B2 ) rh 28
T HE L2 H,0, 1658 9% 21 A 2% b 3B j K
TREERE I, T 5350 1C {E 0/, PR L 45 i 3 2%
IC {E /)N

4R = BEG T P FRAE Y615 S 80N B0 1L
IV 24 78 43 % R 5T 6 2 T Ak ) LR L B A B L TR
JE Ty B A Ay W 2A i 1 RE 8 XN 48 = B
Al—OH 2 200 Pos WISty 38 piisz i, ane 2 ity v

ALY BV EEDT IR & B4 =1 Al—OH 2 200
Pos it IC(HH 50 a4 XU A CR,
J PR O] BRI 12 5 K 5 KA K & A Ak
RASFEW YitiE (250, 2018) . FRHF45E(2018) 7F
R R P B — R AT U A A R P R B R
bk (2206~2 208 nm [T ) 586 R %) R AT
RE SR TR (1 B 25 B 1k 5 52 W )23 S ) 4 FH i 3,
MR REAF(2018) F8 IR AE VR I R R g MR A &
READ 7 5T 5 AR SR B v IR 48 = B AR T AR
TR AR I AR AR LRGeS AR 2R 2 B S B B
o T AT S ) AR PR B T AR AE 28 2 B e BTG
FEMRARIREE, B2, REBFE XN HE =B EiES
G T A Z A — 2 e 5 AR IR A% 38 1% A8 T B
A1 HETA = B EE S5 28 2 e 4%
B IR PR AR B Y b IEB 4R = B Y
FRIE S EBENS 7E — a2 S Bl 4k AR E B2 1
PR R AR

SEINEBZ B IR 2 N EFLE R B R
BRI Y, AR R I = G h
2 200 nm FFHT Al—OH WLIERAE (Pos 2 200) Xt
o WA R FE ( Dep 2 200) , H,0 7 1 900 nm 1T W%
Wi A7 {5 (Pos 1 900) Xt 1 W it 1§ 3% Ny
(Dep 1900) , Jf i 5 115 2 200 nm W I g 3% B
(Dep 2 200) 5 H,0 W ISR K KR 28 2 bR 45 i
BE(1C) . *4:4R10 ZK3101 ,ZK2701 1 Al—OH WU
W (B 545 E I T4, il 7E 25 (] 1 Pos 2 200
5 1C AR R R AEXT 28R 1L A2 B8 Fa Sl —
Wie, TESBILEET TH4E =B Pos 2 200 5 IC {H
S —E (RS,

REARST AT LA - 7E ZK3101 1, Pos 2 200 54k,
X HTE 2 202~2 210 nm Z[8], KR S 5
1E 2 207 ~2 209 nm, FEFEHRER N, Pos 2 200 1%
HD 0 ICHEA BE WG IO REHRE S
EHAE 2 207~2 209 nm Z 8], 1C {HASfk X ] 4K
AT 1.8~15 ZI[A], 7E 20~ 60 m &b IC {HAEHTE 3~
10 X [E] N, 7E 60 ~85 m 4b IC {5 WA S ARt 3, 46
HTE 1~5 X[ N, 7E 85~ 150 m &b, 1IC {E & 7E 7~
15.5 ZJf],

TE ZK2701 71, Pos 2 200 284k X [a] 42 Fh7E 2 196
~2 204 nm Z[A], REZEHFESEHTE 2 200~2 204 nm
ZIH) BRBES WA A R FrIAS Pos 2 200 Bt ) ki
W7 RAS (Pos 2 200<2 202 nm) , C {E B AAE 5
EHPTE0.5~2 Z A, WEIFIR, EBES B WE5EA B



782 a oA 8 W % & & 9543 4%
22 o
I C%O ® e @O
9] - 4 s}
9 ° Y Ry ° o ‘g
e % 2.0 ' 5 o o "3@?@@ G
I @D &0 o o = (ol o @ O d o %@
@ T G B Saf i g .
0 ¢ el D @
1 5 )
= e 1
= PR SSRR @ ©dth
¥sg ® ’-... ® N ﬂ.w. me'fm
52208 o "8 .
2 ()
2204
20 40 60 80 100 120 140
HEE/m
L b 5 i
4t i
o | i
2 -
u.
£ 2% .
¢ 6P, ° -
B [ ]
g 201} %’ © & =
s %o % -
£ ¥ o .‘.‘ . %.
2198 . :‘ >
20 40 -~ 100 120
I /m
fzppein | (€] 4zikkPos2200 ey R I i R

5 ZK3101(a) Fl ZK2701 (b) 4 = B AL A HERRE S BO0R B R
Fig .5 Schematic diagrams of sericite shortwave infrared spectral parameters from ZK3101 (a) and ZK2701 (b)

Pos 2 200 1 IC {H-BA 5 # IR1E , [F I b o 1k
BB,

M ZK2701 . ZK3101 M5 FLIE BN & , 1 kil % R
JEMHEIN, Pos 2 200 2 B Wi id /N i a3, 1m0 1C {4
| BTG R ks, IR E R J) pH {H ¥ REXT4H
=B Al—OH WS 7 7= A — g 52 e, 5 42 4R 1Ll
LB A2 IR TUA R BRI IR R,
W Pos 2 200 5 1C {HAR b 5 222 32 RN RFF AR 5 Ho
ST, FETCH AL, W ZK3101 H1 35~40 m,
45~50 m 1 ZK2701 FF1¥) 45~50 m, HH ¥ Al—OH
WSO [ i 7 Tl i A% (1C {RLHS R A B, HE DN 7 fE A
H A 132 sh 5 A7 B A Sk A IrE, 5671k
KREANK, B (JEBEE 5% )60~90 m, 28
2B Pos 2 200 1C H B0 H AR, JE L4 & R B 4%
ZIME A = PR E = B (1C<4, Pos 2 200<
2207 nm), ZK2701 B EMIER, 20~50 m
FEI G bR AR X B 22 i T R 28 = BE (16 <2,

Pos 2 200<2 204 nm) , 130~ 140 m H} BL4G5 5 F2 B 4%
I E A = B (1C>2, Pos 2 20052 200 nm) , 1E
FALBL (110~ 130 m) , 48 = £ Pos 2 200, IC H Bl
FARME, JE A it P B 22 1 = AR 2 = 1 (16<0. 5,
Pos 2 200<2 202 nm) , i £ Bifi 5 FL IR BE 914, 45
o BREE AR BTN, ek m AL AR I 1C £
Wit 2 % B8 388 g 38 0, T R R A7 B0 RS B AR PR Y
AT

W98 s 7SR BT IR 5 M0 X R &Y
F A Pos fH K IC HFFIE M@ = B, MAETG
WAL, EEH B Pos {H & IC [ERHER £ 1EAH
otk BA B YOGS RE S BT Y % VA
Ko MR FE FEARET 28 = BE OGS A A ST L Pos
{E I IC {ERFAE , {H 4 4R 1Lz A0 T H BT A Pos fH
K 1C {H, 40 76 28 2 BE B st B T 3L AR =2 A1
32 BN S5 A 52, (7526 25 B): Pos 2 200 [7] i
W7 e A% (- #rZs, 2018; Portela et al. , 2021)



553 1

ERAERE A . WAL SR I B0 il AR 6 M LD SN i R B 4R 07 ] 783

HIAXT SRR At 5 X i Ak A 7 ik W, i
TR ELAT 55 TR 1 | R MR I R R R (2R TR,
2013) . WA R MBS B BT AR AR T 2
M4, POBOF AR B8 B A 1R LR A I 86 R £h
( Sb,S2" . HSh,S,. H,Sh,S,) = Sb,S, (OH),.
Sh(OH) , BYIE A T Uit v, T F 5% DX A4 ik B
KEAE 200°C LR (27T, 2013) , BEAH A b ok 86
W EF LU AR BB L Sb,S, (OH), iy TE A7 T
AR b T2 R AR pH(EUR AR BRI, 2l S
YRR K& A= s AR AT 1, HSb,S; +H = H,S+Sh,S, .
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IAE FBLA AR AR AE 8 PR Al PR 45 0 1o EL AT AR B
PE(EFRRBAAE, 2015; T #4E4, 2022; F RS,
2011) , [AIEFE4R LA™ R T 4% B A A R A 4
JE B A XA AL, 5 Wi LA & B AR R AR R A
B 12 km, FAUCA TR 4 JE B 56 R % U0 e L
K3 X b B B I 25 G R BT T % b X B A

R A 00 BBV 7 (SRMERA 45, 2019)

TR BRI A R A S A 2 AR B 2 4, 7
AR s b AR — 8 R VR R IR N UK A - REfb -4
Teatb—28 =t PRA—Tefb— 7 A, &
BB ik A - VA — (Rl A -5 AT ) e fb—
T A7 (Simmons et al. , 2005, EYEREE, 2015)

EE AW i AT 25 2R K 4 B Ll Rl b 5T R
i, 55 AR R IR AR R R ik AR 435 R AT X
SRR IR 2 A R AT R PT E 2 AR 28 e A PR I P A
BEATIR, [R5 ARAR Bl AR 43 % L, S AR LB 22 4
JEWT IR A FN kKb T e RS, (H S5 e
22 SRR A T IR IE

FE I LU AN g I O N P I BES Ay R
AR PR B BT IR A ) A N 5T v, UE B T %
AR T F ARG IR s, &
WS & e AR I AT X A9 ZK3101 ,ZK2701 2 >4
fL Pos 2 200, IC fHZ X WA R T8 R 1k
IZHT R Pos 2 200 1C fHARfL LA 5 48 2 il v sl IR
TEPGRT AL (228, 2018) B I B
/N Pos 2 200, 1C A, 278 2547 1A T34 7 15 K, sk 4
FLEEAE ZK3101 ) 65~70 m Bt .80~85 m Bt .ZK2701
B 115~130 m Bt ¥y n] LIS 23 i 0y s, 1C {H /Y
KNG, &I Z & mU IR ICHRRE
WIS w7 IR A AR I
PR 7K P DA S B2 ) 7228 Ak WA PR T 1) AT g
EH T LR, AN ERILZ SR IREZ
8 i B 7 ) ) e AT R A B IR, AR 6 4R S
XoF Y0 AR A R A DA BT R A TR T A 3
Wefats ) _Las s S5 RABEKBEMIR A kA R %
(SR BL R e 2 S LD Y W (95 R AL 7/ D iR Tl s B s
A,

AR A2, BARTEA YIRS R v S5
S b Z B A CYER B4 (HARBE S 5860 1k
ZIRESA BRI AR IR, SKITHESE (2016)
XPAI ST X N 7 LR B 5 B AR 8 R A 7,
PR EE A AR K TSR, LB 50 fb =z [
FEAEZS 0] EARA WO R, IF R X i 2 4t 4 5t Fn

[SE=N

HEEL

25 F R IC {5 Pos 2 200 IR 48 X AT LA
YERNSP R HLIX TR I X 2 & B0 IR 5
& (IC<2,Pos 2 200<2 202 nm)
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Geologicica sinica, 94(8) : 2 520~2 533 (in Chinese with English
5 éé': -i//b\ abstract ) .

(1) Wb 4R 1L e 4455 fL ZK3101 ,.ZK2701 &5
WELLAM G MR 2R A I AR ) 32 B 4 = BT L 2
T BRIRER R A5, VAR =BG 1) 5k e A0 TR
Yo, ZK3101 HhHe IR AR 3 ik 2N .
Bt - AW Bl B tkagleafiadr,
ZK2701 X5 R B m B - A A - A
WA RS A - A b, R
HaRRE M, nVE R EZ IR P&,

(2) TEAER 1B X ZK3101 . ZK2701 HEFT%8 %
LLAMNEIENER 28 =B 1C (BB 36 80 A 78 3R ) L Bl
VR I /IN T3S, HE IR ELAT R AR A PR AR

(3) B EIEAIMERERAE BoR , 248 LB
W E RS (1C) 55 Al—OH W i 457 {8 ( Pos 2
200) A AL HA B FAUAH DG, SR SR Tl
Bl AI—OH WU W7 (B ( Pos 2 200) 28 = 1 485 i
(1C) B35 J5 e 7%, PR mT LUK Al—OH W i i
PNfE (Pos 2 200) 28 == BE4E L (1C) AR AA 2 fin X
(IC<2, Pos 2 200<2 202 nm) fE AHF5E X 3-8 441
I 2 & m T IR IR bRt
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