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Spectroscopy of Skarn Minerals in Dangdu Pb-Zn Deposit and
Assessment of Skarn Exploration Approaches Employing Portable
Spectrometer
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ABSTRACT : This study analyzed spectroscopic methods for characterization of skarn minerals and
sphalerite occurring in Dangdu ore deposit, and effectiveness of portable spectrometer in skarn mineral
resources exploration is discussed. The spectroscopic analyses identified clinopyroxene, garnet, epidote,
calcite, chlorite and sphalerite where spectral curves of clinopyroxene, garnet, epidote, and sphalerite
show single mineral spectral characteristics and those of chlorite are in a mixed form with calcite and
clinopyroxene. The assessment of spectroscopic analyses based on XRD analysis and microscopic
observation reveals that clinopyroxene, garnet, epidote correspond well with more than 80% of detection,
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but sphalerite, chlorite, and calcite showed below 50% of detection rate. It is expected that skarn
deposit exploration using a portable spectrometer is more effective in detection of clinopyroxene,
garnet, and epidote whereas spectroscopic data of sphalerite, chlorite, and calcite needs to be utilized
as a supplementary data. For the effective detection of chlorite and calcite, their content in the samples

needs to be sufficient.

Key words : Dangdu ore deposit, skarn deposit, spectroscopy, portable spectrometer, mineral resources
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Fig. 1. Geologic map of Dangdu deposit (modified from Lim et al. 2013).
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Fig. 2. Flow of methods conducted in this study.
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B84 - 448 - 1R - 52

Table 1. Mineralogical interpretation of spectroscopy conducted on representative samples from skarn zone in
Dangdu deposit(bold: obtained by single+mixture signature, underscore: obtained by single signature only, ( ):

obtained by mixture signature only)

Sample NO. Spectroscopy
DD-1 cpx, gt, sp, (chl)
DD-2 cpx, gt, ep, (calc, chl)
DD-3 cpx, gt, ep, (calc, chl)
DD-4 cpx, gt, sp, (chl)
DD-5 cpx, gt, ep, sp, (calc, chl)
DD-6 cpx, gt, ep, (calc, chl)

Abbreviations = calc: calcite, chl: chlorite, cpx: clinopyroxene, ep: epidote, gt: garnet, sp: sphalerite.
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2 TR o] ¢IthFig. 4c). AT AR
9l DD-m22] EF=4e AHHEE 470 nm, 800
nm, 1100 nm, 1900 nm, 2260 nm, 2340 nm H<*
oA A% FFEAS /AT deH, 400-600
nm TIHAA FA% & 7)) WSS Holth

S

fe o 12
AN tlo L

T g dupg FHoA o

A sttt SabA oo Agubg doelA oA
< HITtKFig. 4c, 4d). AAZQ w2}

Aol Aol EFIH-E HUA T ARSI 1]
wate] Hlsgk sH-S HolARk tEH FFE
3 2 FFIEHE 18IS wl, 7R 9
AGHNA H(Fe)ditol osl RIY=EE F2EA
o] TARZA L wl-g- FAFSHH, 1900 nm F-Zoll A
Uil $354 94 a4 R dA Sk Fig.
4c, Fig. 4d). stAITF ©upz| Q) g o o] Aol A
UER}E ‘doublet FE|S] FFEAS ZUAH
YA 3HTHFig. 4c, Fig. 4d). 53] doublet FE)]
354 F 2340 nm2] AF, U419 doubletoll
3|H 3 A FFEAl THE ! FUAC] doublet

o

3 PYYRE 9Y BYPRRToR 3
29 91 & 9 299} o) P FYE

el BRYRE e 492 BREdow,

A Z(DD-1, DD-2, DD-3, DD-4, DD-5, DD-6)Z
MAse], ERFERRA S o] 83 2712 FE o
AE AN A, A4 GYE3RR 9 £
FEHo BRARERTE AR, AR, Aok
A, U4, e, S84 ST Table 1).
ARSI A Y] e g ERAR 9 £ B34
Hol EAEAS B3 ZE UEA oA F9F
Aom, 4FMe 32 dYEFPHHERE 29
FEZH BAZAT AR BE A B4
FRIF AT Table 1). T3 AopAA e T RF74
HE T 249 F4BFEE DD-1, DD-4, DD-5

flo o
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Fig. 5. XRD analysis results of skarn samples from Dangdu deposit. (A) shows clinopyroxene(hedenbergite)

-quartz-garnet(andradite)-sphalerite

skarn assemblages,

(B) also includes garnet(andradite)-clinopyroxene

(augite)-sphalerite skarn assemblages. (C) is represented by orthoclase, epidote, and clinopyroxene(diopside). (D)

presents garnet(grossular) information.

Aol ERIEGlon, BHA A nbA 2
gAdE3AHRE 3] DD-2, DD-3, DD-5, DD-6
A ZoA BQlE At Table 1). HUAe F2 &
e BAARE T ERlE FEEA, DA
g AFAT sPIAR BE g EARAA 3
EAEMS B8 ERiEeH, B Ay
2 =2yMy e3E EEYHE 328 FEE,
DD-2, DD-3, DD-5, DD-6 AlZollA U243} 3
Al ER1= AT Table 1).

A odl s
= =]

XRD

e
rgl

017 BEZ S8 DAUS

HI

AA AFHINE T 6719 HEAS(DD-1,
DD-2, DD-3, DD-4, DD-5, DD-6)5 Al 43lo], &
FERAENES HgoE 2712 FE BAE AA
S A2 RE ERIE 7 2712 FE L FHEE
€ o=, XRD 4% HFArEad 24E
|t FEAHRY XS ZARIOEH,

a7

AE3HAh
TUEGHE 9 3 23
BE dEAEA RlEFom,
£ A8 tsl XRD A& AAE Az
DD-5& AlQ|gt BE AlSollA ©AF] o] AtEd
S AAsIA, 3HFA-A G-I HAFA- Aot
A, SHAFA-BF3 A AdokdA], BgA-SHA-
F34 x5 FHE gIEUTHFig. 5A, 5B,
5C). =35 @) HEEI BE ARoA DA
A& B8l oM (Table 2), THAFSIA-AF4]-4
ofdA] g TASIA. A 23S o] e
thFig. 6B, 6C, 6D, 6E, 6F). THALF]A ] A=At
= A, vE 9 4P gde JeE
oF 50 pm%-E 500 pm oYY F7|E REEE=
7S BUTHFig. 6). =3 XRD £443 2 &
nARRANE FEHAHOE Hlwsle EFE
AEAATee] U 2AMET, GAREAL
100% YXA]43S HYTKTable 2).
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Table 2. Assessment of spectroscopic approaches in Skarn mineral exploration in Dangdu ore deposit by
comparison with XRD analysis and microscopic observation

Identified minerals Sample No. Confirmed at Confirmed at XRD Copﬁrmed at
spectroscopy microscopy
DD-1 O O O
DD-2 O O
Clinopyroxene bD-3 © © ©
DD-4 O O O
DD-5 O x O
DD-6 O O O
DD-1 O O O
DD-2 O O O
DD-3 O X x
Garnet DD-4 O O O
DD-5 O O O
DD-6 O O O
DD-1 O X O
DD-2 O x x
. DD-3 O x x
Chlorite DDA o y o
DD-5 O X O
DD-6 O X X
DD-1 X X X
DD-2 O x O
, DD-3 O O O
Epidote DDA y y y
DD-5 O X x
DD-6 O X O
DD-1 x x 0O
DD-2 O X X
Calcite bD-3 © - -
DD-4 x X O
DD-5 O X O
DD-6 O X X
DD-1 O O O
DD-2 x O O
Sphalerite ggj (X) (X) g
DD-5 O x O
DD-6 x O O
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Fig. 6. Microphotographs of skarn minerals occurrence
of Dangdu deposit. (A) Different crystal types of
clinopyroxene coexisting with chlorite, quartz, and
sphalerite in DD-1 sample. (B) A small amount of
chlorite and calcite veinlet are coexisting with garnet,
k-feldspar, and clinopyroxene in DD-5 sample. (C)
Aggregates of clinopyroxene are coexisting with
garnet, epidote, and sphalerite in DD-2 sample. (D)
Large garnet crystal is coexisting with clinopyroxene,
sphalerite, calcite, and chlorite in DD-4 sample. (E)
Epidote coexisting with clinopyroxene in DD-6
sample. (F) Sphalerite is coexisting with clinopyroxene,
k-feldspar, and epidote in DD-3 sample. Abbreviations
= calc: calcite, chl: chlorite, cpx: clinopyroxene, ep:
epidote, gt: garnet, kfd: k-feldspar, sp: sphalerite, qtz:
quartz.

AFAL FE GYEFHEE VRICE =&
N BoA FlE A O H(Table 1), XRD #4243}
DD-3 AEE A3 ZE ABOA, 3)dF4-4
B-3 - FA Ao, AN FA-HFF Ao}
A4 =3 e 9 IMMRACR JkEdr
(Fig. 5A, 5B, 5D). °|9} &2 ZAx= dv|Haz
MM thesiolstA DD-3 ARE A9
AN FNAM HFA o] RIS (Table 2), F2 TA}F
34 g Hold Xz g FEET 749 A&
Fele AY S22 vAE FEE e AR 2

go] A= 200 pm, & AR %9 1000 pm ©]

L=
E=

3} Fog B o) 272 BAL TPs Aol Tl

ol minA & AA=71Z BEIKFig. 6B, 6C,
6D). °|& TF3t] & o, AFNIAEANA 23
TAe Sl ERlE 67le] AlE F 54 AR
o] AFEHo] RIS eT, 83% YAEE K
A THTable 2).

=EAe] A FE GUYEPFHE K,
DD-2, DD-3, DD-5, DD-6 Al&olA E2lE ot
(Table 1), XRD w422} Hlwgk A3, DD-3
A S ARE GAR A =H A A 25| PR
FRIEQthFig. 5C). 18y dvjig #ZAd
DD-5 A&E Al9gh, U™A DD-2, DD-3, DD-6
NEA ZHAo] JAHGTHTable 2). ©]&2
2y 9 dxkg el AAES 7R 2F 100-1000
um Z7] BIZ F2 GAFN I A AHEET
(Fig. 6C, 6E, 6F). XRD 43} dn|3Had4d1=
o) Ay B made] B Ad= 83%2] o
2)44& HYTHTable 2).

U] A9 B Ao gEzor e
THAEE Tl gld FEEN, SN 2 4
FA3 RV R 2E g ZASA FRIEAT
(Table 1). I8 54X XRD #41S FaliAl
golxx] eigkom DD-1, DD-4, DD-5 A 89| A]
Ar A BES ST ERI= AT Table 2). 53]
v wFAI A7k Iujo] Aade] FEHE
AR A Aot d A A g, A JAL-EhARS] A Ad o} A
AN, AFA-GAR Aol 23w I
= AtKFig. 6A, 6B, 6D). EFE23 dAn)7az
ANE vg 23 YA 50%Y YA8ES B
A THTable 2).

WalA Al E3tE EEAET FE2E FEE,
EREXANEX A DD-2, DD-3, DD-5, DD-6 A&
oA gjlElern, F2 AR A AU
THTable 1). 18U U4 vp7kA £ XRD &
A= Felds S0 & gy, dv
WA DD-5 AlFolA PA48ES K S (Table
2), &gFe] WejAo] F2 ZUN T A Ao
Fej 2 AU KFig. 6B). =3 dAn|H R d5}
o] A 2AMEF, WalAo] 16%2] X8-S
B THTable 2).

DUEFAHRE Fo gld Fde + #
23380 Ao}l e DD-1, DD-4, DD-5 A &9
A 2H1E ] o H(Table 1), XRD #4239} vlw
3 A3} DD-1, DD-4 AlBolA LA&P oL,
DD-5 A EolAe FRI8HA] X3t tH(Table 2). 1
Hy o2 FEEIE= g=24 XRD 443
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A B4 Aot A]o] 4H=Ed
‘:‘E'J-J?_JH e] Esﬁ/ﬂv‘: 37}],]
W”} ﬂ"lo} 5401 EEAENo R o]E9]
It d 9F 50%2] YA 2Y
Q1= }oiﬂ(Table 2). Ao e] - XRD #
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ﬂ]?éé}oﬂﬁt EE
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712 BIITHFig. 6A, 6C, 6D, 6F).
FAEAEN S B8l 28 FES Y8 S
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HAZ-S 913 XRD £4, EPMA #4 31 dn|7
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7} BESY A 2 A E v Kk
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(Thompson et al., 1999). Rt} A3 HZES ¢
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