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ABSTRACT: Ground-based hyperspectral imaging was used to detect minerals and make distribution map of
minerals in the carbonate outcrops of Gyeonggi mine and Gasari. The continuum removal technique was effective
in quickly and easily detecting the absorption characteristics of minerals by CO3 and Al-OH, but it was difficult
to classify minerals in detail. Multi-range spectral feature fitting was able to distinguish not only carbonate minerals
such as dolomite, calcite, and magnesite, but also phyllosilicate minerals such as kaolinite and illite. The results
of X-ray diffraction and shortwave-infrared spectroscopy on rock samples supported high accuracy for the
classification of carbonate minerals using hyperspectral imaging. The carbonate spectral features from
hyperspectral image are related to physical and chemical properties such as organic matter content, particle size,
sorting, and porosity. Therefore, hyperspectral imaging technique can be used to interpret carbonate outcrops
complementarily with conventional exploration techniques such as field observation and chemical analysis. It is
expected that the ground-based hyperspectral imaging technique can be effectively used when obtaining mineral
information or geological mapping and interpretation related to stratigraphical and structural analysis, especially
for high and vertical outcrops that are difficult to directly access.
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1. ME

AU ARprigeiA|o 87 45aE
< 54 oA 4 Af-9 ARt | A &4
E4E 29 5 lon Y324 (Imaging
spectrometry)- °]2]gt 45282 Fo] FHj=
7153l A A BE Ee= 3EH 24 tie A
A2 9 Ak Au 2 Ay ARRETHvan der Meer
and de Jong, 2002; Clark et al., 2003). -2 FE5
< 38}, =84 B4 wet th=A de St
HEAFSE] wzol] FAEFEAHS o8t 2
EHANA S FEEZY T ES UL 5 AUk
2533 FA(hyperspectral imaging)2 HR}7]| 22
HE 9 7Y fd 2 A& S gt o]

=2 B3 (spectral resolution): 3%

O 7 n|Hg AolE Hol=FEES T & T

o(m
)

H

r

A2 qFRoA A& Q= FE Ee= GAS BA
T 2R sl addos AEEo] Srieg,
Kruse, 1988; Bowers and Rowan, 1996; Crosta et
al., 1998; Bierwirth et al., 2002; Gersman et al., 2008;
Bedini, 2011; Zimmermann et al., 2016; Naleto et
al, 2019). FZel= 5 R Al Belo] o x
27129 2AP7} of 2l 1= 42l T3] X3}
H o4, BE, o BEE 4 Bl ARRA AR
£ Bkl B om AP]NE 287 G4ko] gl
857 QIthKurz et al., 2012; Krupnik et al., 2016;
Sun et al., 2017; Beckert et al., 2018). <] H-$
THE Aoz Qs 3 E 94 28T S
o] &3t X EAE FA7} 4R Yt} o]= Qs S
A AR HopolA 3 H YA 22 el &
25 A1 (e.g., Choe, 2003; Hyun and Park, 2013)
= B Qe Ao ol Alofol B BT W S
289 Aol uls) M 28 Gae FU)
A AR Eopol| M = thefstA &go] 7Hsd AL
2 HolZ|gt FUjolA= obF] A7 28 3
o] A AR Fofol] ElsiA &85 QIR gt
(Son et al., 2020).

EHAHESE ASAA D AIHE Ao Fa3t
AAGEOR F2 YalAlT veH o TAH ol
Stk Bk WEEE A7HE WY, A99Y WY
S A, N e WA BeE g ERE

ARZE7] wiRo] 33-35Ha ol M= F-astthKozak
et al., 2004; Rockwell et al., 2008; Zaini et al.,
2012). Kurz et al. (2012)& 29| Q1 EAH 43]9F 1
FollA] choret Tkl HEES BRI ST
o g BuE 9] ) 2EF WS B8
o, gtojri(light detection and ranging; LIDAR)
27T ERHEALS Bl Tk hAle] R A
S0l A8 5 Y ISk o R AT BE B
EZ= 2 AR Krupnik et al. (2016)2 Z|A4H7]
Hh 258 S o83l vl EAbA gHAME el
715k 9 FE3HE B2 A AL HHS
SRIFH A Hot o uAg 2 FAFEE gle
™, Okyay et al. (2016)- 1]= FA| % 03] ekt
BY =Foll A S s sl A7 2 &
T A AR eH E4S Fol AL S B4
e gt 22 TS AAIEH v Yt

2 Ao A w2913} A sieo] gl ol
Slof A48k 2B A4 BA1714E Blel) 9
B2 2AL AT Y F71RAT FUE A
A 7bele] gl AR =R gakez A
25 FAARE o] 83 TAbe BESE A A
52 Wl BE REES BAelich ot o)
£ Tt B8 3 skl sl E 9 A2

i

i o
o} Ao B B3O ti#AQl FEAIYC R
AA Ha 2 =S 7L Q= Aer &
A JQTHU.S. Geological Survey, 2020). whA|
T ghakd FEI FAE X FRY EopEgt ofY
o} g5 B3 nfadAlol E A 'hAb 228 9
3 &g 7Hs S A AR HauA} gt

2. 17X XFHL

2718 e Al wlde] S35 vhdES
I} uiopy] Aeguiero 2 Y Et 1% 1a)(Hong and
Choi, 1978). 7133 QoA SATES REZ =7} 24
H 5= npE Sl sigEnh nh S A3+t
ArAY T 24 A3lgte s AdE, ARt
welo = Qg A7tE 7t FAE o] 3tk (Hong and
Choi, 1978; Kim et al., 2004). ZA 2 A 3]Y-2 dj &
£ AREY Ao r =T MY B FHE
W goto] B2 o2 AAEHTHKim ef al., 2004).
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Fig. 1. Geological maps in the vicinity of outcrops where hyperspectral images were taken; (a) Gyeonggi mine area
(1:50,000 scale map modified from Hong and Choi, 1978), (b) Gasari A mine area (1:50,000 scale map modified
from Geological Investigation Corps of the Taecbaeksan Region, 1962) and (c) rectangle area depicted in (b) (1:5,000
scale map modified from Shon ez al., 2001). Location of each mine (red dashed line in (a) and (b)) and outcrop for
hyperspectal image (asterisk in each map) is indicated.
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47 M3ig Uoll T8 BeBRE A71Ede)
7 4kl Aot ], e, A, 484, 5
204, 284 S| BET G4, 49, w4,
25 o] JohKim et al., 2004). F71F LA
Fershe el 20) 8ot W eshe B way
wjo] Az Ado] B A5, Ak 7
Ag wn, Wegke 39 BE AP 248
wol Qo) 37 W 244 SHom RS
sk, ol A28 Aol= Qs Az At
= sj4g

A= A 7 Qs A A Aol 14
o ZEEopr] 9 T2, ST 22EH]|A7] 9
A5 FRs52o2 FAHH a9 1b)(Geological
Investigation Corps of the Taebaeksan Region, 1962).
7HAE A At A Bt E 2T A E
SE F233) S0 AAR) YAs FE
o st FE52 A s A, S5
=, A A= FE 2T (Noh et al., 2010;
Kim et al,, 2016). &% 55 H2Y = dubg o
2 SlA-orello] wgoh i wiulo] 2R We
oz PR AR 1E9 Hsidtietel ZA7
272 Zo] 2, A 3FAE FES0] SuHENoh
and Oh, 2005; Noh et al., 2010). 7FAF2] A 334 A
vol 2 vegiht BalA W gele) B4
seoto TAHT FATE AR ThHe
2 drgstck(Shon et al., 2001). 2E3F FAiko] Y
H =Fe w3 YA e weeto] WA &
ESEI YA O] H3Qte] aqPEE g HL; o] e
S o1 2ARFE o3l FE5 5wl
&31= A0 2 B g e I™ 1c)(Shon et al., 2001).
o A miFoll A Wi -0k S S Wk A 32>
WS wo] AAke 2 o] F15sit),

7HAE] A AL ke As AR AT
DMR-§&=1ho] 20194 0| = whAXEL(Dashigiao)
S}l E i) ) Tl (Pailow) BHAHIA
AT NBES ST 22T ol 2FHU
ERES TR EE RELE R ISR E
SHEES 7l2A 2L RF2-2ke-X|(Jiao-Liao-Ji) ¥
E o] EFED B3ko) ojE-FF vpauaelE
A= o] Zpo-2he-A) WES] EFE] FU %)
AT24 EAJE o (Koh ef al., 2019). A
AEEPEEES BEES ORI RS

ofl mot i

=

mE

oX flo

R E2eue uese waksy| s g,

3. BRARY

ygo| 23 54

MO

Tt BB BYSHH S4EL Be ATES
3l 9H R tH(Crowley, 1986; Gaffey, 1986, 1987;
Clark et al., 1990; Zaini et al., 2012). Eritgo].&
(COs™) 2] XETH(vibrational process)-2 2300-2340
nm&}2500-2550 nm Ate] 2] TukAkA @) (short-wave
infrared; SWIR) tgoj|A] 8 H53 T EX)(spectral
absorption feature) 55 ol ¥ & &
7 1R ef =k AR AR} ol Aol a2
H a5 golof 93ff XujEct. AE Sof WA
O] Bk F4= 5742 2,320 nm F=HHOA 71 7
she WA o] gAY S 54 2,340 nm 9
ol A 7Hg ZdsHAl Ureh7| ol w24 ) s A
& 52 5 QU E ohE whabE FE vkaiAL
o|EQ] 4 EA YX& WA R o 72w
12,300 nm ZAf| A AR o] 3t Bt &
o 52 Mge} Ca 3 #islke} #A7} glom, o]
A Aol =Y gAY F5 S84 A== ¢
A 27), B, T olE Y etk BT gt
ol 5 EAsk= R71=8Tt ofdet 2, AE,
A7t 2 E4EERE B S X I
= E 5 Utk YA 7= F B4 A= TR0
PAT T 549 fH et k= 24 Bl ¢l
= Aoz YeFth WA B A o At <
HSh= s S 49 91, 2lo] a8
v]tfA Aol F3RS i Crowley, 1986; Gaffey, 1986,
1987; Clark et al., 1990; Zaini et al., 2012).

25 GolN BB BRstn B4 238 3
7¥b7] Steh SPHA R SSFE B4 B 5§
Hg RS B4 AR 7Y FES o

7] Slal BRALALAT LN A 3 X-A 5
H47](Rigaku SmartLab model)& o]-&5}%t} A
Aol AMGH A5 F7Y U2 FAE A= Y|
NAIEHE 19PL3-1, 19PL13, 19PL13-3, 19PL13-4),



727139 A& oA 7H(20GG-1, 20GG-2, 20GG-3,
20GG-4, 20GG-5), 123 7}AE] A A A& 4|
7H(20SW-6, 20SW-6-1, 20SW-7, 20SW-7-1)o]c}. £
A A2 FAHE ¥4 BAL IR LAY
BEAAE Q] X-A FEA 7| (XRF, MXF-240 mod-
el, Shimadzu, Japan)& ARttt 2+ A|29] of
A FEA vhE £ A& 1.0000 g LiBiO7
|-8A 55 gt FstaL, 1,100 C oA 1087 8§
gk o] % Wi AE SollA f-8l7(glass bead)E Al
Zhsto] BAZ AAISIITE 4] Al ZF 948 HE
3| (wt. %)= 0.02(5i05), 0.01(K20), 0.02(Na;O), 0.01
(TiO), 0.01(MnO), 0.01(P,0s)°]t}.

SFA A & HEAF 2Z EF-L 350-2,500 nm £
& 2151718 HER 7|58 4= Sl FH8 %
A|(TerraSpec Halo mineral identifier, ASD)E A}
&3l SA3tgct o] 3441 350-1,000 nmoj|A] 3
nm, 1,001-1,785 nmel|4] 9.8 nm, 121 1,786-2,500
nmof|A] 8.1 nm £ F=E 7HAH 1 nm 9=
A HEEo] AT E 7|1E3TE GAA RS el
et S vHE 4= o ofFR Mo A=
1009, ¥He A A RE 509L 152 o]
S sto] 28 ERS 7| S35t

&
02

A EE 9 MAF

=29jo] Hyspexol A 7jtst Mjolnir S-620 %
2 9 ALEE o5t 2020 5o 71

< —
2 EFY
O

=F d= 22 8Y 757

AT 7 A At =B e = A st
FTHH 2). ©] ZAH]E= 970-2,500 nm Afo]of| A H
o+ HE Z0] 51 nm¢l ) 300712 A= A=
2 EYS 7|5 4 Jlon Y2y th ol w
2 g JieE 2AY o Aok & dFelAE 300
A Yz g o] 1 nm T2 A Hekd &
HEG o] ARE . F/d2 Aol A2 A
S AR ol 88 & AN 423 oA 2 620
7He] kA= FHBE 2kl 2714 (pushbroom line
scanning) #H4] o2 S SHt) 2R GAF 20
2 oA o 25 m AA] o|RolFon] ke
(pixel) T 57t A= (spatial resolution)= 2F 1.5
cmo]th WA= S &3 Q1= Al (5%, 50% 95%)2]
HRALE 2 TH(reflectance reference panel)& =5
ol wixskal P 2 shlen, 2%
AlA A7)0 Al E FRAIZES 95% WhAbE Zhzd
of shavl EshE)A) e 2wol ek AHE
o 271 e TR0l § o] e e XY
3 27 Wl3E 2l olRolc Ak A
B A A R T T e )
sfa) 23] Thol2 9 upTulAfo|E FAL HHAR
S =7 viR|Etal S IS H 2).

4:7)(digital number) ZEO2 712% YA] HAikraw

Fig. 2. False colour composite Hyspex Mjolnir S-620 image of (a) Gyeonggi mine and (b) Gasari A mine outcrops,
red=band 134 (1650 nm), green=band 51 (1225 nm), blue=band 12 (1026 nm). Red arrows indicate the location
of magnesite samples placed on the outcrop. Pink square box corresponds to Figure 7.
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data)2 ZH] A|ZALA AR HAY A4 (calibration
coefficient) & AME-8} EAS = (radiance at-sen-
sor) oz HAFom, 7} 3ha o] F7HA dejn
E337 SEHANmisregistration) 2 Q13)] 2833 Al
ASolx] WAL SR 33H df=i{keystone X smile
37} Nieke et al., 2008) 5% A|ZAMIA AlF-3h=
LRI 02 HAST BARE F4dolAl di7
SIS AASIIL FEARE (reflectance) FAFCZ W3
37| Slell 7hetar k9l 7482 41827 (empirical
line correction) 7|H-S ARSI AEF AgH
g 712 G4 Woll B ghs &1 Qs A
2HE BEARE 3 I AEA sho] o] 5(gain)2t
HO(offset) & AAFEE & WAL W] o] g3ttt
(Farrand et al., 1994). =5 Qb of v X E HIAL=S
AT gl Al ] AR FETE A Aen
Aol AHgBT HAIE Gie 2FT} oj2g
A ABIT A5 o] Mokt FAER 92|82 0|8 4
QA 22} thEH4] o 2 4] 7l 'HE 9] A =--(window)
£ A3 HE83Hsmoothing) 3t tHSavitzky and
Golay, 1964). t7]9] FaFS Wo| LAY ghitd 3
29| §4 B40] FEAAA) o ST e 3y
Ao Aofst ekl B F4 S0 7HF
@ e e 4 S 000245 ) WS

v E40]) Atk e A A3 B gl B
(TR, A4, A B T, WA EE A
ol A A s

4.3.2 Endmember A€}

B9E 22 I A2 B2 ER)
A= 449 FES dED 5 3= endmem-
ber 2HEFE0] I Q35th Endmemberst E4E
of Tigh TL6-0] B BAG Bl AuEY
o|t}. JAF B=E 95t endmember= A& T &
A oA 2AE AHEHL ALLT 4 9lom Q=
9] o7 tf st} 7| HEoll Al 5T 23 ol E e
(spectral library) 2 EH S ARRE =& it} 7]
TE5E 2 ol E ARESH] e 22
F YoM EFstaAt skt =4 dig A

£ v]g] gL lojof et 3 2EF Gl &
3% T} ohe 2204 Lol AWEFS end-
member AHg 8 3¢ 5 Aol G v 4
Ic. Teb & Aol GARe 2 RE 23 end-

memberE £&3}9th FAFC 2 X E endmember
£ FE317] Y3l stk A4 (pixel purity in-
dex; PPI) 7] (Boardaman and Kruse, 2011)2- ©]
L3515t AR FA S H]E(minimum noise frac-
tion, MNF) ®H2S 53 2574 E‘_E- ‘Q‘::,-O}J_ d=
° Aol T HEEL nAY AZsHn-di
mensional visualizer) =75 ARE-3] HE F7to
=ogato] 71 Beto] 9JA/8k BA-5L endmen-
ber2 A&3TH

4.3.3 A&A AA
B4 o 917, 2, Zolsh 2L B 54 W
2 FEY =93, 35ty EAS gAsk=d &
Ao =2 AREEo] ghtH(Kruse, 1988' van der Meer,
2004). 1 F & 549 Hole & FE EE
=3 FEY & B A 2719 TRl ok
(Clark, 1999). &} =717} v|w 2] LA shchd Z=
EA Zole FEY FH=o vHedth d4A Al
74 (continuum removal)E AME-SHH HEAF ABEHY
& Bi1e} shol 54w AelA E4olE v
w3 & rHaR 3). AL T Ao 57 B

—— T T
" Kaolinite KGa-2
0.45f -
r Band Depth: 1
D=1-Ry/R,

Left
Continuum
0.40 [ Interval

R;

Right |
Continuum 7
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(=]
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Fig. 3. Concept of the continuum removal used to ex-
tract depth from the deepest absorption feature in the
spectrum (e.g., kaolinite). The continuum is defined as
a series of straight line segments (blue line). The con-
tinuum is removed by dividing the reflectance at the
band center (Ry) by the corresponding continuum re-
flectance at the band center (R.). Feature depth was cal-
culated as 1 minus the continume removed reflectance
(Rw/Re) at the deepest point of the absorption (from
Clark et al., 2003).
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Table 1. Endmembers and wavelength range for multi range spectral feature fitting applied to the Hyspex Mjolnir
S-620 image of (a) Gyeonggi mine and (b) Gasari A mine outcrops.

Gyeonggi mine

Gasari A mine

Endmembers Wavelength range (nm)  Endmembers Wavelength range (nm)
Calcite 1 2095-2187.2203-2392 Calcite 1 2095-2187.2203-2392
Calcite 2 2095-2187.2203-2392 Calcite 2 2095-2187.2203-2392
Calcite 3 2095-2187.2203-2392 Calcite 3 2095-2187.2203-2392
Calcite + kaolinite 2126-2239. 2254-2392 Dolomite 1 2111-2172.2198-2372
Calcite + illite 2141-2228. 2285-2392 Dolomite 2 2111-2172. 2198-2372
Dolomite 2111-2172.2198-2372 Dolomite 3 2111-2172.2198-2372
Talc 2254-2351. 2356-2418 Magnesite 2070-2157.2162-2356
Kaolinite 2126-2239 Magnesite + talc 2059-2157. 2162-2356
Illite 2141-2254 Illite + calcite 2152-2264. 2269-2397

Q)Xo A] HIA} AT EY
Z(convex hull)2 F*4
He e
o B 24g

e At

S AP FA BE A
AYo| A ZF 314 0] v AHE

=g ARg-Eh(Clark et al., 2003). o] AL
M BT QAo g HE =
us 54 o HelolA A%
A AASL Hd 45 AR T4

2% endmember=

2~7] o]

134 T3 99 B2FER2A

;‘11

SFEA A (spectral feature fitting; SFF) 7|

£ A28} 3R 2AEYel Bl 39

Bl F BEo] SAES 3

243 }E}(Harrls

1.0

0.5t

Scale

0.0 o

‘ Endmember \|

! 1| Unknown
1 Pixel
/| || Spectrum

Spectrum
L | L |

0.6
Wavelength (um)

0.8

Fig. 4. Concept of the spectral feature fitting (from

Harris, 2006).

2006). SFF 42 9allA= HA FAoA &=
ZE endmember AHER S0 tfsf ﬁé%xﬂ% Xﬂ
Astal o) 5 54 YX| oA F ZolE ALt
afjoF gttt 1 the B8k} sk Aol Al mIA]
o] A" EES] A= AEAE AAT 2 &
4 Zlo]| & AAKSEaL endmember AREF T47]
olof] thek thH(scale) gk AAFRICE thn] ghol 2
42 35 endmember A EHT} JAF A ETY
Rololl A=} 88 olnlgi), E3t Mg o}
& G4 BE endmember AHEZ T} FA Y
Aol A L&A A e AHEFHTES] RMS(root
mean square) 25 AXHIH 4)8taL B4 G4t
/\1 EHHl %kol 31 RMS gpo] F2 3 E& did 3
E231t) o 1Y E3EATA 7 H(multi
range spectral feature fitting; MRSFF)2 Z} end-
membere] 3l o2 o HAE AMESIe] SFFE

Y

*%ﬁF— o 2A o AN FFELE 7HA
‘%‘Xl"ﬂ Frefsitt. o] AFoAE Gl
%% 242t2] endmember g5/ S= o2
oAlE 92 AE(E 1)5F MRSFFE 383 & 7+
endmembero]| T3t scale GA}T}F RMS FAFo] 2211
APE%E(2-d scatter plot)E ARSI Tigke|(interactively)
o2 QAYE BHeT Mg BER BRSIA,

4)1, rlr

5.4 1

51 AMAZE BN

5.1.1 3}3H4 £4

XRD &4 A7 29 ufay|Ato]E 3FAE A]
B2 Ao JRE ulayAfolER RN, A&
19PL130]| A= &4 0] 19PL13-30| A = w4 o] &
2 AEITH Y 5a). A7)0 AR ghelado] =
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mgs mgs mgs mgs 19PL3-1
mgs mgs m?s mgs 19PL13
dol|mgs MgS mgs 19PL13-3
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20 (degree)
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— Nl 20665
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Fig. 5. XRD results of the analyzed samples. (a) magne-
site samples from Pailou mine, (b) dolomite samples
from Gyeonggi mine and Gasari A mine, and (c) calcite
samples from Gyeonggi mine and Gasari A mine.

T4 BEQ] A E(20GG-1, 20GG-3, 20GG-4) 2} B4
Aol = F4 FEQ A E(20GG-29} 20GG-5)=
TEETE 2|3 7] A FAE A B iAo
Z A BEQ AR (20SW-63} 20SW-6-1)2} B8
Ao] F A BEQl A E(20SW-71} 20SW-7-1) 2
Lol 2| 5b2}50).

2= A SeHEA s Hojerh 2
ol TH|ALo] E AL A2 MO EHak(wt. %)o] 44.51
~47.149] HARE BN A& F 7P =4 vehd
o} CaO= XRD EAoA @A o] HEH A&
(19PL13-3, 3.91)2 A 213}1H 1 wt.% ©]3to]H, SiO,
& 3ol A|Z(19PL3-1)E A 2J5Hd 0.1 wt.% o3}
ofck. Z7 P AelA AFRE A3 A=(20GG-1, 206G,
20GG-4) 2] CaO£} MgO2] ek (wt.%)-2 212} 54.96
~55.867} 0.34~0.772] ¥ $]0] 31 SO, 0.25~0.662]
H 9Jo|th, WlLok A 2(20GG-2, 20GG-5)¢] MgO:
19.333} 20.45 wt. % ©] 1. CaO%= 31.713} 31.89 wt. %
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Table 2. Whole rock major element compositions of analyzed samples.
dOre .. Pailou mine Gyeonggi mine Gasari A mine

eposits

Sample 19PL 19PL 19PL1 19PL1 20GG- 20GG- 20GG- 20GG- 20GG- 20SW- 20SW- 20SW- 20SW
No. 3-1 13 3-3 3-4 1 2 3 4 5 6 6-1 7 -7-1
ggcek giin Egiin Is\:ltzgne ls\ﬁigne Calcite Eé)lom Calcite Calcite gé)lom Calcite Calcite geolom g?tleo
SiO, 341 0.09 0.08 0.09 066 00l 058 025 051 <00l 0.04 026 0.68
ALOs 0.72 0.08 0.1 0.07 02 0.01 0.19 o0.11 0.1 <0.01 0.01 0.1 0.26
Fe;0O; 04 064 023 052 032 037 031 0.12 088 0.02 0.05 048 0.71
CaO 058 0.71 391 059 5496 31.71 5527 55.86 31.89 5596 5593 31.74 35.06
MgO 46.13 46.71 44.51 47.14 0.77 2045 046 034 1933 026 04 19.99 16.76
KO  0.01 <0.01 <0.01 <0.01 0.08 <0.01 0.06 0.04 <0.01 <0.01 <0.01 <0.01 0.04
Na, O <0.02 0.03 0.04 0.03 <0.02 0.03 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 0.03
TiO, 0.02 0.02 0.01 001 001l 0.01 001 <001 0.01 <0.01 <0.01 <0.01 0.02
MnO <0.01 <0.01 <0.01 <0.01 0.01 0.03 0.01 0.0l 0.06 <0.01 00l 0.1 0.12
P,Os <0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.0l <0.01 <0.01 <0.01 <0.01 <0.01
LOI  48.67 51.87 50.73 51.83 43.1 47.34 4292 4332 46.78 43.34 4344 46.84 45.88
Total  99.94 100.16 99.61 100.28 100.11 99.96 99.82 100.06 99.59 99.58 99.88 99.51 99.56
Zol 27131 Aol Hla) w$ A et T

787138 A 7HAE] A A weoh A=) CaO%}
MgO Zd2atol= A FAITE, 7hAH] A B4 B
A A BE H71FY ] W2k AR HlF] 2 Mn
TS Hol=t|(& 2) olAo] 7R A FAE #E
oF A2 9] ¢k2 Zlo|of] T4=9F BHo] Q& 4= Qi)
R o] o]l Fe2t Mne Z4EAS R E3HA vt
£ 4= 9ith(van der Meer, 1995). 7FAbe] A At}
8713349 W2 Alme A3} AR} 270 2o
7h ek B718A 0] Wt Alge WAl Rt
Aoz o whsf] ZFAbe] A B4Ee] vk Al R
= 3N A-E YRS Hol=t, o]A o] Y &

T A2 F= Zo] Ato|ek o) e 4= ek '
At o] QIA} 7| 9F BeBEL BiAME ol F4= Zlo| 9
37 F&FE u)AHCrowely, 1986).

A34 A7 5+ EAL 7H 70 wgo A
ERATHIE 6). 37138 A2l Al=(20GG, 20GG3,
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B4 EA2 2,158 nmollA BRHE T A7)3 A
34 A BF Atololl A= &5 Aol Aol7h ERlE=
o] skeka 243 4R 27]ole 2 ZolE HolA|
AUTHE 2). o]t F4= Z o] Aoli= AR 9] M(
71 &) ol I+ ok fUIES v
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Fig. 6. Reflectance spectra of carbonate rock samples
collected from Pailou, Gyeonggi mine, and Gasari A mines.
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Fig. 7. Endmember spectra used for the multi range spectral feature fitting (MRSFF) mapping of the (a) Gyeonggi

mine and (b) Gasari A mine.
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depth value is larger at 2320 nm than the absorption depth value at 2336 nm.



764 =AM . 0l

{

ok &5 FHole 28 F/dolA 24 endmem-

berS-& w28l W84 (2,336nm), #-2-4(2,320 nm),

1A 9 Ueto]E(2,220 nm) 9] 8 4= 54 9

2o A ALtE| STt ZEAR] A Fibol| A= mEu|AL

o|E9] 8 F E4 91X](2,300 nm)ofA g~ 21
o] F7I2 AlAkstint.

737138 =FolA WA 5 Bd
2,336 nmof| A 9] = @ (fracture) T &E FH
Y 223 MRS YRS A st =5 ZA ol A
AgtA o= 217 (0.4 o)) vehdth 11 8a). ¥i-&
ﬁ g 544 T 2,320 nmo|A Q] S
2 AAHo R Zo] gho] ot Hasl sHA|Tk
2,336 nmof| X ] F== Fd} vl FAFSHA v
TH1E 8b). 2,320 nm&} 2,336 nm HE|A] =
F4= 7o) 304 oS Hol= YA ollA °ﬂ’“ Ea
HEYHES g1 A3} 2,336 nmof| A Ff =7}
el Wela AU EG SR SRIE Y F 713
4 EFolA= WafAo] WA vl AN 2
5222 71%)7] W&o 2,320 nmof| A = W-A o] H]
3 =2 S5 ol @ 7= A= Uyt
H9). mabA 578 ot 912] g oA S5 ZHolwt
o= ‘ﬂi—‘%’—‘ﬂﬂr Wl AS k= A2 "= A
S o 2= gtk SN =T SHE AHAE 2,336
nm°ﬂ/‘1—4 = ZolRt 2,320 nmoj|A F4= 20|

_

3

2320 nm
L R B LA

0.1

Dolomite

0.2

Depth

0.4

2200 2250 2300 2350
Wavelength (nm)

Fig. 9. Comparison of absorption depth at 2320 nm of
continuum removed-dolomite and calcite spectra.
These spectra are the endmembers extracted from the
Gyeonggi mine (Fig. 7a).

7He 27 Ve 992 S13 4 gzt
2 Bhe, T Bask 8b), o] SHE W] £
A 7hsAo] Frhe 22 ofrlshe] Aol E
o] $IX|olA WAS BeITk 4 qI9ik. 2,320, 2336
nmol 4 F4 o] GAlelAE BgelH B
ofele of2] o) G (oF 159 em S7) BAE

= SeINA ZTHIY 8a9} 8b). o] HASAE
2,320, 2,336 nmo| A &7} AL JehA] &=t
M 2,200 nmoj|A AtfFoeg 712 45 HolY
whe] 24 EX detole} gre FA A
B2} Bato] 9 0.2 HAITHIY 80).

7hkE] A AE el WAl T BelE 2336
nmefA] g SRl 2A) eIt 10a).
VAR A B4 ol 2,396 nmefl ]
7189 w219 2336 nm F4et wasA ¢
Jobl ehdtt. o2 Aj8ig A2 5] B

S4%E AX|ehH s o] M=o} B0 9l
4> QJtHaH 6). 37139 =5t v & 7RAL
2] A AL }E.‘,:_o}]/dE 2,336 nmoJlA 72 F+E
2 wWoX T2 EXgl 3 FH 2,320

Hole F9=

Fig. 10. Images of mineral absorption feature depth for
Gasari A mine outcrop. Depth image at (a) 2336 nm, (b)
2320 nm, (c) 2300 nm, and (d) 2220 nm. Red arrows
indicate the location of magnesite samples placed on the
outcrop.



nmof| A= A3 22§47 BAYTHLE 10b).
o] 4 vtz ¢2= 2,320 nme} 2,336 nm 250
A oFet F7t Yehd= 9o EAsk=d °f A
Bl XHH% FHA B oA W 2gho| 7
B0 oS- & FrEE Q-E}-”JE}-(ZOSW—%l
20SW-7; 18 6). ©] 99 9|2+ g2 2,336 nm
oA e F5 Hrt 2,320 nmojM H %;8 7Y
Eh7] wEof WA e 227t ol 11 10c
+ Pt E9F B H 2,300 nmof| A &] F4 2
olE Ahtdt 2IE HojETh nfIHALOlE o4
Al27h Wi E IR (B ShdE, T 100) oA
HlaA 52 F5 Zo] ghe HolAut a4t
O R AEE i dFNE B2 F5 ol
& Btk wabA 2,300 nmof| A 9] g4 Zo] 2}
olgte 2= nfIY A ES W4, M-I} 7
5t7] ol Htk. 7HAkE] A At leFollME S At
A FE B E 2220 nmof| A 9 FHEAE A

o) U] ekbeh(2E 10d).

523 0B By

A7) wFo 2ED giroamnE 2ZE
endmember5(1§ 7a; ¥ 1) 2
2 B3 o) REd= |34 FES 7Y
BEES Y = YATHIH 11). MRSFF 27 2
T v gry
HolZn, 2336 nmol A T2 Zo|7} oh2

mlo
o
oo
%
=
[~
wn
su]
i

o] o2 o] FolA S-S

Al 5

Explanation

- Calcite 3

ERAIDY TA} L= L2 Hxc XpA 765

o] Bia S TEHA HojEth Lo =Mo7 §
HAE T Horl T2 WS YR ddy 9
Hoj &gl glon, i Ao H]3| 3l

011*1 o AR Ao yehdth o3t g4 Zo]
Aoz A dFT AAE R71EY F Bl
U2 5 Atk F FTE 7= A3 S ok =
L o (u} aw])ﬂrﬁ/ﬂ( ZHA) o] AR ol

B o] YA T Nt Gt vhg vl
o17] nhol @4 BoF0 2 o] ol

3HH MRSFF 25 ZAiloA = dajo| E(urha) o}
TP =B 02 o]2oj o FASE A
elg = Sl

PR AR R 2 Y PPo R 22
H endmembers(13 7b; & 1) MRSFFof A&
3 A3} o) B io] Mo N(uleh AY) o=
BREglon SR Paha=y A 2uv}
SR 12). 7HAk] A FA mFol A @
oA w4 3jehe o] Mo R e ofL g
T FEE 4 Q) 2|9k, MRSFF 5 Ayl uieoku}
HEI9re] AAEE vk B RojE wat ohy)
g 3271 e 2po)E 7|8l 2 WM al vl AL o
< AlEsts Bolek. 77139] =Tl thak MRSFF
25 Anol A 2336 nmoll A A H oz ¢
S8 Holt wajio] gol lE W Fhxtel A
A LR A L 72 T4E Kol dhajA (g
o] AjH oz o gol Sldrt Eat 371

Calcite 1

Calcite 2

Dolomite - lllite:
Talc Calcite+kaolinite
Calcite + illite Kaolinite

Fig. 11. MRSFF mineral map of the Gyeonggi mine outcrop using image endmembers (Fig. 7a).



766 =AM .0

A =5 JAM A= 2,320 nmoj| A At F oz 718
E4E 7HAE w24 endmember Tt &5 QA9
7] A A RO M= B4 Zlo)7) thE oy
W94 endmemberSo] 2&E Q). 7HAte] A Z
A} 1-of| )3t MRSFF B2 Aal Al o g oF
< & 5AE 7 WA (o1 R M) ol B
o] Bxstz AR YEyith ol 2SS &
A el 3t w48 Eehe o A RES YA
o= ST 2 BT F AT
6). MRSFF ZollA] o FEZE TFEA] ¢
A7 FFo] yehdth o SAES EF7
25 o]d endmemberSHE HAISHA] Yt A
< oujatn] 2 A3 utR 9] Fooi] TEE
TH2E 12). ©] GG F== Zo| FA oA = ull$- oF
3 F4271 Vel (2 10a9} 10b) 2.2 k3]
o] Wi eoto] Fx& HIFIH20SW-7-1; 1% 63} 13b).

—_

Explanation
Calcite 1
Calcite 2

Dolomite 1

Dolomite 2
Dolomite 3
Magnesite
Magnesite + Talc

lliite: + calcite

Fig. 12. MRSFF mineral map of the Gasari A mine out-
crop using image endmembers (Fig. 7b).

Fig. 13. Subset of the Gasari A mine outcrop. (a) MRS

w2ka S5AolE 7Hte 2 3= MRSFF E59]
A olu et SHARE FFEA] FUT vh|A
O|E= MRSFF gAolA 288 AL Ql
tH1E 12). 302 Q% ¢ BF saEo] g%
SRASA| T efFof] w2 E wiIH|AROIE b AR

S W2 HAEL Slee & 5 SITHEE 13a).

6. £ U A=

B AL B Rl that Tt AT
AT MW F Sk A7 22 7159
99 7Rse B I8l B713 e Ak A
o) B RS O R 28 G4 B
ol 287 GOl AFI o 16
Sk ope} thy] Ebo] g gl EeEg)
B WK 2L B o= 4
Sich B8 23 ol e e P we Wy

Z

ohuieh Yo 22 2 27T B3k U QAT 2L
kU

i

2

-

32 O ool off
BN °_{>.>”

2 oA 94 FST AN Byl e AF
3 go] 7HTh A71FU 7kl A Bk e
o) Ao dhat A2 A7 oS skt B
o] 5t ol AAT A L Weok A=
o 289 94 HBS 9% SauAfol= Ao
dhat XRD 88 243 B2y AnNEe 289
YL 0§ TG BB BF Aol that w2
HAES S ok 28 G4 HAS 9
A 7Y F B 9 XN E5golE A

SESTT RSN

§o &

FF mineral map. (b) Field photograph. Red circles indicate

the location of magnesite samples placed on the outcrop. Red arrows show the location of calcite (20SW-6-1) and

dolomite (20SW-7-1) samples.



Absls A4A AlAE COs, AI-OHY| 93 S+ &
A& TEshet EnAol ANt 4 SAo] yEt

= I YRI7E A E 77k WA, WA, nt
JYAo| ESH 22 Y FEE7Ele RS &
fch. AEA AA 712 24wl 4 7
517 hlzell A= A X2 Aol eatEd
H] gAY i} 22 dRolA wWE HET}
2o o a9l YHo R AL o2 oA
ARANA FE LR FFE-Y RMS 23 ©]
&3t= MRSFFE ARS8l At F5 BEES
AT 4 A 53] A8 =RolAe @%
NN oz A oL WA} HeAS
T2kl AP AT} dto| ER Y7l vt A7)
o FEES FUE 5 AT A7 MRSFFE ©]
B3t = Rpol & 7|Nre 2 WM at WA s
O AlE2SAA 27 5 AT o2 FHe
A FE] e @ A 27, 2 T A
I 22 B4 Bl J17] whizel] g =)
it 2|3 s A of] =] 2 4= Ut

itz oz 2583 G4 7lette s o) Xd
< olsfistaL sjMsh= Aoll= AZE AR, ol=
@ W kA At 37 st Ho
&8 A2 = Ak ol Higt 21 ek S
Aot FRISZ 3l Aol gt 228 9
&& B83sh= A2 E 7HA] ool Aok AA, Azt
I} v]-go] go] 2R H= SRR glo| & kFofl A
WYL FE BE IS wEa FESHA &l
S Aok 7 A= AR Aol ofEe el d
o AAstar A= e 4 Qs FE AEE AL
dth= Holtk. dlE Eo] =& Ao} e P4k
NN HEFEY 3G TR HAsk= A2 &
A AE B S B7hed =wol 2
& olth ESL BS Faohd o) 4v) R}
ARG 4= 9o, So] Auleto|E 15| HE
E20] By 3} 71540] 7 AchGoetz et al., 2001).
Ao 2 PR HEY F8& 2Fsh= A2 4
A gFom o] o AANA ALkl =
250] gt 1 9He RARE S BAPE C

A7l 289 L Toln 2o Wi
AgeE e AeEe] 339 AUBYL BE >
AtH(Kurz et al., 2013). o]23t B2 E35] 8%
Q1 AP} ol 8 2 e o] ot 2 4

LT 3= 2EE AY 767

wmnkohe} 4 9 7 B4 52 9ot 917 4
2 7)uke] 435} A QRS A 4 ook E
3 5917 7]9k) 2EH QAL A We Aelo]
e A E XA A RS W A7 ko] 58 4 9]
£ mTbEQl wpolth. el A9 AEAQ by
oL B3] olele A FRE AAY 2N

l

R ESA77] Ao ARA/ A/ B 22T 9
& ol &7 TRt A EdH E8o] AEHL Q)

o

. Seluete] A9 BRHE AR FRE Ao
2 QI3 Aoko] YA, A4 HAl ATt £ 2
ol H9l XA BE wofel et 284 A WA}
o) e T AUAL WA B FF B3t Ao
of Tt el 1) A AR BAIAE 58517 A
94 9L Aoz wa,

ZAe 2

B AT 2020 ARl &R REAIR) 0] A
flom jael|eTE SRATRARINo, CRC
15:-06-KIGAM) 2] | 9& §o} 35| ey o 1o
= qhflel A= Ao E2E FA AR o)Ak
(FHA12] A S4B, 017] ol (A7) A RS

Huet.
REFERENCES

Beckert, J., Vandeginste, V., McKean, T.J., Alroichidi, A.
and John, C.M., 2018, Ground-based hyperspectral
imaging as a tool to identify different carbonate phases
in natural cliffs. International Journal of Remote Sensing,
39, 4088-4114.

Bedini, E., 2011, Mineral mapping in the Kap Simpson,
Central EAST Greenland, using HyMap and ASTER
remote sensing data. Advance in Space Research, 47,
60-73.

Bierwirth, P, Huston, D. and Blewett, R., 2002, Hyperspectral
mapping of mineral assemblages associated with gold
mineralization in the Central Pilbara, Western Australia.
Economic Geology, 97, 819-826.

Boardman, J.W. and Kruse, F.A., 2011, Analysis of imag-
ing spectrometer data using N-dimensional geometry
and a Mixture-Tuned Matched Filtering approach.
IEEE Transactions of Geoscience and Remote Sensing,
49, 4138-4152.

Bowers, T.L. and Rowan, L.C., 1996, Remote mineralogic



768 =AM .0

and lithologic mapping of the ice river alkaline com-
plex, British Columbia, Canada, using AVIRIS data.
Photogrammetric Engineering and Remote Sensing,
62, 1379-1385.

Choe, E.Y., 2003, Mapping geological materials by ana-
lyzing the spaceborne hyperspectral image. M.S. thesis,
Chonnam National University, Gwangju, 57 p (in
Korean with English abstract).

Clark, R.N., 1999, Spectroscopy of rocks, and minerals and
principles of spectroscopy. In: Rencz, A.N. and Ryerson,
R.A., (third eds.), Remote Sensing for the Earth Sciences,
Manual of Remote Sensing. John Wiley & Sons, New
York, 3-58.

Clark, R.N,, King, T.V.V,, Klejwa, M., Swayze, G.A., Vergo,
N., 1990, High spectral resolution reflectance spectro-
scopy of minerals. Journal of Geophysical Research:
Solid Earth, 95, 12653-12680.

Clark, R.N., Swaze, G.A., Wise, R., livo, K.E., Kokaly,
R.F., Sutely, S.J., Dalton, J.B., McDougal, R.R. and
Gent, C.A., 2003, Imaging Spectroscopy; Earth and
Planetary Remote Sensing with the USGS Tetracorder
and Expert Systems. Journal of Geophysical Research,
108, 5131.

Crosta, A.P., Sabine, C. and Taranik, J.V., 1998, Hydrothermal
alteration mapping at bodie, california, using AVIRIS
hyperspectral data. Remote Sensing of Environment,
65,309-319.

Crowley, J.K., 1986, Visible and near-infrared spectra of
carbonate rocks: reflectance variations related to petro-
graphic texture and impurities. Journal of Geophysical
Research: Solid Earth, 91, 5001-5012.

Farrand, W.H., Singer, R.B. and Merenyi, E., 1994, Retrieval
of apparent surface reflectance from AVIRIS data-a
comparison of empirical line, radiative-transfer and
spectral mixture methods. Remote Sensing of Environment,
47,311-321.

Gaffey, S.J., 1986, Spectral reflectance of carbonate min-
erals in the visible and near infrared (0.35-2.55 microns):
calcite, aragonite, and dolomite. American Mineralogist,
71, 151-162.

Gaffey, S.J., 1987, Spectral reflectance of carbonate min-
erals in the visible and near infrared (0.35-2.55 um): an-
hydrous carbonate minerals. Journal of Geophysical
Research: Solid Earth, 92, 1429-1440

Geological Investigation Corps of the Tacbaeksan Region,
1962, Geologic Atlas of Taebaegsan Region. The
Geological Society of Korea, 107 p.

Gersman, R., Ben-Dor, E., Beyth, M., Avigad, D., Abraha,
M. and Kibreab, A., 2008, Mapping of hydrothermally
altered tocks by the EO-1 Hyperion sensor, Northern
Danakil Depression, Eritrea. International Journal of

Remote Sensing, 29, 3911-3936.

Goetz, A.F.H., Chabrillat, S. and Lu, Z., 2001, Field re-
flectance spectrometry for detection of swelling clays
at construction sites. Field Analytical Chemistry and
Technology, 5, 143-155.

Harris, A.T., 2006, Spectral mapping tools from the earth
sciences applied to spectral microscopy data. Cytometry
Part A, 69A, 872-879.

Hong, S.H. and Choi, W.C., 1978, Explanatory text of the
geological map of Geumsan sheet (1:50,000). Korea
Research Institute of Geoscience and Mineral Resources,
66 p (in Korean and English).

Hyun, C.U. and Park, H.D., 2013, Limestone mapping in
Gangwon area, South Korea using EO-1 Hyperion hy-
perspectral satellite imagery. Journal of The Korean
Society of Mineral and Energy Resources Engineers,
50, 44-55.

Kim, R.H., Sohn, S.W. and Lee, H.K., 2004, Report of the
intensive survey on limestone in Geumsan area. Korea
Resources Corporation, 151 p (in Korean with English
abstract).

Kim, Y.-H., Kim, G.B., Choi, S.-G. and Kim, C.S., 2016,
SWIR application for the identification of high-grade
limestones from the upper Pungchon formation. Economic
and Environmental Geology, 49, 335-347.

Koh, S.-M., Lee, G., Yu, B., Kim, N. and Lee, B.H., 2019,
Geology and mineralization on the northern part of Korean
peninsula. Korea Institute of Geology and Mineral Resources,
324 p (in Korean).

Kokaly, R.F., Clark, R.N., Swayze, G.A., Livo, K.E., Hoefen,
T.M., Pearson, N.C., Wise, R.A., Benzel, WM., Lowers,
H.A., Driscoll, R.L. and Klein, A.J., 2017, USGS Spectral
Library Version 7 (Data Series 1035). U.S. Geological
Survey, 61 p.

Kozak, P.K., Duke, E.F. and Roselle, G.T., 2004, Mineral
distribution in contact-metamorphosed siliceous dolo-
mite at Ubehebe Peak, California, based on airborne
imaging spectrometer data. American Mineralogist,
89, 701-713.

Krupnik, D., Khan, S.D., Okyay, U., Hartzell, P. and Zhou,
H., 2016, Study of Upper Albian rudist buildups in the
Edwards Formation using ground-based hyperspectral
imaging and terrestrial laser scanning. Sedimentary
Geology, 345, 154-167.

Kruse, F.A., 1988, Use of airborne imaging spectrometer
data to map minerals associated with hydrothermally al-
tered rocks in the northern grapevine mountains, Nevada,
and California. Remote Sensing of Environment, 24,
31-51.

Kurz, T.H., Buckley, S.J. and Howell, J.A., 2013, Close-range
hyperspectral imaging for geological field studies: work-



flow and methods. International Journal of Remote Sensing.
34, 1798-1822.

Kurz, T.H., Dewit, J., Buckley, S.J., Thurmond, J.B., Hunt,
D.W. and Swennen, R., 2012, Hyperspectral image anal-
ysis of different carbonate lithologies (limestone, karst
and hydrothermal dolomites): the Pozalagua Quarry
case study (Cantabria, North-west Spain). Sedimentology,
59, 623-645.

Naleto, J.L.C., Perrotta, M.M., Costa, F.G. and Souza Filho,
C.R.,2019, Point and imaging spectroscopy investigations
on the Pedra Branca orogenic gold deposit, Troia Massif,
Northeast Brazil: implications for mineral exploration
in amphibolite metamorphicgrade terrains. Ore Geology
Reviews, 107, 283-309.

Nieke, J., Schlapfer, D., Dell'Endice, F., Brazile, J. and Itten,
K.I., 2008, Uniformity of imaging spectrometry data
products. IEEE Transactions on Geoscience and Remote
Sensing, 46, 3326-3336.

Noh, J.H., Lee, H.-K., Lee, H.C., Park, J.-R., Jang, B.-G.,
Yoon, W.S., Jeong, U.J., Kim, C.S., Im, B.-R., Mo, W.,
Min, S.H. and Oh, Y., 2010, Report of the intensive sur-
vey on limestone in Jeongseon-Nam area. Korea Resources
Corporation, 151 p (in Korean with English abstract).

Noh, J.H. and Oh, S.J., 2005, Hydrothermal alteration of
the Pungchon limestone and the formation of high-Ca
limestone. Journal of the Geological Society of Korea,
41, 175-197 (in Korean with English abstract).

Okyay, U., Khan, S., Lakshmikantha, M. and Sarmiento,
S., 2016, Ground-based hyperspectral image analysis
of the lower mississippian (Osagean) reeds spring for-
mation rocks in Southwestern Missouri. Remote Sensing,
8, 1018.

Rockwell, B.W. and Hofstra, A.H., 2008, Identification of
quartz and carbonate minerals across northern Nevada
using ASTER thermal infrared emissivity data-Implications
for geologic mapping and mineral resource investigations
in well-studied and frontier areas. Geosphere, 4, 218-246.

Savitzky, A. and Golay, M.J.E., 1964, Smoothing and dif-
ferentiation of data by simplified least squares procedures.
Analytical Chemistry, 36, 1627-1639.

Shon, G.S., Park, C.K., Sur, K.H. and Shon, S.W., 2001,
Report of the Intensive survey on limestone in Jeongseon-
Sindong area. Korea Resources Corporation, 114 p (in
Korean with English abstract).

Son, Y.S., Lee, B.H., Kim, N.H. and Koh, S.M., 2020,
Evaluating detection for carbonates using ground based-
hyperspectral sensor. Proceedings of the Annual Joint

EfALO TpAL L= T2 2xo X 769

Conference, The Petrological Society of Korea and the
Mineralogical Society of Korea, August 20, Korea,
123-125 (in Korean).

Sun, L., Khan, S.D., Sarmiento, S., Lakshmikantha, M.R.
and Zhou, H., 2017, Ground-based hyperspectral imag-
ing and terrestrial laser scanning for fracture character-
ization in the Mississippian Boone Formation. International
Journal of Applied Earth Observation Geoinformation,
63,222-233.

Swayze, G.A., Clark, R.N., Goetz, A.F., Livo, K.E., Breit,
G.N.,, Kruse, F.A., Sutley, S.J., Snee, L.W., Lowers,
H.A., Post, J.L., Stoffregen, E.R. and Ashley, PR,
2014, Mapping advanced argillic alteration at cuprite,
Nevada, using imaging spectroscopy. Economic Geology,
109, 1179-1221.

U.S. Geological Survey, 2020, Mineral commodity sum-
maries 2020: U.S. Geological Survey, 200 p. https://
doi.org/10.3133/mcs2020.

van der Meer, F., 1995, Spectral reflectance of carbonate
mineral mixtures and bidirectional reflectance theory:
quantitative analysis techniques for application in re-
mote sensing, Remote Sensing Reviews, 13, 67-94.

van der Meer, F., 2004, Analysis of spectral absorption fea-
tures in hyperspectral imagery. International Journal of
Applied Earth Observation and Geoinformation, 5,
55-68.

van der Meer, F. and de Jong, S.M., 2002, Imaging Spectrometry:
Basic Principles and Prospective Applications. Springer,
Dordrecht, 425 p.

Yang, K., Browne, P.R.L., Huntington, J.F., Walshe, J.L.,
2001, Characterising the hydrothermal alteration of the
Broadlands— Ohaaki geothermal system, New Zealand,
using short-wave infrared spectroscopy. Journal of
Volcanology and Geothermal Research, 106, 53-65.

Zaini, N., van der Meer, F. and van der Werff, H., 2012,
Effect of grain size and mineral mixing on carbonate ab-
sorption features in the SWIR and TIR wavelength
regions. Remote Sensing, 4, 987-1003.

Zimmermann, R., Brandmeier, M., Andreani, L., Mhopjeni,
K. and Gloaguen, R., 2016, Remote sensing exploration
of Nb-Ta-LREE-enriched carbonatite (Epembe/Namibia).
Remote Sensing, 8, 11-17.

Received : September 25, 2020
Revised : October 26, 2020
Accepted : November 4, 2020



	지상기반 초분광 영상을 이용한 탄산염 광산 노두 광물 분포도 작성
	요약
	ABSTRACT
	1. 서론
	2. 연구지역 지질개요
	3. 탄산염 광물의 분광 특성
	4. 연구방법
	5. 결과
	6. 토의 및 결론
	REFERENCES


