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ABSTRACT

Induced polarization (IP) was first published in a Korean academic journal in 1973, and it was soon applied to coal and metal ore
exploration. Then, in universities and research institutes, IP modeling studies using the finite element approach and experimental
studies on IP responses for artificial samples were conducted. In the mid-1980s, the spectral IP (SIP) measurement module was
introduced to Korea, and physical scale modeling and inversion approaches were developed. Due to the decline of the mineral resource
industry, this method was not actively applied. However, the SIP method was not applied In the 1990s, IP exploration was applied
in the investigation of hydrothermal deposits of sulfide minerals and bentonite mineralization zones, as well as to areas where the
groundwater was contaminated by intruding seawater. In the 2000s, three-dimensional inversion of the IP approach was developed,
and high-precision geophysical exploration was required to secure domestic and overseas mineral resources, so SIP experiments on
rock samples and approaches for field exploration were developed. The SIP approach was proven useful for the exploration of metal
deposits containing sulfide minerals by applying it to explore the mineralization zone of gold-silver deposits in the Haenam region.
The IP method is considered to be effective in exploring critical minerals (lithium, cobalt, and nickel) in high-tech industries. It also
is expected to be useful for environmental and geotechnical investigations.
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U ELEPE AF A= A2 19379 HEE A
HL22 S NS uff A7HARE AAIRE A7E e, dA
719 AdzAMOA A9 SERAL AH] SOl 2 &
& A Q] (self-potential method) BA} = QT 712 0]
UcH(Kwon, 2007). 3 ¥ 1958 = PR RARROA B
ARA] AL, AEARR] G 9 TR S O] BAARARE Piste] At
AP AAEeH, S5834 2 AskeRAE At A7)
FAE A857] AR T ol% 19624 mls 7|&8HT
o] Il SolHA AT T AR HZew
AAE ®BA7} Qth(Kang et al., 1990).

1980ty o] HE = AA7|7] 2 HFE dEn I &4
73| W QA dare|Eo] IEUA HA7|EAE S &
Aoz Huth 3] SWo] AFAREL EA A ANty
A7a|ARe] wob Hlwd o] w2 AYGoAe HgHe
2 A7 50| 7h5skaL, A ARolA HlE = A71H 24
< & 7 Uk Aol o] HFRAETH: ARERAL B4
oz BER A4 9 3 Zoboll & gA 2-8%7] AZsteth

S =E(Induced Polarization, IP)EA= ZA7|EAPH Q] S
FHolARE, FHolA de] AREo] & A7u|AFEA] H]
3 EF 53 7ls 4 Aol golstA| gol wWol EgEA|
3ok IPEAR: A8t i@ B @42 S5t Ae=
A A= GEHAA A7|8AFFARRE FAFSHARE, 7
@ ASolA A7 ARgte] dele Al ARt A
oA 74 & sjA7|&ol Ael7t Utk XFo] H7|A Ak
A st} FEY S €7] HsiMe &Y ARE
@ &o08 FejHopstal, £ H=at ufd Aol M= 2
= @Al doluA] A vlES H=3 ARgSfiof gttt w2t
A RN @ SRR iAol HA] g 3
A, A, UAA, dotdd T BRES RS Yl =
&34l 83 FAHe R dEA ok Ty 19739 A
Frase s A4 A AHdRE=7E HFE L,
19829 o|% F=o] AlA| AHAIS] FE=o2 FASsHHA
AdFes aqE FAE ez 99 vt a5
Fiko] Azt AA7o HolEHA IPRARE HIRS EEAt
7h A 9 -8R ERE 2=t 20029 o] %
=, Bepd, Q% 5 HEYA(BRICs) 571 R /=49
5T BAEA O FEAY 87t G5 shaA dAA
7470 551 =it olof SEutE FEAREY A5 A
eSS =ol7] 8l A AdEA s Jdo] aFEHA A
F3= o83 ExTdn] FAF 9 Fof === (Spectral
Induced Polarization, SIP)EA} 7|4 EH3le] 2 F&E
ALeEALol] B85HA =]l

2|2 FEAERAR oA A= AR 1E9] FA
£ R AF2A 2 EEAE AT, o] Ext

‘Easy resource’ A|to]lA] ‘Extreme resource’ A|tZ2 &g of
w2t AE9 FA L AR BAE WFeE FUsHA gAre
T Q= 710l 8FFHA Qo old fFERISEHARE A
(disseminated) 3/Joly BeRdES ZHsHL Qe e
S5 783 BRI R S Aq-ERoll tiste] whet
3 a7} Qlot. wakA o] =RoAE FEESEAL 71&0]
ol =4E ol 7R SR 7<=, AW =457 71
<, @ IAIs 1D A Aol tisiA] Altistel o 7]
< YIS Aestaat gt

FERSEM 7IE =Y

SRR} 7)go] T SaAo] 2718 AL Cheng
(1973)el &Jsff dint @2 =0 FdAtel 283t Akl7t
Agoleh FAIEHS o&ste] FEEaEARE AR 2
H2RE AL [P o Jtiet A|3Hy otz A== 23
o] AFEZARE AAlste] S FopdogA O fads
skt 1 Al SAATe] SHE 7 (sphere) Heo]
1, SA v (layered media) 5 7HARt 71518k mgo gt
ol24of| o3t M sHAY 224 ZFRF o thste] #F
ZA(standard curvey ZHJsto] s 45kl7] wiwol 2EF Y
A7WA% 9 Fufead(frequency effect)’} v 3¢kt 2ol
7} tids] 2 wiu A Folx 2hdgt 7)skehe mEe dsh
ARk Ago] 7Rt Ty A4 > 233 th=7] of
ol o3t S-S Hestr] ffste] MAAKIZ|E o83t
A mdg HhHo] ARE7] ARt on, 3R (finite
difference method), 53+ 8 4~ (finite element method), 3|2
H(network solution method), 2554 2] (integral equation
method)o] 7= Qict.

FWol A= Chung and Hyun (1979)°] 2J3iA] {3tk
o o3t 1P ey A7k AIRE T Uk AFHEt
At FAZE EA e s ddEo e d 52 1T
o o]22] 9 FEpMe) o) IP j4S Al=sHr]ole gl
7F tke 2 Ik wEkA olE ZiAdsH ] sk AR

aF ARSTE fRta ] 23 Bl gt A REE ¢
7t =Gl O Al A REE A= ARAL Y] 5
g T ARBAIZIO] SE3] FHEER] Zaf EFARE ZgY] &
At AFHsto]| g 1P o] 24 thFA|= EotaL, 45° 7
Al dyked] A=, &, A7]8[A}E HMSAA IP o] 854S
ek E3F fRre R ok IP REE ] SlojA] Akt
840 37] 9 7, Yoz S0l FAZAT Fourier HEk
SollA HASH] wiZof o] Aiteat W ALKTES £0|
7] 18t Fappg oA F potentiald o= thAl o3
2ol 7108k 23F potentialfts 3cH 1P REY A4
¥} o5k, A=AHdipole-dipole) B €3} 7 Ak(gradient) Bl B
sk W] HIAE BAlshen S-S v
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IP 22 A7} o] FojA WA FFHe B J 7
B BIRS FEALEA] FEESEARE 285 A%
24 30] Jang and Hyun (1983)] 28f| 3= it} 2=
33} EtAES ANESHe] 7E= 180 em, A2 140 cm, 9|
90 cm2 AZE| Y om, SATS AR WA FA o st
of AL AR, 2 A7|IAEE 59 271E HSHA|7|HA
A=A G s A wde] digk 23k ARME Y R
=< 543ttt S8 421 F%/d(chargeability) profilex}
TFHAES ZJste] o] Hlw HES An FA FE oF
9] ERlat HE Feof gt FEE A& 5 U

FEESEHAR 7|2E7

1980 o= AA717] 9 AHFE Q] Wax A SollAl
T FEETEAE THEAA A 9 FEXLEA] &85t
7] 913 st @ A7)l 7123 At &b o]F
ot} Kim (1984)2 F=f=AtollA Rske] AL EAo]
gk A=A g P ¥RES A4S o] &3 A AAL
HHog 13tk ESE Suh (1985)0]] QJsfiA] FE=Ad=AR
QoA SIPH Q] 380l T3 A7} BALEHA, QI3Hy
28 A5 SIP BHg-3} Cole-Cole 2@ (Pelton ef al., 1978)
= ©|-&%t SIPH Y A4 A7F o] F o Fth(Suh and
Jung, 1985). T 9] IPHE F 714 38 EA1Ro] lSl=T,
sht= ARE7] Adh(electromagnetic coupling, EM coupling)o]]
gt EAlo]aL, thE shbs AR AIA B AS BEQL &
AN 5A FY FIRFEo] BASFES fARRE IP 2aE
Ueh i gioks Aol o|fg ZAIR FolA Axp| 2=
ANAstA; Fh Y FupeE AN FHF Y PEA]
gt A7F AlRFESle ), 1982 0f hE AR A A (@
A AR AT D)ol A vl= Zonge AL=EE SIPH A
7} FE=E A

ol SIPY FAPZ |7 == HA S AaE 46}
=t 283t 7|2A AuE ATt JIFRY BA ARE
ez A SIPEA Ado] 3= ch(Suh e al., 1985;
Yoo and Suh, 1986). ©]& 3] AU &4 Ax] L A|AEHS
Zhxa1 ool QIF Ry A8E ARkste] Fulrof mE H]A
Pt V2 Sk o] o) ARSRE Tk §9] 9 ol
0.1 Hz ~ 1,000 Hz9] Ft&da}ol, 1, 3, 5, 7, 9z} Z3ha}Eo
b2t S48 A=E Aof 45t 54 A=E Cole-Cole 2
dof 39 Al & A=d HeES 13 3 2 Fuke gk
59 ZZ3t St sk e YA 271 9 |
w2t gEpR| e, A Y Rt 23 FRpo] WEE A7
AR 7rasstar, A YA 2L o] gEaE A4
< F7Hhe ok B3 S o7 Al 28 9 A
79| SIP 3 A2 HE Egtof 3hid 3R] F7HE
5 AT} HY 9149 27 FobA|H, FAkE ©El g

2po|e}h S W BRSA4EEY g A& Zfo] wiiZol =gt
9] SIPFF-go] th=2A Uehds 4S8t

1986\d0]] m]= Zonge A}2EE 1% GDP (Geophysical
Data Processor)-12 A|2ElS &85l 71gebd AFA g A
HollA SIPY A[FEAE 3= {{TH(Lee and Koo, 1986). &
FEHAE S 4S8 m, T A Foje 672 mo|n B
A A8 ARESte] n=1 ~ 6704 Sk ARA
=2 3 3ol A A= 10749} I Sl EdFrlE TS A
$3tol HAAYE WHeAT wsigon, AATe uE
] AT (porous poE AT FrfelfER
ZERA}S 0125 Hz, | Hz 9 8 Hzo| 37) 2042 ARg3}o]
AFARE LA} FLI SHAA A7|RAFEAIR E2
AR7HAY G} FHARFERTEAE 2 2EIHA
@S HwstR oy 2pol7t glo] SIPEAL A=E siA R
of] 3lojA] Zonge AHS] HAZ| AR AA 714 =93t HARERE
£ dXsh] g 2l d9v BadEs Agstth

ol A oS QAIst FER=AIA 234
zo| tigt A ARMYHI A =Y AR A
o] At o= Sl= 77t o] FolF . Kim (1986a)2
A5te] H|AFEEZE 22 0% HE3}sto] Fourier HEHE
Aflel thet AP AS =3k, olF A FE FARH
o8 E3 ¢ %, o Fourier ¥2hE F3to] HAFHol it
AKEZE Fote S AFstlen, 23 o] gt
=59 2T S A o83 2dY Vsr FJE
Fch(Kim, 1987, 1988). =3t AhR| oA AZtES =&
SYAE AT O A7) AR GRS 7w A
3 4 9l B FIAL, o]F BRIANE A8 & U=S
3} tH(Kim, 1986b). Lim and Hyun (1989)2 ZEHFA A2
o] &3t 32+ R 7|&E o8t Al WolA A=9
K4, ol A9 27] & AHo g F=2= vhE AES
Aot T3 Nam and Suh (2001)= 7]&9] 324 A7|8]|A g+
2y kg AL GaEES g e s 33 S =Y wks
ALt G e sk

QERIEML

ret

¥ Mgy BT

1990 R E = o] 91T fEEITA) 7|2 A7E
Hlero 2 WLl AL, Sl ofat XJske: 2.@xo]
2A}o] A g ) Mol = A2l 3 ZE, A
Aeje] Tl MELolE BN 147 ARE Rste] FE
7} ThE Aol AeAA H71H Banaa wgo) 2710
e Sttt 34 Aol ofstu Tt AELo| o)
AR SIP ¥R T4 ABolut T4 darths 7 mer
o] Aot FHE W FIET T3 o A
Exolo] § 2 JRS WL LS WHATHHm o al,
1990). Song ef al. (19932, 1993b)e- AL o4 ZAJAL Zd|at
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F EEY S0 BY BET ST ol FHE  PIEAT) FET AT B2 FEAY Fa%t FF
RN Bdold B4 Y TuA AGe) Mol sto] YA Aol ESsEA SeluetE FBAAY 45
E YR U 34 et AR AW fEES AEES Rolv] 918 S Folgae) A sel

HARE AAISISITE A A 2ALA @ EARS] F-A-old 43
W B T A BERE EA, TAA, Aot FolH,
olF FEo] £X e FAHoAME BEY] FH&
(apparent chargeability)e] =31, ZHE7] H]|x & (apparent
resistivity)o] A YePgS & 4= At E3 S0l 299
HELU|E =271 WaEo] Sl d5Ae =t AXE S
S49] gAF Aol A= HIEL|E At W E o] Q= 3
= EPdEY] Fgtier v 2 2EY) SHE0] =
a1, AE7) vjAFe] WA Uehdar §lo] ol BASAHE ¥
FH o2 sJAsHH HEUO|E J4to] 33k 2 FHie ot
ofdt 4= Qa2 AARIH

1990t FRtols FEE=2AE FARAE 2ol A|st4
A= AF Z-EE Ut Song (1995) i Mol 2%t
Aot 2d A H3 THA] o2 A HoA FEETEHARL 5=
2] A7 ARFEARE AAlst] ol Z2TE st 'Ab
Ate] F9 Aol oJstH 2] M7 H|AFFEA FA oA
AE7] A G| Ao sz LHE g HEA FE
o] EA= AT 4= l=Hl, o1AS BESHA siAstr] sk
A FEE2T9A7F Badks x5 ole Y d+
BZHOZ Lee at al. (2002)2 Futpd S S EIERR}o)A]
T e FupE o]&st Al HeuEE SAE o $4
AFHES SAl S8 § A ALuES $41 D793
o2 t]ZEF XA (deconvolution)dte] T7]9] FulgolA AR
7] Bl ofYzt IP BE Hoh FAUsHA A= 4= 3l
= WS ek o] B sieE 8 A9l A&
3t A3 Au|AY SN E EE 4 QIlE [P 2t &
HEST P a7 W2 3 ARHE 29 5 Ui

&

e g EEITA Y TIE L WY g AT

bl
r
o

20024 o] F3, Bebd, Q% 5 HEYABRICs) F7} @

7ol W& FA7} o|Roi Rt FEAINT] JlojA] HAF
tido] HE WA 2EFS] FAA AR e AES AR
AgEol whet X5t HEFAE FUsHAl BrEgol qlof A
Aol a2l A= AYFHA} 7|& Ado] QEHA F
IR =24 7lso] dig Bilo] solth. I EES
Rk Sl 253 EA] A gREia3AE -8
< g g=A ok FHellA= 1980 BAP] =9 E 7]
23 A47F YRR R FH Y JALE HEo] 7|0l
AA=o] I8t} 2011AHE =7IR&D Z2AHEZ SIPE ©]
|3t A 27ls o] EHA e darels A,
oA 9 FA o] SIP B A, % &AL 71 el WxE
7¥st7] A&t

SIPEALE FH Y Sk ool dudA RS S48t
1, o] ArE2RE Fug= EAS 5P A%t Sk 24
o2 o]foZitt. Zstuf o] thgt Fh Y Fulas EA4S
ol AR o Z 2A317] ¢S4 Son et al. (2007)2 SIP ¥H
9] A BEZE AL ste] F AR o]Fofxl
ik 5SSt A HA dACA = 42e )
T A=l gt Ha A7|8|ARE Atoldf Ald2AE 71t

= TG F=2TTA ARE AN ks, 3o
2 oA TAlA Lol 72| Fukro] tigt B4 A7
A& Aw2HE SIP H49] F1HE% BEE AXbslr| ¢st
o Cole-Cole =E-Z o|-&slo] HALS F3l SIP HeES A
4betath o]F v R 3xH AsfiA] T2 TSt
on, o]= &bl 2-L3FHTHSon ef al., 2016).

oty @ o] SIP B4 AFE 1980 Do) Suh ef al.
(1985)7 Yoo and Suh (1986)0] 2J31A $=a=|d SIP =4
A @ ATE 8FEFO 2 Shin ef al. (2015a, 2015b, 2016)0]
FES] g4S ARgSte] THE Tkt QlFAlRe I §
FRAR $YE Ao 25 E oY 2oF 9 FA RS
gz Ay SIPEA AHS st AR 2= 9 9
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Fig. 1. Phase change according to particle sizes of sulfide minerals with a volume fraction of 20% (Park et al., 2013).
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Fig. 2. Relationship between chargeability and time constant calculated from Cole-Cole model using SIP measurement data of several ores

and surrounding rock samples collected at Skarn deposits in Korea.
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(a) Survey lines

Fig. 3. SIP survey lines and photographs of the field site.
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FEAZ 0.1 mA, F3R= 0.01 Hz ~ 10 MHz H<]9]

oo, g53t AR 571 E S4S a5t 5
1 AZVEE ATt Fig. 12 HAA 5] st
SHSlgEo] AZELo] 20%2 9F ARE thitos S5l
=9 d==7o) g dAke] HEE UERd Ao|th(Park er
al., 2013). FEPFES] A& FUAT, = FEY

PRt 2717 Z7Kel wek SPRke] 21k Fasha, A
o FoSR O FFS & 4 Yk B Fo) 2}

0.>i: JIN'
g o

o

TP
£ ol 3% 2o E A AR SIP £4 dit Al
£ Fig. 2¢] HoqErh A71E F3kakgol Qste] W4, Aot
AN T FIRFES I Qs B AEE FHY =Y
Ho} 3293 AV A YebdE & 4= Atk Shin er
al. (2015b)2 =] A-otAFA, HFA, 284 SollA A

[ ) =2="1

(b) Photos of field work

2% 24 9 =Y A2 SIP olaukgo] e 7]29] Dias
Model (Dias, 2000)i} Cole-Cole 2 &S o|-g3slo] A5t 4
I, B4 7o} o] FAFEY A7 o] ELAT A
or yzzete) oxpt 2 Uehde L olF AHH

T 2F
Slstol =g S7t8lE mES AsHct.

Park ef al. (2014)= BN IF=ESHA 71 die %
O 37
1 O

392 B3N] ste] ol oA ThAbE F
g BAEHER Slo] TRRAE AN Fig 3 =
ONAL Bl el R IR HAISH] e BAL
S5 u) 5L WolE Jolu, Fig 4= FIfERIw
A} F2E AT 3D AWRES Hlwd RS e ol
oh BARSA 29 3004 SR A Uehts B R
o FLPHY FHSt YHTFL L 4 9hom, ol Falo]
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Phase (milli-radian)

(a) Phase difference

Fig. 4. Comparison of the 3D geological model’s phase difference and mineralized zones (modified from Park ef al., 2014).
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2. FHdM= 1970309 FEZSEHAPE EYE 5
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st} 7123 A7F YAt 1980 o] S AEA 1|
= Zonge AF2HE GDP-12 A|&|S =918kl W £ ojgh 9
AF718eIA Y A= T& T AAAY SIP B4 A<
2k 2] BdE A7 SEstA ol R FAR, =W 3
o] A7 SMHEA IPEAL 7] L= =2|A] o] R
ot I 2000358 FERSEARE HIRE STEAL 7
=2 171 9 AFEY EEel Aol 2T SA A
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IS TN E FERESEAL 32H 3y 71e9
N B DAL 7o) Aol 271834, 2284
S ERAR] 8857 ARG E3F AR P 4L o]
&3t ST A9 A|she AL 287] WiHA]| 9] e
A FA| 2AL ARERAL 5 ThERE okl A= S-EEH U
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Mineralized zone

(b) 3D Geological model
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