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Spectral Induced Polarization Response Charaterization of Pb-Zn Ore Bodies
at the Gagok mine
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Abstract: Gagok Mine, which is skarn deposits, includes sulfide minerals such as sphalerite, galena, chalcopyrite, and
pyrrhotite. To explore these minerals, spectral induced polarization (SIP) is relatively effective compared to other
geophysical exploration methods because there is a strong IP effect caused by electrode polarization. In the SIP, the
chargeability related to sulfide mineral contents and the time constant related to the grain size of the minerals are obtained.
For this reason, we aim to compare difference in the mineralized characteristics between two orebodies in the Gagok
Mine by using the chargeability and the time constant. For this study, we sampled ores from the south of Wolgok orebody
and the north of Sungok orebody. In order to recognize the mineralization characteristics, the metal content of the samples
was measured by a potable XRF and the SIP data of the samples were acquired by using a laboratory SIP measurement
system. As a result, the metals in the samples such as Pb, Zn, Cu, and Fe were detected by the portable XRF
measurement. In particular, the Fe and Zn contents were far higher than the other metals. The Fe and the Zn were caused
by the sphalerite and the pyrrhotite through microscopy. The Wolgok orebody had higher sulfide mineral contents than
the Sungok orebody and the result corresponded with the chargeability result. However, we considered that the Sungok
orebody had a larger sulfide mineral grain size than the Wolgok orebody because the time constant of the Sungok orebody
was larger.
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Fig. 1. Geological map of the Gagok mine area (after Yun and Einaudi, 1982).
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Fig. 2. Schematic view of a sample installed in electrodes and
measurement holder.
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Fig. 3. New equivalent circuit model for analysis of SIP response
of ore samples.
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Po—Poo R, (1 Table 1. Results of portable XRF measurement of samples.
m=P P N
Po R\+R, No. Elevation (m) Pb Zn Cu Fe

(R S 160 00323 17155  0.0438  11.6005
=g, @ $2 160 09180  7.9527 00907  28.1008
$3 220 18927 74860  0.1098  26.7707
. _ S4 220 05633  8.0508  0.0947  18.6057

o] Aloj| A O =z = o] #]7]u]) A3}

I 2ol me SHE (mv/v )’ﬂpOL 0 Hzel A71MA% 85 280 00130  5.6742 00443  17.6412
(ohm-m), p, & o Hz9 27|84 & (chm-m), R|, Ry F ©] S6 280 0.0688 25717  0.0310  13.9460
S50 Ao, & AV, Qi e Mmoo
== = Q. R = A . . A
&5l °I'k CPE29] A718-K(F), ny= CPE2°] Aloltt. S9 280 00113 117435 01233 14.5072

NZS =782 2de AREsE B 0] A3 e o) S10 280 0.0160  19.8902 04033  19.9823
S7] olsted =Rz ol BAAT Alo|o] o i S11 400 38047  12.1103  1.6152 129433
71 Sisted SRR —r;'gdjr Felel 23 Nommalized S12 400 01467 28580 00378  8.8560
root mean square (NRMSE)E AR&-ste] A48} th(Niranjan, S13 400 0.0070 95703  0.8867  15.6077
2004). NRMSEE AlAksh= W2 ofzfle] 4] (3)o= yehd Wi 280 00212 83620  0.1023  12.7768
2= 9}, w2 280 0.0032 41533 01002  16.7987

w3 340 0.0012 132393  0.0533  17.2230

S o) L) W4 340 22468 115012 02230  13.8007

NRMSE = J : l[ff V)l = )N 100 3) w5 340 24783 5.5503 0.1135  28.0050
2 il w6 460 00042 13645 00552  15.8857

w7 460 0.0053 69805 03185  26.6363

o] Aol flx, y)S ZAW Fupro] WE B uds, w8 460 0.0088  0.0053  0.0158  11.4858

e g o = B olwjE 2ol w9 460 0.0092  0.0593 03495 352505
Jal, yiy= EHE Fokel] e 54 9] et w10 520 00443  7.6063  0.1533  18.5678

wil 520 39265 77638 00143 28.7647
24 1} wi2 520 0.1133  0.0483 00137 305785
=

A& XRFE 4% 243 595 tiF2-2 A2 7l W% W92 AP B F4S Sulels Aoz AuE
Tro] At o] wilg- HAAT, Pb, Zn, Cu, Fe, Mn ThE 2% & Fert 718 M8k, 2 TR0 2 ZnF} Mno] B <
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-200 — Table 2. SIP parameters and normalized root mean square errors of
| samples determined by equivalent circuit analysis.
160 - No Elevation Chargeability Time constant NRMSE
' (m) (mV/V) (sec) (%)
) S1 160 997.3145 1.1271E+02 1.3432
—~ -120 | S2 160 997.9496 1.4705E+02 2.5737
E S3 220 993.8655 1.7660E+04 1.7013
5 i
3 0.125 Hz S4 220 999.7630 5.7689E+04 2.7914
N 80— { S5 280 994.4541 2.8020E+00 5.2958
.// S6 280 994.4674 5.9166E+00 0.9567
7 ) S7 280 987.0163 8.0140E+00 1.0022
40 — 16 Hz -/ S8 280 996.4325 1.9644E+03 2.0389
1024 Hz /'/ S9 280 991.5413 3.9090E+03 1.0115
7 l S10 280 996.6917 5.9527E+01 3.7864
- SIL 400 995.0906 3.0680E-+00 12033
0 40 80 120 160 200 S12 400 995.5344 1.1117E+01 1.6283
Z..(ohm) SI3 400 991.1128 1.4757E+01 0.4374
. +
Fig. 5. Nyquist plot of the SIP response of an ore sample (No. S3). \x; ;Zg 3332323 ;:zggg+8? ;g;g;
W3 340 908.7627 3.7851E+00 1.7915
} W4 340 993.7499 2.2115E+01 1.2638
A Al gk RAF Avd #ES A Th(Fig. 4). w5 340 998.8025 3.3372E+01 24219
4 e Ao SRS w0 A VM e e
Fel AFAA o] HAHATHFig. 4b, ¢). Wb FA A St W8 460 999.5785 3.9259F402 27118
H olalzl M RO MoldAzl AREHA | o T w9 460 997.4621 3.6129E+01 45433
—‘74'1:]'?5‘}031:]— w10 520 995.9007 6.8047E+00 0.5015
A Wil 520 9903952 4.2436E+00 3.5034
Al&e] SIP SHAEE Nyquist L2 T2 EA]51] w12 520 989.8311 5.9217E+00 3.1266
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