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Element Dispersion and Wall-rock Alteration from Daebong Gold-silver
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The Daebong deposit consists of gold-silver-bearing mesothermal massive quartz veins which fill fractures along
fault zones(N10~20°W, 40~60°SW) within banded gneiss or granitic gneiss of Precambrian Gyeonggi massif. Ore
mineralization of the deposit is composed of massive white quartz vein(stage I) which was formed in the same
stage by multiple episodes of fracturing and healing and transparent quartz vein(stage II} which is separated by a major
faulting event. The hydrothermal alteration of stage T is sericitization, chloritization, carbonitization, pyritization, silicifi-
cation and argillization. Sericitic zone occurs near and at quartz vein and includes mainly sericite, quartz, and minor
illite, carbonates and epidote. Chloritic zone occurs far from quartz vein and is composed of mainly chlorite, quartz and
minor sericite, carbonates and epidote. Fe/(Fe+Mg) ratios of sericite and chlorite range 0.36 to 0.59(0.51+0.10) and 0.66
to 0.73(0.70+0.02), and belong to muscovite-petzite series and brunsvigite, respectively. Calculated Alp-Fe/(Fe+Mg) dia-
grams of sericite and chlorite suggest that this can be a reliable indicator of alteration temperature in Au-Ag deposits.
Calculated activities of chlorite end member are a3(FesAl,Si;0;0(OH)s=0.00964~0.0291, a2(MgsAL,Si;04(OH)e=
9.99E-07~1.87E-05, al(MgSi;0,o(OH)s=5.61E-07~1.79E-05. It suggest that chlorite from the Daebong deposit is
iron-rich chlorite formed due to decreasing temperature from T>450°C. Calculated log oK*/oH*, log aNa*/oH", log
oCa**/o’H* and pH values during wall-rock alteration are 4.6(400°C), 4.1(350°C), 4.0(400°C), 4.2(350°C), 1.8(400°C),
4.5(350°C), 5.4~6.5(400°C) and 5.1~5.5(350°C), respectively. Gain elements (enrichment elements) during wallrock
alteration are K,O, P,Os, Na,O, Ba, Sr, Cr, Sc, V, Pb, Zn, Be, Ag, As, Ta and Sb. Elements(Sr, V, Pb, Zn, As, Sb)
represent a potentially tools for exploration in mesothermal and epithermal gold-silver deposits.

Key words : Daebong deposits, Wallrock alteration, Element dispersion, Pathfinder.
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Fig. 1. Generalized geological map of the Daebong Au-Ag deposit.
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Fig. 2. Photographs of quartz vein and wall-rock alteration samples from the Daebong Au-Ag deposit. (A) and (B) Wall-
rock alteration(sericitization, chloritization) of gneiss and laminations of wall-rock. (C) and (D) Close-up of wall-rock
alteration (sericitization, chloritization) in quartz vein. (E) Wall-rock alteration(sericitization) of granite. Asp=arsenopyrite,
Bt=biotite, Cc=calcite, Ch=chlorite, Fs=feldspar, Py=pyrite, Qz=quartz, Se=sericite. Circles of (A) and (E) mean points of

PIMA analysis.



Fig. 3. Microphotographs taken in transmitted light of ore gangue minerals of hydrothermal wall-rock alteration from the
Daebong Au-Ag deposit. (A) and (B) The K-feldspar, plagioclase and biotite are partially replaced by mainly fine- and
coarse-grained sericite, quartz with minor calcite, chlorite and ¢pidote in sericite zone. (C) and (D) The coarse biotite, K-
feldspar, plagioclase are partially replaced by mainly fine- to coarse-grained chlorite, quartz with minor sericite, calcite and
epidote in chlorite zone. (E) The biotite are replaced by fine-grained chiorite in quartz vein. (F) The plagioclase and biotite is
completely or partially replaced by fine- to coarse-grained sericite. Abbreviations: Bt=biotite, Cc=calcite, Ch=chlorite, Ep=
epidote, Qz=quartz, Pl=plagioclase, Se=sericite. Scale bar is 500 micron in length.

Table 1. Chemical compositions of sericite from the Daebong Au-Ag deposit

100-9 100-9 100-9 427-2 427-2 427-2 427-2
Si0, 53.79 50.56 51.99 49.62 49.68 49.15 46.54
TiO, 291 0.84 0.76 0.34 0.68 0.40 0.60
AlLOy 26.13 30.21 26.94 31.93 31.70 31.28 30.22
FeO 3.08 4.49 3.89 3.92 3.31 4.14 3.53
MnO 0.00 0.01 0.04 0.02 0.00 0.04 0.04
MgO 3.10 2.24 341 1.50 1.57 1.81 1.44
CaO 0.03 0.01 0.04 0.03 0.03 0.02 0.02
Na,O 0.09 0.13 0.03 0.24 0.29 0.24 0.25
KO 6.34 6.45 6.79 6.26 5.32 6.25 10.45
Cr, 05 0.04 0.02 0.02 0.00 0.02 0.01 0.00
Total 95.51 94.96 9391 93.87 92.60 93.33 93.10

Number of ions on the basis of 22 oxygens

Si 6.979 6.653 6.909 6.576 6.613 6.568 6.420
Aly 1.021 1.347 1.091 1.424 1.387 1.432 1.580
Aly 2971 3.335 3.125 3.563 3.586 3.494 3.334
Ti 0.284 0.083 0.076 0.034 0.068 0.040 0.062
Fe 0.334 0.494 0.432 0.435 0.368 0.463 0.407
Mn 0.000 0.001 0.005 0.002 0.000 0.004 0.004
Mg 0.600 0.439 0.676 0.297 0.312 0.360 0297
Ca 0.004 0.001 0.006 0.004 0.005 0.003 0.004
Na 0.023 0.033 0.008 0.063 0.075 0.061 0.068
K 1.049 1.083 1.151 1.059 0.903 1.066 1.840
Cations 13.265 13.471 13.479 13.457 13317 13.491 14.016

Fe/Fe+Mg 0.36 0.53 0.39 0.59 0.54 0.56 0.58




718 54 - A4 -

sl Agmst SHsA BREAFig 3B, F).
SUAthE 299 YR REAREe) Hgu 1)
of ¥sio] VEHE P 20), TLT 44U

&
Adle) YPNYFEE FouE arfslel T U
N3t 2% Few, Y, BIPRE B 94 Fol
AFedd(Fig. 3C, D, E).

3.2, glstx=o

hEdde) ROPAYY TE ALRA F Aew 3

X AgEA ¢ FHNTR FEAEAEDA
EPMA £S5 218 tHTables 1, 2, 3).

o] ol A AEEE HALEAE FeO<4.49 wt.%,
MgO<341wt.%7} E3F o] Jo™ &% NaO<
0.13 wt.%, Ca0<0.04wt% 2L MnO<0.04wt% =
o] F35 o] SIrkTable 1). YWHE oz wiewo] H)&}
o o] ol AEEE ALEE K(1.05~1.159
o] 23, Fe(0.33~0.49) 2 Mg(0.44~0.68)2] 3
o] T gol G 2RO AW} valt). A
59| FeFe+Mg) 752 0.36~0.59(0.51+0.10)F 4 Ak3
{0.45~0.50(048+0.02)}, 4 %1{0.45~0.49(0.47+0.01)},
F3{037~042(040+0.02)}, =4 {0.07~049(026:0.13)},
1 {0.11~0.1600.13£0.02)} 2 7HF={0.25(0.25+0.01)}
29 & 78 zrtethlee, 1993; Lee and Lee,
1997; Kim et al, 2002; Pak et al, 2003; Yoo et
al., 2007). 9=l A-gre} Zho] Gig] ¥ 13
2 Azle] Al 2 37 Kol A9o] #aHEn) Ay
2ol thgk A WellA Fe ol571 02570 olide]
1 R F|EZO R I o]lo]H AEjiolE.
FHEVo|EZ0 R PRIz o] FAIM sEHE
AERE R Fzlo|ES sigdHr),

o] oA AEHE HUMdE K;0<1.06 wt.%,
Ti0,<0.09wt.%, CaO<049wt.%, MnO<025wt% 2
Na,0<0.16 wt.% So] &8 T&5o] Irk(Table 2).
1A 2] Fe/(Fe+Mg) 2 0.66~0.73(0.70+0.02)FA
2F4{0.74~0.81(0.77+0.03)}3} tiA vlS=s}al 23051
~0.66(0.57+0.06)}, ¥1721{0.45~0.78(0.51£0.10)} ¥ 7}
AF={0.32~0.36(0.34+0.03)} 2T} &2 g =t}
(Lee, 1993; Kim et al., 2002; Pak e al., 2003; Yoo
et al., 2007). FFo] T2 45 2 AdvFata vw
& o, o] F4e] FefFe+Mg) 2 A5{0.33~053
043£0.14)} 2 A1) {0.02~0.76(0.41+0.18)} BT} =&

olgdA - olFd - oJdT

}S zZH=tHChang, 1988; Yang, 1991). Zuj&d] o
F EAAIE 7L Hey(1954)7F AAgE Tholoj
o =AIEME R HEFE2H|R0] E(brunsvigite)ol
AFAckFg. 4). UM 22 18A FE2 et
sHEA IR ERE U4 FE g {55

E\l

o o

3}
© 7L e, 7k die tiE EEE(X, i=94)
o) At ] AAsHd el A 1A (site)

o me} BiRsi) 2elEe HAe) R on
H 25& % #5544 Neall and Phillips (1987)
o] AAEk 7T WRie] ol ). g 93
AE5E= Walshe(1986), Walshe and Solomon(1981) X
Helgeson ef al.(1978)8) A& F=zslch Ae =
U @29 S5== a3(FesAlSi;0,0(0H)s=0.00964
~0.0291, a2(MgsALSiz0,¢(0H);=9.99E-07~1.87E-05,
al(MgsSi;0,4(OH)s=5.61E-07~1.79E-0584 Ho| FH.
3 ZAo 2-Alst(Table 2).

FMHEA E48o Bokiloldls A4E-e o]Fe]
dofdtt. the37d 7AiolN s B 3Iete]
FAFOB.150-17)9F A gl e 3H(D.B.150-14)
oA AFHBIATE AR gl o3 WARIF &
ZEA] AR IR F2 ALESE fAIRH B
He A ZuUAMs g MR s AEEn I8
ofol] o3 ROPAAX] 7 AlE7Ee] nlFlel] gk
DaEARe AR} 3l Rb, Zr, Hf Co, Ni, Cs,
U %o] #4339, K0, P05 Na0, Ba, S Cr, Sc,
V Pb, Zn, Be, Ag, As, Ta, Sb So| Z7}3ch(Fig.
5A). 53] S, Sb, V Pb, Zn, As 59 €47t A
314 E718CHTable 3). EHHAA] FAAR -39
FABRAE 7122 WAF vEE FE E 4l o
ot SISHEAMR]  HlFo 2 EFe] o5 2 48 A

AL ol 83l Fshahg F¢] wA Hl oA
HE Qo] Y4 o5 B 48 A9 1 W (Gresens,
1967; Grant, 1986), HAAHT} FxjolA Ph(+229g),
Zn(+189g), Sr(+58g) ¥ As(+6g)5°] @A &
7Vt tH(Table 3). 3t 2UHEA] YhBAk] #3H
7] 2328 #F(Chang and Lee, 1991; Lee and
Lee, 1997)5 3xsted o|53 &4 e AR,
F=342 K0, Si0,, Cu, Rb, Nb, Dy, Ho, Ga,
Sm, Yb, Er, Lu 52| 947} Z718}2.(Fig. 5B-E) 1}
2 K0, P05, TiO,, Fey,05, MgO, MnO, Ph,
As, Ni, Cu, Zr, Ag, V Sb, Cd, Co, Sc, Hf Sm,
Nd, La, Ce, Rb, C; Y, Ba, Sr 59 947} F713
thFig. 5EG). 7] HuF AZofA 243 Yio] =
Foll AT o o]F Fdel YaEste e &



U B8] muwdn gt 54 9 719

Table 2. Chemical compositions of chlorite from the Daebong Au-Ag deposit.

27-1.1 2712 27-1.3  27-14  27-1.5  27-16  27-1.7 2718 2721 27-24 2726 2727
Si0, 26.27 25.61 26.32 26.05 26.44 25.19 2590 25.60 29.42 26.64 25.45 24.89
TiO, 0.04 0.02 0.04 0.03 0.03 0.00 0.00 0.02 0.04 0.01 0.06 0.05
ALO, 16.48 17.59 16.59 16.49 16.79 18.09 17.25 16.91 18.94 16.92 17.57 15.91
FeO 33.17 3422 32.86 32.88 3323 34.67 3353 33.38 28.72 32.54 35.00 34.26
MnO 0.18 0.15 0.17 0.08 0.14 0.12 0.17 0.14 0.21 0.16 0.13 0.21
MgO 8.53 8.01 9.23 9.34 924 7.46 795 7.80 8.17 8.86 721 7.16
CaO 0.02 0.01 0.0t 0.00 0.01 0.01 0.02 0.04 0.09 0.04 0.03 0.08
Na,O 0.02 0.02 0.02 0.03 0.03 0.07 0.01 0.08 0.10 0.05 0.06 0.16
KO 0.01 0.02 0.03 0.03 0.03 0.00 0.01 0.02 1.06 0.00 0.00 0.00
Total 84.72 85.65 85.27 84.93 85.94 85.61 84.84 83.99 86.75 85.22 85.51 82.72

Number of ions on the basis of 28 oxygens

Si 6.010 5.826 5.969 5.938 5953 5.750 5.926 5.928 6.355 6.022 5.828 5.920
Aly 1.990 2.174 2.031 2.062 2.047 2.250 2.074 2.072 1.645 1.978 2172 2.080
Alyy 2.450 2.538 2.400 2364 2.405 2.613 2.574 2.539 3.177 2.531 2.570 2.380
Ti 0.007 0.003 0.007 0.005 0.005 0.000 0.000 0.003 0.006 0.002 0.010 0.009
Fe 6.346 6.510 6.232 6.268 6.257 6.618 6.416 6.464 5.188 6.152 6.703 6.815
Mn 0.035 0.029 0.033 0.015 0.027 0.023 0.033 0.027 0.038 0.031 0.025 0.042
Mg 2.909 2716 3.120 3.174 3.101 2.539 2712 2.692 2.630 2.985 2.461 2.538
Ca 0.005 0.002 0.002 0.000 0.002 0.002 0.005 0.010 0.021 0.010 0.007 0.020
Na 0.009 0.009 0.009 0.013 0.013 0.031 0.004 0.036 0.042 0.022 0.027 0.074
K 0.003 0.006 0.009 0.009 0.009 0.000 0.003 0.006 0.292 0.000 0.000 0.000
Cations 19.764 19.813 19.812 19.848 19.819 19.826 19.747 19777 19394 19733 19.803  19.878
Fe/Fe+Mg 0.69 0.71 0.67 0.66 0.67 0.72 0.70 0.71 0.66 0.67 0.73 0.73
al 7.97E-06 3.16E-06 1.57E-05 1.79E-05 1.46E-05 1.31E-06 3.52E-06 3.16E-06 5.34E-06 1.11E-05 9.12E-07 1.32E-06
a2 8.11E-06 4.04E-06 1.63E-05 1.87E-05 1.54E-05 1.89E-06 4.15E-06 3.66E-06 5.37E-06 1.16E-05 1.I8E-06 1.41E-06
a3 0.0211 0.0246 0.0188 00191 00194 00273 00233 0.0239 0.00964 0.01859 0.02877 0.0291

al=MgSi,0,(OH)s, a2=MgsALSi;0,0(OH), a3=FesALSi;0;4(0OH)q

Table 2. Continued.

27-2.9 100-9.10 100-9.11 100-9.12 100-9.15 100-9.16 100-9.17 100-9.18 100-9.19 100-9.20 100-9.21 100-9.22 100-9.23
Si0, 27.07 2583 2687 2617 2557 2651 2613 2654 2649 2707 2759 2590 27.51
TiO, 0.01 0.03 0.01 0.02 0.09 0.06 0.08 0.06 0.06 0.03 0.07 0.02 0.09
Al,O4 16.83  20.15 18.05 1662  20.11 16.91 1597 1659 1684 1690 1685 17.25 17.25
FeO 33.67 3197 3165 3276 3263 3470 3285 3452 3303 3401 3440 34.00 33.10
MnO 0.25 0.07 0.08 0.17 0.11 021 0.15 0.14 0.18 0.18 0.15 0.17 0.21
MgO 8.35 7.20 8.03 8.04 6.95 7.95 8.23 7.61 8.56 8.34 8.83 7.25 7.70
CaO 0.15 0.12 0.13 0.15 0.12 0.10 0.11 0.06 0.49 0.37 0.36 0.44 0.13
Na,O 0.08 0.05 0.01 0.05 0.05 0.07 0.09 0.07 0.00 0.06 0.05 0.04 0.06
KO 0.00 0.00 0.16 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05
Total 86.41 8542 8499 8398 8574 86.51  83.61 8559 8565 8696 8830 85.07 86.10

Number of ions on the basis of 28 oxygens

Si 6.065 5784 6.047 6032 5736 5975 6062 6043 5986 6037 6055 5933 6.151
Al 1935 2216 1953 1968 2264 2025 1938 1957 2014 1963 1945 2067 1.849
Alyy 2510 3.103  2.835 2547 3.048 2463 2425 2492 2467 2476 2410 2587 2.693
Ti 0.002 0.005 0002 0003 0015 0010 0014 0010 0010 0005 0012 0.003 0.015
Fe 6309 5987 5957 6315 6121 6540 6373 6573 6242 6343 6314 6514 6.189
Mn 0047 0013 0.015 0033 0021 0040 0029 0.027 0034 0034 0028 0.033 0.040
Mg 27788 2403 2693 2762 2324 2671 2846 2583 2884 2773 2.889 2476 2.567
Ca 0036 0029 0031 0037 0029 0024 0027 0015 0119 008 008  0.108 0.031
Na 0035 0022 0004 0022 0022 0031 0040 0031 0000 0026 0021 0018 0.026
K 0000 0000 0.046 0.000 0.031 0000 0000 0.000 0000 0000 0000 0.000 0.014
Cations 19727 19.562 19583 19719 19.611 19779 19.754 19.731 19756 19.745 19.759 19.739  19.575
Fe/Fe+tMg  0.69 0.71 0.69 0.70 0.72 071 0.69 0.72 0.68 0.70 0.69 0.72 071
al 5.39E-06 9.73E-07 4.30E-06 4.77E-06 5.61E-07 2.87E-06 6.48E-06 2.05E-06 7.13E-06 4.82E-06 7.56E-06 1.13E-06 2.42E-06
a2 5.36E-06 1.69E-06 5.08E-06 4.98E-06 9.99E-07 3.04E-06 6.19E-06 2.06E-06 7.50E-06 4.84E-06 7.21E-06 1.33E-06 2.42E-06
a3 0.02089 0.01967 0.0177 0.0213 00215 0.0246 0.0213 0.0255 0.0195 00212 0.0202 0.0253 0.0203

a1=MgSi,0,0(0H)s, 22=MgsALS1;0,0(OH)s, 23=FesAl,8i;0,(0H);
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Table 3. Gains and losses of major (wt.%), trace and rare earth elements (ppm) of the biotite granite in the Daebong Au-Ag

deposit.

D.B.150-17 D.B.150-14 D.B.150-14 . .
Center Margin Amount remaining(g) Gain+or loss—(g) Gain+or loss~(%)

Si0, 72.63 73.96 73.71 +1.08 +1.49
TiO, 0.14 0.14 0.14 0 0
Al,O4 14.56 14.61 14.56 0 0
Fe,0;" 1.85 1.45 145 —0.40 -21.62
MnO 0.03 0.01 0.01 —0.01 -33.33
MgO 0.37 0.25 0.25 -0.12 -32.43
CaO 1.25 0.43 043 -0.82 —65.60
Na,O 3.17 3.20 3.19 +0.02 +0.63
K,O 5.24 5.30 5.28 +0.04 +0.76
P,04 0.18 022 0.22 +0.04 +22.22
LOI1 0.58 0.90 0.90 +0.32 +55.17
Total 100.00 100.46 100.14
Rb 310 300 299 -11 -3.55
Ba 267 270 269 +2 +0.75
Th 19 19 19 0 0
Sr 82 140 140 +58 +70.73
Zr 83 74 74 -9 -10.84
Hf 2.7 2.6 2.6 0.1 -3.70
Co 2 1 1 -1 -50
Cr 8 9 9 +1 +12.5
Sc 1.5 1.9 1.9 +0.4 +26.67
Ni 20 10 10 -10 =50
\Y% - 6 6 +6 +600
Pb - 300 229 +229 +4580
Cu 10 10 10 0 0
Zn 30 220 219 +189 +630
Be 4 7 7 +3 +75
Ag 0.1 0.2 0.2 +0.1 +100
As 9 15 15 +6 +66.67
Ta 3 4 4 +1 +33.33
Cs 8.9 6.1 6.1 2.8 -31.46
Sb 0.3 0.5 0.5 +0.2 +66.67
U 25 23 23 -2 -8
La 24.4 213 21.2 -3.2 -13.11
Ce 55 48 48 -7 -12.73
Nd 24 19 19 -5 -20.83
Sm 5.1 4.6 4.6 -0.5 -9.80
Eu 0.3 04 0.4 +0.1 +33.33
Tb 0.7 0.7 0.7 0 0
Yb 1.7 1.6 1.6 —0.1 -5.88
Lu 0.28 0.28 0.28 0 0

*Total Fe as Fe,04
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Fig. 4. Plot of Fe/(Fe+Mg) ratios versus Si ratios of chlorites from the Daebong Au-Ag deposit. Nomenclature and

boundaries are after Hey (1954).
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