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Geochemical Variation of Hwangsan Volcanic Complex by Large Hydro-
thermal Alteration

Eui-Jun Kim*, Young-Kook Hong and Se-Jung Chi

Domestic/North Korea Mineral Resources Group, Mineral Resources Research Division, Korea Institute of Geo-
sciences and Mineral Resources (KIGAM), Daejeon 305-350. Korea

The Hwangsan volcanic rocks, hosting the Moisan epithermal Au-Ag deposit are widely distributed throughout
the Seongsan district, and associated with large hydrothermal alteration. They were analyzed as the Moisan and
around volcanic rocks, and most of them show dacitic to rhyolitic compositions. Hydrothermal alteration related to
epithermal system causes the host rocks to show the geochemical variation due to high mobility of alkali elements.
These features can be applied for quantitative estimates of alteration intensity. Alteration intensity of volcanic rocks
from the Moisan ranges from subtle to intense, based on Al vs. Na,O diagram. The pattern that (CaO+Na,O) con-
tent decrease with increasing K,O content results from sericitic alteration, in which hydrothermal fluids continually
provide K™ into country rocks but remove Ca’" and Na®  of feldspars within country rocks. The decrease of
(CaO+Na,O) with decreasing K,O in some samples from the Moisan may be caused by advanced argillic alter-
ation that all alkali elements are entirely removed from country rocks by acid hydrothermal fluids. Two alteration
trends, based on Al and CCPI alteration indices suggest both sericitic alterations of feldsaprs to illite and seric-
ite+chlorite®zpyrite alteration of high Mg and Fe activities. Trace and Rare Earth Elements patterns show the simi-
lar geochemical variation related to hydrothermal alteration, Of LIL elements, strong depletion of $r*, substituting
for Ca®" in feldspars, appears to be resulted from removal of Ca2", during replacement of feldspars to alumino-sili-
cates or phyllo silicates minerals by hydrothermal fluids. Relatively low total REEs contents (Moisan: 119-182 ppm;
Seongsan: 111-209 ppm) and gently negative slopes suggest that significant mobility of LREEs appear to occur dur-
ing hydrothermal alteration.

Key words : Hwangsan volcanic rocks, Moisan epithermal Au-Ag deposit, hydrothermal alteration, geochemical
variation, alkali elements
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Fig. 1. Cretaceous sinistral strike-slip fault systems in the Far East Asia (left) and major tectonostratigraphic units and

Cretaceous sedimentary basins in the South Korea (right). Major tectonostratigraphic units; GM, Gyonggi Massif;

1B,

Yeongnam Massif; GB, Gyeongsang Basin. Numbered area, sedimentary
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Taebaeksan Basin; OB, Okcheon Fold Belt; YM

Gongju; 6, Gyokpo; 7, Gyeongsang; 8,
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’

basins; 1, Jonsu; 2, Eumsueong; 3, Haenam; 4, Yellow Sea (Heuksan and Gunsan);

1999).
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Fig. 2. General geological map showing the high- and low-epithermal deposits within the Seongsan district (after Bowden,
2007) and location of sampling sites for volcanic rocks. Abbreviation. Qa: Quarternary, Avdb: altered volcanic debris flow,
IC,: igneous complex 2, ICs: igneous complex 3, HV: Hwangsan volcanics, Hms: Haenam Formation.
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Fig. 3. Photographs showing the representative volcanic rocks of the Seongsan district and drilling core of the Moisan
epitheram] Au-Ag vein deposits. A. In the spherulitic rhyolite, silicified spherulitic nodules are resident, whereas sericite-
altered glass are recessive. B. Rhyolite showing the flow foliation. C. Representative ignimbrite having various size lapilli.
D. Rhyolite show the spherulitic texture, consisting of alkali feldspar. Spherial texture, bundles of radiating fibres, indicates
the temperature of formation would be low approximately below 400°C. E. Volcanic sedimentary rocks occur at the top of the
Moisan epithermal Au-Ag vein deposits (Drilling core MS§10-5). F. Welded ignimbrite show the bedding-parallel foliation of

flamume (Drilling core MS10-5).
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Table 1. Major, trace, and rate earth element compositions of volcanic rocks from the Moisan epithermal Au-Ag vein deposit

MS-1 MS-2 MS-3 MS-4 MS-5 MS-6 MS-7 MS-8 MS-9 MS-10
Weight percent
SiO, 70.72 69.12 72.50 79.69 71.07 73.47 67.33 74.56 73.57 71.74
ALO;, 15.66 14.74 12.91 11.57 15.47 13.14 16.38 12.23 12.42 13.51
Fe,O3* 1.70 2.59 2.42 1.56 3.08 421 4.18 1.29 2.31 2.54
CaO 0.16 1.41 1.32 0.20 0.25 0.16 0.30 0.92 1.01 1.04
MgO 0.74 0.62 0.05 0.36 0.66 0.66 1.22 0.17 0.68 0.56
K,0O 5.00 5.19 3.80 3.00 4.18 3.74 5.08 7.63 6.06 5.85
Na,O 1.80 2.38 4.54 0.11 0.13 0.09 0.11 1.1 0.15 2.01
TiO, 0.31 0.31 0.27 0.27 0.42 0.40 0.49 0.10 0.27 0.29
MnO 0.03 0.13 0.07 0.02 0.02 0.03 0.06 0.04 0.13 0.11
P,05 0.02 0.10 0.07 0.02 0.10 0.07 0.15 0.04 0.15 0.11
L.OI 3.52 3.03 1.69 2.83 4.25 422 4.85 1.52 2.86 2.12
Total 99.66 99.62 99.64 99.63 99.63 100.19 100.15 99.61 99.61 99.88
Trace and rare earth elements (in mg/kg)
Ba 689.00  752.00 844.00 511.00 10000.00 81.00 165.00  689.00 1233.00  721.00
Rb 269.00  268.00 138.00 152.00  241.00  231.00  331.00  259.00  308.00  244.00
Th 15.80 12.10 10.70 10.80 10.10 12.00 8.07 13.40 12.50 12.00
K 41507.6  43084.8 315457 24904.5 3470032 31047.7 421717 633405 50307.2 48563.8
Nb 12.60 13.40 9.95 10.10 6.81 9.61 7.56 12.00 8.02 7.45
Ta 4.45 9.65 8.18 4.94 5.07 13.70 3.50 7.29 4.46 3.55
Sr 110.00 126.00 167.00 37.00 182.00 48.00 43.00 168.00 104.00 130.00
Zr 217.00 163.00 161.00  217.00 143.00 132.00 109.00 89.00 93.00 151.00
Hf 5.15 4.58 3.46 457 2.64 3.07 1.43 2.76 2.17 232
Ti 1858.4 1858.4 1618.6 16186 25178 23979 29375 599.5 1618.6 1738.5
La 39.5 39.2 363 34.6 30.8 353 49.4 30 35.1 39.1
Ce 66.1 65.9 59 57.5 49.9 61.6 76.2 48.5 57.5 62.6
Pr 8.32 8.37 7.42 6.8 6.15 7.95 8.92 5.83 6.77 7.35
Nd 30.4 31.2 27.7 23.8 23 31.1 31.9 20.7 24.1 25.8
Sm 5.13 5.4 4.68 372 3.85 5.43 4.72 3.51 3.93 4.12
Eu 0.91 1.22 1.1 0.76 2.26 1.02 1.05 0.53 0.94 0.93
Gd 4.47 4.72 4.14 3.23 3.65 4.4 422 3.11 3.62 3.67
Tb 0.62 0.63 0.58 0.46 0.5 0.54 0.46 0.42 0.48 0.45
Dy 3.74 3.58 2.89 2.83 2.74 2.77 2.28 2.37 2.74 2.54
Ho 0.81 0.76 0.61 0.65 0.57 0.57 0.43 0.51 0.56 0.53
Er 2.32 2.09 1.7 1.91 1.59 1.67 1.15 1.49 1.53 1.5
Tm 0.37 0.34 0.27 0.31 0.25 0.27 0.18 0.25 0.24 0.24
Yb 0.57 0.53 0.42 0.48 0.4 0.41 0.26 0.4 0.38 0.37
Lu 0.39 0.35 0.29 0.32 0.26 0.28 0.17 0.27 0.25 0.24
Y 304 283 226 233 20.9 21.5 14.9 18.9 21.6 20

* Total Fe as Fe,O;, L.OI: Loss on ignition
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Table 2. Major, trace, and rare earth element compositions of volcanic rocks from the Seongsan district

SS-1 882 SS-3 58-4 88-5 $8-6 88-7 SS-8 SS-9 SS-10
Weight percent

Sio, 59.72 75.14 7722 66.13 75.87 81.02 75.85 76.36 76.51 76.61
AlO; 12.80 13.36 11.75 16.30 13.18 12.69 12.75 12.01 12.66 11.27
Fe,03* 1.20 1.04 0.68 397 1.1 0.83 1.25 1.50 1.24 0.88
Ca0 11.27 0.07 0.19 0.63 0.14 0.05 0.13 0.29 0.65 1.92
MgO 0.44 0.06 0.18 0.61 0.06 0.02 0.02 0.26 0.28 0.1
K,0 3.56 5.07 8.02 2.70 4.58 0.41 492 5.55 3.25 3.32
Na,O 0.58 3.89 0.52 6.15 3.91 0.10 397 1.70 3.60 3.14
TiO, 0.06 0.07 0.11 0.88 0.08 0.08 0.07 0.18 0.16 0.12
MnO 0.68 0.05 0.02 0.07 0.07 0.01 0.04 0.03 0.03 0.12
P,0; 0.02 0.02 0.04 0.30 0.01 0.02 0.02 0.02 0.03 0.03
L.OI 10.57 0.85 1.28 1.78 0.71 4.71 0.54 1.65 1.33 2.18
Total 100.90 99.62 100.01 99.52 99.72 99.94 99.56 99.55 99.74 99.70
Trace and rare earth elements (in mg/kg)

Ba 185.00 1226.00 1237.00  978.00 35800 2718.00 38400  926.00 120500  686.00
Rb 182.00 17700 257.00 89.00 184.00 29.00 188.00 166.00 111.00 137.00
Th 14.90 16.50 11.50 10.20 17.60 18.50 17.30 13.20 11.10 13.60
K 20553.4 420887 665781 224141 380209  3403.6 408434 460734 269799 27561.0
Nb 10.50 11.60 835 11.60 10.80 10.20 10.30 8.52 20.40 11.30
Ta 20.00 4.70 1.62 3.49 1.89 2.18 2.37 2.33 9.31 4N
Sr 167.00 75.00 43.00 186.00 65.00 28.00 53.00 113.00 132.00 133.00
Zr 151.00 126.00 108.00  284.00 156.00 137.00 139.00 116.00 91.00 105.00
Hf 3.39 3.61 2.63 6.40 373 3.58 346 2.65 3.12 2.84
Ti 35969  419.64 65943 527546 47959 47959 41964 1079.07  959.18  719.38
La 42.8 36.9 28.6 434 409 54.8 40.7 35.1 34.8 327
Ce 70.7 64.3 453 75.3 66.1 79.8 67.1 326 40.9 52.8
Pr 8.98 3.03 5.65 10.7 8.18 172 7.97 6.56 6.83 6.38
Nd 33.6 28.9 203 44.1 28.9 20.4 28 23.5 24.5 22.8
Sm 7.06 4.88 3.48 8.45 4.99 1.87 4.74 3.51 3.96 3.91
Eu 1.08 0.74 0.65 2.19 0.47 0.42 0.43 0.84 0.89 0.77
Gd 7.24 4.33 3.23 1.75 4.45 2.55 425 2.84 3.38 3.74
Tb 1.09 0.59 0.45 111 0.62 0.27 0.6 0.38 0.5 0.55
Dy 5.9 3.26 2.51 6.54 3.61 1.61 3.36 2.18 3.29 2.99
Ho 1.11 0.68 0.53 1.36 0.77 0.35 0.71 0.47 0.73 0.6
Er 2.75 1.93 1.5 3.6 2.18 1.03 2.01 1.35 2.15 1.63
Tm 0.41 0.31 0.25 0.56 0.35 0.17 0.33 0.22 0.36 0.27
Yb 0.61 0.49 0.38 0.8 0.56 0.26 0.52 0.35 0.56 0.41
Lu 0.4 0.32 0.25 0.53 0.37 0.18 0.35 0.24 0.38 0.28
Y 46.5 26.2 20.2 52 29.6 12.5 273 17.7 25.1 233

*Total Fe as Fe,O;, L.OL Loss on ignition
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