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Hydrochemical and Isotopic Characteristics, and Origin of Noble Gas
for Low-temperature Hot Spring Waters in the Honam Area
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Geochemical composition, stable isotopes (80, 8D, 8™S) and noble gases(He, Ne and Ar) of nine hot spring
water and three groundwater for five hot springs(Jukam, Hwasun, Dokog, Jirisan, Beunsan) from the Honam area
were analyzed to investigate the hydrogeochemical characteristics and the hydrogeochemical evolution of the hot
spring waters, and to interpret the source of sulfur, helium and argon dissolved in the hot spring waters. The hot
spring waters show low water temperature ranging from 23.0 to 30.5°C and alkaline characteristics of pH 7.67 to
9.98. Electrical conductivity of hot spring waters is 153~746 nS/cm. Groundwaters in this area were characterized
by the acidic to neutral pH range(5.85~7.21), the wide electrical conductivity range (44~165 uS/cm). The geochemi-
cal compositions of hot spring and groundwaters can be divided into three water types: (1) Na-HCO; water type,
(2) Na-Cl water type and (3) Ca-HCOj; water type. The hot spring water of Ca-HCO; water type in early stage
have been evolved through Ca(Na)-HCO; water type into Na-HCO; type in final stage. In particular, Jurim alka-
line(pH 9.98) hot spring water plotted at the end point of Na-HCO; type in the Piper diagram is likely to arrive
into the final stage in geochemical evolution process. Hydrogen and oxygen isotopic data of the hot spring water
samples indicate that the hot spring waters originated from the local meteoric water showing latitude and altitude
effects. The 3**S value for sulfate of the hot spring waters varies widely from 0.5 to 25.9%o. The sulfur source of most
hot spring waters in this area is igneous origin. However, The §*S also indicates the sulfur of JR1 hot water is origi-
nated from marine sulfur which might be derived from ancient seawater sulfates. The *He/*He and *He/"Ne ratios of
the hot spring waters range from 0.0143x10°° to 0.407x10° and 6.49~584x10°, respectively. The hot spring waters are
plotted on the mixing line between air and crustal components. It means that the He gas in the hot spring waters was
mainly originated from crustal sources. However, the JR1 hot spring water show a little mixing ratio of the helium gas
of mantle source. The “°Ar/*®Ar ratios of hot spring water are in the range from 292.3x10° to 304.1x10°6, implying
the atmospheric argon source.

Key words : Hot spring, *He/*He ratios, Sulfur isotope, Geochemcial evolution
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Fig. 1. Geologic map of the Honam area including hot spring sites(BS: Byunsan hot spring, JR: Juklim hot spring, JRS:
Jirisan hot spring, HSS: Hwasan hot spring, DK: Dogok hot spring).
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Fig. 2. Plots of electrical conductivity(EC) versus pH(a) and dissolved oxygen(DO) versus temperature(b) for hot spring

water and groundwater samples from the Honam area.
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Fig. 3. Relationship between pH versus concentration of major cations(Na+K and Ca+Mg) and major anions(HCO;+CO;
and Cl+S0y) of hot spring water and groundwater samples from the Honam area.
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Fig. 4. Relationship between electrical conductivity versus and concentration of major cations(Na+K and Ca+Mg)(a), and
major anions(HCO; and Cl+SOy) (b) for hot spring water(HW) and groundwater(GW) samples from the Honam area.
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Fig. 5. Trilinear plot showing water type of hot spring water and groundwater samlpes from the Honam area.
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Table 3. Stable isotope compositions of hot spring waters
and ground waters collected from the Honam area.

Sample No.  8°0(%c) 3D(%o0) 5°*S(%o)
JR1 -9.3 -64.1 259
DK1 -8.3 -55.7 8.5
DK2 -8.6 -59.6 12.7
DK3 -8.3 -56.9 0.8
JRS1 92 -65.0 -
JRS2 -8.7 -62.6 -
JRS3 -8.6 -61.7 0.5
HSS1 -8.0 -57.6 124
BS1 9.2 -64.4 224
JRGIL -8.7 -60.4 -
JASGI1 -9.0 -63.9 -
HSSG1 -8.4 -57.7 -
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Fig. 7. Plot for SO4 concentration versus 8>S value for
hot spring water and groundwater samples from the Honam
area.
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Table 4. Isotopic ratios of He, Ne and Ar of hot spring water and groundwater samples collected from the Honam area.

Sample 'He/"Ne “He/'He  + Ne/”Ne + “NeNe = TPA/PAr =  MAPAr =
No. ao%  ao®h  @% ao®h qo% ao% aqo®H %  qo®H 1% 109
JR1 5840 0407 0016 9771 0005 0.02808 0.00011 0.18769 0.00039 30026 0.42
DK1 709 00260 0.0071 9827  0.005 002904 000008 0.18698 0.00054 29293  0.50
DK2 378 00322 00036 9550  0.008 002892 0.00007 018672 0.00044 29228 050
DK3 649 00803 00084 9712 0005 0.02882 0.00006 0.18755 0.00047 29572 040
JRS1 1460 0.0394 0.0049 9827 0006 0.02908 0.00011 0.18912 0.00035 30406 045
JRS2 307 00549 00048 9799 0005 0.02890 0.00008 0.18706 0.00061 29368  0.56
JRS3 146 01037 00101 9.806 0005 0.02898 0.00010 0.18813 0.00051 296.24  0.56
HSS1 270 00655 00054 9791 0005 0.02990 0.00017 - - - -
BSI 887 0.0143 00060 9811 0012 0.02900 0.00006 0.18807 0.00054 29594  0.40
JASGI 164 02772 00128 9766  0.005 0.02890 000090 0.18707 0.00049 29297 045
- : not determined
2 zo|7} YT, o] FAYIHS ZHsle] WEER 0
B A7EEEE Uot Hugdl oside & MO, ]
A 4 Yt Air
QEAE ol 4ese Eo) Bugye] Fusel Lo
gder JEdwe) st oH BEL o] sgug  §
de ¢ spdEe Yoz glow, wEEvE & 3]

E5o] oe FE7I4 & dAa, ks T 3t
7h2g} TEe] £37Es &olA HAEEHIZ Yt o]
vkl siitgM o 2 RE Xzdge] MY Eo7le 3l
52| vshEA ot X HlX WEZE FF7
e 422 F veRiR g dF FHeLHlE A
E dFo v3) e £XE Hole Zlo| gutdolth
ole Xz &of FH=o] 2= U, Thel aB3el ¢
3 WA ‘Heo] ARIEENE|e] AFH|o| ulFke
ol &5 JS-L 9vldth(eong ef al., 2006b).
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Fig. 8. He and Ne isotopic composition of the hot spring
waters and groundwaters collected from the Honam area.
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Fig. 9. Diagram showing the relative ratio of argon isotope
of hot spring waters collected in the Honam area.
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isotopic composition as a function of temperature.
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