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Estimation of Geochemical Evolution Path of Groundwaters from Crystalline
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The chemical compositions of groundwaters from the granite areas mainly belong to Ca-HCO; and Na-HCO,
type, and some of these belong to Ca-(Cl+SO;) and Na-(Cl+SO,) type. Spring waters and groundwaters from
anorthosite areas belong to Ca-HCOj; and Na-HCO, type, respectively. The result of reaction path modeling shows
that the chemical compositions of aqueous solution reacted with granite evolve from initial Ca-Cl type, via Ca-
HCO;5 type, to Na-HCO; type. The result of rain water-anorthosite interaction is similar to evolution path of gran-
ite reaction and both of these results agree well with the field data. In the reaction path modeling of rain water-
granite/anorthosite reaction, as a reaction is progressing, the activity of hydrogen ion decreases (pH increases). The
concentrations of cations are controlled by the dissolution of rock-forming minerals and precipitation and re-dissolu-
tion of secondary minerals according to the pH. The continuous addition of granite causes the formation of second-
ary minerals in the following sequence; gibbsite plus hematite, Mn-oxide, kaolinite, silica, chlorite, muscovite (a
proxy for illite here), calcite, laumontite, prehnite, and finally analcime. In the anorthosite reaction, the order of pre-
cipitation of secondary minerals is the same as with granite reaction except that there is no silica precipitation and
paragonite precipitates instead of analcime. The silica and kaolinite are predominant minerals in the granite and
anorthosite reactions, respectively. Total quantities of secondary minerals in the anorthosite reaction are more abun-
dant than those in the granite reaction.
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Fig. 1. Piper's diagrams showing chemical compositions of water samples from the crystalline rock area. Groundwater data

of granite area are from KIGAM (1993) and Koh et al. (1998).
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Table 1. Physicochemical characteristics of the waters from the Hadong area.

Sample Temp. ECD TDS? Na' K*

No. °C) (S/cm) (mg/L)

Spring waters from Hadong area

HW-01 16.8 7.16  86.1 58 363 0.17
HW-02 158 7.38 1115 71 437 035
HW-03 16.6 7.55 133.1 86 420 0.16
HW-04 156 729 1452 96 525 040
HW-05 165 743 584 51 274 025
Groundwaters from Hadong area

HW-06 158 676 160.8 93 1636 091
HW-07 190 6.70 1252 94 16.60 1.58
HW-08 181 695 2893 131 2486 1.17
HW-09 254  9.62 2475 140 4083 032
HW-10 320 960 2234 131 4152 0.19
HW-11 230 7.10 2182 127 2500 1.06

024 117 2747 1123 543 59 -
003 032 2653 584 508 47 4 9.57
003 081 1840 487 515 43 6

037 233 2310 983 554 58 - 1.45

Mg#  Ca®** SiOy,, CI° SO, HCO;~ COs* F
(mg/L)

078 671 19.16 304 141 23 - 0.02
090 861 228 327 187 29 - 0.01
1.15 1037 3142 375 131 33 - 0.36
1.56 1223 2863 557 151 4l - 0.02

505 2101 292 161 16 - 0.03
040 389 2282 530 335 40 - 0.05
0.19 418 2100 558 302 42 - 0.04

0.31

10.80

Delectric conductivity; Ptotal dissolved solids=sum inos+silicate
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Table 2. Mineralogical and chemical compositions of reactant used for reaction path modeling.

Granite Anorthosite
Minerals Wt.% Elements Wt.% Minerals Wt.% Elements Wt.%
Quartz 28.4 Si0, 73.85 Quartz 0.2 Si0, 49.92
K-feldspar 29.4 TiO, 022 Hornblende 2.3 TiO, 0.10
Plagioclase 394 Al 05 13.89 Plagioclase 95.0 Al 04 29.72
Biotite 2.0 Fe,04 2.06 Biotite 0.3 Fe,04 1.21
Magnetite 0.6 MnO 0.08 Chlorite 1.2 FeO 1.12
Apatite 0.1 MgO 0.30 Epidote 02 MnO 0.04
CaO 0.84 Clinopyroxene 02 MgO 1.28
Na,O 4.00 Zoisite 03 CaO 12.61
K,0 4.29 Calcite 0.1 Na,O 352
P,04 0.05 Opaques 0.1 K,0 0.56
Lom? 0.42 P,0; tr?
Total 100.0 Total 100.00 Total 99.9 Total 100.08

Dioss of ignition; Ztrace

Table 3. Chemical composition of initial solution {rain water) used for reaction with granite/anorthosite (modified after Sanusi et al.,

1996).

Temp. Na* K Mg?*  Ca¥ SiOy," APV RV Ma®) Cr HCO;™
co M (mg/L)

250 570 161 325 019 333 0001 0001 0001 0001 592 0.79
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FIg. 5. Abundances of secondary minerals precipitated by
anorthosite reaction with rain water at 25°C. Logarithm of
grams per kilogram of solution as a function of log added
grams of anorthosite.
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Fig. 6. Piper's diagrams showing chemical compositions of water samples from the crystalline rock area and evolution path
of groundwaters by reaction path modeling. Groundwater data of granite area are from KIGAM (1993) and Koh er al. (1998).
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by granite/anorthosite reaction with rain water at 25°C,
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