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ABSTRACT: In fractured crystalline bedrock aquifers, groundwater flows through discontinuous surfaces such
as joints and faults and reacts with the rocks for a long time. To investigate the effect of these geological factors
on the hydrogeochemical characteristics of major elements in groundwater, the Eumseong basin and surrounding
areas, which has a variety of bedrock lithology and large-scale faults, was selected as study area. 78 groundwater
samples were taken from shallow and deep wells in the study area and analyzed for major elements. Cation
concentrations were in the decreasing order of Ca*", Na', Mg2+, and K", and anion concentrations were HCO5',
S04, Cl', and NO;". Ca-HCO; was the dominant water type followed by Ca-(Cl+NO5+S0O,) and Na-HCOs types.
The deeper the total depth of the wells, the higher the concentrations of HCO3', Ca**, and Na" and no clear
relationships were found between major element concentrations and the distance from the fault. The concentrations
of HCO5™ and Ca*" were higher in groundwater of sedimentary rock area, and the concentrations of NO5™ and SiOs(aq)
were higher in groundwater of granitic rock area. With the increase in total depth of the wells, degree of water-rock
interactions generally increased. However, the upward movement of deep groundwater to shallow zones through
the fault was not confirmed. The difference of major element characteristics in groundwater of the study area is
likely to be due to the difference of mineral compositions and weathering characteristics of the bedrocks. The results
of'this study are expected to be helpful for understanding chemical characteristics of groundwater and evaluating
flow conditions and groundwater resources in fractured bedrock aquifers.
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Fig. 1. Location maps of study area and groundwater sampling sites with streams and administrative boundaries

(a) and lithology and faults (b).
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Table. 1. Summary of measured field parameters and concentrations of major dissolved constituents in groundwater
(n=73).

Temp. pH EC

Ca®*  Na'* Mg" K' HCO;y SO/” CI' SiO)aq) NOy
C)y G

(uS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Min. 10.7 5.79 111 253 548 043 036 440 1.10 2.67 3.67 0.05
Max. 195 897 1,210 159 158 312 8.04 847 165 83.4 63.7 41.5
Ave. 152 7.08 313 350 197 620 1.76 130 18.0 172 24.5 14.5
Std. 1.61  0.66 184 240 235 434 143 127 25.1 15.7 10.6 11.6
Med. 151 6.96 272 29.3 13.0 530 133 984 1.2 125 24.0 12.2
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1997a), HCOy F=2h= AWAol ok CIl2 5 B ARAsko 5oz %t Edaytol os)
=3} ke 019F FEoF 22 dAlEIA|T B FL7) £O1R|7| = StcH(Varol and Davraz, 2014).
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Fig. 2. Spatial distribution of concentrations of major dissolved constituents in groundwater on the geologic map
with bedrock lithology and major faults. Concentration intervals were based on natural breaks for HCO;, Ca*’,
Mg?*, Na*, and SiO(aq), and referenced standard breaks (Kim et al., 2015) for NO5".
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Table. 2. Pearson’s correlation coefficients of field parameters and concentrations of major dissolved constituents
in groundwater using log transformation except temperature and pH.

Temp. pH EC  Ca¥ Mg Na' K' HCOy CI SO NOy %;%2

Temp.

pH

0.20

EC " 0.08)

o 0.76
Ca (<0.01)
M 2027 075 085

& (0.02) (<0.01) (<0.01)

Na' 072 022 029

(<0.01) (0.06) (0.01)
- 2034 05 035 044 041
(<0.01) (<0.01) (<0.01) (<0.01) (<0.01)

HCO- 022 080 057 054 069 036

3 (0.06) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)

o 2032 049 055 057 0.3

(<0.01) (<0.01) (<0.01) (<0.01) (<0.01)

SO 041 045 041 0.26 0.32

s (<0.01) (<0.01) (<0.01) (0.03) (<0.01)
No- 022 037 026 0.5 059 041

3 0.07) (<0.01) (0.03) (<0.01) (<0.01) (<0.01)
Si0, 2042 023 -023 022
(aq) (<0.01) 0.05) (0.05) (0.06)

* Correlation coefficients (r) were shown in bold for > 0.7, in normal for 0.4 — 0.7, and in italic for < 0.4 with p-value
in parenthesis. If r >= 0.7, the correlation is interpreted as high, if 0.4 =<r < 0.7, as moderate, and ifr < 0.4, as

low (Hinkle et al., 2003).
AA 2Qof 3| F= FAH= A= B
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o} JeZo] =AIE Y4E BF 9Ee Aot
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1z

2 (7Y 6a), A2 5 ZJslofids CHNOst
S04 ¥]&o] &2 Alske7t W24, ol AR A5t
7k AR A} ) @ AR S B
Ao Z & 4 Qlti(Jeong et al., 2016b). AFE-R|3}
ol A Na'/Ca® B| 0] &2 3k47} Hok =4,
ol AFE A5 WA o] HA 23 ol=
3L AU O] AP ] EZ-of] 93 Na'2 A] 3}
W= 23] SFEHEA Yelhs 292 231 Qo
(Lee et al., 1997a). & FF5X 99 E3} xZo9|
Ut 2 o4, 4137 84e] 74 Na-HCO,
7 ulgo] o] A AsEoIAE CaNOK(SO)
3 o] Wo] Udth(Jeong et al., 2016b). THE1}o]
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Fig. 3. Bivariate plots of HCOj;™ concentration and concentrations of other dissolved constituents in groundwater.
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Fig. 4. Box-whisker plots of concentrations of major ions in groundwater for three groups classified by total depth

of the wells.
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Fig. 5. Variation of concentrations of major dissolved constituents in groundwater along the distance to mapped
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Fig. 8. Piper plot of groundwater classified by simplified bedrock lithology.
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