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There are more than one hundred hot springs along the major fault zones in the north and south of Thailand. Recently, mineral water bottling plants have utilized low-temperature geothermal water (<100 ℃) as a source of raw materials. The exploration is therefore a crucial step in the planning and development of the mineral water bottling industry. The combination of electrical resistivity (ERT) and induced polarization (IP) tomography could help us to reduce the ambiguity of interpreting anomalies by using normalization techniques.

Normalized chargeability is susceptible to lithology, especially clay concentration. Moreover, the induced polarization method is very well suited for the detection of sulfide minerals which are commonly associated with hydrothermal systems. By using normalized parameters, the promising zone of geothermal water can be separated from clay-bearing formations and cold groundwater aquifer, which both also show low resistivity anomalies. This study aims to use resistivity and chargeability measurements to identify geothermal water circulation zones in the Ping Khong hot spring at Chiang Dao district, Chiang Mai, Thailand. The research has contributed to a better understanding of the relationship between the distribution of geothermal water and its geoelectric responses (ERT, IP and normalized IP). 

According to the previous exploration, the aquifers can be divided into the shallow zone, the intermediate zone, and the deep zone. In this research we focused only the shallow zone locating at depth 20 – 40 m. Six survey traverses were carried out by using a multiple gradient array providing maximum depth of investigation about 50 meters. As a result, we have found that the geothermal water zone predominately corresponding to anomalies showing of low resistivity (< 30 Ω.m), high chargeability (>20 mV/V) and high normalized chargeability (1 - 15 mS/m). In contrast, normal groundwater aquifers exhibited almost the same resistivity range, but they had extremely low normalized chargeability values. 

The high normalized chargeability anomalies of the shallow geothermal water zone were influenced by the association of strongly polarizable materials including hydrothermal clay and pyrite which have very low resistivity and high chargeability. However, some moderate to fairly low normalized chargeability anomalies also match with the warm-water wells (35 - 50 ℃) and no pyrite association. This is because water naturally had low chargeability, and its resistivity was governed by a combination of fluid resistivity, matrix resistivity, and fractured porosity. As the thermal water was upwelling along fractures, the higher resistivity of grain matrix and low porosity of the wall rocks could significantly increase the bulk resistivity of water circulation zone. Consequently, the normalized chargeability of geothermal water plumes had been reduced with pyrite or clay in their matrix.

Finally, by employing normalized IP approaches, we can improve the identification of geothermal water zone with higher accuracy and reliability than using only the resistivity anomaly. The results of this study concluded that normalized chargeability is a desirable aspect for geoelectric investigation of shallow and low-temperature geothermal water.
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