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ABSTRACT 
 

The Tokaj Mountains are one of the most well-known volcanic mountains in Hungary. They are 

located in the north-eastern part of the country. Their geology and mineralogy have been studied 

thoroughly, however we have just little knowledge about the hydrogeological features. Research on 

the hydraulics of groundwater and water-rock interactions have been performed earlier, but a detailed 

understanding of the flow system was lacking. A goal of the WELL aHEAD project (launched in 

2012 at the Institute of Environmental Management, University of Miskolc) is to study the 

groundwater flow system of the Tokaj Mountains in details. This work includes the investigation of 

water chemistry, for which samples from 37 wells and springs were collected on the site, and the 

temperature measurements of outflow water were carried out. A database of water chemistry and 

geothermal parameters have been created for the management of our measurement data, which can be 

completed arbitrarily with other available data. 

 

INTRODUCTION 
 

The Tokaj Mountain range, located in the north-eastern part of Hungary as a part of the 

Carpathian Basin, is one of the most famous volcanic mountains of Hungary. It strikes  

north‒ south, and it is approximately 100‒ 120 km long. The mountains run between Tokaj 

and Eperjes (Slovakia) (Kiss, 2007). The thermal and geothermal research in the Tokaj 

Mountains has always been of  secondary importance from the point of view of 

hydrogeology, due to its complex geological structure and the insufficient number of deep 

exploration wells. During our research we experienced  that several potential thermal 

aquifers may be found in the investigated area despite the complex geological structure. 

Many wells in the mountains produce good  quality outflow water with high amount of 

total dissolved solids. We collected data about various parameters, then a hydrogeological 

‒ hydrochemical database was created, which serves as the base of the regional 

hydrogeological research. 

 

GEOLOGICAL BACKGROUND 
 

The investigated area was defined mainly by natural boundaries. The boundary in the 

North is the Hungarian-Slovakian border, while the western boundary runs along the 

Hernád Valley, which is a north-northeast south-southwest structural line, known also as 

the ALCAPA-Tisza tectonic line, a part of the Central Hungarian lineament. The southern 

boundaries of the area are the Tisza and the Sajó Rivers. Finally, the eastern borders are the 

Tisza and the Bodrog Rivers. The geological structure of the Tokaj Mountains is rather  
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complicated. The depth and the rock material of the basement are still in question. Some  

basement maps show that it is approximately at 1500‒ 2000 m deep and the material of the 

basement is probably metamorphic mica. Concerning the geological structure of the 

investigated area, it has been proved in the thermal karst of Sárospatak and Bükk that 

shallow marine carbonate sediments were also deposited  in the Triassic. Neogene vulcanite 

formations settled on the basement with hundreds or – in some places thousands – of 

meters in thickness. The reason for the extraordinary thickness is that the volcanism has 

started in the Miocene and ended in the Lower-Pannonian. The Pannonian Lake gradually 

lost its salinity, and it was filled by river drift. The Upper Pannonian clastic sediments 

pinched out on the southern part of the research area, but toward the Great Hungarian Plain 

their thickness increases. In several areas above the Pannonian layers Pleistocene fluvial 

sediments have settled in large thickness, where the Holocene formations are negligible. 

 

MATERIALS AND METHODS 
 

Temperature values of water samples taken from the area of the mountains show that 

some subsurface structures situated in the eastern and western boundaries emerge from 

their environment. Higher temperatures coincide to high structural lines running on either 

side of the range. This indicates a high flow pathway, and the outflowing waters have 

higher TDS. From the data collected at the Eperjes-Tokaj Mountains an overall water 

chemistry database was created. This database contains 9 different sub-databases including 

more than 800 water samples. The  water chemistry analysis are unfortunately rather 

incomplete. Only 66 springs and 54 wells had the same parameters required for further 

analysis (Na, K, Ca, Mg, SO4, H2CO3, Cl). The Piper diagram is a graphical representation 

of the  water chemistry values. The major cations and anions dissolved in the water can be 

plotted in a triangle diagram as a function of the concentration ratio. Subsequently the 

diamond diagram was constructed, in which the composition of the material is shown to 

demonstrate the aquifer system. The points of the triangular diagram  are not indicated  on 

the map, but they can be easily added with a color code. The vertices of the triangle 

diagram are assigned to the HSV color coordinates of a system parameter. The HSV color 

scheme turns the colors to the hue (H), saturation (S), and brightness (V-value) (Luk, 2013). 
 

RESULTS 
 

The water chemistry data of the Tokaj Mountains are plotted in the Piper-diagram 

(Figures 1 and 2). In the figures the points of springs and wells were plotted separately.  
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Figure 1. Chemistry of the water samples from springs in the Tokaj Mountains 

 

 

 
 

Figure 2. Chemistry of the water samples from wells in the Tokaj Mountains 

 

The data points of Figure 1 and 2 are also presented in the form of maps (Figure 3  

and 4). 
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Figure 3. Springs in the Tokaj Mountains presented on geological map 

 

 

Figure 4. Wells in the Tokaj Mountains presented on geological map 

 

Flow systems of the volcanic areas can be connected to local tectonics. The main 

structural lines of the mountains and the wells are presented in Figure 5.  

We can present the different spring and well water parameters on the geological maps. 

The main reasons of the difference are the tectonics in the mountain and the types of the 

lava rock (andesite, rhyolite). In the northern and eastern part of the mountains there is 

much more springs, than on the other parts. So, the distribution of the water samples is not 

homogeneous (Figure 3).  
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Figure 5. The main structural lines of the mountains and the wells 

 

Lot of wells in the mountain do not have complete water chemical analyses results. 

Only 21 wells have got the main water chamical parameters for the Piper diagram. These 

wells were placed on the tectonical map, and marked the main tectonical and structural 

lines (Figure 4 and 5) (Fekete et al., 2014). 

 

CONCLUSIONS 
 

In the studied area, the spring water has relatively low bicarbonate content. The chloride 

and sulfate content is varying. The most characteristic cation of the spring waters is 

calcium. Due to the low flow pathway, the sodium and magnesium concentrations are both 

low. The most characteristic anion of spring is the sulfate. The groundwater pumped from 

the wells have more hydrogen carbonate and sodium content, due to higher flow path. In 

particular, calcium and potassium rich sodium-water type is common in the mountains. 

From the point of view of anions the water samples from wells are of sulfate and 

bicarbonate types. The andesitic areas (green shaded area in Figure 5) is mainly dominated 

by pale green and pale blue circles indicate small or medium amount of sulfate and 

bicarbonate content of the material. The rhyolitic areas in turn have crucially higher 

bicarbonate components (Figure 3). Figure 5 shows the effect of the structural lines on the 

water chemistry. The groundwater of aquifer in the volcanic area is mainly bicarbonate type 

(dark blue points in Figure 5). In the southern part of the mountains the Pannonian layers 

are thicker than in the north (purple points in Figure 5).  
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