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The Apuseni Mountains are located between the large geothermal area of the Pannonian
Basin and the low thermal flux Transylvanian Basin. Thermal and mineral waters have been
sampled from 42 points along a NW-SE transect. The general chemistry and the water
isotope (deuterium and oxygen-18) composition were analyzed. Most of the thermal
aquifers are located in carbonate reservoirs. The waters mainly belong to the Ca-HCO3

hydrochemical type, excepting the western side, towards the Pannonian Basin, where the
Na-HCO3 type may occur. The isotope composition indicates aquifer recharge from
precipitation. The geochemical characteristics and the structural position of the study area
suggest two distinct geothermal contexts. The Southern Apuseni area geothermal features
are likely connected to the Neogene—Early Quaternary magmatic activity from the Mureş
Valley and Zarand Depression. The geothermal manifestations in the north-western part of
the study area, at the border between the Northern Apuseni and the Pannonian
Depression, share features of the latter one.
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INTRODUCTION

The mineral and thermal waters from the Apuseni Mountains have been less studied by respect to
other areas in Romania, although their resources are not negligible. Some of the thermal sources, as
Geoagiu (Germisara) and Călan (Ad Aquas), are known since the Roman times (Fodorean, 2012).
However, the geochemical information able to deepen our understanding on the geothermal
potential and the genesis of the thermal and mineral waters in the Apuseni area are scarce.

The Apuseni Mountains are bordered towards the west by the Romanian part of the Pannonian
Basin, an extensive unit well known for its rich geothermal resources (e.g.,: Horvath et al., 2006; Szocs
et al., 2018; Rman et al., 2019). On the opposite side, the Transylvanian Basin is recognized as having
low heat flow compared to the Pannonian Basin, but comparable values to other European areas
(Demetrescu and Andreescu, 1994; Tiliţă et al., 2018).

Information about the mineral and thermal waters from the Apuseni Mts. is available in general
works regarding the Romanian mineral waters (e.g.,: Institutul de Balneologie şi Fizioterapie (IBF),
1970; Pricajan, 1972; Pricăjan and Airinei, 1981). Groundwater with temperatures higher than 20°C
is generally considered as thermal water. A series of relevant contributions to the hydrogeological
description of the Apuseni Mts., especially of the karst areas, were authored by Orăşeanu, here
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including also mineral and thermal waters (e.g., Orăşeanu, 1987;
Orăşeanu and Mather, 2000), and synthesized by Orăşeanu
(2016, 2020). The thermal waters are used or have been used
for bathing purposes in resorts as Băile Felix, Geoagiu, Moneasa,
Vaţa, Călan. Carbonated waters are bottled in Boholt, Băcâia, and
Chimindia.

The present contribution aims to extend the current
knowledge on the occurrence and characteristics of the
mineral and thermal waters in the Apuseni Mts. area, by
adding a set of hydrogeochemical data that includes chemical
and isotopic analyses. These results will help in better
constraining the thermal features of the study region. Water
samples from 42 locations along a NW-SE transect were collected.
Groundwater sources with temperatures between 10 and 20°C,
although not corresponding to the definition of thermal water,
were included in this study as indicators of the geothermal
influence. The analytical results are interpreted by geochemical
methods, and an assessment of the origin and geothermal context
of the investigated waters is presented, correlated with the
geological setting of the study area.

GEOLOGICAL SETTING

The Apuseni Mountains represent a segment of the Carpathian
orogen, with an inner position relative to the main ridge. They are
located between two connected Neogene sedimentary basins, the
Pannonian Basin to the west, and the Transylvanian Basin to the
east. Although the Apuseni Mts. have the appearance of an island,
their structure continues beneath the sediments of the two basins.

The basement of the Pannonian Basin consists of two entities
with different origin and evolution, the ALCAPA and Tisza/Tisia
mega-units, separated by the Mid Hungarian fault zone (Schmid
et al., 2020). The ALCAPA block, originated from the Adria
realm, comprises the Austroalpine unit of the Alps and internal
units of the Western Carpathians. A significant part of it,
representing the basement of the north-western part of the
Pannonian Basin, is covered by Neogene sediments. Tisza
mega-unit is a Europe-derived block, which forms the
basement of the south-eastern side of the Pannonian Basin,
being visible in the Mecsek Mts. in Hungary, or the Slavonian
Hills in Croatia. The largest outcropping area of the Tisia block
corresponds to the Northern Apuseni Mts. (Inner Dacides, after
Săndulescu, 1984), where the upper two units of this block, the
Bihor and Codru nappe systems are exposed. These units
generally consist of an Early Proterozoic—Variscan basement,
basement-cover and pre-Alpine cover nappes (Seghedi, 2004).

The Bihor unit consists of medium-grade crystalline rocks,
with granitic intrusions, covered by Permian—Mesozoic detrital
and carbonate sedimentary formations (Săndulescu, 1984). The
lithologic composition of the Codru unit is dominated by
Permian—Mesozoic sedimentary formations, with Permian
volcanics and few low- or medium-grade metamorphic
elements underlying some of the nappes.

A north-vergent thrusting shear zone, corresponding to the
Biharia unit, separates the North and South Apuseni Mts.
(Seghedi, 2004). It mainly consists of medium-grade

metamorphic rocks. The Biharia nappe system belongs to the
Dacia mega-unit, as an equivalent of the Supragetic nappe system
from the Southern Carpathians (Schmid et al., 2008, 2020), and
overthrusts the Bihor and Codru units.

The South Apuseni segment is the remnant of a branch of
Neotethys, the Eastern Vardar mobile area. It mainly consists of
ophiolitic units, placed over the margin of the Dacia block during
the Upper Jurassic (Schmid et al., 2008). They are the result of an
intra-oceanic back-arc basin that persisted a very short period,
between the Middle Jurassic and Late Kimmeridgian to
Tithonian. The closure of the basin is marked by the
obduction of the ophiolitic units on the Biharia nappe system
(Schmid et al., 2020). The ophiolitc complex is represented by
Middle Jurassic tholeites and Late Jurassic to Early Cretaceous
calc-alkaline magmatic rocks (Mutihac, 1990). An intensive Late
Jurassic to Late Cretaceous sedimentation has accompanied and
followed the ophiolitic magmatism. Two types of sediments
dominate: the reef limestone (Malm to Lower Cretaceous), and
flysch-type detrital units.

THE STUDY AREA

Two distinct areas have been considered within the study region,
which show different geological, hydrogeological, and structural
features. The southern area corresponds to the depression
between the Apuseni Mts. and the Southern Carpathians, filled
with Neogene-Quaternary deposits along the Mureş and Strei
Rivers, and to the southern part of the Apuseni Mountains. The
northern area corresponds to the Northern Apuseni structural
units, including also the Neogene depressions on the western side
of the mountain range (Figure 1).

Within the southern area (A), two distinct subareas have been
investigated. Rapolt subarea corresponds to the crystalline
isolated massif of Rapolt and its surroundings, extending
southward along Strei River. Its southern part is represented
by a flat area filled with Neogene-Quaternary sediments. The
northern part includes the Rapolt crystalline body, the Măgura
Uroiului shoshonitic body (Seghedi et al., 2011), and the
surrounding sedimentary areas that host geothermal sources.
The following sources have been investigated within this
subarea: Călan, Chimindia, Banpotoc, Rapolţel, Feredee,
Rovina, Nătău, Geoagiu.

Zarand subarea (B) corresponds to a NW-SE oriented
depression along Crişul Alb River, within the Southern
Apuseni Mts, narrower in the SE (Brad area), and extending
gradually to the Pannonian Basin. This intramountainous area is
filled with Neogene sediments penetrated by Neogene magmatic
bodies (Pécskay et al., 1995; Roşu et al., 1997; Roşu et al., 2004;
Seghedi and Downes, 2011). The investigated sources in Zarand
subarea are Vaţa and Dezna.

Within the Northern Apuseni, four subareas have been
separated. Moneasa (C), although geographically located very
close to the northern edge of Zarand depression, shows features
that confirm its belonging to the Northern Apuseni. Beiuş
subarea (D) is a NW-SE oriented depression, filled with
Neogene sediments, and extending along Crişul Negru River,
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widely opening to the Pannonian Depression. The following
localities have been investigated: Ştei, Beiuş, Răbăgani,
Coşdeni, Albeşti, Rotăreşti and Ceica. A similar but smaller
depression occurs along Crişul Repede River, where Aleşd well
was sampled (F). Baile Felix is located on a westward extension of
the Mesozoic carbonate units to the Pannonian Depression (E).
The northernmost investigated source is Pădurea Neagră (MA
42), laying on the northern edge of the Apuseni metamorphic
units (Plopis Mts.).

MATERIAL AND METHODS

Three field campaigns for site investigation and sample
collection were conducted—the southern area in October
2018, the northern area in February 2019, and samples 38
to 42 in November 2019 (Supplementary Table
S1—Supplementary material). A total of 42 sampling points

has been selected, 20 of them being located in the southern
area, and 22 in the northern one (Figure 1). The coordinates
and elevation of the sampling points are inserted in
Supplementary Table S1. A GoogleEarth map showing the
position of the sampling points is available as Supplementary
Figure S1 in Supplementary material. The sampling sites were
selected based on the water temperature at the outlet,
considering that temperatures higher than 10°C may reveal
a potential geothermal influence. The background information
was mainly extracted from the works of Orăşeanu (2016, 2020)
and Pricăjan (1972). The investigated physico-chemical
parameters (temperature—T°C, pH, redox potential—Eh,
and electrical conductivity—EC) were measured in situ,
using a portable multiparameter instrument (WTW Multi
350i), which was previously calibrated using standard
solutions. For the determination of alkalinity on site as
HCO3, the titrimetric method with methylorange was
applied, using a microdosimeter. The flow rate

FIGURE 1 | The general geological structure of the Apuseni Mts. and distribution of the investigated areas (mapmodified after Kounov and Schmid, 2013; Gallhofer
et al., 2017). 1. Supragetic, getic nappes; 2. Ophiolites (mainly Jurassic); 3. Jurassic granitoids; 4. Neogene magmatic rocks; 5. Late Cretaceous intrusions; 6. Bihor
nappe; 7. Codru nappe system; 8. Late Cretaceous volcanics; 9. Gosau-type sediments; 10. Highiş-Poiana, Biharia, Muncel-Lupşa nappes; 11. Early Cretaceous flysch;
12. Baia de Arieş nappe; 13. Paleogene to recent sedimentary units; A—Mureş area; B—Zarand basin; C—Moneasa-Vaşcău; D—BeiuşDepression; E—Felix area;
F—Vad-Borod Depression.
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(Supplementary Table S1) was determined where possible as
an average of more measurements, by measuring the filling
time in calibrated vessels (Nicula et al., 2019).

Water samples for ion analysis have been collected in 250-ml
pre-cleaned polyethylene bottles. The samples were filtered in the
field by using a syringe and 0.45 µm Millipore™ filters, and then
transported in cool boxes to the laboratory, where they have been
stored at 4°C in the refrigerator.

Chemical analyses were performed in the Laboratories of the
Faculty of Environmental Science and Engineering, Babeş-Bolyai
University. A Dionex 1500 IC ion chromatography system was
used for the dissolved ion analysis (F−, Cl−, Br−, NO2

−, NO3
−,

SO4
2−, PO4

3−, Li+, Na+, K+, NH4
+, Mg2+, and Ca2+).

The quantifications were performed based on the external
standard method, using the calibration curves plotted for six
standard solutions prepared by serial dilutions of the stock
solutions: Dionex™ Combined Seven Anion Standard II/
057590 and Dionex™ Combined Six Cation Standard-II/
046070. The method proved to have a good linearity (R2 >
0.999) and low detection limits. The limits of detection (LoD)
were: 10.3 μg/L (Li+), 12.2 μg/L (Na+), 11.9 μg/L (NH4

+), 12.7 μg/
L (K+), 11.8 μg/L (Mg2+), 17.1 μg/L (Ca2+), 10.1 μg/L (F−),
21.2 μg/L (Cl−), 12.4 μg/L (Br−), 11.4 μg/L (NO2

−), 12.0 μg/L
(NO3

−), 15.8 μg/L (PO4
3−), and 12.7 μg/L (SO4

2−).
In order to quantify the amount of dissolved H2S as HS−

ions, 10 ml of water were collected in falcon tubes containing
2 ml of ammonia-cadmium solution. For preparing the
ammonia-cadmium solution, 0.5 mol of Cd(CH3COO)2 was
dissolved in 225 ml of 30%v/v NH3 solution in 1 L of ultrapure
(Milli-Q quality) water. At the final stage, the samples are
prepared based on the methodology developed by Montegrossi
et al. (2006), and measured by ion-chromatography as
sulfate ions.

Distinct samples were collected for measuring the metal
content. The samples were filtered in the field, using 0.45 µm
syringe filters, and acidified to pH � 2 with HNO3 65% (Merck).
The analyses were performed by atomic absorption spectrometry
(AAS), by using a ZEEnit 700 system (Analytik Jena) equipped
with air—acetylene burner and a specific hollow-cathode lamp
for each metal. The calibration curves were plotted for six
standard solutions prepared by serial dilutions of an ICP
multi-element standard solution (1,000 mg/L, standard IV/
111355, Merck). The method proved to have good linearity
(R2 > 0.999). The detection limits for flame atomization were
12 μg/L (Fe and Cd), 35.0 μg/L (Cr), 38 μg/L (Ni), 13 μg/L (Zn),
83 μg/L (Pb), and 36 μg/L (Cu).

Mineral saturation indices (SI) for carbonates [calcite and
aragonite—CaCO3, dolomite—CaMg(CO3)2 and siderite
(FeCO3)], sulfates [gypsum—CaSO4·2H2O, anhydrite CaSO4,
K-jarosite—KFe3 3(OH)6(SO4)2 and melanterite—FeSO4·7H2O],
halides (fluorite—CaF2, halite—NaCl and sylvite—KCl) and iron
oxides [goethite—α-FeO(OH), hematite—α-Fe2O3] minerals were
used to predict the tendency for precipitation or dissolution of those
minerals. A saturation index of 0 indicates thermodynamic
equilibrium, while SI > 0 indicates oversaturation, and SI < 0
indicates undersaturation. Mineral saturation indices of waters
from the study area were calculated at the in situ measured

spring temperatures and pH using the PHREEQC computer
program, with the default PHREEQC database (version 3, USGS,
Denver, CO, United States). The most representative samples for
each subarea have been selected.

For measuring the stable isotopes of water, the samples have
been collected in 4-ml glass vials, and analyzed at the Babeş-
Bolyai University Stable Isotope Laboratory using a Picarro
L2130i cavity ring-down spectroscopy system. Detail on the
method, calibration and errors are provided elsewhere
(Wassenaar et al., 2013; Dumitru et al., 2017). The isotopic
data are expressed using the standard notation, as δ (‰) �
(Rsample/Rstandard –1) × 1,000. Internal laboratory standards
calibrated with international standards VSMOW2 and
VSLAP2 were used for data calibration. The measurement
spectra were analysed for spectral contamination (organic
interferences) using the ChemCorrect software after each
measurement. None of the samples showed spectral
contamination that can affect the isotopic measurement.

RESULTS AND DISCUSSION

Physicochemical Features
The physicochemical parameters measured in the field are listed
in Supplementary Table S1. The pH of the waters ranges
between 6.16 (MA 42—Pădurea Neagră) and 8.80 (MA
18—Vaţa Băi 2). The waters collected from the southern area
generally show lower pH than the samples from the northern
area, reflecting the presence of CO2 in free and dissolved forms, in
most of the samples. The main exception to this general trend is
Pădurea Neagră, which shows the lowest pH, although located in
the northern area, due to the CO2 content.

Many of the investigated water sources show temperature at
the outlet between 20 and 30°C (19 out of 42 sources). This is the
case of the sources from the areas of Călan, Rapolt (Banpotoc,
Rapolţel, Rovina, and Nătău), Geoagiu, Moneasa, Răbăgani, and
La Feredee (subarea A). Higher temperatures, between 30 and
40°C, were measured in six sources, at Geoagiu (one source),
Dezna, Vaţa, Felix, and Aleşd. Temperatures above 40°C were
recorded in only two deep wells (subarea D), from Ştei (44.5°C)
and Beiuş (79.8°C). Fifteen of the investigated sources show
temperatures between 11 and 20°C, however they were taken
into account, as compared to the background temperatures, a
geothermal influence is visible. Low electrical conductivities,
below 500 μS/cm, were recorded in Moneasa area and in the
sources located close to the Pannonian Basin, as Felix, Dezna, and
Beiuş Basin. The temperature and electrical conductivity of the
water released by drilled wells is generally higher than in the case
of springs. The springs are likely influenced by the shallow
infiltration water.

Water Chemistry and Isotopic Composition
The concentration of the main cations (Na+, K+, Li+, NH4

+, Ca2+,
and Mg2+) and anions (Cl−, F−, NO3

−, HCO3
−, and SO4

2−) are
listed in Supplementary Table S2—Supplementary material. As
revealed by the Piper diagram (Figure 2), the HCO3 water-type is
dominant for most of the sampled waters. The cation
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composition is more variable, generally in the range of the Ca-Mg
type. The Ca (Mg)—HCO3 water type is also dominant in the
surface water and cold aquifers in the area. This situation is
expected, taking into account that most of the aquifers are
confined in carbonate reservoirs. Particular features show the
waters from the western part of the investigated area, with
affinities with the Pannonian Basin (Ceica, Rotăreşti, Coşdeni,
and Albeşti), with a very peculiar Na-HCO3 type. This particular
water type is common in the Pannonian Basin and it is generally
explained by cation exchange and dissolution of minerals such as
mica and feldspars (Rowland et al., 2011 and references therein).
Different hydrochemical features by respect to the general trend
are noticed in the case of the Mg-SO4 water from Ştei well (MA
27), and Na-SO4-Cl water from Vaţa Băi (MA 18). The total ionic
salinity (TIS) plot (Supplementary Figure S2 Supplementary
material) indicates relatively low salinities for most of the
samples, mainly determined by the HCO3

−-Cl− ion pair. It is
visible the exception in the case of SO4

2−-rich MA 27 water. The
MA 34 Ceica and MA 41 Chimindia samples, with high
HCO3+Cl contents (55.06 and 34.10 meq/L, respectively),
and low SO4 content, fall outside the plot. The AAS analysis
has revealed metal concentrations (Cu, Cr, Ni, Pb, Zn, and Cd)
below the detection limit in all the samples. The only metal with
high concentrations is iron, that is detectable in all samples, and
shows higher contents in the CO2-rich, sparkling waters, also
revealed by the Fe-hydroxide yellow deposits around the
source. The concentrations of iron were between 0.013 and
4.97 mg/L.

Lithium (Li+) was found in only two samples: MA 34
(1.06 mg/L) and MA 35 (0.01 mg/L). The sodium (Na+)
concentrations were between 1.1 and 794.23 mg/L (standard
deviation σ � 155.68). Potassium (K+) has shown
concentrations between 0.02 and 55.59 mg/L (σ � 14.98).
Calcium (Ca2+) and magnesium (Mg2+) are generally
abundant in the analyzed waters, with concentrations between
4.02 and 649 mg/L (σ � 132.55) for calcium, and 0.22–545.33 mg/
L (σ � 84.34) for magnesium. Ammonium (NH4

+) was not
identified in the analyzed samples (LoD � 11.9 μg/L NH4

+).
The chloride (Cl−) and sulphate (SO4

2−) anions were identified
in all the analyzed water samples, with concentrations between
1.31 and 260.38 mg/L for chloride (σ � 50.74), and sulphate
concentrations between 0.37 and 875.17 mg/L (σ � 144.50). The
fluoride (F−) concentrations were between 0.02 and 2.78 mg/L.
Nitrate (NO3

−) concentration has shown values between 0.04 and
160 mg/L, while nitrite (NO2

−) was found in a single sample
(0.61 mg/L in MA 17). Bromide (Br−) and phosphate (PO4

3−)
concentrations were below the detection limit in all the
investigated samples. Alkalinity measured as HCO3

− varied in
the range of 115.9 mg/L to 2,754.15 mg/L (σ � 766.87).

Some of the investigated sources contain gases in free or
dissolved form. Orăşeanu (2020) reports the occurrence of
gases in thermal and non-thermal waters in different units of
the Apuseni Mts: Beiuş Basin—Vaşcău, Moneasa, Rapolt area,
Călan, Bihor Mts., Pădurea Craiului Mts. In most of the cases, the
composition of the gas mixtures is dominated by nitrogen, and
the N2-O2 ratio suggests their atmospheric origin. Most of the

FIGURE 2 | Piper plot showing the hydrochemical type of the investigated waters.
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sampling locations in the southern area (Călan, La Feredee,
Geoagiu, and Chimindia), and some sites from the western
part of the study area (Felix, Ceica, Beius), as well as Pădurea
Neagră in the north, contain various proportions of CO2. High
concentrations of methane were found on the western side, as free
gas at Ceica, or dissolved with much lower concentrations at
Chimindia, Geoagiu, Albeşti, and Rotăreşti. The presence of
hydrocarbons in water in this area was also reported by
Rowland et al. (2011), Ionescu et al. (2017) and Baciu et al. (2018).

Most of the samples contain small amounts of dissolved H2S.
The highest amount was found in the Southern Apuseni area, and
in some cases in the western part of Beiuş Depression, with the
highest concentration in Ştei borehole (109.07 mg/L).

The saturation indices (SI) generally show slight
oversaturation in aragonite, calcite and dolomite
(Supplementary Table S3—Supplementary material). In the
areas of Călan, Banpotoc, Rapolţel, and Geoagiu (Group A),
where CO2 emissions are also present, this is also indicated by
the presence of thick travertine deposits. Same tendency can be
observed at Vaţa, Dezna, and in Beiuş and Vad-Borod
depressions, but without travertine deposition.
Undersaturation by respect to the carbonates has been found
in Stei and Pădurea Neagră sites. Most of the samples show
oversaturation in iron minerals goethite and hematite.
Undersaturation by respect to sulphate minerals is the
common case in the study area. The highest SI for sulphate
minerals was found in Ştei well.

The stable isotope values, as presented in Figure 3, confirm
the meteoric origin for all the investigated sources. In most of
the cases, the values plot along the LMWL drawn by Cozma
et al. (2017) for Roşia Montană, while another part are located
on the LMWL drawn by Forizs et al. (2004) based on the
isotopic composition of samples from Focul Viu ice cave. The
correlation line intersects all three water lines (GMWL, Focul

Viu, and Roşia Montană), indicating the possibility that the
samples fall along this theoretical “mixing” line. Based on this
we infer that the samples intersecting the Focul Viu line could
be of a deeper circulation, “older water”, while the ones
intersecting Roşia Montană LMWL could have a shallower,
more rapid circulation. However, further analyses are needed
to demonstrate this. The range of elevations of the sampling
points is relatively narrow, spanning over 226 m (from 139 to
365 m. a.s.l.), thus the effect of elevation on the isotopic
composition is expected to be less significant.

Based on GNIP precipitation data from IAEA (Nucleus server)
for Romania, the average δ18O and δ2H is –8.91 and –63.08‰,
respectively. These values are not significantly different from
GNIR surface water data from IAEA (Nucleus server) for
Romania (–9.90‰ and –70.60‰). The average of the δ18O
and δ2H values in the case of the springs we investigated is
–11.62‰ and –75.87‰, respectively. The limited number of
samples and the lack of drilled wells water ages prevents us
from further advancing in the interpretation of the isotopic data.

Within the same area, significant differences in the position
of points along the LMWL may be observed, supporting the
variability of the residence time for the concerned aquifers and
the influence of other factors, as exsolution of CO2 from water
exposed to atmospheric temperature and pressure, in the
southern area (e.g., Geoagiu). Evaporation may also
influence the results when the samples have been collected
from open pools, as in the case of La Feredee and Călan, or
when the water path through pipelines from the source to the
sampling outlet is long, and contact with atmospheric air is
possible.

The content and ratio of some indicative chemical compounds
from geothermal waters may be indicative for the reservoir
temperature. In the case of our particular study area, the
Giggenbach ternary plot and several cation geothermometers
have been used. In the Giggenbach ternary diagram
(Figure 4), most of the points fall in the Immature waters
field, also suggesting shallow circulation. The samples from
Beiuş Depression plot in the partial equilibration field. They
contain different amounts of hydrocarbons, as reported by
Ionescu et al. (2017). The inferred equilibrium temperature
based on the Giggenbach diagram is around 60°C for Beiuş
Depression, excepting Ceica, which shows the highest amount
of methane in solution but also as free gas, with an equilibrium
temperature around 160°C.

CONCLUSION

In the Apuseni Mountains and the adjacent southern and
western areas, the geothermal potential is revealed by
several thermal water sources and localized emissions of
CO2. The temperature of the investigated sources is low
(hypothermal, between 20 and 30°C) in most of the cases,
with the exception of the deep wells (2000 m deep), that may
rise up to 80°C.

Chemical and isotopic analyses were performed on samples
collected from 42 locations. The dominant hydrochemical type is

FIGURE 3 | Water stable isotope composition of the sampled sources.
Symbols as in Figure 2.
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Ca-HCO3. Only in the northern part of the study area (Beiuş
Depression), at some points, the waters exhibit Na-HCO3 type.
The isotopic measurements indicate recharging of the aquifers
with meteoric water and a predominantly shallow circulation.
The short time of water residence in the aquifer limits the
processes of water-rock interaction. The geochemical features
and the structural setting of the study area suggest two main heat
sources for the thermal aquifers in the Apuseni Mts. The
Southern Apuseni area hosts large volumes of Neogene
igneous rocks, with the last episode of magmatic activity
during the Early Pleistocene. Strong CO2 emissions occur in
the area, possibly related to carbonate metamorphism. A more
detailed geochemical investigation, currently in progress, will
likely increase our understanding on the occurrence and
nature of the heat sources in the investigated area.

The western part of the study area corresponds to the limit
between the Apuseni Mts. and the Pannonian Depression,
with its demonstrated high heat flux. The geochemical
features of the investigated waters from this area suggest
their affinity with the Pannonian geothermal region,
expressed by the Na-HCO3 hydrochemical type,
occurrence of dissolved hydrocarbons, and relatively high
temperatures.

This study represents a preliminary approach of the
hydrogeochemical and geothermal features of the Apuseni
Mountains, an area that has the potential to yield further
interesting results. Additional isotopic data are needed in
order to better understand these thermal and mineral water
systems. A geothermal model of the Apuseni Mts. region would
greatly benefit from the geochemical data, based on
compositional and isotopic analysis of fluids (water and gas),
and accurate geothermometers.
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