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Abstract. The resort is located in a geological contact region. The faulted layers 
facilitate the water and the different gases ascending to the surface. Contact with 
different rocks fills the waters with mineral salts. These processes gave rise to 
mineral springs, gas emissions and peat marshes. The waters are situated in two 
horizons, the lower one from Cretaceous and the upper from Pliocene and 
Quaternary. Their use and exploitation began from the earliest times, reaching a 
peak in the second half of the nineteenth century and the beginning of the twentieth 
century. There was a period of reflux, but now the resort is trying to revive. The 
expedition measurements from 2019 have provided clarifications regarding the 
quantitative assessments and the qualitative properties of the mineral springs. The 
following parameters were analyzed at most important springs: hydrogen ion 
concentration, salinity, ion content, redox potential, TDS and the fixed residue. The 
results were obtained in the field and in the laboratory. 

 
 

1. Introduction 

 

The spa resort Malnaș Băi is located on the third terrace of the Olt corridor, 
between Bodoc and Baraolt Mountains, Romania. Further north is Harghita 
Mountains, whose post-volcanic manifestations are felt along the corridor. 

The geographical position influences the characteristics of the local climate. 
Thus the region is protected from significant air movements, summers are cool 
(July – 17°C), and winters are mild (January – -4°C). At the resort’s altitude of 570 
m, the annual average values of the main climatic elements are moderate: 
temperature – 8°C, precipitation – 700 mm, wind – 1-2 m/s. 
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The region was set in the last period of the Eastern Carpathians' flooding. The 
geological substrate is fragmented by numerous longitudinal and transverse faults, 
as opposed to the orientation of the mountain chain. In the immediate vicinity of 
the resort the sedimentary rocks dominate, but to the north there are volcanic and 
crystalline rocks. These give the area a remarkable petrographic complexity. 

The Bodoc and Baraolt Mountains, are made up of sandstone and marl 
sediments, which were later excavated, constituting a flisch area. The Harghita 
Mountains are the latest component of the volcanic chain lining the Carpathians. It 
is a unitary volcanic massif, built mainly of basaltic, amphibolytic and pyroxenic 
andesite. Further north, in the Ciuc Mountains there are already crystalline shale 
elements. 

 

 
 

Fig. 1. Geographical position of Malnaș Băi 
 

2. POSTVOLCANIC MANIFESTATIONS 

 
Volcanic eruptions began more than nine million years ago in the western part 

of the Carpathians and ceased only 30-40 thousand years ago in the southern part 
of Eastern Carpathians. The most active period is between one half and a million 
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years, when the Ciomad cone was born. Analyses carried out in Japan on some 
vegetal remains from the pyroclastite deposits of the crater in Ciomad, indicate 
only an age of 10,700 years (Szakács, Petrescu, 2005). 

The faulted substrate facilitates the water penetration to the surface from the 
earth's crust, which are partially or completely cooled. Today's hypothermal 
springs can be considered descendants of the old geysers, very active in the 
geological past. In their path, the waters dissolve different substances from rocks 
and are loaded with mineral salts (Airinei, Pricăjan, 1970). The degree of loading 
depends on the length of the road travelled, the contact time and the degree of 
dissolution of the rocks encountered. Because the Bodoc Mountains are composed 
of sandstone, calcareous and conglomerate marls, the vadose waters are carbonate-
acid and alkaline (Kisgyörgy, Kristó, 1978). Where the waters meet deposits of 
ferrous sands the springs are rich in iron. Sometimes the waters dissolve more 
sulphur, thus forming odorous springs. 
 

 
 

Fig. 2. Deposits and transversal section 
 

Usually the mineral waters that reached the surface are associated with 
different gases, first of all with carbon dioxide (Airinei, Pricăjan, 1970). If these 
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waters meet environments rich in organic substances, marshes and muds with 
healing characteristics are formed (Bányai, 1938). 

When the gas loading is strong, small lakes or marshes are formed, in which 
the waters "boil". In such cases the pressurized gases facilitate the penetration of 
water to the surface (Bányai, 1938). The terminal phase of post-volcanic 
phenomena is represented by carbon dioxide emissions, called moffete. 

The tectonics of the region indicate two main faults with the north-south 
direction (Fig. 2). Along them lies the vast majority of springs. Beside there are 
several smaller transverse faults. In the broken porous deposits two aquifer layers 
were formed. The lower one in Cretaceous (Airinei, Pricăjan, 1970) marl 
limestone, where the springs are rich in mineral salts. is the most important spring 
– Maria, and the well no. 801. The upper aquifer is located in new deposits, from 
Pliocene and Quaternary, with poorly mineralized waters. Most of the springs 
come from here: Ileana, Mioara, Victoria, Padi, Principal, Szemviz etc. (Harkó, 
1972). 

 
3. Lower aquipher springs 

 
The Maria Spring is the most representative of this aquifer. It is located at an 

altitude of 635 m and is of artesian character, reaching the surface from a depth of 
156 m. It is the most important source of the resort. 

The first scientific mention was made by Orbán Balázs (Orbán, 1868) in the 
second half of the 19th century. He recalls the first chemical analysis of spring 
water, carried out by Dr. Pataki in 1875. Even if the expression of values is in units 
of measurement that are no longer used, their mention is of real interest. Thus, in a 
“polgari font" of water, Pataki determines the following quantities of substances 
(expressed in szemert" – Tab. 1). Orbán thus describes the properties of the spring 
water: "This composition of this spring, whose beneficial effects are manifested 
annually and every day, determines that the number of patients regaining their 
health is very high." 

In 1911, Vilmos Hankó resumed the source analyses and states: "Maria's 
source has alkaline-salty-acidic waters. As regards the chemical composition of the 
water, the concentrations of sodium bicarbonate and sodium salt exceed those of 
Luhatschovitz, Bikszad, Niederselter, Gleichenberg" (Hankó, 1911). 

Water quality and its spa effects were recognized at the level of the Austro-
Hungarian Empire in 1903. Following the bibliographic research Harkó János 
mentions: "The water value of the Maria Spring does not differ from the famous 
sources of Karlbad, Marienbad, Bilin, Gleichenberg, both in regarding the degree 
of bacterial purity, as well as of carbonic acid and mineralization "(Harkó, 1970). 
From the following year the bottling of water begins (annually about 200000 
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bottles), which is carried out continuously, until 1990. After the Second World War 
the spring has reached a total state of neglect, and the use of water has diminished 
drastically. 

 
Table 1. Analysis of Maria Spring made by Pataki 

 
Substance Quantity (szemert) 

Natrium sulphate 0.80 
Calcium sulphate 3.00 

Iron sulphate 0.60 
Natrium chloride 1.20 

Magnesium carbonate 1.20 
Aluminium sulphate 1.00 

Sediments 0.80 
Total 8.60 

Hydrogen sulphide 35.60 köb hüvely 
(1 font=0,42 kg, 13 szemert=1 g, 61 köb hüvely=1 litru) 

 
From 2013 the water of Maria Spring is bottled again, under the name 

"Malnaș Aqua Telluris" (Fig. 3). To keep the healing qualities of the water 
unchanged, the half-litre bottles are made of glazed ceramic, being one of a kind in 
the world. 

 

 
 

Fig. 3. The ceramic bottles enamelled with the water of the Maria Spring 
 

The Siculia probe was also drilled to a depth of 150 m in the lower aquifer. 
Hankó Vilmos, present at the drilling, describes the events as follows: “Sudden 
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gases are released from the depths, which determine the water vibration in the tube. 
A few seconds later, after discharging a quantity of water, a column of white water 
sprouts, foaming, about the thickness of an arm, which rises to a height of 16-30 
m"(Hankó, 1902). 

Following the analyses from 1904, it is officially declared alkaline – salty 
mineral water, because the quantities of lye, sodium bicarbonate and the kitchen 
salt exceed the concentration of other similar sources and it is more medically 
valuable. The Siculia Society is founded, which bottles the water. At the beginning 
of the 20th century the mineral water label illustrates the artesian source, contains 
the chemical composition, medical observations in four languages (German 1900, 
Slovak 1904, Hungarian 1905, Romanian 1926), as well as conservation and 
consumption recommendations. 

Not too long ago, the "Siculia Pill" (“Pastila Siculia”) is patented with a 
content of one gram of active substance, and 15 pills represent one litre of Siculia 
water (Jánosi, Péter, 2009). At the beginning of our century the mineral water of 
consumption reappears under the name of "Perla Covasnei" (Fig. 4). The label 
mentions the year of the first bottling 1904. The water comes from a well located in 
the yard of the plant. It has a temperature of 11°C, falls into the sodium-calcium-
hydrogen carbonate category, with a total mineralization of 4379 mg/l and a carbon 
dioxide content of 2552 mg/l (Jánosi, Péter, 2009). Currently, only Perla Covasnei 
mineral water is bottled (Munteanu, 2011). 
 

  
 

Fig. 4. Old and new label of bottled mineral water  
 

It is worth mentioning that at the end of the 19th century, carbon dioxide has 
been exploited since the end of the 19th century. Liquefied gas has been used to 
make carbon dioxide (soda) and carbon snow, also in the production of beer. 
Unfortunately, this factory does not work anymore. 
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4. Upper aquipher springs 

 
Mioara and Ileana springs are twin, however their waters have different 

chemical characteristics and composition. They belong to the sodium-hydrogen 
carbonate-chloride type, but the concentrations of magnesium, sodium, lithium, 
chlorine, iodine differ. Mioara is colder, and Ileana has a higher flow rate. The 
water of both springs is used by the inhabitants for daily drinking. 

The Victoria Spring has been arranged since 1891, when it had a rich flow. 
Meanwhile, the quantity of water has decreased continuously, and at present the 
phenomenon of temporary drying appears. The water has a sodium-hydrogen 
carbonate character, with significant concentrations of calcium and chlorine. It can 
be used for home consumption. 

The Principal Spring has a high concentration of dissolved salts. For this 
reason, water is good for stomach disorders, having diuretic effect. The water 
temperature fluctuates slightly, around 10 °C, and the flow is relatively constant 
0.11 l/s.  

Szemviz Spring’s water is of calcium-hydrogen carbonate character, 
containing sulphur and carbon dioxide. It can be used in ophthalmological 
treatments. The water is warmer than at the Principal spring and the flow is small. 

Outside the resort lies the Padi Spring. The water is of sodium-calcium-
hydrogen carbonate character, with a lower mineral salt content. The spring comes 
in the form of a shallow well. The flow is small, below 0.05 l/s. 

Besides these springs there are other springs around the resort. 
 

5. Other postvolcanic phenomena 

 
Under the influence of Harghita volcanism, along the faults, along with the 

waters, or in dry form, different gases come to the surface. Mineral springs have a 
higher or lower content of carbon dioxide and hydrogen sulphide, which gives the 
waters a good flavour to drink. Where the waters form on the surface, the water 
bounces, boils. 

Carbon dioxide reaches the surface and in a dry form, not mixing with water. 
Since the 19th century, these gases have been used, in the form of skunks or 
bottled (Fig. 5). 

Where sulphide hydrogen reaches the surface not associated with water, 
sulphates often form. These areas stand out and can be identified due to the lack of 
vegetation. The gases that come to the surface prevent the development of 
vegetation and the presence of microorganisms. Sometimes even the sandstones 
decompose and white kaolin areas appear (Bányai, 1938). Research has shown that 
these gases often differ only when they reach the surface, when they come in 
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contact with atmospheric air. In 1976-77, the radioactivity analysis of the mophetic 
phenomena was performed. At the main moffete in a litre of gas a radioactivity 
intensity of 267.3 pCi was determined. (Szabó, Bogdan, Kisgyörgy, 1978). 

 

 
 

Fig. 5. Carbon dioxide factory from 1900 (Source: vintage postcard)  
 

The gas emissions were used in the form of dry baths, for various treatments: 
rheumatic, cardiac, vascular or locomotor disorders. They are currently unused. 

If the waters charged with different gases come to the surface in areas with 
high content of organic substances, sapropelic sludge is formed. These sludges are 
associated with peat and have high iron content. In the past, so-called "foot wash 
basins" have worked, but today they are in parallel. 

 
6. Expeditionary measures  

 

6.1. Data and methods 
In November 2018, a measurement campaign was conducted to know the 

current quantitative and qualitative parameters of the main sources. The conditions 
of the harvest were: sunny but cool weather, preceded by rain and light snowfall. 
The determinations concerned the springs: Mioara, Ileana, Victoria, Principal, 
Szemviz and Padi. The most important source, Maria, could not be measured 
because the water is collected for bottling (Vigh, 2019). 

The parameters determined in situ were the water flow and temperature, using 
the volumetric method, respectively an ordinary thermometer. From the samples 
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transported to the laboratory the following parameters were determined: hydrogen 
ion concentration, salinity, ion content, redox potential, TDS and the fixed residue. 
Equipment used: Consort C933 and WTW 720 multi-parameter, Memmert 100-
800 oven, Ohaus AV212CDM glass dryer and balance. In the analysis of the 
results obtained, in certain situations, for the highlighting of some parameters, 
comparisons will be made with older data from the specialized literature. 
 

7. Results 
 

The flow rates of the springs are small. The highest discharges were measured 
at Padi (0.0634 l/s) and Principal (0.0625 l/s) sources. Three springs (Szemviz, 
Ileana and Mioara) have flows between 0.0120-0.0080 l/s. The lowest flow was 
recorded at the Victoria Spring (0.0030 l/s). The only source with higher flow rate, 
Maria, could not be measured due to the capture facility. 

The water temperature of the springs differs depending on the depth of the 
source and the speed of reaching the surface. The amplitude of the temperature 
oscillation is 4°C, although the location of the springs is close. The hottest springs 
are Szemviz and Padi (10 °C), and the coldest water has Ileana (6 °C) – Tab. 2. 

 
Tab. 2. Parameters determined in situ 

 
 Mioara Ileana Victoria Principal Szemviz Padi 

Discharge (l/s) 0.0083 0.0089 0.003 0.0625 0.0125 0.0634 
Temp. (°C) 8 6 7 7 10 10 

 
Among the parameters determined in the laboratory, the concentration of 

hydrogen ions varies within relatively large limits. The extreme values are realized 
at the Mioara (7.26) and Szemviz (6.62) springs. The most alkaline are Szemviz 
and Padi (6.62, respectively 6.64). Only Mioara has a pH above 7 (Fig. 6). 
 

  
Fig. 6. Concentration of hydrogen ions Fig. 7. Dissolved substances 
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Dissolved substances are present in large quantities, which reflects the quality 
of mineral waters. Between the extreme values of the TDS concentration is a 
difference of about 1000 mg/l. Mioara and Ileana springs have high values, over 
1000 mg/l (1283 mg/l, respectively 1162 mg/l). The lowest value was measured at 
the Padi (227 mg/l) (Fig. 7). 

Salinity has very low values, probably due to the influence of weather 
conditions before making determinations: rain and snow. It should be noted that 
the salinity values vary according to the concentrations of dissolved substances. 
Thus the maximum values are at Mioara and Ileana springs (0.40 ‰), the lowest at 
Padi (0.10 ‰) (Fig. 8). 

 

  
Fig. 8. Salinity Fig. 9. Concentration of ions 

 
The ion concentration varies inversely with the dissolved substances. The 

highest values exceed 1000 mg/l at the Padi and Szemviz springs (1460 mg/l and 
1430 mg/l respectively). The minimum value was measured at the Mioara Spring 
(419 mg/l). The amplitude of about 1000 mg/l between the extreme values was 
observed (Fig. 9). 

 

  
Fig. 10.  Redox potential Fig. 11. Fixed residue 
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The redox potential reflects the predominance of metal ions at negative values 
and oxides at positive values. Thus, at four springs, metal ions predominate, and at 
two oxides. The Mioara spring has a negative value of -23.7 mV, and the Szemviz 
and Padi springs have positive values almost identical (9.6 mV, respectively 9.4 
mV). It results in an amplitude of variation of 33.1 mV (Fig. 10). 

The fixed residue varies within very wide limits. The maximum value (4400 
mg/l) was recorded at Ileana spring, and at Padi the minimum value (760 mg/l). 
Three of the sources have values above 2500 mg/l, and the other three below 1500 
mg/l. A similarity is observed with the variation of dissolved substances (Fig. 11). 

 
 

Conlusions 

 

The post-volcanic events in Malnaș Băi are an integral part of the phenomena 
that accompany the volcanic chain that lines the Carpathians in their internal 
frame. Beside the mineral springs are important gas emissions, and sometimes 
sapropel sludge. 

Expedition measurements have provided significant clarifications to previous 
data on mineral water characteristics. The distinction between the characteristics of 
the springs in the lower and upper aquifers could not be highlighted because the 
Maria Spring is air-tight captured. 

Of the six sources analysed, Principal and Padi have the highest flow rate and 
at the same time have the warmest water. Mioara and Ileana have the maximum 
concentration of dissolved salts, as a result of the strongest salinity. In four springs 
metal ions predominate, and in two oxides. The amount of fixed residue is high in 
the water of the Ileana, Mioara and Principal springs. 
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