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1. GENERAL ASPECTS

1.1 Introduction

We consider as a paradox the fact that at the bigjrof the XXF'Century there
is still not enough quantitative information conueg certain types of resources. Most of
the researchers in natural science are often ctnatetdh upon the detailed and
sophisticated analysis, trying to keep up with shentific progress and still one can see
how restrained is the knowledge about the subserfesources which worth to be
exploited. The case is the same for the Romanituralanineral waters.

During the last years in Romania there have beddigned many studies and
researches concerning the mineral waters. But we ka highlight the fact that all the
articles process the data of the most known spiongise analysis of few springs and then
they give a description of the whole area. No oag lbeen trying the description and the
complete inventory of all the mineral waters irestain area.

This work pretends to be an exhaustive study asasapossible concerning the
mineral water resources from the South-Westerngdafarghita Mountains and it tries to
intercept aspects concerning their location, plsemd chemical characteristics, their
therapy properties, their economic value and o#tesential elements also within the
context of elaborating some sets of local and arajitalization scenarios.

The results presented in this study were obtaifted lBaving measured/mapped 44
rivers, from their confluence to their spring arfttahaving walked for about 600 km in
the period of September 2012 - May 2013.

The reason of choosing this subject is based onaspects: (1) the contradiction
between the greater and greater importance givethito praiseful resource in other
countries and the reduction of its exploitationRemania (2) the will to provide an
updated, exact and complete image concerning thenpal of the mineral waters
available in an area where this resources are entially exploited and the knowledge
about them is incomplete, especially from the gitetinte point of view.

Thus we decided to make a study describing all riieeral springs in the
investigated area and their detailed descriptignptoviding some data acquired by the
same measuring method used for all the cases. Hasured data shall be available for

the large public on a web page in order to be usedlarious purposes (economic,



administrative etc.). At the same time we want thak to represent a starting point for
further researches.

This research has also the purpose to make therraagre of the great number of
natural mineral water springs that Transylvania dnad to point out the importance of the
new investments in this field in order to signifitlg improve the exploitation degree for
this valuable resource.

The investigated area, the South-Western partasgiiita Mountains is remarked
by an exceptionally valuable potential of mineraters. The mineral springs in this area
are connected to volcanic activities which tookcplabout 21 — 0.03/0.01 million years
ago along the internal line of the Carpathianstisigrfrom the Bikk Mountains in
Hungary, extending towards the South of Poland,Nbeh and the Center of Slovakia
and having the last segment in the Romanian EaStarpathians: Harghita Mounts (Lexa
et al., 2010).

The Southern part of Harghita Mountains, the ladtanic edifices of the Eastern
Carpathians , active between 5 and 0.03/0.01 milmars ago, might be characterized by
the abundance of post-volcanic phenomena suchrbsreed mineral springs.

Mineral water springs appear as post-volcanic phmama due to the minerals and
gases dissolved in water. Underground, the metemater most often assimilates the
carbon dioxide running between the payers and bghimg the magmatic rocks it
dissolves different minerals thus getting to geteenaultiple types of mineral water.

The work is structured as follows:

The first chapter represents the introductive part of the thesis iarfths as a
purpose to get the reader familiarized with thelistd field, presenting its most important
geographical characteristics. At the same timdgeftnes the subject to be analyzed and
also the research methodology.

The second chapteraims the history of mineral water research by gdimgugh
the bibliography from the eighteenth centurynitiw. There shall be presented the most
important books and articles containing informataimout the springs from the South-
Western area of Harghita Mountains and also thal legvisions recently appeared.

The third chapter called “Cunagtinte generale legate de geneza apelor minerale”
[General information concerning the mineral watenegis] treats the problem of the
volcanoes from the South Harghita Mountains, phesrmn generating the actual
appearance of the post-volcanic phenomena and whjcthe structure of the created

layers has a strong influence upon the mineral mettaracteristics. There shall be also
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presented the spring genesis, the obtained infawmegpresenting the starting point of the
field research.

The fourth chapter is designated to present the 92 mineral springewpn the
South-Western part of Harghita Mountains during tiedd research that represent the
totality of mineral water resources in the areae Hpring description is based on the
personal observation made in field and on the glhysind chemical parameters measured
on this occasion. Here, besides the detailed gegoriof certain springs characteristics
generally presented in previous works, we have geded to the description and
characterization of a number of 32 springs disoedeand analyzed during the field
observation. This is why we appreciate that thegptér is the most representative from the
point of view of the new and consistent personatioutions.

The fifth chapter is dedicated to the introduction in the Romaniterditure of the
cold water “geysers” by presenting the actual phegma in the valley of the Chirui river.

The sixth chapteraims to classify the mineral springs accordinghigirtlocation
in the geologic environment and also according be tphysical and chemical
characteristics using the Cluster analysis. In ldtthe cases there are emphasized seven
classes presenting different results.

The seventh chapteris designated to get the actual national exploitatof
mineral waters compared to other European countiibere shall be emphasized the
developed projects, the actual exploitation andmumtton and also the official
development plans in this field.

The eighth chapteris presenting our ideas for the capitalization opputies of
the mineral water resources based on the field redsens and on the spring
characteristics considering the successful solstepplied by other European countries.
By emphasizing the therapy, touristic and induspiatential, we wish that the mineral
water resources on the South-Western part of Harghountains shall be studied by more
detailed research for a proper exploitation in feitu

In Chapter nine there are listed the most important conclusion& taring the

research and presented in detail in chapters 1-8.



1.2. Delimitation of the studied area

For the procedure of delimiting the studied area hage considered geologic,
geographic and hydrographical criteria.

The South-Western and Southern limits of the stiidiea correspond to the limit
of the volcanogenic-sedimentary layers of the sexfa

On the East side, the limit corresponds to the ¢ihthe watershed separating the
water basins turning towards the Ciuc Basin froendhes belonging to the Baraolt Basin.

On the North-West we have considered the limithef South area of Harghita
Mountains based on the determination made by Lasttila in his doctoral thesis having
the title “Studiul geologic al structurilor vulca® din partea sudia Masivului Harghita”
[The Geological Study of the Volcanic Structuresha South Harghita Mountins] (1999).

The hydrographical aspects were essential in imduthe rivers from their spring
to their confluence. We think it is important notdut in two the basins for geographic or
mapping reasons.
The determined area has a surface of 342&md it partially includes the hydrographical

basins of Varghki Cormag and Baraolt.

1.3. Used methods

Generally the springs appear along the valleygsh&8springs’ identification needs
a mapping of all the valleys from the confluencehe spring along all the investigated
area. On the South-Western part of Harghita Mounstthiere were mapped the significant
permanent valleys, meaning 44 rivers on differengths belonging to the hydrographical
basins of Varghi Corma and Baraolt. Thus in the autumn of 2011, in theurmaum of
2012 and in the spring of 2013 there have beentifteh 92 carbonated mineral water
springs along the rivers.

In order to identify the precise location of therisgs, there has been used a
Garmin CSx 60 GPS, a navigation unit meant forfigld use. This GPS is equipped with

a bathometric altimeter and it presents the pasiticgeographical coordinates.



Determination of physical and chemical parameters ypthe method of analysis

The description of springs implies the followingpasts: name, hydrographical
basin, information concerning the location, origittivity, description of the apparition
form, the spring endowment, vulnerability to cemtaisks, the geological environment,
physical and chemical parameters and other obsemvafhe measurements were
concentrated upon the most important physical dremical parameters. These are the
following: discharge, temperature, electric conditst, TDS (Total Dissolved Solids as
mineralization), pH, carbon dioxide and hydrogenboaate, calcium, magnesium, total
iron, chlorides. Among the contamination indicattirsre are the nitrates, ammonium and
phosphates.

In order to measure themperature, the electrical conductivity, the TDS the
pH, it has been used a multi-parameter portable dedcgpped with electrodes, Thermo
Orion 5 Star.

The content of carbon dioxide and carbonate hydrogas measured by the
method of classical analytical chemistry with pipst In order to measure the
concentration of dissolvechrbon dioxide there have been used water stamps, a solution
of sodium hydroxide of 1N concentration and phehtiiplein in liquid. In order to
measure the concentrationtofdrogen carbonatewe use the water sample, chloride acid
of 1N concentration and methyl orange in liquid.

The main cations and anionsalcium, magnesium, chloridg, respectively the
ammonium and phosphatesvere measured by a reflectometer, Merck RQFlex plus
The determination of concentration in chemical elate and substances is made by using
test strip Merck that must be wetted with the watenple and introduced into the device.

In order to determine the concentration of tiiteate it has been used a Nitacheck
404 reflectometer. The measurement was made usedvierck test strips which were
wetted with the water sample and introduce in #naak.

The determination ototal iron concentration was made by the colorimetric
method using an Aquaquant Merck kit. We have to troarthat using this method we
cannot obtain exact results.

If the concentration of one parameter has pasd$ed possible range of
measurement, we have diluted the water sample digtilled water and the result was

multiplied proportionally according to the dilution



For the case of Forajului Palpaitor [Blinking Dinlj] from the valley of Chirui
river, the measurements concerning the dischaeggperature, electrical conductivity and
dissolved carbon dioxide content were made with baer frequency (measurements
hourly during the entire cycle). The hydrostatieggure was measured with the Dataqua
DA-S-LTRB 118 device at the depths of 10 and 20 m.
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2. MINERAL WATER AS A POST -VOLCANIC PHENOMENON

The word post-volcanic phenomenon refers to thalitptof natural processes
shown in the neighbor areas of an inactive volcamhey consist in the delivery of thermal
energy and volatile substances in the area of macacks long time after the volcanic
activity and they represent the effects of coolang disaggregation of profound magmatic
chambers (Szakacs, 2010). The constant manifesatim the surface area include
thermal anomalies and thermal springs, gas emansat{the carbon dioxide or the
hydrogen sulfide), carbonated mineral water spriagsl the corresponding deposits
(Szakéacs, 2010). Where these post-volcanic maatfest are intense there has formed
the so called mofetta “aureola” in the Eastern @Hmans (Airinei &Prigjan, 1972).
According to Prigjan (1982), the gas emanations are rare in thecdréee actual eruptive
but they are more frequent and intense in the beigareas of the volcanic mountains and
they are fewer in the far areas. In order to expthe mineral water genesis we have to
consider several agents: the water origin, the ma@teuits between the layers, the crossed
geological structure, the origin of the dissolvéeheents and the mechanism of solubility
(Kisgyorgy & Kristo, 1978; Banyai, 1957).

As far as we got, there isn’'t any integral cad#database of the mineral water
resources for the area of eruptive mountains. Bahyd934b) approximates their number
over 2000, Prigian (1972) speaks about over 1000 springs in Heagbounty and
Szakéacs (2010) also, estimates a number of thoaganthe entire territory of the mofetta

aureola.
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3. MINERAL WATER SPRING ON THE SOUTH -WESTERN PART OF HARGHITA
MOUNTAINS

In order to make an inventory of mineral water isgsi it has been started from the
works describing in detail their situation (as lizaion and physical and chemical
properties) emphasizing those having as authorgyiigly Z. (1975), Szasz A. (2005) and
Janosi Cs. et al. (2009). The information provibgdhem was compared to the reality in
the field during several itineraries having as g the validation of data in the
mentioned bibliographical sources, the discoveryai/ sources and also the description
and the determination of physical and chemicalattaristics of the springs.

The tables below include the list of mineral waprings in the studied area being
noted the springs described by the mentioned asithod also the springs found and
mapped by personal investigations. In the tableshexe used the signs “+” and “-”
referring to the inventory (“+”) or non-inventori+{) of a certain spring. By the sign “II!I”
we have marked the springs not noted in the libeeaaind thus they can be considered and
new springs of mineral water discovered by the @uéimd they are described for the first

time in this work.

Tabelul 1. Lista izvoarelor de ag minerali din bazinul hidrografic al paraului Baraolt

NI Numele apei min. Kisgyorgy Z., Széasz A., Janosi Cs., Cz,ellecz B., Szasz
1975 2005 2009 A, 2012-2013
Paraul Sopotul
1 Izv. Sugé + + + +
2 Izv. Sugo6pataki - - + -
3 Izv. nr. 2 din parSopotul - - - + (1)
4 Izv. Kbveshegyi + + + +
5 Izv. nr. 3 din parSopotul - - - + (111)
6 Izv. Mihdly Andras + + + +
7 Izv. Magyaros Alji + Disparut + -
8 Izv. Pihemi + Disparut - -
9 Izv.n am(?An.te de Maly ) i i + ()
10 Izv. Muhasi + - + -
Paraul Sarpele
1 lzv. Rezes + + + +
2 Izv. NédaAsani/ Izv. nr. 2 + + + +
din pér.Sarpele
3 Izv. nr. 3 din parSarpele - - - + (1)
4 Izv. Veress Dezs + Disparut + -
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NI Numele apei min Kisgyorgy Z., Szasz A., Janosi Cs., | Czellecz B., Szasz
' P ' 1975 2005 2009 A, 2012-2013
5 Izv. Nagyagsorki - - + -
Movila feruginoa& cu ap
6 min. nr. 1 B B B + (1)
Movila feruginoa& cu ap
’ min. nr. 2 - B B + (1)
8 Movila feruginoa& cu ap + + + +
min. nr. 3/1zv. Fenysorri
Movila feruginoa& cu ap
9 min. nr. 4 B B B + (1)
Movila feruginoa& cu ap
10 min. nr. 5 - B B + (1)
Paraul Uscat
N nu este nu este nu este
L Izv. din paraul Uscat mertionat merntionat mertionat + (1)
Paraul Lun nu este nu este nu este fara ape min
9 mertionat mertionat mertionat P )
Paraul Bradul Mare
1 Izv. Kérises 1/ Bolond + + + +
Izv. Kérises 2/ Foraj vech
2 N + + + .
din péar. Bradul
Foraj hidrogeol. nou - - - + (1)
3 Izv. Tamasné + + - +
4 Izv. Ballé + - - -
5 Izv. Z6ld Pal + - - -
6 Izv. Erces + + + +
Foraj hidrogeol. vechi din
7 . + + + +
Bodvaj
8 Szonda 439 + + - Disp.
9 Izv. Nagyfenysi, Buzgo + - + +
Paraul Bradul Mic
Izv. Kisfenydsi cu captare + + + +
2 Izv. Kisfenyési fara i} ) ) + (1)
captare
Paraul Mic Pietros
1 Izv. Gyorgykovacsloki 1 + Disparut + +
2 Izv. Gyorgykovacsloki 2 + Disparut + +
3 Izv. Gyorgykovacsloki 3 + Disparut + +
4 Izv. Gyorgykovéacsloki 4 - - + -
Stetiunea balneara lui . —
5 Elek Ap6 + Disparut + Disparut
Paraul Erces (Minereu)
1 Caverna cu @pmin. nr. 1 + + + +
2 Caverna cu d@pmin.nr. 2 - + + +
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Nr Numele apei min Kisgyorgy Z., Szasz A., Janosi Cs., Cz,ellecz B., Szasz
' P ' 1975 2005 2009 A, 2012-2013
3 Caverna cu @pmin.nr. 3 - + + +
4 Izv. Tn aval fe caverne nr. ) + + + ()
5 Izv. Tn aval de caverne nr. ) i i + ()
2
6 Izv. Tn aval de caverne nr. ) i i + ()
3
7 Izv. Tn aval fe caverne nrj. ) i i + ()
8 Izv. in aval ge caverne nr. ) i i + ()
9 Izv. Istenkasi + - + -
10 Izv. Gyongyerd alatti + - - -
Paraul Pietros
1 Izv. Kbvespataki + + + +
Paraul Ulmul
1 Izv. din par. Ulmul + - + +
2 Izv. Pista - - - + (1)
3 Izv. Kicsi Pista - - - + (1)
Paraul Baraolt
1 lzv. Rezes + + + +
2 Bazinul Reze/Baia lui + +
Nea Macko ) )
3 Izv. Alszegi + + + +
4 Izv. Dimény Agnes - + + +
5 Izv. Boér + + + +
6 Izv. vizavi de Boér - - - + (111)
7 Izv. Agya - - - + (1)
8 Izv. R6ka, Omléas + Disparut + + (1)
9 Izv. vizavi de Omléas - - - + (111)
10 Izv. Szikra + + + -
11 Izv. Bager - Disparut + +
12 Izv. Sapkas/Gateri - - + +
13 Izv. vizavi de Géteri - - - + (111)
14 Izv. Agostonhidi + + + +
15 Izv. Szénaskerti 1 + + + +
16 Izv. Szénéskerti 2 + + + +
17 lzv. Ped + + + +
18 Izv. Meggyespusztai + - + -
19 Izv. Angyélikai + + - .
Izv. superior din par. "
20 Baraolt B ) - + (1)
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NI Numele apei min Kisgyorgy Z., Szasz A., Janosi Cs., | Czellecz B., Szasz
) P ) 1975 2005 2009 A., 2012-2013
Paréaul Tiganul
1 Izv. Ciganylabi 1 + + + +
2 Izv. Ciganylabi 2 - - - + (1)
3 Izv. Cigénylabi 3 - - - + (1)
Pa?irggll:e?r: zt/aarll%sl i nu este nu este nu este fara ape min
’ . mertionat mertionat mertionat P )
confluenta cu p.Tiganul ’ ’ ’
Paraul Negru
1 Izv. Feketepataki + - - fara ape min.
Paraul PJetros, afluent al nu gste nu gste nu gste fara ape min,
par. Negru mertionat mertionat mertionat
Paraul Pietros, afluent al nu este nu este nu este o
A . ; ; nevizitat
par. Baraolt mertionat mertionat mertionat
Paraul Herman nu este nu este nu este fara ape min
mertionat mertionat mertionat P )
TOTAL 42 29 44 57

Tabelul 2. Lista izvoarelor de agi minerala din bazinul hidrografic al Cormosului

NI Numele apei min Kisgyorgy Z., Szasz A., Janosi Cs., | Czellecz B., Szasz
) P ) 1975 2005 2009 A., 2012-2013
Péaraul Cormos
1 Izv. Hamori - - + -
2 Izv. Faluborvize + - + Disparut
3 Izv. Laiji - - - + (1)
4 Izv. Nag){ Dezé/_Pg_ten/ + + + +
Faluvégi fakopis
5 Izv. Kéalatti - - + -
6 Izv. Szejkésviz - - + -
7 Izv. Szajvani + - - Disp.
Péaraul Cosagul
1 Izv. Kiskésagi + - + +
NI Numele apei min Kisgyorgy Z., Szasz A., Janosi Cs., Cz'ellecz B., Szasz
' P ' 1975 2005 2009 A., 2012-2013
AA nu este nu este nu est
Paraul Gherend mertionat mertionat mertionat fara ape min
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NI Numele apei min Kisgyorgy Z., Szasz A., Janosi Cs., | Czellecz B., Szasz
' P ' 1975 2005 2009 A., 2012-2013
paraul Solomas nu este nu este nu este
’ ’ mertionat mertionat mertionat fara ape min.
Paraul Cuvoso
1 Izv. Kuvaszoi + + + +
paraul Pistrivilor nu este nu este nu este
mertionat mertionat mertionat fara ape min.
Paraul Dobrota nu este nu este nu este
mertionat mertionat mertionat fara ape min.
paraul Alb nu este nu este nu este
mertionat mertionat mertionat fara ape min.
paraul Lugoi nu este nu este nu este
90) mertionat mertionat mertionat fara ape min.
Paraul Fierarul
1 Izv. Kovacspataki I. 1/ + . + +
Izv. Angyélikai
2 Izv. Kovacspataki I. 2 - - + -
3 Izv. Kovécspataki Il. 1 + - + +
4 Izv. Kovécspataki Il. 2 - - + -
Paraul Molidul
1 Izv. Fenys + + + +
2 Izv. nr. 2 din par.Molidul - - - + (1)
3 Izv. Halyagi + + + +
4 Izv. nr. 4 din par.Molidul - - - + (1)
Paraul Creanga Micia
1 Izv. Kisagpataki + - + +
2 Izv. Bojtorosi + - + +
AA . . nu este nu este nu este .
Paraul Mina Rosie mertionat mertionat mentionat nevizitat
Paraul Pietros nu este nu este nu este
mertionat mertionat mertionat fara ape min.
Paraul Aurul
1 Izv. Farkasmei 1 + - + +
2 Izv. Farkasmes 2 + - + Disp.
3 Izv. Aranyosi + + + +
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Paraul Mohoi
1 Izv. Muhari + + + +
NI Numele apei min Kisgyorgy Z., Szasz A., Janosi Cs., | Czellecz B., Szasz
) P ) 1975 2005 2009 A., 2012-2013
Paraul Mic si Mare Alb
1 lzv. Egres + + + +
2 Izv. Benzi alatti + + + +
3 Izv. Vincze + + + +
4 Izv. nr. 4 din par. Alb - - - + (1)
5 Izv. Csorgé + + + +
6 Izv. Medvebarlangi - -
7 Izv. nr. 6 din par. Alb - - - + (1)
8 Izv. nr. 7 din par. Alb - - - + (1)
9 Izv. nr. 8 din par. Alb - + - +
10 Izv. Szikszai + - + Disparut
11 Izv. Szénagi + - + Disparut
Paraul Holosag
1 Izv. Szonda + + + +
2 Izv. Halasagi + + + +
3 Izv. Korsés + + + +
TOTAL 25 14 29 26
Tabelul 3. Lista izvoarelor de agi minerala din bazinul hidrografic al Varghi sului
NI Numele apei min Kisgyorgy Z., Szasz A., Janosi Cs., Cz,ellecz B., Szasz
) P ) 1975 2005 2009 A., 2012-2013
paraul Varahi in afara in afara nu este f4rs ape min
—araul varonis arealului studiat| arealului studiatf merntionat ara ap )
Paraul Curio in afara in afara nu este fara ape min
arealului studiat| arealului studiatf merntionat P )
paraul Piet in afara in afara nu este f4rs ape min
araul FIetros arealului studiat| arealului studiatf mertionat ara ap )
Paraul Chirui
in afara in afara
L lzv. Fesb arealului studiat| arealului studiat + *
2 Foraj hidrogeol. in afara in afara + +
Lobogd arealului studiat| arealului studiat
3 Foraj de cercetare in afara in afara +
! arealului studiat| arealului studiat )
- . in afara in afara
4 Izv. in faga cabanei . . . . + +
’ arealului studiat| arealului studiat
5 Izv. in gidina cabanei in afara n afara + +
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arealului studic | arealului studie
Bazinul in gidina in afara in afara
6 . . . . . + +
cabanei arealului studiat| arealului studiat
NI Numele apei min Kisgyorgy Z., Szasz A., Janosi Cs., | Czellecz B., Szasz
' P ' 1975 2005 2009 A., 2012-2013
7 Izv. Rebeka in afara . In afgra . + +
arealului studiat| arealului studiat
8 Izv. Principal in afara in afara + +
) P arealului studiat| arealului studiat
paraul llosa in afara in afara nu este
arealului studiat| arealului studiatf merntionat fara ape min.
Paraul Uscatul Mic si in afara in afara nu este
Mare arealului studiat| arealului studiatf mertionat fara ape min.
Paraul Hotilor
1 Bazinul Dumbrava in afara in afara + +
Harghita arealului studiat| arealului studiat
Paraul Alb, afluent al in afara in afara nu este
pr. Hotilor arealului studiat| arealului studiatf mertionat fara ape min
TOTAL - - 9 8

Comparing the real circumstance in the field retiried by our own research
with the reports from the bibliographic referenees can see that Kisgyorgy Z. (1975)
reports a total number of 67 springs, Szasz A. §@entions 43 active springs and 9
mineral water springs disappeared and Janosi @9§2mentioned a number of 82
mineral springs in the studied area. During thes@eal investigations on field, in order to
elaborate this study, there have been mapped 9%rahisprings.

The mapping of the rivers has been made with gpatision and as a
consequence other springs besides those preserttezl last column do not actually exist.
From the 92 mapped springs, 32 may be considerpdrasnal discoveries and these are

described for the first time in this work.
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4.THE COLD WATER “G EYSER” FROM THE VALLEY OF CHIRUI RIVER

The hydrogeological drilling from &8le Chirui represents a particular case among
all the mapped sources. It can be considered daspmte even among the previously

described drillings by its artesian and intermittesiture.

o A
10 - Andezit piroxenic
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i 1.5 Cm
20
30
™
\

40 Aglomerat andezitic

Andezit compact

Adlomerat andezitic
Andezit piroxenic compact

Aglomerat andezitic

Marnd compacté

100 -~

110 7

120

Gresie compacta cu

130 diaclaze de calcit

]

150

Marnd compacta arailoasa

Fig. 1. Profil geologic al forajului H503 Fig. 2. Erupia apei din sondi
(Sursa: Raport geologic Geolex S.A.) (Sursa: Czellecz B., 2009)

Similar phenomena were described all over the wonldtheir number is reduced.
Due to the similarities with the geysers, this ghraenon received the name of “cold
water geyser”. Still, we consider that the namgejser might be wrong and this is why
we recommend the name of “geysering well”.

According to the literature these phenomena afadhhydro-geological drillings
and they are characterized by the successive aatidenon-active phases. In the active
phase we can speak about a water eruption gendmatibe flux of the carbon dioxide and
the non-active phase is characterized by the upggoiovement of the water inside the
drilling tube. The length of the active and nonmacphases is usually identical.

Between 2007 and 2009, by the measurements madetried to determine the

length of the active and non active phases andr tbenstant. The measurements
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concerning certain physical and chemical paramétzdsas a purpose the identification of
the phenomenon characteristics.

Just one set of data, collected in March 2009, releskean entire cycle of the
drilling. The rest of partial measurements corresbao those registered during the
complete analysis. Thus it has been identifiedramezcycle of 51 hours having the active
phase of 38 hours and the non active phase of i3 ho

The role of the carbon dioxide in the system rogns emphasized in fig. 4. It can
be seen a growth of dissolved gas content oncevditer is returning back to the tube and
also its reduction before the eruption. These charaye connected to the gas bubbles
release before the eruption described in all thbarhted theories. But we have to mention
also the flux of the free gases which probablydasore important role than the dissolved
gases released from the water.

The subsequent measurements were made in 2013 eyndre concentrated upon
the water discharge, electrical conductivity, hyadadic pressure and the functioning of the
system.

The measurement’s results show that the rangetafadscerning the hydrostatic pressure
may be used to describe and characterize a drilte. In the non active phase the water
level in the tube presents a continuous growth mhight be observed by the growing of
the hydrostatic pressure. When the water passdsihe the tube the hydrostatic pressure
is grossly reduced and starts the eruption withimas level. The pressure reduction
may be explained by the upwards movement of the digess bubbles going to the surface
area. The eruption level is slowly reduced durimgfollowing hours and then it is set to a
certain level. About 3 hours before entering irite tube we can see an oscillation of the
eruption level that may be observed also by thep deglrostatistic pressure changes.
When the time approaches to retire, these charmgseh more and more often and with
greater and greater level differences. By thes#élatsans we have identified a new phase
in the drilling, namely the mini-cycles charactedzby a succession of weaker activities
and stronger ones, represented by the changes eftiption level (fig. 5.). The retiring of
the water in the tube is made quickly, in a fewubés. By the water retiring into the tube
the hydrostatic pressure slightly reduces. The laicigross reduction of this parameter
may be explained by the gas bubbles existing in thament. Once it is retired, at a

certain depth, the water level starts to grow again
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Concerning the water electrical conductivity (régied in 2013) we can see
general rhythm that can be observed every- 30 hours. Between the minimal a
maximal values of conductivity we can see a difieeeofabout 400 microcm (fig. 6.).
This difference can be considered a significant @amasual one becal it is not a chang
from an active phase @n inactive on. So we suppose that the change is caused k
system provision from another source, fromther water bad (aquifenyith different

characteristics of the water.
Being an extremely rare phenomenon on Terra, tistegce of such a “cold wat

geyser” in Chirui shall entitle its touristic and@amomic exploitation. We should |

interested alsmtthe water quantity brought to the surface (184 during one cycle
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5. CLASSIFICATION OF MINERAL WATER SPRINGS ACCORDING TO THE PHYSICAL
AND CHEMICAL CHARACTERISTICS

5.1. The chemical composition of mineral waters rated to the geological structure

The springs have been analyzed according to thigjeal structure existing on
the surface in the area where mineral waters appéass the spring data is interpreted in
groups of seven categories as follows: (1) springbe area of Volcanogenic Sediments
of Chirui Type, (2) springs in the contact areansstn the Chirui and Cormad-ormations,
Herculian Epiclastics and calcareous flysch, (3)ngs from the area of Volcanogenic
sediments of Cornyotype, (4) springs from the contact area betweenlaka flows of
Luci-Lazu type, Fierarul and Cucu type, (5) sprifigen the lava flows of Cucu type, (6)
springs from the lava flows of Ritia type, (7) springs from the contact area betvwien

Formations and lava flows of Riia type and the eluvial- diluvial volcanoclastigpdsits.

5.2. Classification of mineral waters by the Cluste analysis (made exclusively

according to the physical and chemical characterigts)

According to the similarities of the physical anbdemical characteristics, the
mineral water springs can be grouped in seven edassfour great classes and three
smaller ones. In the Cluster analysis there wedrednced 103 cases with 8 variables. The
cases represent the mineral springs and the eighiables are the temperature, the
electrical conductivity, the TDS, the pH, the carbdioxide content, the hydrogen
carbonate content, the calcium and magnesium conievelve cases were introduced
twice and they appear as having different entryadacquired in 2011 and 2013,
respectively 2012 and 2013. This step has as pearpmscheck if the springs defined

according to two sets of data belong to the saa®sadr not.
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Harta geologica a sectorului sud-vestic al Muntilor Harghita
in corelatie cu apele minerale carbogazoase
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Corpuri inradacinate tip Cormosg
Piroclastite tip Vlahita-Chirui
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Formatiunea Ocland
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Argile marnoase
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1 Acumuliri de opal

Diatomite

Arie cu roci argilizate

Margine de crater

Fractura crustala

Falie verticald

Falie de decrogare

Aliniamente tectonice bine reliefate (pe baza Landsat '89)
Pariu

Api mineralid

Localitate

I. Izvoarele din zona Forrianii
vulcanogen-sedimentare de tip
Chirui

Il. 1zvoarele din zona de contact
dintre formaiunile vulcano-
sedimentare de tip Chirui, de tip
Corma, epiclastite de tip
Herculiansi formatiuni de flis
grezo-calcaros

lll. Izvoarele din zona Fornianii
vulcanogen-sedimentare de tip
Corma

IV. lzvoarele din zona de contact
dintre curgerile de lavde tip Luci-
Lazu, de tip Fierarui de tip Cucu

V. Izvoarele din zona curgerilor de
lava de tip Cucu

VI. lzvoarele din zona de contact
dintre curgerile de lavde tip Cucu
si de tip Pilsca

VII. lzvoarele din zona de contact
dintre piroclastitelgi curgerile de
lava de tip Pilscasi depozitele
eluviale-deluviale ale vulcanitelor

Fig.7. Harta geologi@ a sectorului SV al Murtilor Harghita si reparti tia izvoarelor minerale n corelaie cu reteaua de falii (Sursa: lrtile geologice 1:50000 elaborate de IGR, modificafee baza luctirii lui LaszI6 A., 1998)
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Tabelul 4. Valorile parametrilor m asurati caracteristice fiecirei clase formate dugi analiza clustel

9%
ST
T

i

=

lzv. nr. 2 de pe p.Fi
lev. Superior de pe g Baraok
lzv.nr. 3 de pa p.

hidrogeal. vechi din Bodvaj (p. Bra

capt

Iz, Auruluifp. Aurul)

lzv.nr. 8 da
lzv. Petaf2013 (p. Baraok)
lzv. nr. 3 de pRp. Ulmul

lzv. Angelicai |
lzv. de sub Benzi#f.
Izv. Bradul Mic
Izv. Bradul Mic fara c

o

Temp. (°C)

pH

TDS (mg/l)

ca* (mgll)

Mg** (mg/l)

CO, (mg/l)

HCO; (mg/l)

Clasa I.

9.1,9.1, 10.

6.36, 6.3, 6.57

1903, 1257, 12¢

246, 495, 355

135, 98, 79

2134, 1584, 127

2562, 2318, 2196

Clasall.

9.8410.5,15.-16.5

6.2,6.4-6.6

90C-1100, 1300-1500

115-125, 175, 260

60-65, 80-90

800-000, 155(- 1750

1403, 1700 - 1770, 2258650

Clasa
[l.

lll.a. 9-10.5
lll.b. 9.5-10, 11- 12

lll.a. 5.6-5.8
lll.b. 5.8-5.6,6.2-6.6

[ll.a. 300 - 550
[1l.b. 600 - 750

lll.a. 90 - 125
[ll.b. 80 - 100

lll.a. 15-35
lll.b. 30-50

[ll.a. 1600 -1800, 210(- 2200
[ll.b. 1400, 170C- 2000

lll.a. 420 - 670
[ll.b. 730 - 880, 950 110(

Clasa IV.

4.4,7.

7.22,7.39

494, 695

74,77

2,17

946, 142!

610, 885

Clasa
V.

V.a.9-10, 11-11.5
V.b.9-10, 14- 15
V.c.11-13, 14- 15

V.a.6.1-6.8
V.b.56-5.8,6-6.3
V.c.5.7-6

V.a. 180 - 300
V.b. 220 - 330, 400 - 410
V.c. 270 - 340, 360 - 430

V.a. 25 - 30, 40 - 50
V.b. 47 - 77
V.c.40-60, 70 - 90

V.a.3-8,13-15
V.b. 10 - 25, 30 - 40
V.c. 10 - 20, 25 - 30

V.b. 660 -880, 105(- 1250
V.c. 1100 -1300, 140(- 1670

V.a. 610 - 660, 1000 1200, 1430 - 1540

V.a. 244,300 - 400
V.b. 300, 480 - 550
V.c. 420 - 550, 580 61C

Clasa
VI.

Vla. 13-13.5
VI.b.10.5-11.5, 12-12.5
Vi.c. 13.5-145, 16- 17

Vl.a.5.2-5.6
VI.b.5.1-5.4,5.6 -5.7
VI.c.5.3-5.6

Vl.a. 190 - 210
VI.b. 200 - 300
VI.c. 180 - 230

Vl.a. 20 - 30, 55 - 60
VI.b. 30 - 40, 50 - 60
VI.c. 25 - 30, 40 - 45

Vl.a.5-15
VI.b. 8 -20
Vl.c.5-15

Vl.a. 700- 800
VI.b. 1650- 1850
VI.c. 1200 -1400, 170

Vl.a. 300 - 430
VI.b. 300 - 400, 480 52(
VI.c. 300 - 370

Clasa
VII.

Vila. 6-7
VIl.b. 6.5-7.1

Vil.c. 6.5,8.5-10

Vil.a. 4.7-5.4
Vil.b. 49-5.2
VIl.c.5.1-54,55-5.9

Vll.a. 35,70 -80
VIl.b. 35-45,120-125
VIl.c. 125 - 150, 210 - 28(

Vlil.a. 10 - 15
Vil.b. <5,11-20

) VIl.c. 20 - 35, 40 - 50

Vil.a. <5
VIl.b. <5
Vil.c. <5, 7-13

Vil.a. 1850- 2020
VIl.b. 1120- 1270

VIl.c. 1400 -1500, 165(- 1750

Vil.a. 60 -90
VIl.b. 61, 183
VIl.c. 200 - 250, 300 36C

26



6. ACTUAL SITUATION IN CAPITALIZATION OF THE MINERAL SPRINGS IN HARGHITA
MOUNTAINS

6.1. The actual capitalization of mineral waters in Romaia compared to other

European countries

According to the statistics of the European UniBomania is not between the first
countries concerning the mineral water resources.sWppose that this is from the following
reasons: 1. the statistics are made accordingetmiimber of bottling companies and to the
number of spas and health resorts; 2. there isnitary documentation about the mineral
water resources on the European territory; 3. wefaes concerning the adequate

exploitation of mineral waters in Romania.

Country
*  Austria o laly
«  Belgium *  lLatvia
Bulgaria = Lithuania
»  Cyprus ®  Luxembaurg
- Czech Republic - Metherlands
s  Denmark *  Poland
s  Estonia *  Portugsl
Finland Romania
*  France «  Slovakia
*  Gamany ®  Slovenia
*  Gresce «  Spain
s Hungary « Sweden
= lreland *  United Kingdom
- No. of sources
o 1.2 - EU
© %3 " Nenku
O s-10
O -
O 16-26
“eg /

Fig. 94. Distributia surselor de af minerala recunoscute in cadrul Uniunii Europene - sursa dafor din Jurnalul

Oficial al UE pe baza Articolului 1 din Directiva 2009/54/EC (Harta: Nobajas i Ganau, 2013)
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6.2. The actual situation of mineral waters promotn in the Harghita and Covasna

counties

Attempts of promoting the mineral water resourcas be observed by the decisions
and budget assigned by the local councils likerthgghita and Covasna County Council and
by the ONG actions.

Harghita and Covasna are beneficiaries of the @joeal Regional Program 2007-
2013, Priority Axe 5 (Sustainable development aodrism promotion), the operation
Developing and consolidating the internal tourisynsbipporting the promotion of specific
products and marketing activities. The project &dstal value of 1.037 million RON and it
contents the following activities:

- mineral water promotion by participating to exhidmnits,

- mineral water promotion by electronic media,

- mineral water promotion by marks,

- activities of mineral water promotion by publishing
The dead line of the project is July 31, 2015 (seuCounty Council of Harghita). If we
compare the promotion techniques of mineral waberglungary and Romania one may
conclude a more efficient running of the Hunganaojects, treated with more attention and

earnest by the authorities.

6.3. Initiatives concerning the mineral waters capalization in Harghita and Covasna

Counties

The Phare Program R0O2006/018-147.04.01.01.01.0®4@mul Apelor Minerale”
from 2006 may be considered a good initiative ideorto exploit the mineral waters in
Romania. The program was meant to rehabilitateitbas of health resorts in 14 localities of
Covasna and Harghita Counties in order to promotk develop the balneal tourism in the
area. The program running between 2006 and 201hatidatisfy the expectations and the
rehabilitation actions were not satisfactory. Acliog to the Ministry of Regional

Development and Public Administration the projecirks were ended in September 2011.

The problem concerning the mineral waters capdtibn was emphasized by the vice-

president of the International Association of Hydgists, Florin Zamfirescu in 2007 within
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the annual conference of mineral waters. He asnoserthat “In Romania there isn’t an
integrated management for the subsurface wateurese. Here, the management of the
subsurface waters is divided between the MinistrElmvironment for drinking waters and
the Ministry of Economy for the mineral waters. $hmnakes that in a divided resources

administration there are national problems...” (GrBeport Magazine, 2007).

6.4. New projects concerning the mineral waters cd@lization

There are future initiatives of developing and expig the mineral springs and heath
resorts (the report “Analysis of Business Oppotiasi in the Centre Area from the
perspective of sustainable development” drawn kg thiversity Petru Maior of Targu-
Mures upon the request of the Ministry of Education, é&&sh and Innovation within the
Sectorial Operational Program for the DevelopmehtHoman Resources 2007-2013;
Strategy of Regional Development 2014-2020, Pxiofike 5 — Tourism Development —
drawn in 2013 by the Agency for Central Regional&epment in Alba lulia; The National
Strategy for Sustainable Development of Romad@jzons 2013-2020-203@he Romanian
Government, the Ministry of Environment and Sustlla Development in partnership with
the Program of the United Nations for Developmeh¢ National Centre for Sustainable
Development)). Still, we have to mention that théufe of the finalized projects where the
state authorities were involved through the local eegional councils, puts under a question
mark the success of the future projects.

Because of the problems observed in the developragampts of the country
officials, we appreciate that the satisfactory Itssican be obtained only by private
investments and by a unified promotion with natlomad international professional
marketing techniques.
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7.RECOMMENDATIONS FOR THE CAPITALIZATION OF MINERAL WA  TER RESOURCES

7.1. Recommendations for the exploitation of the smgs due to their discharges

Most often the natural springs have a reduced drgghfluctuating generally between
0.002 I/s and 0.3 I/s. As for the drillings thedliarges are greater, usually more than 1 I/s.
The following graphics present the discharge diation for different springs. The sources
with great discharge are presented in a separafghigr The discharges were measured for
59 sources from a total number of 92 springs.

The drilling from Chirui is not represented on tiraphic because of its much greater
discharge compared to the other springs. Thisirdyilproduces an average volume of 5.34
I/s. It is very unusual the significant volume pwuodd by the Minereul Spring (lzv.

Minereului), because such a great discharge ismaacteristic for natural springs.

Ifs Debitele izvoarelordin bazinele hidrografice ale paraielor Baraolt, Bradul si Sopotul
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Fig. 50. Debitele izvoarelor minerale naturale aflte in bazinele hidrografice al paraielor Baraolt, Badul si Sopotul
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Debitele izvoarelordin bazinele hidrografice ale paraielor Cormeos si Chirui
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Fig. 61 Debitele izvoarelor minerale naturale aflate in bzinele hidrografic ale paraurilor Cormos si Chirui

Izvoarele cu cele mai mari debite aflate in partea SV a Muntilor Harghita
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Fig. 12. Izvoarele minerale de pe parteaud-vestici a Muntilor Harghita caracterizate prin cele mai mari debite

If we male a calculation of all the dischar listed in the graphics we obtain a va

of 3.72 I/s in the basiof the Baraolt river (fig. 1.), a value of 0.47 I/s in the basin of

Cormos and Chriui rivers (fig. 1.) and a value of 4.19 |/s for the soesowith geater debits

(fig. 12.) to which is added the discharge of thilinig from Chirui. In this way it is obtaine

a total dischargef 13.72 I/s, which means a volume1185.4 ni mineral water lost every

day. This value emphasiz¢ke available rsources in the underground aquifefgshe South-

Western parof Harghita Mountains, wasted almost entirt
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In order to exploit the mineral waters in balneatgmses we propose a more detailed
research to establish the therapeutic effectsasfethwaters. For the bottled water, the hydro-
geological research is compulsory. During thesesm@aments, one has to consider the idea
of sustainable development which supposes a ma&dexaloitation according to the National
Strategy of Sustainable Development in RomaHiaizons 2013-2020-203And ensuring
the locals access to sources. The water can bedattustrially but it should include also
medicinal bottled waters as well.

According to the data of the National Society ofnkftal Waters (SNAM) the
production of mineral water presents a reductiomndithe last five years, which reflects also
the evolution of mineral water consumption in RomarfBut the export shows promising
values in certain cases (Dumitrescu & Beldescu2p01

According to the data provided by the Romanian feemdr Trade and Foreign
Investment Promotions, the markets in Bulgaria #aty became the most open for the
Romanian brands. Still, the greatest export ihéoMoldavian Republic. But there are many
market registering significant growths of requedtsing the last years: Poland, Vietnam,
Chile, Mexico, South Korea, Azerbaijan, KazakhstBelarus, Ukraine, Panama, Malta,
Indonesia and Brasilia. For the moment, Romaniaas among the providers of these

markets.

7.2. The most valuable springs for therapeutic use

In the previous subchapter we have chosen 20 niiseri;ags from the 92 mapped on
the South-Western part of the Harghita Mountaisdy@ing the most favorable for the human
consumption and external use and which may reprekersubject of more detailed studies
concerning their therapeutic effects. The most pso1g springs for therapy are those located

in the basins of Cormyaand Chirui rivers.
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Fig. 13. Cortinutul de CO, si HCO3 al izvoarelor cu potertial terapeutic
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Fig.14. Concentrgia celor mai importante macrc- si microelemente ale izvoarelor cu potetial terapeutic

Besides the sources from the basiigafpele [The Snake] river, all the sources ca
accessed from thgood forest roads. The best accessibility is fergprings of Chirui and tr
springs n the area of Herculian villa. The springs in the basin of Minereu ri can be
accessed on a concretad up to a point where the rest of the distaacsuple othundred
meters, is walked.

On the first place in multiple criteria is the Swrifrom Poiana Lupului but the otk

springs of this area do not have enough favordmdeacteristics.
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A more favorable area may be the river of Molidiiese three sources have benefic
effects upon the body and they are some tens a@drs&tr from each other.

The next spring area having a therapy potentiaéesented by the Chirui valley.
Here there are five sources of mineral water.

On the fourth place is the Herculian area wherer feaurces are considered as
promising for internal and external cures. The mfits of exploiting these sources are
observed nowadays. Next to the Inferior Springehsra small station with an external basin
and facilities for interior baths. These baths ased without medical observation by a
reduced number of visitors. The Bath of Nea Mackaswecently renovated but the
therapeutic effects are not scientifically known.

The fifth place is for the area of mineral watew@as. These springs do not have a
high mineralization but thanks to their cave shapd to their iron oxide mud sources, they
represent a touristic attraction.

The last area with mineral waters having a certhgrapeutic potential may be
considered the area of the Snake river. The stpoingts of this location are the proximity of
iron oxide mud sources and the high content of ararbioxide in the springs. The
disadvantage of the location is the fact that threngs can be reached only by walk.

The analysis made above had as a purpose to clsoose locations with mineral
waters worth to be studied in detail from a thetaioepoint of view. According to the data
previously mentioned, we conclude thilaé valley of Chirui river, the valley of Molidul
river, the mineral water Caverns area and alsothe area of Herculian village may
represent favorable locations for the medical tmardevelopment thanks to the therapeutic

mineral waters, after a set of scientific reseanelile by the specialists.

7.3. Exploitation of mineral springs from a recreatonal point of view

The mineral sources might be introduced in theistiaror educational routes. Our
proposition is that the routes should not concéatemly upon the mineral sources but they
should offer various objects and activities compgsmultiple elements characteristic to a
certain area. As a consequence it is recommendedhé interest points on the rout imply,

besides mineral water sources, botanical proteateds, different natural geological forms,
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geological forms from the mining industry, specifigdrographic elements, areas for picking
forest fruits etc.

Many natural element of geologic, geomorphologidrblogic, biologic origin may
serve for the outdoor education. Among these iggtieat variety of mineral springs which,
besides the status of drinking water may offer mmcbment of geographic, hydro-geologic
and chemical knowledge. The region offers the oty to taste several types of mineral
water on a restrained area.

Besides the actual elements of touristic potentialhave to mention the mountain
site represented by the volcanic edifices, sitetgpitablelands (information boards), forest

areas, thick and deep valleys, representing impbei@ments of touristic attraction (fig. 15.).

Fig. 7. a. Vedere panoramié de pe Muntele Cucului spre Depresiunea Baraoltului

b. Vedere panoramié spre Muntele Pilisca (Foto: Czellecz B., 2012)

The tablelands (information boards) may be verydrtgnt during a route so, their
placement is essential. But we have to call then&tin upon the importance of a unitary
development. The touristic routes to be projected set up must be carefully projected,
choosing the most favorable places from the pdiniew of the accessibility and also of the
main objective placement. The information panelsehto include written information in
multiple languages and the attraction elements tabe represented on the maps.

Recreational and adventure parks are other oppbetsifior touristic development in
a region where a part of the services could besedwn the mineral water resources. As in
the previous case, the parks need multiple servicesrder to offer different ways of

spending free time as agreeable as it may be.
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The hydro-geologic drilling in the Chirui area coubecome an attractive element,
having the characteristic of a cold water “geyseith eruptions up to a high of 2 m,

eruptions that can be admired at a certain rangenef

8. CONCLUSIONS

We consider that the most important result of tesearch is the inventory of all the
mineral water springs on the South-Western paHanighita Mountains. Even if there were
more similar researches (Banyai et al., 1957; Kisgy, 1975 and Janosi et. al, 2009), the
information provided does not reflect the entiralitg and does not include all the mineral
water sources.

On the investigated area of 340 %there are 92 sources of mineral water along 23
rivers from which 89 are natural mineral springsl @are hydro-geological drillings. In all
the cases there have been made measurements husisgme analysis method. There were
analyzed 12 physical and chemical parameters fothal sources: free gases liberation,
temperature, pH, electrical conductivity, total amalization, mineral salts, content of carbon
dioxide, content of HC¢ concentration of calcium and magnesium and cordEnitrates
and ammonium. The discharge was measured for 5@esyuthe content of chlorides was
measured for 64 cases, the content of iron was umsédor 70 cases and the phosphates
were analyzed only near the localities in 19 ca3é® sources locations were described
mentioning the geographical coordinates and thghheivhere they appear. The precise
localization of the springs is presented on 23 goaphic maps and on one geological map.
Among the 92 investigated sources a number of 8hew, being described for the first time

in this work.

The results of the analysis concerning the mineralaters

There has been made the classification of min@rahgs according to the geological
layers on the surface, next to the sources anddbase the physical and chemical
characteristics using the Cluster analysis. Theainbtl classes according to the
characteristics do not always correspond to thesela defined according to the distribution
of the superficial geological layers. The origintbé springs is often influenced also by the

presence of tectonic fractures. For both of thee€asame out seven classes presenting
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different results but in both cases we concludett the springs’ characteristics are more

influenced by the local agents. The mineral spriohgsot get similar characteristics thanks to

the general characteristics of a certain regiomfthe geologic and geographic point of view

and so we cannot make a general statement basbd oharacteristics of certain sources.

Table 10. Comparative analysis of the classes of meral sources according to two different methods

Cluster analysis results

The results of classification
based on the area geology

Class I.

One source from each of the basins

of Holosag, Aurul and Muhoi
rivers.

They are characterized by a very
high mineralization and high level
of carbon dioxide.

The sources from the area
volcanogenic sediments Form such
Chirui. This class groups all the sourg
in the basin of theChirui river. They
are characterized by uniformity, wit
high mineralization and high content
carbon dioxide for the active sources.
the case of the degenerated soul
there are registered lower values of
parameters.

Class Il.

Certain sources from the basin of
Chirui river, certain sources from
the basin oMolidul river and the
rest of the springs in the basin of
Holosagriver.

They are characterized by a high
mineralization and high level of
carbon dioxide.

The sources in the contact area betw
the Volcanic sediments forms such
Chirui, such as Cormo epiclastic
sediments such as Herculian 4
calcareous flysch forms. This cla
groups the sources from the basin
Holosag, Aurul , Muhoi andAlb rivers.
They are characterized by a hi
content of carbon dioxide. We canr
make a general statement for {
mineralization.

Clasa
I1.

Two sources from theSarpelui

[Snake] basin, certain springs from

the basin of thélb river, a source
from each hydrographic basin
Cormos and Bradul Mare rivers,
three sources from the basin
Baraolt, the rest of the sourcs
from the basin oMolidul , the rest
of the active springs from the bas
of Chirui river , one source fron
the inferior course dBradul river.

They are characterized by a little

lower mineralization than th
previous classes and a high le
content of carbon dioxide.

in
n

e
vel

The sources from the area of volca
sediments form such as Corgndrhis
class groups all the sources situal
along the inferior course of the rive
Baraolt, Cormos, Bradul, Sopotul, the
sources on the riverMolidul, the
sources from the basins of the rive
Cuvoso andCosagul Mic.

We cannot make a general descriptio

e

ted
rs

IS

Class

The first two springs on the river

The sources from the contact ar

ea
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the basin of the riveBradul Mic,
the spring on the riveCuvosq two

sources in the basin of the riv

er

V. Sopotul. between lava flow such as Luci-LaZzu,
They are characterized by a such as Fierarul, and such as Cucu. This
medium mineralization, low content class groups the sources from the
of carbon dioxide and high (neutrgl) hydrographical basins of the rivers
pH. Creanga Mica and Fierarul .

Except the Creanga Micspring, they
could be characterized by a very low
mineralization and high content of
carbon dioxide.
The sourge on the ”‘_’*—’SCE“? thrge The sources from the area of lava flows
sources |.n the basin .Of the river such as Cucu. This class groups all the
Sopotulj five sources in the basin sources along the superior courses| of
of the riverSarpele, the source on the rivers Baraolt, Tiganul, Bradul
the river Pietros, three sources Mare andBradul Mic .
(Fjegener.at.ed) from the basin of the The sources from the hydrographic
r!ver Chirui, six so_urces on the basin of the river Baraolt ane
river Baraolt, the springs along the characterized by a high content |of
Class V. ri\{ers Cosagul Mic and Creanga carbon dioxide and very low
Mica, two sources on_ the.rlv@db, mineralization.
two sogrces on the inferior course The springs from the hydrographic
of the nverBraduI and one sogrca 4 basin  of the river Bradul are
from the ba5|r.1 of each of the rivers ! characterized by a high content |of
Cormos andMinereu. i | carbon  dioxide but  with @&
They are characterized by |a | | mineralization a little bit higher than the
medium content of carbon dioxidg, | previous case.
low mineralization and a slightly B
acid pH. !
Five sources on the rivaBaraolt, |
almost all the sources along the !
river Minereu, all the sources on ' The springs from the area of lava flgw
the riverMic Pietros, one spring o ! such as Pifica. This class groups all the
the riverAlb, the spring on the river H springs along the river$arpele and
Class | Bradul Mare, two sources in the | Mic Pietros, two sources on the
VI basin of the riverBradul, one h superior course of the rivEopotul, the
) spring along the superior course|of | spring on the rivetJscat and a source
the riverSopotul. H in the basin of the riveBradul.
The sources are characterized by a We cannot offer any general
low mineralization, an acid pH and | description.
medium to high content of carbg n
dioxide. '
All the springs along the superinﬁ' The springs from the contact area
courses of the riversFierarul, ' between the pyroclastites and the lava
Class Baraolt and]'iganul, one source .0 flt_)ws. such a; Pica .and e_luvial-
the superior course of the river diluvial volcanic deposits. This class
VII. Creanga Mici, all the springs ir groups all the springs from the
hydrographic basins of the rivers

Minereu and Ulmul, one spring or
each of the river8radul andPietros,
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Alb, one spring in each basin of the three sources in the basin of the riyer
riversAurul andUImul. Sopotul.
The springs are characterized by a We cannot make a general description.
very low mineralization, high
content of carbon dioxide and |a
very acid pH.

From the table above we can see that the geologyhefarea may provide
characteristics similar to the springs only in ocese out of seven presented above.
Concerning the springs in the hydrographic basfrthe rivers Holeag, Aurul and Molidul
we can speak about a restrained area because oh e geological and geographical
environment is very similar to each other. For $peings along the superior courses of the
rivers a general characteristic can be given becaidstheir localization in a geological
environment with compact layers. Thus, becausé@tirculation in a short time and due to
the inefficient dissolution of different types afcks we cannot have different characteristics
of the springs. They are characterized by a vemyrianeralization and by a high content of
dissolved carbon dioxide. There are also othengprhaving similar characteristics with the
ones presented above but situated in a differeatogeal environment. By the Cluster

analysis these springs are grouped together.

Capitalization of the mineral waters

The great variety of the springs and also thegagmumber leads to the need of
exploiting them. Consequently, considering the dpeutic effects and the mineral water
discharges and their accessibility, there have bekasen four favorable areas of
development and there are indicated the settingraregtment actions: the valley of the river
Chirui, the valley of the river Molidul, the area eoineral water caverns from the

hydrographic basin of the river Bradul and the sagif the locality Herculian.

The touristic attraction of the valley of the riv@hirui is determined by the presence
of the “cold water geyser”. The Blinking Drillingylits unusual activity may be considered a
“natural” curio. Similar phenomena on the Earth evdescribed during the last decade and
there are about 15 drillings. We are talking abogdro-geological drillings the activity of
which is characterized by the successive activerammdactive periods. The active periods are

manifested by a continuous eruption of the waterthe non active periods by the movement
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of the water column in the tube. While most of thekenomena are generally characterized
by a short time of activity (maximum two hours)etBlinking Drilling presents a longer
activity, of 38-78 hours. By more detailed reseafobused on the determination of the
running principle of the system we shall succeedadtiing the exact time when the drilling

activity goes from one phase to another.
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