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Or i gin of min eral wa ters from Someseni, Transylvanian Ba sin, Ro ma nia
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Anal y sis of the sta ble iso tope com po si tion of the min eral wa ters from Someseni, Transylvanian Ba sin, Ro ma nia has been made to con -
strain their or i gin. The min eral-rich aqui fer is lo cated on the west ern bor der of the Neo gene Transylvanian Ba sin. The iso to pic study
(18O, D) of min eral wa ters from Someseni Spa was car ried in or der to re ha bil i tate them as nat u ral cu ra tive wa ters. Wa ter sam ples from
five springs (1, 2, 3, 8 and 15), from Becas Brook and from River Somes were col lected monthly from Oc to ber 2003 to March 2004. The
quan tity of pre cip i ta tion and the mean tem per a ture in the area were monthly re corded. The deu te rium vs. 18O in ves ti ga tions of the springs
in di cate a me te oric prov e nance with deep cir cu la tion, hav ing the deu te rium con tent of me te oric wa ter, but shifted to a higher 18O con tent
as re sult of iso to pic ex change with coun try rock. The dD and d18O val ues for springs 3 and 8 in Feb ru ary 2004 and March 2004 re spec -
tively, sug gest some in flu ence of sur face wa ters de rived from melt ing of the snow cover.
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INTRODUCTION

The study of the char ac ter is tics and or i gin of groundwaters
has been among the most suc cess ful ar eas for the ap pli ca tion of
nat u ral sta ble iso tope abun dance vari a tions. This is largely due
to the con ser va tive na ture of the sta ble iso tope com po si tion of
wa ter in an aqui fer, as a re sult of which it is pos si ble to char ac -
ter ize the or i gin of wa ters un am big u ously: groundwaters “re -
mem ber” the iso to pic com po si tion of their or i gin over long pe -
ri ods, of the or der of ten thou sand years, pro vided they are not

ex posed to tem per a tures above 60–800°C. Me te oric wa ters are
de rived di rectly from pre cip i ta tion or from fresh sur face wa -
ters, usu ally by re charge through an un sat u rated soil zone. The
iso to pic com po si tion of the me te oric groundwaters gen er ally
matches that of lo cal pre cip i ta tion, at least in the hu mid cli mate

zone. When aqui fer tem per a tures reach val ues of 800°C or
more, a rapid change of sta ble iso tope com po si tion of the wa -
ters oc curs so that this com po si tion no lon ger cor re sponds to
their orig i nal one. This pro cess is char ac ter is tic of geo ther mal
set tings (Gat and Gonfiantini, 1981).

The match be tween the iso to pic com po si tion of pre cip i ta -
tion and that of the ground wa ter de rived from it is, how ever, by

no means per fect. Changes in iso to pic com po si tion oc cur,
mainly due to the re charge pro cess. To a lesser ex tent, they
come about as a re sult of non-con ser va tive be hav iour of wa ter
in the aqui fers, through in ter ac tion with rock com po nents or
mix ing with groundwaters from dif fer ent sources.

Here, we study the sta ble iso tope com po si tion of ground -
waters to de ter mine the or i gin of min eral wa ters from Someseni 
in the Transylvanian Ba sin, Ro ma nia.

The ther a peu ti cal qual i ties of min eral wa ters from
Someseni have been known since the early 1920’s. The spa
was es tab lished in 1927 when ex plo ra tion drill ing be gan. On a
sur face of less than 1 ha, there were es tab lished more than 35
min eral wa ter sources with dif fer ent yields and con cen tra tions,
of con sid er able cu ra tive po ten tial. The spa be gan its slow de cay 
in the mid 1970’s, so that by the late 1980’s it was prac ti cally
der e lict other than its med i cal com po nents. Only five of the
springs can be sam pled cur rently. This iso to pic in ves ti ga tion of 
min eral wa ters from Someseni Spa is an es sen tial part of an ef -
fort to re ha bil i tate them as nat u ral cu ra tive waters. 

The first sci en tific study of the min eral wa ters from
Someseni was com pleted in the early 1920’s, fo cus sing on their 
chem i cal com po si tion and med i cal prop er ties. A sub se quent
study con cerned their ra dio ac tiv ity (Szabo, 1954). Stud ies of
the Someseni min eral wa ter dy nam ics fol lowed (Pricajan,



1972; Baciu et al., 2001). The iso to pic in ves ti ga tion of these
wa ters be gan in 2000, and ini tial anal y ses of their deu te rium
con tent has been re ported (Cuna et al., 2001). 

MATERIALS AND METHODS

STUDY AREA

The area stud ied, Someseni Spa, is lo cated in the east ern
part of Cluj-Napoca city (Ro ma nia), at the con tact be tween the
al lu vial plain and the first ter race of the River Somesul Mic.
Geo log i cally, the aqui fer is lo cated on the west ern bor der of the 
Neo gene Transylvanian Ba sin (Fig. 1). In this area, the Neo -
gene de pos its gently dip to the east and are af fected by a num -
ber of folds re lated to mid-Badenian salt tec ton ics.

The Transylvanian Ba sin (TB) con tains molasse sed i ments
of Neo gene age, reach ing a thick ness of 4000 m in the cen tre of
the Transylvanian De pres sion (TD). The term Transylvanian
De pres sion re fers to the Neo gene sed i men tary ba sin while the
term Transylvanian Ba sin in cludes de pos its back to the
Mid-Cre ta ceous. The TB is su per im posed on two older tec -

tonic units, namely a folded base ment and its post-tec tonic
cover. The lo ca tion of the TB in the Carpathian-Panonian sys -
tem is shown on Fig ure 1. The base ment is a seg ment of the
main Thetyan su ture and con sists of meta mor phic nappes of the 
in ter nal and me dian Dacides, over rid den in the west-cen tral
area by the ophiolitic suite which marks the su ture (Sandulescu, 
1988). The post-tec tonic cover con sists of 4000 m thick Late
Cre ta ceous, Paleogene and Eo-Mio cene de pos its. The Some -
seni spring area is sit u ated in the ax ial zone of an anticline with
a salt core. Marls with fre quent sand stone and vol ca nic tuff in -
ter ca la tions dom i nate the lo cal li thol ogy of these de pos its. The
al lu vial de pos its of the river gen er ally cover the Neo gene strata
(Baciu et al., 2001).

SAMPLES

Wa ter sam ples from five springs (1, 2, 3, 8 and 15), from
Becas Brook as well as from the River Somes, were col lected
monthly in sealed glass bot tles be tween Oc to ber 2003 and
March 2004. The quan tity of pre cip i ta tion and the mean tem -
per a ture in the area were re corded ev ery month (Ta ble 1). The

mean an nual tem per a ture of the springs at sur face is 16°C. Al -
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Fig. 1A — the gen eral tec tonic frame work of the
Transylvanian Ba sin (tec ton ics af ter Sandulescu, 1984),
rect an gle de notes the study area; B —  lo ca tion sketch of
the springs (1, 2, 3, 8 and 15) in the Someseni Spa



though  these wa ters are not geo ther mal, we pre sume that aqui -

fer tem per a tures reach val ues of 80°C or more at depth.
The wa ters from these springs are of dif fer ent chem i cal

com po si tions as well as pos sess ing dif fer ent ther a peu tic ef -
fects. The to tal dis solved sol ids (TDS) con tents of the five
springs are in the range of 2.5 to 20 g/l. The chem i cal com po si -
tion be longs to the so dium-chlo ride type. The dom i nance of
Na+ and Cl– ions is stron ger as the con cen tra tion in creases (Ta -
ble 2). The chlo ri nated, car bon ated, so dium, cal cium and lith -
ium-laden wa ter may be used for drink ing with di ges tive-di -
uretic ef fects. An other char ac ter is tic of these wa ters is the ra -
don con tent of about 35 Bq/l (Baciu et al., 2001). 

METHODS

The 18O con tents were mea sured by equil i bra tion of 3 ml
wa ter with CO2 and mea sure ment of the iso to pic ra tio of CO2

us ing an ATLAS 86 mass spec trom e ter equipped with a dou ble
col lec tor and dou ble in let sys tem (Ep stein and Mayeda, 1953;

Cuna and Marca, 1996). The deu te rium anal y ses of wa ter were
car ried out with a home-made mass spec trom e ter SMAD-1 on
the hy dro gen gas ob tained by on-line quan ti ta tive re duc tion of
about 1 ml wa ter sam ple (Berdea et al., 1992).

The iso to pic con tents were ex pressed as dI value in “parts
per thou sand”:

dI = (R/RS–1) 1000

where: I — D or 18O iso topes, R — the iso to pic ra tio of sam ple, RS — the ra -
tio of in ter na tional V-SMOW (Vi enna Stan dard Mean Ocean Wa ter) stan -

dard  (Craig, 1961; Gat and Gonfiantini, 1981a); the pre ci sion of d18O

mea sure ments is ±0.2‰; the pre ci sion of dD val ues is ±2‰.

RESULTS AND DISCUSSIONS

The re sults of the deu te rium and ox y gen-18 mea sure ments
of wa ters from five springs (1, 2, 3, 8 and 15), Becas Brook and
River Somesul Mic are given on Fig ure 2. The av er age con tent
of lo cal pre cip i ta tion for deu te rium and for ox y gen be tween
Oc to ber 2003 and March 2004 was –73‰ and –10.3‰ re spec -

tively. The dD in wa ter of springs 1, 2, 3, 8 and 15 sup port a
me te oric prov e nance, hav ing a deu te rium con tent sim i lar to
that of the lo cal me te oric wa ter (Fig. 3), but shifted to higher
18O con tents (Fig. 4). From the deu te rium anal y ses we pre -
sumed that these wa ters are re lated to a unique aqui fer. The ob -
served dif fer ences of the phys i cal and chem i cal prop er ties (Ta -
ble 2) are in ter preted as due to dif fer ent path ways taken by the
wa ters to the sur face.

The wa ter sam ples from the River Somesul Mic fall on, or
close to, the MWL (Me te oric Wa ter Line) in di cat ing that these
wa ters are of me te oric or i gin and are not af fected by sec ond ary
iso to pic ef fects such as evap o ra tion (Fontes, 1980; Gat and
Gonfiantini, 1981b; Hoefs, 1987). The wa ter sam ples from
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Chem i cal com po si tion
[mg/l]

Spring 1 Spring 2 Spring 3 Spring 8 Spring 15

Cl– 1039.1 1875.3  11182.5 2397.6 1044  

Br–      0.4       0.05 – – –

NO3
-      8.4     8.3 –       1.8       0.7

SO4
2-  165.4 246       547.3   300.2     96.7

HCO3
-  484.9 536.8 610   506.3   488.2

Na+  653.9 1309.2   7431 1718.4   650.1

K+    24.3 14 (Na+ + K+)     12.1     43.6

Li+      0.4     0.4 –       0.2       2.2

Ca2+  172.4 161.9     246.1   120.4   158.2

Mg2+    37.9 18        16.6     12.8  21

Fe2+      0.1     1.2 –       1.6   5

TDS 2640    4217.25 20051.9 5109.4 2556.2

T a  b l e  2

The chem i cal com po si tion of the wa ter sam ples

Month/year Pre cip i ta tion 
[mm/month]

Mean tem -

per a ture [°C]

Oc to ber/2003        58   7.1

No vem ber/2003 38.5   4.6

De cem ber/2003 12.7 –2.4

Jan u ary/2004 41.8 –4.4

Feb ru ary/2004 35.8 –1.1

March/2004 27.7   4.4

T a  b l e  1

 The quan tity of pre cip i ta tion and the mean tem per a ture



Becas Brook fall close to the MWL, but there is some scat ter ing 

of d18O for these wa ter sam ples. Over the pe riod of sam pling,
the Becas Brook wa ters ap peared to have been pol luted with
or ganic com pounds and waste. We have cor re lated this scat ter -
ing with or ganic pol lu tion of these waste wa ters.

Gen er ally, the more de pleted val ues of dD and d18O are due
to the con tri bu tion of snow melt, as else where (Ahmad et al.,
2003). The wa ters from the River Somesul Mic show a win ter
iso to pic pulse in March and the wa ters from Becas Brook show
such de pleted val ues in Feb ru ary. The mean tem per a ture in
Feb ru ary and March is con sis tent with melt ing snow (Ta ble 1)
and ex plain this iso to pic pulse.

There is an un ex pected de pleted dD value for spring 3.
This value was ob served in Feb ru ary when Becas Brook wa -
ters showed an iso to pic pulse due to the con tri bu tion of melt -
wa ter from snow. It seems that the wa ter from spring 3 was
ad mixed with wa ter orig i nated from melt ing of snow cover.
In Fig ure 5 are shown the win ter iso to pic pulse of the Becas
Brook wa ters, and the sim i lar iso to pic pulse of wa ter from
spring 3. These data in di cate that some in fil tra tion oc curs,
and that we have to study better this area in the fu ture. For
ex am ple, we could cor re late the iso to pic com po si tion of
these wa ters with their chlo ride con tent. Chlo ride, as a con -
ser va tive con stit u ent in ground wa ter, should re flect mix ing
pro cesses be tween shal low in fil tra tion wa ter and deep cir cu -
lat ing wa ter (Payne et al., 1979).
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Fig. 3. The sea sonal vari a tions of dD

O-03 — Oc to ber 2003, N-03 — No vem ber 2003, D-03 — De cem ber 2003,
J-04 — Jan u ary 2004, F-04 — Feb ru ary 2004, M-04 — March 2004; other
ex pla na tions as on Fig ure 2

Fig. 5. The win ter iso to pic pulse of spring 3 and Becas Brook wa ters

Other ex pla na tions as on Fig ure 2

Fig. 4. The sea sonal vari a tions of d18O

Other ex pla na tions as on Fig ures 2 and 3

Fig. 2. dD vs. d18O in wa ters from Someseni Spa area



The monthly vari a tions of d18O for the five springs are

shown in Fig ure 4. As we sug gested for dD, there is an iso to pic

pulse d18O for the spring 3 in di cat ing the in flu ence of wa ter

orig i nated from melt ing of snow cover. The dD and d18O val -
ues for spring 8 in March 2004 also sug gest some in flu ence of
sur face wa ters. The springs 3 and 8 both have a small flow at
dis charge and their sur round ings were sat u rated with sur face
wa ters. These springs, es pe cially spring 3, are partly blocked,
and they have to be drained and the sur round ings kept clean
and dry. In this way is quite pos si ble to di min ish the sur -
face-wa ter in fil tra tion and to elim i nate sur face-wa ter/ground -
wa ter in flu ences.

Such a small in flu ence be comes vis i ble for springs 3, 8 and
15 in No vem ber 2003 when the iso to pic com po si tion of wa ter
was de pleted in 18O. It could be the ef fect of the higher quan tity
of pre cip i ta tion in Oc to ber 2003 (Ta ble 1), fol lowed by some
in fil tra tion to the dam aged ar eas around the springs.

For the five springs there is an ev i dent shift in 18O to
higher val ues that could be ex plained ei ther by iso to pic ex -
change at high tem per a tures oc cur ring within the bed rock
(Clay ton and Steiner, 1975) or at nor mal tem per a tures by
chem i cal or min er al og i cal re ac tions in volv ing the wa ter and
the rock (Sam uel, 1980). We pre sume that the 18O shifts to -
ward heavier val ues are the re sult of the non-con ser va tive
be hav iour of the wa ter in the aqui fer through in ter ac tion
with rock com po nents which con tain ox y gen. Wa ter and
rocks are gen er ally in iso to pic dis equi lib rium and there fore
tend to ex change their iso topes in or der to ap proach equi lib -
rium. The ex tent of ex change de pends on the ini tial 18O con -
tent, on the spe cific wa ter-min eral frac tion ation fac tors
which are tem per a ture-de pend ent, and on time and the ex -
tent of sur face con tact. This pro cess is ef fec tive only for ox -
y gen, the hy dro gen con tent of rocks gen er ally be ing too low
to sig nif i cantly af fect the iso to pic com po si tion of the
groundwaters (Sheppard, 1986).

CONCLUSIONS

The iso to pic in ves ti ga tions of five springs from Someseni
Spa con firm a  me te oric prov e nance, hav ing the deu te rium con -
tent of lo cal me te oric wa ter and shifted to higher 18O con tents.

The mea sure ments con firm the pre vi ous stud ies show ing
that all the springs are re lated to a unique aqui fer. The ob served
dif fer ences of the phys i cal and chem i cal prop er ties are in ter -
preted as due to dif fer ent path ways the wa ters have fol lowed to
the sur face.

The wa ter sam ples from Becas Brook fall close to the

MWL, but there is some scat ter ing of d18O for these wa ter sam -
ples. We have cor re lated this scat ter ing with or ganic pol lu tion
of these waste wa ters.

The highly de pleted val ues of dD and d18O for the River
Somesul Mic and Becas Brook are due to the con tri bu tion of

snow melt (win ter iso to pic pulse). We ex plain the de pleted dD
value for spring 3 in Feb ru ary 2004 by ad mix ing with wa ter
orig i nated from melt ing of snow cover. These data in di cate that 
some in fil tra tion oc curs, and that we have to study better this

area in the fu ture. The dD and d18O val ues for spring 8 in March 
2004 also sug gest some in flu ence of sur face wa ters. Springs 3
and 8 both have a small flow at their dis charge and their sur -
round ings were sat u rated with sur face wa ters. These springs
have to be drained and the sur round ings kept clean and dry to
be suit able for med i cal use.

The d18O shift to ward higher val ues for the five springs is
the re sult of in ter ac tions and iso to pic ex change of ox y gen from
wa ter with rock ma trix which con tains ox y gen.
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