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The di ver sity of ground wa ter chem is try in the Peshkopi gyp sum karst area may be re lated to its set ting within the tec toni cally
ac tive Korab Mas sif (Al ba nia), as shown by field tests of tem per a ture, pH, Eh and EC, and sam pling of the wa ters for chem i -
cal anal y sis (both ma jor and trace com po nents) from cool brack ish springs and min er al ized ther mal springs. The re la tion ship 
be tween the chem i cal com po si tion of the spring wa ters and of the res er voir rocks was elu ci dated by anal y sis of
anhydrite-gyp sum rocks and ex per i men tal dis so lu tion of an anhydrite-gyp sum sam ple. Sta tis ti cal anal y sis was used in the
pro cess ing of hydrochemical data. Com par i son of an a lyt i cal re sults from 2019 with ear lier data in di cates compositional sta -
bil ity of the groundwaters over time. Our re sults to gether with sta tis ti cal anal y sis of the hydrochemical data sup port an ear lier
hy poth e sis of two sys tems of ground wa ter cir cu la tion within the anhydrite-gyp sum de pos its of the Peshkopi re gion. A shal -
low cir cu la tion sys tem in volves cold (10–14°C), mainly brack ish SO4-Ca wa ters with very low con cen tra tions of Na+ and Cl-

ions, re flect ing their for ma tion in a sul phate rock en vi ron ment that prob a bly cor re sponds spa tially with a gyp sum layer
formed by hydration of anhydrite in the near-sur face zone. A deep cir cu la tion sys tem con di tioned, inter alia, by the pres ence
of a large fault, brings to the sur face wa ter at up to 44°C, sat u rated with H2S, min er al ized, of the SO4-Ca type with an in -
creased con tent of Na, K, HCO3, Cl, BO3 and SiO2. The chem i cal com po si tion of these wa ters, re gard less of the pres ence of
large amounts of sulphates, is sig nif i cantly dif fer ent and sug gests the in flu ence of other fac tors on their for ma tion, such as
slow cir cu la tion, con tact with flysch rocks in the fault zone and the mix ing of deep and near-sur face wa ters in the fi nal part of
their as cent to the sur face.

Key words: gyp sum karst, ground wa ter shal low and deep cir cu la tion sys tems, wa ter chem i cal com po si tion, ther mal springs,
Al ba nia.

INTRODUCTION

Karst wa ters are re lated to sol u ble rocks such as car bon ate, 
mainly lime stone and do lo mite, and evaporites, mainly gyp sum
and anhydrite. At a global scale ~15.2% of the ice-free con ti -
nen tal sur face con sist of rocks with karst-form ing po ten tial,
while in Eu rope it is 21.8% (Chen et al., 2017; Goldscheider et
al., 2020). Evaporite rocks such as gyp sum, anhydrite and salt
oc cur be neath 25% of the con ti nen tal sur face (Ford and Wil -

liams, 2007). Karst in evaporite rocks oc curs in a wide num ber
of re gions of the world. In Eu rope, the larg est ar eas of gyp sum
karst are within the East Eu ro pean Plain (Klimchouk and
Andreychouk, 1996; Klimchouk et al., 1996), but in most coun -
tries their out crop is small, as in Spain 7% (Gutiérrez et al.,
2008), and in It aly 1% (Chiesi et al., 2010; De Waele et al.,
2017).

The karst land scapes in Al ba nia cover 6750 km2, or ~24% of
the coun try’s ter ri tory, which are rep re sented mainly of car bon ate 
rocks. Evaporite rocks cover 260 km2, com pris ing ~1.7% of the
Al ba nian ter ri tory (Melo et al., 1991; Eftimi, 2010, 2020). They
form two evaporite karst ar eas, Korab (Peshkopi) and Dumre,
rep re sent ing evaporite domes (Fig. 1). Both ar eas are char ac ter -
ized by spe cific geo logic, tec tonic, and geomorphological con di -
tions re sult ing in dif fer ent hydrogeological char ac ter is tics.
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The Peshkopi area, the area of study, is well known for its
ther mal springs (Avgustinski et al.,1957; Safanda et al., 2004;
Eftimi and Frashëri, 2016), which are a hydrogeological phe -
nom e non of both sci en tific and prac ti cal im por tance.

Here we ana lyse the di ver sity of ground wa ter chem is try in
the Peshkopi gyp sum karst area and ex plain the ba sic fac tors
(rock li thol ogy and tec tonic con di tions) de ter min ing the chem i -
cal com po si tion of the wa ter. For this pur pose, field tests of tem -
per a ture, pH, Eh and elec tri cal con duc tiv ity were car ried out in
Oc to ber 2009 and May 2019 and wa ter sam ples were taken for
chem i cal anal y sis (in clud ing ma jor and trace com po nents) from 
brack ish springs and min er al ized ther mal springs. In or der to
ex am ine the re la tion ship be tween the chem i cal com po si tion of
the springs and the com po si tion of the res er voir rocks,
anhydrite-gyp sum rocks (3 sam ples) were ana lysed and ex per -
i ment dis so lu tion of an anhydrite-gyp sum sam ple in dis tilled
wa ter was car ried out. Sta tis ti cal anal y sis was an im por tant
meth od olog i cal tool used in the pro cess ing of the hydro chemi -
cal data.

STUDY AREA

The Peshkopi ther mal area is in the cen tral part of the Korab 
Tec tonic Zone (Fig. 1), at the bound ary with North Mac e do nia,
and con sists mostly of Mt. Korab which, with its nu mer ous
peaks more than 2000 m above sea level, serves also as a
drain age di vide be tween Al ba nia and North Mac e do nia. The

high est peak, called Mt. Korab, is 2751 m a.s.l., the high est in
Al ba nia (Fig. 2). Steep and fast-flow ing moun tain creeks and
rivers form deep V-shaped gorges, lo cally of can yon-like shape, 
in ten sively erod ing Mt. Korab in the west.

The most im por tant rivers in the study area are the Banja
River that crosses the south ern gyp sum out crop, while the Gyp -
sum and Veleshica rivers cross the north gyp sum out crop
(Fig. 2). All three rivers join the Drin River that flows through the
cen tral part of the Peshkopi intermontane de pres sion. Their
wide val leys are lo cally filled with thick and coarse clastic de -
pos its.

Al ba nia is part of the Med i ter ra nean Al pine Fold Belt and
be longs to Dinaric-Hel lenic range. The geo log i cal struc ture of
the Albanides com prises two ma jor units: the In ter nal Albanides 
to the east and the Ex ter nal Albanides to the west (Fig. 1; Meço
and Aliaj, 2000). Struc tur ally, the Peshkopi area rep re sents the
west limb of the great Korab anticline, which is part of the Korab
tec tonic zone (Fig. 1). This tec tonic zone con sists mainly of Pa -
leo zoic terrigenous meta mor phic rocks and is char ac ter ised by
compressional tec tonic forces (Aliaj, 1992, 2012). The core of
the struc ture con sists of slates, ef fu sive and car bon ate meta -
mor phic rocks of Si lu rian-De vo nian age, which con tinue with
sand stone and con glom er ate of Perm ian to Lower Tri as sic age. 
These are overthrusted by Paleogene and Cre ta ceous flysch
fol lowed by Up per Cre ta ceous lime stone of the Krasta zone
(Fig.1). The high est peak, that of Mt. Korab, con sists of strat i -
fied lime stone and mar ble of Si lu rian-De vo nian age.
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Fig. 1. Tec tonic di vi sions of Al ba nia (af ter Xhomo et al., 2002) and lo ca tion of the Peshkopi area



The most im por tant geo log i cal char ac ter is tics of the Korab
area com prise two gyp sum tec tonic win dows rep re sent ing
diapirs, which have cre ated cu pola struc tures. The south ern
gyp sum dome cov ers ~24 km2, and the north ern out crop
~66 km2 (Fig. 1). On the Geo log i cal Map of Al ba nia at
1:200,000 scale the age of the gyp sum de pos its is shown as
Tri as sic (Xhomo et al., 2002) but there are also sug ges tions of
an older age (Xhomo et al., 1991; Aliaj, 1992).

The Korab Zone was af fected by a strong extensional re -
gime dur ing the Plio cene-Qua ter nary, which re sulted in the es -
tab lish ment of horst-graben struc tures (Aliaj, 1998). The graben 
de vel oped along the Black Drin River fault zone is ex pressed
top o graph i cally by a ver ti cal am pli tude of over 1200 m. Ther mal 
springs near Peshkopi is sue along this fault zone (Aliaj, 1998;
Arsovski, 1974). Evaporite tec ton ics in flu enced the de vel op -
ment of re gional thrust fault ing and are first or der con trols on the 
for ma tion of the ther mal wa ter, as de scribed by Velaj (2002).
The rise of Mount Korab fa cil i tated ero sion, and the ac cu mu la -
tion of thick coarse clastic de pos its, which fill the wide val leys of
the Gyp sum and Banja rivers, of thick ness in places of ~15 m.

The gyp sum rocks are mainly mas sive, though partly form
near-hor i zon tal or gently west wards dip ping strata. The cen tral
parts of the gyp sum in clude anhydrite crys tals, show ing that ini -
tially the rock has been anhydrite, which then later trans formed
into gyp sum. The trans for ma tion of anhydrite into gyp sum oc -
curs with an in crease in vol ume (“swell ing”) of the rock of be -
tween 30 and 58% in the near-sur face zone where cir cu lat ing
wa ter en coun ters the anhydrite (Yilmaz, 2001). Cal cite veins
are also pres ent in the gyp sum rocks. Chiesi et al. (2010) de -
scribed the trans for ma tion of anhydrite into gyp sum as so ci ated

with karstification of the near-sur face gyp sum zone, a pro cess
sim i lar to that de vel oped in the anhydrite-gyp sum out crops of
the Peshkopi area of Mt. Korab.

The sul phate mas sif is mainly com posed of finely lay ered
(Fig. 3A) and mas sive anhydrite (Fig. 3B), which have largely
hy drated and con tinue to hy drate. Hydration pro cesses are fa -
voured by the geomorphological lo ca tion of the mas sif on the
val ley slope, sig nif i cant seal ing (frac tur ing) of the anhydrite,
plas tic de for ma tion of the strata, and high pre cip i ta tion
(>1,000 mm per year).

At the foot of the Gyp sum and Banja river banks, caves 1 to
5 m long are of ten de vel oped, where small or tem po rary springs 
may is sue (Fig. 4A, B). The karst well cav i ties are rare but Fig -
ure 4C shows a well clogged by thick de pos its of re sid ual ma te -
rial and de tri tus, dis cov ered on Mt. Bardhe (Bassi et al., 1999).
The sink holes, mostly de vel oped at high el e va tions on Mt.
Bardhe, usu ally have a di am e ter of ~1-4 m and a depth up to
2 m. When the sink holes join each other, they form karst “val -
leys” (dolines) up to 80 m in length; the most at trac tive of these
is lo cated at the top of an ero sional block (tower karst), in the
up per part of the Banja River (Fig. 4D).

The cli mate of the area is cold Med i ter ra nean moun tain ous
(Jaho et al., 1975); in the town of Peshkopi, at el e va tion ~650 m
a.s.l., the mean an nual tem per a ture is 11°C; in Jan u ary it is
–0.2°C and in Au gust 26.6°C. The av er age rain fall is ~920 mm
and is un evenly dis trib uted through out the year; ~70% of rain fall 
oc curs from Oc to ber to March. In the moun tain area, which is
much higher than the town of Peshkopi, the av er age an nual
tem per a ture and rain fall are re spec tively ~8°C and ~1,200 mm.
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Fig. 2. Geo log i cal map of the Mt. Korab area (af ter the 1:200,000 geo log i cal map of Al ba nia)
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Fig. 3. Anhydrite rocks: finely lay ered (A) and mas sive (B)

A – finely-lay ered char ac ter of anhydrite rock; B – ex po sure of anhydrite on a val ley slope (pho tos by V. Andreychouk)

Fig. 4. Gyp sum out crops and some karst land forms

A – gyp sum river bank; B – on Banja River bank; C – ex plo ra tion of a nat u ral well on Mt. Bardhe (photo by G.S. Faentino); D – so lu tion
dolines at the top of a karst ero sional gyp sum block in the up per part of the Banja River (pho tos by V. Andreychouk – A and B and R.

Eftimi – C and D)



MATERIALS AND METHODS

For anal y sis of the hydrogeological char ac ter is tics of the
study area, the data used in cluded geo log i cal (Xhomo et al.,
2002) and hydrogeological maps (Eftimi et al., 1985), and some 
pub li ca tions on the Peshkopi ther mal springs (Avgustinski et al., 
1957; JóŸwiak et al., 2012; Eftimi and Frashëri, 2016, 2018), to -
gether with other data. Most of these sources rep re sent ar chive
ma te ri als such as re ports, chem i cal anal y ses, and his tor i cal
mon i tor ing of the Al ba nian Hydrogeological Ser vice (AHS). The 
ar chived data was com pared to re cent field ob ser va tions. The
au thors car ried out hydrochemical anal y ses of the springs in
Oc to ber 2009 and May 2019. In the field, wa ter tem per a ture,
EC, pH and Eh were tested. Wa ter sam ples were col lected in
plas tic 0.5 l con tain ers, trans ported, and stored at low tem per a -
ture (2–7°C) un til anal y sis. All sam ples were fil tered through a
stan dard mem brane fil ter (pore size 0.45 µm). Fil tered sam ples
were placed into two poly eth yl ene con tain ers. The sam ples
des tined for cat ion anal y ses were acidified with nitric acid down
to pH <2.

The chem i cal com po si tion of the wa ter, in clud ing macro-
and microelements, was de ter mined at the Hydrogeochemical
Lab o ra tory of the Fac ulty of Ge ol ogy, Geo phys ics and En vi ron -
men tal Pro tec tion of the AGH Uni ver sity of Sci ence and Tech -
nol ogy in Kraków (Po land). The anal y ses were made by an
ICP-MS (in duc tively cou pled plasma ion is ation mass spec trom -
e ter) model iCAP RQ (C2) from Thermo Sci en tific and
ICP-OES (op ti cal emis sion spec trom e ter with ex ci ta tion in in -
duc tively cou pled plasma) model Op tima 7300DV from Perkin
Elmer.

For in ves ti ga tion of the re la tion be tween the chem i cal com -
po si tion of the rocks and that of the ground wa ter, three sam ples 
of sul phate rocks, mostly of anhydrite, were taken. Geo chem i -
cal stud ies of the sam ples were per formed at the Geo chem i cal
Lab o ra tory of the Ac a de mia Bialska in Bia³a Podlaska (Po land). 
In ad di tion, dis so lu tion of a sam ple of anhydrite-gyp sum (typ i cal 
of the study area) in dis tilled wa ter was per formed over the pe -
riod 29.10–22.11.2021 at the Wa ter Anal y sis Lab o ra tory of the
In sti tute of Earth Sci ences of the Uni ver sity of Silesia in
Katowice (Po land).The Acquachem pro gram was used to de -
velop water chemistry data.

Pro cess ing of hydrochemical data in cluded sta tis ti cal anal y -
sis. The hydrochemical data of all tested wa ters were com pared 
with that of an ex per i men tal sam ple, the com po si tion of which
re flects the chem i cal com po si tion formed solely by the in ter ac -
tion of sul phate rock with wa ter. Ac cord ing to our hy poth e sis,
the de gree of sim i lar ity be tween the com po si tion of the test wa -
ter sam ple and the com po si tion of the ex per i men tal sam ple can
in di cate the ex tent to which the chem i cal com po si tion of the wa -
ters is de ter mined by dis so lu tion of the sul phate rock. A lower
sim i lar ity or a com plete lack of cor re la tion in di cates the de ci sive
in flu ence of other fac tors. In this way, we can iden tify wa ters
whose com po si tion is shaped solely by the shal low cir cu la tion
sys tem, and wa ters whose com po si tion is de ter mined largely by 
other factors present in the deeper water circulation system.

RESULTS

GROUNDWATER: CIRCULATION AND CHEMICAL COMPOSITION

From the hydrogeological point of view, the rocks of Mt.
Korab are char ac ter ised by the pres ence of two rock types of
dif fer ent per me abil ity: highly per me able karst rocks out crop ping 
mainly in the cen tral part of the moun tain, these be ing sur -
rounded by low-per me abil ity to prac ti cally im per me able rocks

(Figs. 5 and 6). The im per me able rocks con sist of dif fer ent rock
types as re gards their age and li thol ogy, and in clude meta mor -
phosed Paleozoic and Tri as sic rocks such as slate and mar ble,
and Eocene flysch de pos its (Fig. 5).

The high-per me abil ity rocks con sist of lime stone and gyp -
sum. The Korab peak com prises (Fig. 2) strat i fied lime stone, to -
gether with schist, sandy con glom er ate, vol ca nic rocks, and
mar ble. Al though the lime stone has a rel a tively small out crop, it
con tains im por tant fresh karst wa ter re sources. Two large karst
springs is sue from the lime stones of Mt. Korab, the dis charge of 
which var ies from ~100-150 to >400 l/s. One (the Radomira
spring) is used for the wa ter sup ply of the town of Peshkopi
(Fig. 5).

The ground wa ter in the gyp sum was stud ied. The north ern
gyp sum out crop is drained by the Gyp sum River and the south -
ern one by the Banja River. Both out crops are char ac ter ized by
an strik ing com bi na tion of two land scapes: ero sional and
karstic.

In the Peshkopi gyp sum-dom i nated evaporite out crops, de -
hy dra tion has fa cil i tated the cre ation of two karst cir cu la tion sys -
tems with very dif fer ent physico-chem i cal qual i ties (Eftimi and
Frashëri, 2016): a shal low sys tem (within the gyp sum cover)
and one within the anhydrite ex tend ing deep into the rocks fol -
low ing a net work of fis sures and faults. This gen eral pic ture is
char ac ter is tic of ar eas where gyp sum pre vails over anhydrite,
fa cil i tat ing the de vel op ment of a deep ground wa ter cir cu la tion
sys tem (Chiesi et al., 2010).

The wa ter in the gyp sum mostly cir cu lates at shal low depths 
along fis sures cre ated by the de hy dra tion of the gyp sum,
whereas the ther mal springs are re charged by as cend ing deep
flu ids cir cu lat ing along a deep fault (Fig. 6). The Banja ther mal
springs near Peshkopi is sue at lower el e va tion along the mar -
gins of the gyp sum out crop, as ob served also in other gyp sum
ar eas (Calaforra and Pulido Bosch, 1993; Omelon et al., 2006).

Ta ble 1 shows the re sults of chem i cal anal y ses of cold
brack ish and ther mal springs, and pho tos of springs are shown
in Fig ure 7.

COLD GYPSUM SPRINGS

The springs re charged by the shal low karst cir cu lat ing sys -
tem are per ma nent or tem po rary cold brack ish springs. The
larg est of these emerge mainly along the deep val leys of the
Gyp sum and Banja rivers (Figs. 5 and 7). Im por tant ground wa -
ter re sources are drained also in thick clastic de pos its fill ing the
riverbed. Con se quently, the mean dis charge of the Gyp sum
River, dur ing the dry sea son, is ~200-300 l/s, while that of the
Banja River is ~100-150 l/s. The most im por tant springs, of
Brezhdan and Konri, emerge in the Banja River val ley (Figs. 5
and 7). Their dis charges vary from ~100 to ~250 l/s.

Cold springs of the Korab mas sive gyp sum are char ac ter -
ised by tem per a tures around 10–14°C. Their wa ter has low
con tents of Cl- and Na+ ions which in di cates that the gyp sum
does not con tain salts as in the case of the Dumre gyp sum pla -
teau in Cen tral Al ba nia (Andreychouk et al., 2021; Eftimi et al.,
2022). The shal low cir cu lat ing spring wa ter is in equi lib rium with 
the gyp sum de pos its. The springs are sat u rated or close to cal -
cium sat u ra tion (JóŸwiak et al., 2012).

Wa ters rep re sent ing the shal low cir cu la tion sys tem are char -
ac ter ised by a weakly acidic to weakly al ka line pH (6.89–7.80).
These wa ters are min er al ised (TDS 1547–2515 mg/l; EC
1695–2310 µS/cm), very hard (TH 1176.9–1868.9 mg CaCO3/l),
with non-car bon ate hard ness pre dom i nant (21.23–34.56 mval/l). 
The re dox po ten tial cor re sponds to con di tions rang ing from oxi -
dis ing to tran si tional, at the bound ary be tween oxi dis ing and re -
duc ing (Eh 156–202 mV). Ma jor ion con cen tra tions fall within rel -

Romeo Eftimi et al. / Geo log i cal Quar terly, 67: 19 5

https://doi.org/10.7306/gq.1624
https://doi.org/10.1007/s10040-010-0576-2
https://doi.org/10.3390/hydrology9070127
https://doi.org/10.3390/hydrology9070127
https://doi.org/10.1016/j.apgeochem.2005.08.004


a tively wide ranges: Ca 436–704; Mg 6.4–37.2; Na 1.13–5.25; K
0.1–0,99; HCO3 116–172; SO4 998–16214; Cl 4.5–5.7 (mg/l).
Ac cord ing to the Shchukariev’s clas si fi ca tion, they rep re sent the
SO4-Ca type. In the wa ters of the Brezhdan spring, slight
anthropogenic wa ter pol lu tion was found (or the springs cir cu late
rel a tively deeper), man i fested in higher con cen tra tions for: Na
26.55; K 4.45; Cl 32.0 (mg/l) (Ta ble 1). 

The Brezhdan spring is sues at a lower el e va tion (Ta ble 1)
than the other cold springs and has a rel a tively higher tem per a -
ture and TDS, re spec tively ~2°C and ~1000 mg/l. The ground -
wa ter re charg ing the Brezhdan spring seems to cir cu late rel a -
tively deeper than the ground wa ter flow re charg ing the other
cold springs. To better un der stand the for ma tion of the cold
brack ish springs of the study area, a sul phate rock dis so lu tion
ex per i ment was per formed.

The cold gyp sum springs of the Peshkopi area are ex clu -
sively fed by the in fil tra tion of me te oric wa ters. No allogenic
losses of sur face wa ters in gyp sum de pos its have been re -
corded, so un der these cir cum stances, the re charge in the area 
is fully autogenic.

SULPHATE ROCK DISSOLUTION EXPERIMENT
 (IN COLD CONDITIONS)

Anal y sis of the el e men tal com po si tion of the three sam ples
taken showed the fol low ing dis tri bu tion of com po nents (data
rounded in ppm): Ca (207660–213562), S (95867–207933), Sr
(1473–1802), Mn (156–60107), Al (35–475), Fe (25–465), Na

(29–450), Li (8.6–160.6), Ni (5.1–6.8), K (0.001–785), Mg
(1.1–8.8), Ce (1.2–2.0), Tm (0.184–0.566). In trace amounts
there are: Dy (<0.001–0.566), Rb (<0.048), Bi (<0.009), Pb
(<0.004), Th (<0.003), Pr (<0.003), Sm (<0.002), Tb (<0.002), U 
(<0.0013). The con tent of other (ana lysed) el e ments, such as
Ba, Cd, Co, Cr, Cu, Eu, Er, Gd, Ga, Ho, La, Nd, P, Se, V, Y, Yb,
Zn, As, Ti and Mo is <0.001 ppm.

In or der to study the chem i cal vari a tion of the dif fer ent
spring wa ters drain ing the shal low or deeper cir cu la tion sys -
tems, an ex per i ment was con ducted to dis solve a typ i cal sam -
ple of anhydrite-gyp sum in dis tilled wa ter1. The sam ple was
taken around one of the karst springs from the un dis turbed rock
af ter it had been thor oughly cleaned of its weath ered cover. The 
ex per i ment was con ducted over 29.10–22.11.2021. The
13.9 g/l sam ple was crushed and placed in a 1l PVC bot tle,
which was then filled with dis tilled wa ter. The wa ter sam ple was
shaken reg u larly, ev ery 2–3 days. EC tests were per formed to
ob serve the dy nam ics of the dis so lu tion pro cess of the rock
sam ple in wa ter, with the fol low ing re sults: 04.11.2021. EC =
2119 µS/cm (in temp. 22.1°C); 09.11.2021. EC = 2230 µS/cm
(in temp. 20.3°C); 17.11.2021. EC = 2230 µS/cm (in temp.
20.0°C); 22.11.2021. EC = 2240 µS/cm (in temp. 21.7°C; pH =
7.66; Eh = 176 mV). The ex per i ment was con cluded when the
min er ali sa tion of the aque ous so lu tion reached a value close to
that of the wa ter sam pled from the springs. The phys i cal and
chem i cal prop er ties and chem i cal com po si tion of wa ter are
shown in Ta ble 1.
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Fig. 5. Hydrogeological map of the Peshkopi area (af ter Eftimi et al., 1985)

Springs: 1 – Banja (thermomineral spring); 2 – Brezhdan; 3 – Konri; 4 – gyp sum spring (tem po rary); 5 – Rabdishta; 6 – Bellova; 7 –
Gyp sum River; 8 – Vlesha

1
 We con sider this ac cept able, since the min er al iza tion of both kinds of rain wa ter, in fil trat ing into the sul phate mas sifs and sur face wa ter and run off

from the higher parts of the Korab Moun tains (melt wa ter and wa ter in con tact with meta mor phic rocks) is very low



THERMAL GYPSUM SPRINGS

The Korab area in cludes two im por tant sul phur thermo -
mine ral springs known as the Peshkopi Spa, is su ing in the
west ern pe riph ery of the Banja River gyp sum out crop. The
springs is sue just along the fault con tact line of the gyp sum de -
pos its with the im per me able Paleogene flysch de pos its (Figs. 5
and 6). The for ma tion of the springs is re lated to the deep fault
de vel oped along the Black Drin River (Melo, 1966; Melo et al.,
1991; Xhomo et al., 2002). Along this, the hot wa ters ex tend
deep into the rocks fol low ing a net work of frac tures and fis -
sures, usu ally where gyp sum pre vails over anhydrite (Chiesi et
al. 2010).

Wa ters rep re sent ing the deeper cir cu la tion sys tem are char -
ac ter ised by tem per a tures of ~35°C to 43.5°C, a to tal H2S con -
tent of ~50 mg/l, and are weakly acidic (pH 6.20–6.40); the up -
ward flow of the springs is ~23 l/s (Ta ble 1). These are wa ters
with much higher min er ali sa tion (TDS 4068.3–4185.1 mg/l; EC
4500–4600 µS/cm), very hard (TH 2225–2307 mg CaCO3/l), with 
non-car bon ate hard ness as pre dom i nant (32.60–36.03 mval/l).

The re dox po ten tial of the wa ters was for Banja spring (1)
39 mV, for Banja spring (2) 240 mv, which cor re sponds to con -
di tions of weakly acidic pH, re duc ing and at the bound ary be -
tween oxi dis ing and re duc ing. Ma jor ion con cen tra tions range
from: Ca 744–768; Mg 89–95; Na 254–267; K 46–48; HCO3

616–726; SO4 1666–1833; Cl 436–445; BO3 26–28 (mg/). Ac -

cord ing to Shchukariev’s clas si fi ca tion, they are of dif fer ent
types than the wa ters of the shal low cir cu la tion sys tem:
SO4-Cl-HCO3-Ca and SO4-Cl-Ca (Ta ble 1).

The av er age geo ther mal gra di ent for the Peshkopi area is
~20°C/km and sur face heat flow 76 mW/m2 (Safanda et al.
2004). The Peshkopi area has a lower mean geo ther mal po ten -
tial com pared to other Bal kan coun tries such as Croatia (Boroviæ
et al., 2016) and Greece (Lambrakis and Kallergis, 2005).

TEMPORAL STABILITY OF THE CHEMICAL COMPOSITION
 OF THE THERMAL SPRINGS

The tem po ral sta bil ity of the chem i cal com po si tion of the
Peshkopi ther mal springs was es tab lished by com par i son be -
tween the re sults of chem i cal anal y ses per formed dur ing 1954
(Avgustinski et al., 1957), and the anal y sis per formed dur ing this
study in 2019 (Ta ble 1). The dif fer ences in the ion con cen tra tions 
be tween the old and new anal y ses is mostly less than 10%; the
larg est dis crep ancy is of Na+, of nearly 20% only in ther mal
spring 1. This pat tern of chem i cal sta bil ity of the Peshkopi ther -
mal spring over the pe riod stud ied is con sis tent with other stud ies 
of ther mal wa ters ex tended to pe ri ods >100 years (Franko and
Melioris, 1999; Dušan et al., 2010). These have es tab lished also
that the chem i cal sta bil ity is higher for the ther mal wa ters cir cu lat -
ing in older rocks, as is the case of the Peshkopi ther mal wa ter
cir cu lat ing in Perm ian-Tri as sic de pos its.
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Fig. 6. Hypothetic scheme of ground wa ter cir cu la tion in the Peshkopi area (af ter Eftimi and Frashëri, 2016); cross-sec tion
lo ca tion is shown on Fig ure 5 
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Pa ram e ter,
com po nent

Units
Ther mal springs Cold brack ish springs

Gyp sum

dissolution1
Banja  1 Banja 1 Banja 2 Banja 2 Brezhdan Konri Gyp sum

River Rabdisht Belova Vlesha

Data 1955 2019 1955 2019 2019 2019 2019 2019 2019 2019 2021

El e va tion m asl 688 688 688 688 715 746 830 935 950 880

Dis charge l/s 14 14 8 8 100–300 70–250 0–250 1–9 1–12 4–80

Tem per a ture (°C) 43.5 43.5 35 35 12.2–13.3 10.7–12 9.7–12.5 ? ? ?

pH – 6.5 6.40 6.4 6.20 6.89 7.45 7.51 7.54 7.80 7.52 7.40

Eh mV – 39 – 240 202 179 172 156 163 173 179

To tal dis solved 
sol ids (TDS)

mg/l 4050 4068.3 3530 4185.1 2515.1 2408.7 1595.1 1546.7 2231.7 2376.2 2034.1

To tal hard ness 
(TH)

mg

CaCO3/l
2224.9 2306.8 1868.9 1772.4 1227.9 1176.9 1657.1 1783.5 1433.5

EC (25) µS/cm – 4500 – 4600 2310 2120 1935 1695 2160 2110 2240

H2S–to tal mg/l 49.5 32.8

H2SiO3
mg/l 70.91 75.43 12.35 8.58 6.50 5.85 6.37 5.07 <0.26

SiO2
mg/l 54.54 58.02 9.50 6.60 5.00 4.50 4.90 3.90 <0.20

Cat ions:

Na+ mg/l 279.2 254.4 220.0 267.0 26.55 4.74 5.25 4.10 5.18 1.13 <0.10

K+ mg/l 53.7 45.80 46.1 48.44 4.45 0.97 0.96 0.63 0.99 0.10 <0.20

Li+ mg/l 0.958 1.021 0.093 0.007 0.008 0.007 0.007 0.003 <0.005

Ca2+ mg/l 825.7 743.9 753.5 767.8 687.8 659.6 451.9 435.7 639.8 704.2 573.5

Mg2+ mg/l 99.6 89.63 83.0 95.03 37.15 30.79 24.40 21.83 14.78 6.44 0.62

Ba2+ mg/l 0.03 0.01 0.025 0.013 0.015 0.012 0.016 0.016 0.007

Sr2+ mg/l 8.5 8.8 5.093 4.555 3.973 3.412 3.893 4.665 6.57

Mn2+ mg/l 0.085 0.164 0.027 0.004 0.002 0.002 0.091 0.002 <0.005

Cu2+ mg/l <0.005 <0.005 0.0013 0.0006 0.0004 0.0003 0.0008 0.0006 0.001

Ni2+ mg/l <0.05 <0.05 0.0048 0.0045 0.0039 0.0035 0.0046 0.0053 <0.001

Co2+ mg/l <0.01 <0.01 0.0013 0.0010 0.0009 0.0008 0.0013 0.0016 <0.0002

Pb2+ mg/l <0.05 <0.05 0.0015 0.0010 0.0027 0.0013 0.0011 0.0009 0.0029

Cr3+ mg/l <0.01 <0.01 0.0027 0.0050 0.0045 0.0042 0.0043 0.0029 <0.005

Mo6+ mg/l <0.20 <.20 0.0031 0.0043 0.0110 0.0050 0.0380 0.0028 <0.0003

To tal cat ions mg/l 1148.1 1192.4 761.5 700.7 486.6 465.8 664.8 716.6 581.2

An ions:

Cl– mg/l 488.2 436.2 411.3 444.9 32.0 4.9 5.4 4.6 4.5 5.7 2.8

SO4
2– mg/l 1685.6 1666.0 1568.7 1833.0 1621.0 1621.0 1025.0 998.0 1485.0 1589.0 1437.0

HCO3
2– mg/l 839.4 725.8 711.9 616.2 172.0 143.0 139.0 141.0 138.0 116.0 <24.4

NO3
– mg/l – – <0.60 <0.60 <0.60 <0.60 <0.60 <0.60 –

BO3
3– mg/l 26.33 27.90 0.94 0.65 0.73 0.54 0.58 0.33 <0.54

To tal an ions mg/l 2829.6 2896.5 1826.5 1770.4 1170.9 1145.1 1629.0 1712.2 1464.4

To tal anal y sis mg/l 3977.8 4088.9 2588.0 2471,2 1657.5 1610.9 2293.9 2428.9 2045.6

An a lytic. er ror % ? ? 1.66 –0.69 2.24 1.17 0.20 0.89 –2.02

Chem i cal type SO4-Ca
SO4-Cl-
HCO3-

Ca
SO4-Ca SO4-Cl-

Ca
SO4-Ca SO4-Ca SO4-Ca SO4-Ca SO4-Ca SO4-Ca SO4-Ca

1 Ex per i ment per formed on No vem ber, 2021

T a  b l e  1

Hydrochemical pa ram e ter con cen tra tions of springs in the Peshkopi area



The anal y ses are shown also in a Piper di a gram (Fig. 8)
show ing the strong over lap of the two sets of chem i cal anal y -
ses, of 1957 and 2019.

COMPARISON OF HYDROCHEMICAL CHARACTERISTICS 
OF TWO GROUPS OF SPRINGS

Com par ing the wa ters of the two groups of springs, cold
brack ish and ther mal, one can clearly see dif fer ences be tween
them in terms of pH, min er ali sa tion (TDS), hard ness and the
con tent of ma jor ions, that de ter mine their hydrochemical type.
The ther mal wa ters are dis tin guished by a much higher con tent
of in di vid ual com po nents, pri mar ily such as: Mg (89–95 com -
pared to 6–37 mg/l), Na (254–267 com pared to
1.13–5.25 mg/l), K (46–48 com pared to 0.1–0.99 mg/l), Cl
(436–445 com pared to 4.5–5.7 mg/l), BO3 (26–28 com pared to
0.3–0.9 mg/l) (Fig. 9). The high con tent of Cl+, Na+ and other
ions causes a change in the hydrochemical type of wa ter from
typ i cally sul phate (SO4-Ca) to types with a high chlo ride con tent
(SO4-Cl-HCO3-Ca, SO4-Cl-Ca). The con cen tra tion of barely
sol u ble sil ica in the wa ters of the sec ond group is clearly higher
(55–58 com pared to 3.9–9.5 mg/l).

Among mi nor com po nents, dif fer ences lie in the sig nif i -
cantly higher con tent of Li (0.958–1.021 com pared to
0.003–0.093 mg/l), Sr (8.5–8.8 com pared to 3.4–5.5 mg/l) and
Mn (0.085–0.164 com pared to 0.002–0.091 mg/l) in the wa ter
of the sec ond group.

The wa ter af ter ex per i men tal gyp sum dis so lu tion is poorly
min er al ised (TDS 2034 mg/l; EC 2240 µS/cm), very hard (TH
1433.5 mgCaCO3/l), with a non-car bon ate hard ness of
28.67 mval/l, and weakly al ka line (pH 7.40). The re dox po ten tial 
cor re sponds to con di tions rang ing from oxi dis ing to tran si tional, 
at the bound ary be tween oxi dis ing and re duc ing (Eh 179 mV).
Among dis solved con stit u ents in wa ter, Ca (574 mg/l) and SO4

(1437 mg/l) pre dom i nate, with Mg (0.62 mg/l) and Cl (2.8 mg/l)
oc cur ring in a very small amounts. Typ i cal ad di tional gyp sum
char ac ter is tics – Sr (6.57 mg/) and Ba (0.007 mg/l) – were
found in the wa ters. Ac cord ing to Shchukariev’s clas si fi ca tion,
they rep re sent the SO4-Ca type. The chem i cal com po si tion of
the ex per i men tally ob tained so lu tion, the mag ni tudes and pro -
por tions of the com po nents, are sim i lar to the first group of stud -
ied wa ters (Ta ble 1).

DISCUSSION

The sim i lar ity of the chem i cal com po si tion of the wa ters of
the first (cold springs) group to the ar ti fi cially pro duced so lu tion
in di cates the for ma tion of the wa ters of this group in a shal low
wa ter cir cu la tion sys tem. Such a sys tem in volves the in fil tra tion
of rain wa ter and sur face wa ter flow ing from the higher parts of
Mt. Korab into the gyp sum and then the un der ground trans port
of wa ter down ward through chan nels in the gyp sum and the
drain age of wa ter by springs flow ing out at the foot of the mas sif
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Fig. 7. Some im por tant karst springs of the Peshkopi gyp sum area

Cold brack ish springs: A – Konri spring; B – gyp sum tem po rary spring; C and D – ther mal springs; some wa ter es cap ing from the
ther mal spring in take struc ture is used by the lo cal peo ple for treat ment in some im pro vised wa ter pools (pho tos by V. Andreychouk – A

and Band R. Eftimi – C and D)



(Fig. 7). Such a cir cu la tion sys tem pre dicts a sim ple pat tern in
the for ma tion of the chem i cal com po si tion of wa ters, be cause
of the in ter ac tion of the waters with sulphate rocks.

The wa ters of the sec ond (ther mal springs) group rep re -
sents the wa ters of the deeper cir cu la tion sys tem. This is re -
flected by the tem per a ture of the wa ters, ex ceed ing 40°C,
which clas si fies them as ther mal wa ters. We also ob serve
marked dif fer ences in chem i cal com po si tion. The deeper-cir cu -
lat ing wa ters are more strongly min er al ised, with a lower pH,
higher to tal and car bon ate hard ness and have near-re duc ing
con di tions. Sig nif i cant dif fer ences are ob served in the
hydrochemical type of the wa ters. In gen eral, the wa ters of the
shal lower cir cu la tion are of SO4-Ca type and the wa ters of the
sec ond group are of SO4-Cl-HCO3-Ca and SO4-Cl-Ca
hydrochemical types. In ad di tion, they are clearly en riched in
SiO2, Na, K, Mg and H2S gas.

The pres ence of sig nif i cant amounts of Na, Cl and BO3 in
them may in di cate stag nant flow con di tions. With depth and a
slow down in the rate of cir cu la tion, eas ily sol u ble salts be gin to
ac cu mu late in the aqui fers. Higher con cen tra tions of dis solved
sil ica may in di cate dis so lu tion at cer tain depths – with a higher
tem per a ture of the rock en vi ron ment and a higher al ka lin ity of the 
so lu tion (sil ica sol u bil ity in creases with tem per a ture and so lu tion
pH). The or i gin of the wa ters of this group from deeper aqui fers is 
also in di cated by the ab sence of ni trate con tam i nants.

In or der to es tab lish this the sis, a com par a tive sta tis ti cal
anal y sis of the chem i cal com po si tion of the sam pled wa ters and 
the ex per i men tal wa ter sam ple was car ried out. A greater sim i -
lar ity of the val ues of the in di vid ual com po nents to the con cen -
tra tions ob tained in the ex per i ment would in creas ingly in di cate
a shal low (near-sur face) cir cu la tion of the wa ters and a shorter
time for the for ma tion of their chem i cal com po si tion. Con -
versely, greater dif fer ences in the chem i cal com po si tion of the
wa ters in di cate deeper and lon ger (in terms of time) cir cu la tion
of wa ter flowing from the given spring.

In or der to com pare the ex per i men tal re sults ob tained with
ref er ence mea sure ments, the mea sure ments were first stand -
ard ised by as sum ing the max i mum re sult as 100%. Thus, val -
ues of vari ables be tween 0 and 1 were ob tained, the re sults be -
ing dif fer en ti ated. Such an ap proach en sures that each re sult
has a sig nif i cant in flu ence on eval u a tion of con for mity with the
ex per i men tal re sults. The meth od ol ogy is jus ti fied be cause
sam ples were col lected in the same way from each lo ca tion,
what makes this man ner of stand ardi sa tion ap pro pri ate. The er -
rors re lated to sam pling are the same on av er age and do not af -
fect the con clu sions. The depth of wa ter cir cu la tion was ne -
glected be cause the goal of the work was to com pare the ex per -
i men tal re sults with all sources con sid ered with out their course
be ing taken into con sid er ation. The ap pli ca tion of such meth od -
ol ogy en sures that the con di tion of sim i lar ity of vari ance for all
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Fig. 8. Piper di a gram of karst springs of the Peshkopi gyp sum area



vari ables is met, which makes it pos si ble to con duct a re li able
cor re la tion anal y sis. The re sults of each mea sure ment af ter
stand ardi sa tion are shown in Table 2.

The high est re sults for in di vid ual pa ram e ters were found for
both sam ples from Peshkopi. This means that their char ac ter is -
tics are sig nif i cantly dif fer ent from the oth ers. To as sess the
sim i lar ity of the ex per i men tal re sults ob tained, the mean square 
er ror (Chalton and Troskie, 2001; Castelazzo and Mitani, 2012)
for each ref er ence point was cal cu lated ac cord ing to the for -
mula: 
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where: yemp – em pir i cal re sults; yexp – ex per i men tal re sults; n – num -
ber of mea sure ments; k – num ber of the vari able (1 – Gipsi; 2 –
Rabdisht; 3 – Belova; 4 – Konri; 5 – Brezdan; 6 – Vlesha; 7 – Banja
1; 8 – Banja 2).

Due to the in com plete ness of the mea sure ments, only
those pa ram e ters that were mea sured for all nine sam ples (in -
clud ing the ex per i men tal one) were con sid ered for com par i son.

The mag ni tude of an a lyt i cal er ror was also not taken into ac -
count for the cal cu la tions. The re sults of the mea sure ments are
given in Ta ble 3.

The stand ard ised ex per i men tal re sults ob tained de vi ate on
av er age from the stand ard ised mea sured re sults by ~12–14%.
The small est dif fer ence oc curred for the Konri and Vlesha
springs (12%), and the larg est for both sam ples from the Banja
springs (~76%). Sam ples from the Banja springs show com -
pletely dif fer ent char ac ter is tics com pared to the re main ing
sam ples. Most of the mea sured val ues from these springs gave 
the high est value com pared to the other sam ples. In ad di tion, a
cor re la tion anal y sis was con ducted to test these ob ser va tions.
Ta ble 4 lists the val ues of Pearson’s lin ear cor re la tion co ef fi -
cients for each pair of variables.

The re sults ob tained show that the lin ear cor re la tion co ef fi -
cient be tween the Konri mea sure ments and the ex per i men tal
re sults is the high est at ~95.3%. Sig nif i cant val ues of the co ef fi -
cient were also ob tained for Vlesha (95%), Rabdisht i Gipsi
(93%), Belova (91%) and Brezhdan (89.7%). For sam ples from
Banja 1 and Banja 2, the cor re la tion co ef fi cients were sta tis ti -
cally in sig nif i cant.  For the Banja 2 sam ple, no cor re la tion was
found.
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Fig. 9. Com par i son of the chem is try of ground wa ter of shal low and deeper cir cu la tion in the anhydrite-gyp sum
 rocks of the Peshkopi area

https://doi.org/10.1007/s00769-011-0855-1


12 Romeo Eftimi et al. / Geo log i cal Quar terly, 67: 19

T a  b l e  2

Stand ard ised mea sure ment val ues for eight ref er ence lo ca tions and for the ex per i ment

Springs Gipsi Rabdisht Belova Konri Brezhdan Vlesha Banja 1 Banja 2

MSE 0.13 0.14 0.15 0.12 0.19 0.12 0.76 0.77

T a  b l e  3

Val ues of mean square er ror for ex per i men tal re sults com pared to in di vid ual ref er ence vari ables

Vari able

The de ter mined cor re la tion co ef fi cients are sig nif i cant with p <.05000 N = 31

Mean Stand dev Gipsi Rabdisht Belova Konri Brezhdan Vlesha Banja 1 Banja 2 Ex per i -
ment

Gipsi 0.289869 0.257577   1.000000   0.996235   0.910099   0.957719   0.928703   0.939854 –0.277543 –0.256852   0.929678

Rabdisht 0.269821 0.249284   0.996235   1.000000   0.915168   0.962522   0.920106   0.942288 –0.268673 –0.221061   0.930075

Belova 0.365368 0.306486   0.910099   0.915168   1.000000   0.935533   0.923265   0.941847 –0.322257 –0.164440   0.909795

Konri 0.362270 0.327892   0.957719   0.962522   0.935533   1.000000   0.959531   0.980616 –0.199063 –0.096725   0.952766

Brezdan 0.409539 0.325526   0.928703   0.920106   0.923265   0.959531 1.000000   0.968082 –0.239306 –0.268028   0.896781

Vlesha 0.345884 0.339624   0.939854   0.942288   0.941847   0.980616   0.968082   1.000000 –0.187802 –0.153383   0.949818

Banja 1 0.921497 0.169135 –0.277543 –0.268673 –0.322257 –0.199063 –0.239306 –0.187802   1.000000 –0.087114 –0.248407

Banja 2 0.960875 0.129480 –0.256852 –0.221061 –0.164440 –0.096725 –0.268028 –0.153383 –0.087114   1.000000 –0.001282

Ex per i ment 0.301316 0.326364   0.929678   0.930075   0.909795   0.952766   0.896781   0.949818 –0.248407 –0.001282   1.000000

T a  b l e  4

Cor re la tion ma trix



In sum mary, the anal y sis per formed showed that the great -
est con ver gence of ex per i men tal re sults with ref er ence re sults
was found for the Konri vari able, and was slightly worse for
other sam ples other than the Banja sam ples (1 and 2). For the
lat ter, there was no con ver gence of re sults with the ex per i men -
tal sam ples. Sim i lar ob ser va tions can be made by ana lys ing in -
di vid ual ref er ence points and the re la tion ships be tween them.

The hydrochemical test ing con ducted, to gether with the sta -
tis ti cal anal y sis of the hydrochemical data, sup port the pre lim i -
nary in fer ences of two sys tems of ground wa ter cir cu la tion in the 
anhydrite-gyp sum suc ces sion in the Peshkopi re gion – shal low
and deeper, which is re flected in the ther mal prop er ties and
chem i cal com po si tion of these wa ters. In the shal low cir cu la tion
sys tem, in fil tra tion of rain wa ter and sur face wa ter flow ing from
the higher parts of the Deshat Korab Moun tains into the gyp sum 
oc curs, fol lowed by un der ground trans port of wa ter down wards
to the drain age zone of the springs flow ing at the foot of the
massif.

In the deeper cir cu lat ing sys tem, wa ter per co lates deep into
the anhydrite-gyp sum suc ces sion and flows along the stra tal
dip up to the bar rier in the form of the re gional fault, which brings 
as cend ing wa ter to the sur face (see para graph Re search area). 
Geo ther mal wa ters, with a rel a tively high con tent of Na, K, Cl,
BO3 and dis solved SiO2 thus mi grate un der pres sure to wards
the sur face. In the near-sur face zone, they are cooled (to a tem -
per a ture of ~400C) and di luted by the shal lowly cir cu lat ing cool
sul phate wa ters of this zone. The gen eral scheme of wa ter cir -
cu la tion in the Peshkopi area is shown in Fig ure 7.

CONCLUSIONS

Geo chem i cal and physicochemical stud ies, a sul phate rock
dis so lu tion ex per i ment and sta tis ti cal anal y sis of the
hydrochemical data show the pres ence of two ground wa ter cir -
cu la tion sys tems in the anhydrite-gyp sum de pos its of the
Peshkopi area: shal low and deeper.

The shal lowly cir cu lat ing wa ters are brack ish, cool, and rep -
re sent the hydrochemical type SO4-Ca. The deeper cir cu lat ing
wa ters are more highly min er al ized, with a lower pH, higher
gen eral and car bon ate hard ness; they rep re sent re duc ing con -
di tions, with SO4-Cl-HCO3-Ca and SO4-Cl-Ca com po si tions.
They are en riched in SiO2, Na, K and Mg.

The wa ter from the ex per i men tal dis so lu tion of gyp sum is
poorly min er al ized, very hard and weakly al ka line, rep re sent ing
the SO4-Ca type. The re dox po ten tial cor re sponds to con di tions 
rang ing from oxi dis ing to tran si tional. The chem i cal com po si -
tion of the ex per i men tally ob tained so lu tion, and the mag ni -
tudes and pro por tions of the com po nents, are sim i lar to the wa -
ter of the shal low cir cu la tion sys tem.

Com par i son of the chem i cal com po si tion of the wa ters ana -
lysed and the wa ter sam ple from the ex per i ment shows con ver -
gence of the ex per i men tal re sults with the ref er ence re sults of
most sam ples, ex cept for the sam ples from rep re sent ing ther -
mal wa ters of Peshkopi area.

In the shal low cir cu la tion sys tem, in fil tra tion of rain wa ter and 
sur face wa ter flow ing from the Korab Moun tains into the gyp -
sum oc curs, fol lowed by un der ground trans port of wa ter down -
wards to the drain age zone of the springs flow ing at the foot of
the mas sif. In the deeper cir cu la tion sys tem, the wa ter per co -
late deep into the anhydrite-gyp sum de pos its and flows along
the slope of the rock lay ers up to the re gional fault which brings
as cend ing wa ter to the sur face. Geo ther mal wa ters mi grate un -
der pres sure to wards the sur face, and in the near-sur face zone
they are cooled and di luted by the shal lowly cir cu lat ing sul phate 
wa ters of this zone.
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