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Abstract
The springs of thermal-mineral waters (TMWs) of Ilidža near Sarajevo appear at the transition of the Central and Inner 
Dinarides of Bosnia and Herzegovina, at the overthrust front of the Bosnian Flysch and the far southeastern part of 
 Sarajevo-Zenica Tertiary Basin. The wider area of Ilidža is composed of Mesozoic and Cenozoic deposits. The genesis of 
the TMWs of Ilidža was determined from the structural-tectonic relationships and hydrogeological features of the 
 terrain, as well as from the analysis of hydrogeochemical indicators and isotopic compositions of water and gases. 
 Hydrogeochemical methods included analysis of the hydrocarbon indicators, ionic ratio calculations and genetic clas-
sifi cations. The primary aquifer of TMWs of Ilidža are Permian-Triassic sediments with gypsum and anhydrites, and 
secondary aquifers are Triassic carbonates and alluvial deposits. The temperature of the TMWs resulted from the interac-
tion of infi ltration depth of atmospheric water and the geothermal gradient. Static pressure in the lenses of Permian-
Triassic deposits and the dynamic factors of TMWs, moving and ascending through porous rocks over long distances 
under extremely high pressures, contributed as well. The TMWs are of atmospheric origin and had no interaction with 
the atmospheric or surface waters since the year of 1953. TMWs are formed in the Upper Pleistocene, at the time of the 
cold climate within the epoch. Sulphates in TMWs originated from the Permian-Triassic evaporites. H2S is produced 
under sulphate reducing conditions and CO2 is produced from metamorphosed carbonates.
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1. Introduction
The thermal-mineral water (TMW) springs of Ilidža 

near Sarajevo appear at the transition of the Central and 
Inner Dinarides of Bosnia and Herzegovina, i.e. the far 
southeastern part of the Zenica-Sarajevo Tertiary Basin. 
The fi rst exploration of TMWs of Ilidža dates back to the 
19th century and provides the grounds for the geological 
localization and genesis. Mojsisovics (1880) associated 
TMWs of Ilidža with mineral waters that appear from 
Busovača to Ilidža on a large displacement, along the 
southwest perimeter of the Tertiary Basin. Ludwig (1894) 
established that the chemical composition of the TMWs 
of Ilidža is very similar to the waters found at Ficoncella 
spring in Civitavecchia (Italy) and hot spring spas near 
Vienna. In the early 20th century, Kittl (1904) linked the 
occurrence of TMWs of Ilidža with the Busovača Fault. 
Katzer (1919) stated that the origin of the formation of 
the TMWs of Ilidža is in Paleozoic Highlands, that prob-
ably lie under the shallow Sarajevo Basin. Katzer also 
stated that the TMW of Ilidža appears at the intersection 
of NW-SE faults with Vareš-Čevljanovici-Ulos Over-

turn and that it has properties of juvenile water. Bać 
(1957) linked hot steam in the inner area of the source of 
thermal origin in Ilidža to a post-volcanic event, and 
Josipović (1971) postulated the sedimentary origin of 
the TMW of Ilidža. Miošić (1982) classifi ed the TMW 
of Ilidža into a hydrogeological structure that he named 
“artesian pools and inter-mountain depressions” with 
occurrences of TMWs with atmospheric-lake-continen-
tal origin. Skopljak and Čičić (2006) stated that the pri-
mary aquifer for the TMWs of Ilidža lies in the deposits 
of Permian-Triassic gypsum and anhydrite. Skopljak 
(2006) concluded that the temperature of TMWs is the 
result of interaction of the depth of infi ltration of storm 
water and geothermal gradient, as well as the static pres-
sure in the Permian-Triassic lenses due to the differenti-
ation in Busovača Fault system and dynamic factors in 
movement and TMW ascendance through porous rocks 
under great pressure. Skopljak and Vlahović (2011) de-
termined that the TMWs of the extreme southwestern 
rim of the Zenica-Sarajevo Basin are related to the 
Busovača Fault and that they primarily originate from 
evaporites of Permian age. The goal of this study is to 
determine the genesis of TMWs of Ilidža based on geo-
logical, structural-tectonic and hydrogeological features 
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of the terrain, as well as any on available hydrogeo-
chemical research conducted in the Ilidža area. Hydro-
geochemical methods used in this paper include the 
analysis of hydrochemical indicators, genetic classifi ca-
tion, and ionic budget relationships. As a supplement, 
the isotopic compositions of TMWs and gases were 
used. The content of stable (δ18O, δD/2H, 13C, δ34S, 13C, 
222Ra), and radioactive (3H, 14C) isotopes in combination 
with the results of other research was used for evaluation 
of the origin of the water aquifer. Papić (2016) collected 
regional information and improved the knowledge of us-
age of the available hot water resources. Papić (2016) 
discussed the geology of SE Europe, mineral and ther-
mal water potential, physical and chemical properties, as 
well as the utilization of thermal and mineral waters in 
Albania, Bosnia and Herzegovina, Bulgaria, Croatia, 
Macedonia, Montenegro, Romania, and Serbia. Skop-
ljak et al. (2017) interpreted the genesis of the thermal 
waters from the northeast periphery of the Zenica-Sara-
jevo Basin based on the geological, structural-tectonic 
and hydrogeological characteristics of the terrain, as 
well as on the hydrogeochemical research conducted in 
the wider area. Among the more recent papers dealing 
with similar issues in the world, several must be em-
phasized. Goldscheider et al. (2010) presented the re-
cent knowledge on thermal water resources in carbonate 
rock aquifers, discussed geochemical processes that cre-
ated reservoir porosity and different types of utilisations 
of these resources such as thermal baths, geothermal en-
ergy and carbon dioxide sequestration. Petrini et al. 
(2013) defi ned the origin of low- to moderate-tempera-
ture thermal waters feeding the Monfalcone springs in 
Northern Italy. Maréchal et al. (2014) conducted a 
multidisciplinary study of a natural mineralized water 
system in Southern France. The study included geo-
logical mapping and core logging, geo-electrical profi l-
ing, piezometric interpretation, pumping and interfer-
ence tests, time-series and statistical analysis, a MISO 
(multiple input single output) analysis, geochemical 
and isotopic characterization, and numerical model-
ling. Afsin et al. (2014) explained mixing processes as 
a dominant hydrogeological process in the hydrother-

mal spring systems, and implications for interpreting 
geochemical data in the Cappadocia region of Turkey. 
In order to provide evidence on the recharge source of 
water and circulation dynamics of the Tangshan Geo-
thermal System (TGS) near Nanjing (China), Lu et al. 
(2018), conducted a comprehensive study using multi-
ple chemical and isotopic tracers (δ2H, δ18O, δ34S, 
87Sr/86Sr, δ13C, 14C and 3H). This study has provided key 
information on the genesis of TGS and the results are 
instructive to the effective management of the geother-
mal resources.

The objective of this study was to establish the origin 
of the TMWs of Ilidža near Sarajevo based on the geo-
logical, structural-tectonic and hydrogeological charac-
teristics of the terrain, as well as on the hydrogeochemi-
cal research throughout the Ilidža area. In order to an-
swer these questions, hydrogeochemical methods were 
used (hydrocarbon indicators analysis, ionic ratio calcu-
lations and genetic classifi cations). To verify the fi nd-
ings obtained in hydrogeochemical procedures, the iso-
topic composition of thermo-mineral water and gases 
was used. The content of stable isotopes (δ18O, δD/2H, 
δ13C, δ34S, 13C, 222 Ra) and radioactive isotopes (3H, 14C), 
along with the results of hydrogeochemical research, 
were used to assess the origin and dynamics of aquifer 
recharge.

2. Study area

The springs of the TMWs appear in Ilidža, about 10 
km southwest of Sarajevo in the southwestern part of 
Sarajevo Field, which stretches NW-SE and sub-parallel 
to Igman Mt. (see Figure 1). The length of the fi eld is 10 
km, the width is about 6 km, and the altitude is about 500 
m a.s.l. Mt. Igman (506 m a.s.l.), with many karst phe-
nomena and karst springs, is a complex tectonic struc-
ture that has a great infl uence on the regime of ground-
water in the southwestern part of the Sarajevo Basin. 
The hydrographic network of Ilidža belongs to the basin 
of Bosna River, including the tributaries of Željeznica, 
Večerica, Žujevina and Dobrinja.

Figure 1: The geographic location of the TMW spring of Ilidža
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3. Geological setting

In the area of Ilidža, Mesozoic and Cenozoic deposits 
prevail (see Figure 2). Paleozoic deposits of Ilidža are 
not outcropping at the surface, but have been lowered 
into deeper parts of the terrain (see Figure 3). The Pa-
leozoic deposits are sediments of Permian-to-Triassic 
age, consisting of conglomerates, clays, sandstones, and 
hollow limestones with gypsum and anhydrite lenses. 
Their presence at the base of the Triassic Igman Com-
plex plays a very important role in the formation and 
maintenance of the regime of all types of groundwaters 
in this area (see Figure 3).

Mesozoic deposits include a variety of sedimentary 
fl ysch deposits of both Triassic and Cretaceous ages. 
The Triassic is represented by the Lower, Middle, and 
Upper Triassic deposits. The Lower Triassic is com-
posed of sands, clays, and marls at the lower levels, and 
includes marls and limestones at the higher levels. The 
Middle Triassic deposits are dominant in the structures 
of Igman Mt. It is composed of Anisian limestones and 
dolomites, marls and tuffi tic sandstones. The Middle-to-
Upper Triassic deposits are represented by limestones 
and partially by dolomites, and the Upper Triassic de-
posits predominantly consist of limestones. Upper 
 Cretaceous Flysch is made of marls, sandstones, brec-

Figure 2: Hydrogeological map of the Ilidža area (Skopljak, 2006). 
LEGEND: 1. permeable rocks with intergranular porosity (al; d; gl; t1); 

2. highly-permeable rocks with cracks - fracture porosity (T2
2); 3. highly-permeable 

rocks with cavernous – cracks/fracture porosity (T2
1; T2,3; T3); 4. impermeable rocks 

(1M3; 
2M3; J,K; K2); 5. certain underground connection ; 

6. thermal-mineral waters fl ow direction 
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cias, calcarenitic limestones and brecciated limestones 
as well.

Cenozoic is represented by Neogene and Quaternary 
sediments. Miocene deposits were developed using 
Neogene sediments. The Miocene deposits are predomi-
nately clays, with alternating bands of marls, sandstones, 
and coals. Quartz deposits are Pleistocene and Holocene 
sediments. The Pleistocene sediments of the Sarajevo 
Basin are composed of limestones, clays and fi ne sands. 

Igman Mt. deposits consist of glacial sediments made of 
limestones, gravels, sands, and clays. Holocene is repre-
sented by alluvial deposits.

In the wider area of Ilidža, the most important tec-
tonic structures, created by fracturing, faulting and hori-
zontal movements, are: Igman Syncline, Busovača Fault 
Zone, Longitudinal and Transverse Faults, Durmitor 
Overthrust and Blažuj-Lokve-Krupa Overthrust. The Ig-
man Syncline was formed between Bjelašnica in the 
southwest and the Sarajevo Field in the northeast, within 
clastics and carbonates. Some parts of the syncline are 
faulted, secondary folded and inverted. The Busovača 
Fault Zone has a so-called Dinaric direction of the struc-
tures (NW-SE), having numerous occurrences of min-
eral, thermal and thermomineral waters, abundant in 
CO2. Therefore, this zone has a great signifi cance for the 
hydrogeological relations and genesis of the thermal wa-
ters of Ilidža. It ends in the southeastern part of the Sara-
jevo Field where it is divided in more regionally signifi -
cant faults. The faults determined the tectonic and geo-
morphological structures of Igman Mt. and Sarajevo. 
The most important longitudinal fault is Bosna-Krupac 
Vrelo and the transversal fault is Brezovača-Vrelo 
Bosne. The Durmitor Overthrust, or its front, is separat-
ed from Presjenica Cliff to Sarajevo Field, north of Kru-
pac (see Figure 4).

4. Hydrogeological setting

In the Ilidža area, two main categories of rocks were 
recognized: 1) permeable rocks and 2) impermeable 
rocks. The permeable rocks are based on the porosity, 
permeability, transmissibility, and the source and inten-
sity of the springs: 1) the permeable rocks of the inter-
granular porosity; 2) highly-permeable rocks with 
cracks, and 3) highly-permeable rocks with cavernous-
cracks porosity (see Figure 2). The permeable walls of 
interstitial porosity are represented by alluvial deposits, 
predominantly made of gravels and sands. Based on the 
transmissibility, the specifi c capacity and the yield of the 
springs, these deposits are divided into weakly-perme-

Figure 3: Geological profi le Igman – Sarajevo Field (according to Skopljak, 2006). LEGEND: T1 – sandstone, marl 
and limestones; T2

1 – limestones and dolomites; T2
2 – sandstones, schists, cherts and limestones; T2,3 – limestones 

and dolomites; T3 – limestones with subordinate dolomite, K2 – limestones, calcarenites, marls and sandstones.

Figure 4: Tectonic map of Igman Mt. and SW part of 
Sarajevo Field (Skopljak, 2006). LEGEND: A - Tectonic 
structures of Igman; B - Tectonic structures of Hadžići – 
Rakovica; C - Tectonic structures of Krupac – Presjenica; 
D – Structural-facial unit of the Neogene Sarajevo-Zenica 
Basin; 1 - Busovača Fault; 2 - Igman Fault; 3 – Fault Suljine 

vode – Lasički stan; 4 – Fault Vučje Dole - Grkanica; 5 – Fault 
Krupa – Ravna vala – Presjenica; 7 – Krupa Fault; 8 - Fault 

Brezovača - Vrelo Bosne; 9 – Zujevine Fault; I - Igman 
Syncline; III - Blažuj-Lokve Overthrust; IV –Ravni – Batak 
– Krasnički stan Overthrust; V –Bresovača – Radova voda 

– M. Polje Overthrust.
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able, permeable, and highly-permeable rocks. The high-
ly-permeable rocks with cracks are represented by the 
Permian-Triassic and Middle Triassic-Ladinian depos-
its. The highly-permeable rocks with cavernous-cracks 
porosity are limestones and Anisian dolomites of Mid-
dle-to-Upper and Upper Triassic age. High permeability 
is indicated by the presence of numerous underground 
karstic features, including karst springs with yields 
above 100 l/s, large variations of minimum and maxi-
mum spring yields and high discharge coeffi cients of the 
karst springs. The source of TMWs of Ilidža is in these 
Triassic carbonate rocks. The impermeable rock depos-
its include mostly impermeable complexes and some-
times fully impermeable rocks. The predominantly im-
permeable complexes are represented by clastics of 
Lower Triassic age and Jurassic-to-Cretaceous and Up-
per Cretaceous Flysch (see Figure 2) clastic deposits. 
They act as a hydrogeological barrier. Fully imperme-
able rocks are clayey Miocene deposits and they act as a 
hydrogeological roof barrier.

5. Methodology

The genesis of the TMWs of Ilidža was determined 
based on geological structure, tectonic relationships and 
hydrogeological features of the terrain, as well as 
through the analysis of hydrogeochemical indicators and 
isotopic compositions of water and gases. Hydrogeo-
chemical methods included analysis of the hydrocarbon 
indicators, ionic ratio calculations and genetic classifi ca-
tions. The spring of TMWs at Terme Ilidža, as well as 
IB-1, IB-2, PP-1, B-3a, B-10a, IB-10 and B-1 wells (see 
Figure 5) were analysed. The genetic classifi cation of 
water is determined by the Sulin classifi cation (1948) 
based on the primary ion ratio: Na/Cl, Na-Cl/SO4 and 
Cl-Na/Mg. In addition to the fi ndings of the hydrogeo-
chemical methods used in the determination of the gen-
esis of TMW, the isotopic compositions of TMWs and 
gases were also used. Isotopic analyses were carried out 
using deuterium (2H) and oxygen 18 (18O), tritium (3H), 
sulphur 34 (34S) for sulphates, carbon 13 (13C), carbon 14 

(14C) and radon (222Ra) (Pezdič et. al., 1985, 1987; 
Heidinger, 2000).

6. Results

6.1. Hydrogeological settings

The TMWs of Ilidža are primarily accumulated in the 
Permian-Triassic gypsum deposits. From there, TMWs 
fl ow into the Triassic carbonates and alluvial deposits 
that are observed in numerous well drillholes. Wells IB-
1, IB-2, PP-1, B-3a, B-10a, IB-10, and B-1 are further 
investigated (see Figure 5). The IB-1 well is located on 
the left bank of Željeznica River. It was drilled in 1984 
to a depth of 43.7 m. TMW is found in Quaternary sand-
gravel sediments and conglomerates. The well has a ca-
pacity of 75 l/s at the drawdown of 14-meters. The IB-2 
well is located on the right bank of Željeznica River. 
TMW is found in dolomitic limestones at a depth of 47 
m. The borehole transmission was determined to be 3.3 
x 10-2 m2/s with a hydraulic conductivity coeffi cient of 
1.64 x 10-4 m/s, and a maximum capacity of 100 l/s. The 
PP-1 well is about 30 m away from the IB-1 well. It was 
drilled in 1964 to a depth of 90 m. TMW was found in 
limestones and dolomites, with a discharge of 50 l/s. The 
B-3a well was drilled in 1971. TMW is found in alluvial 
sediments, after infl owing from dolomitic limestones. 
The discharge was found to be 10-20 l/s. The B-10A 
well is located approximately 100 m from the IB-1 well. 
The drillhole depth is 77.1 m and it was drilled in allu-
vial sandy-gravel sediments. The discharge was found to 
be 10-15 l/s. The IB-10 well was drilled to a depth of 
1140 m. The karst aquifer accumulated TMW and it is 
found at depths of 355 to 1100 m. The limestone roof 
contains the clayey-marl Tertiary sediments of the Sara-
jevo-Zenica Basin at a depth of 22 to 355 m. The well is 
artisan, with a discharge of 27 l/s. The transmissibility 
was 6.54 - 8.14 x 10-3 m2/s and the hydraulic conductiv-
ity coeffi cient for stationary conditions was found to be 
1.32 × 10-2 m/s. The B-1 well was drilled in 1999 to a 
depth of 105 m. TMW was found in the Triassic dolo-
mites directly beneath the alluvium. The discharge was 
found to be about 11.5 l/s.

6.2. Hydrochemistry

The average hydrochemical values of the TMWs of 
Ilidža are shown in Table 1. The hottest TMWs (57-
58°C) appear in the area of Banja, on Ilidža. They are 
found in wells IB-1, IB-2, PP-1 and B-3a in the Triassic 
carbonates below the Quaternary deposits. An important 
feature of these TMWs is high water mineralization, 
ranging from 2700 to 4100 mg/l (see Figure 6).

The increase in mineralization follows the increase of 
concentrations of major cations and anions in water: so-
dium, hydrocarbonates, sulphates and chlorides (see 
Figure 7), as well as relatively high hydrogen-sulphide 
content. TMWs belong to the HCO3-SO4-Cl-Ca-Na type 

Figure 5: The location of well drillholes of TMWs of Ilidža 
(according to Skopljak, 2006)
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of water. Other wells that are located laterally from the 
wells mentioned above have a signifi cantly different 
chemical composition, and signifi cantly lower tempera-
tures and mineralizations (see Figure 6). These colder 
wells are represented by B-10a and IB-10. The B-10a 
drillhole found TMW in the Triassic carbonates, and the 
IB-10 well in the brecciated limestones. Water tempera-
tures range from about 20 to 30°C, and mineralization 
ranges from 1100 to 1600 mg/l (see Figure 6). TMW 

found in this well is HCO3-Ca type with relatively low 
sulphate and sulphur content. Not far from Ilidža, in 
Blažuj, there are also sources of TMWs, but of a differ-
ent chemical composition. The B-1 borehole is represen-
tative for that. The TMW sampled at the well is a HCO3-
SO4-Ca-Mg type, with a temperature of 24˚C, mineral-
ization of about 2,500 mg/l and no sulphates.

Figure 6: Water mineralization of the TMWs of Ilidža

Table 1: Chemical composition of the TMWs of Ilidža

Sampling sites

Components Terma Ilidža 
spring

Borehole 
PP-1

Borehole 
B-3a

Borehole 
IB-1

Borehole 
IB-2 Borehole IB-10 Borehole 

IB-10a
771-856 m 1002-1100 m

Temperature °C 57.2 58 57 58 58.3 30.5 20.5 26
pH 6.5 6.5 6.6 6.9 6.71 6.76 6.4
TDS (mg/L) 3109.3 2733 4140 3057 3135.8 1057 1575 1194
TH (ºnj) 66.7 86.8 91.26 46.8 31.5 38.97
Ca2+ (mg/L) 473.7 355 440 470 464.5 260.5 177 208.2
Mg2+ (mg/L) 83.8 73.2 109.8 79.3 108.4 45 34 42.6
Na+ (mg/L) 261.7 285.7 300 260 263 80.5 36.6 40.2
K+ (mg/L) 14 17.4 18.2 14 9.16 15.6 0.97 3.4
Al3+ (mg/L) 0.25 0.14 0.45 0.09 23.8 54 0.2
Fe3+ (mg/L) 2.5 0 0 0 5.2 0.75 0.4
HCO3

- (mg/L) 1327 1372.5 1293.2 1342 1342 908.9 683.2 768.6
SO4

2- (mg/L) 541.1 250 750 500 570 170 65.6 49.5
Cl- (mg/L) 327.7 326.6 284 320 340.8 90.2 44.4 73.5
H2S (mg/L) 0.34 0.1 0.88 0 0 0.03
Br- (mg/L) 0.3 0.3 0.5 0.07 0.07
J- (mg/L) 0.07 0.03 0.1 0.03 0.02
F (mg/L) 0.8 1.28 1.05 0.75 0.39 0.48 0.35
SiO2 (mg/L) 47 42 50 53 2.5 12
Li+ (mg/L) 0.65 0.7 0.66 0.68 0.18
Sr2+ (mg/L) 2 2.3 3.25 2.6 298 0.67
Mn2+ (mg/L) 0.18 0.1 0.11 <5 0.28
Zn2+ (mg/L) 0.1 0.03 0.01 0.02 0.85 3.9 0.02
Cu2+ (mg/L) 0 0 0 0.003 3.7 2.4 0
CO2 (mg/L) 660 431.2 260 420 440 352 538

Figure 7: Proportions of main ions of the TMWs of Ilidža
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Table 2: Ionic relationships of the TMWs of Ilidža

Sampling sites
Na
Ca

Na-Cl
SO4

Cl
SO4

HCO3
Cl+SO4

Mg
Ca

Na
Cl

Ca
Na+Mg

Cl-Na
Mg

mg-ekv/l
Terma Ilidža spring 0.48 0.18 0.83 1.06 0.29 1.22 1.30 -0.30
PP-1 0.70 0.62 1.77 1.56 0.34 1.35 0.96 -0.54
B-3a 0.59 0.32 0.51 1.09 0.41 1.63 0.99 -0.56
IB-1 0.48 0.22 0.87 1.13 0.28 1.25 1.32 -0.35
IB-2 0.50 0.15 0.81 1.02 0.39 1.19 1.13 -0.21
IB-10 (771-856 m) 0.28 0.27 0.72 2.45 0.28 1.38 1.74 -0.26
IB-10 (1002-1100 m) 0.18 0.38 0.85 4.06 0.29 1.45 2.15 -0.20
B-10a 0.17 -0.32 2.01 4.06 0.34 0.85 1.98 0.09

Figure 8: Sulin’s Diagram for the genetic classifi cation of TMWs of Ilidža 1 - Spring Blažuj 
(1957); 2 - B-1 Blažuj (1999); 3 – Spring Terma Ilidža (1890); 4 - B-3a (1984); 5 - IB-1 (1985); 

6 - IB-2 (1986); 7 – B-10a (1982); 8 – IB-10 (2004).

Ionic relationships

The ionic relationships of TMWs of Ilidža are shown 
in Table 2.

The inter-ionic ratio of Cl/SO4 is uniform in most 
sampling sites ranging from 0.51 to 0.85 and SO4/
Cl>1.6, and according to Buljan (1962) the TMWs be-
long to the sulphate type of water. The exceptions are the 
PP-1 and B-10a wells where the Cl/SO4 ratios are 1.77 

and 2.01 respectively. The values of the anion ratio of 
HCO3/Cl+SO4 from the samples from wells on the left 
bank of Željeznica River range from 1.02 to 1.56 while 
on the right bank the values are higher and range from 
2.45 to 4.06. The obtained values are a consequence of 
the relatively high total sulphate and chloride content 
relative to the content of the hydrocarbonate ion because 
the groundwater fl ow is carried out through gypsum-
anhydrite deposits. The ratio of Mg/Ca ranges from 0.28 
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to 0.41, that is less than 1, indicating that the TMW 
drains from the area where the limestones have had Ca2+ 
replaced with some amounts of Mg2+, that is, the aquifer 
hosting rocks along with limestone also have dolomite 
limestones and dolomites. The ratio of Na/Cl>1, except 
for the B-10a well, indicates that the cation origin is 
partly related to the hydrolysis of aluminosilicates from 
the fl ysch or from the soil (Hem, 1985), and is partly the 
result of the dissolution of Na-sulphate minerals. The 
Ca/Na + Mg ratio ranges from 0.96 to 2.15, with more 
values being obtained in TMW on the right bank of 
Željeznica River. Ca/Na + Mg > 2 indicates that Ca con-
tent is very high (over 65% mg-eq), indirectly indicating 
groundwater fl ow through limestone or calcium-sul-
phate rocks (gypsum-anhydrite). The Ca/Na + Mg = 1-2 
is characterized by groundwater with a Ca content of 50 
to 60% mg-eq, and slightly less or nearly equivalent to 
the total content of Mg and Na ions. The low values of 
this Ca/Na + Mg ratio are characteristic for groundwater 
in which Ca content is less than 50% mg-eq, has in-
creased Na and Mg content (45-60% mg-eq), implying 
that the groundwater fl ows through dolomite. The Na/Ca 
ratio of TMWs is less than 1 in all the wells.

Genetic classifi cation

TMWs of Ilidža have Na/Cl>1 except for the B-10a 
well, and the Na-Cl/SO4 ratio ranges from -0.32 to 0.62. 
According to Sulin (1948), TMWs with Na/Cl>1 and 
Na-Cl/SO4<1 belong to the sulphate-sodium type and 
originate from a land-based medium (see Figure 8). 
 Sodium sulphate may occur in three different ways: 
partly as a result of the exchange of ions in a reaction 
between dissolved calcium-sulphate in water and sodi-
um cation absorption from the rocks, during the mixing 
of sulphate-calcium-magnesium water with hydrocar-
bonate-sodium water, or as a result of the dissolution of 
the gypsum deposits (Gavrilenko, 1965). TMWs of 

Ilidža most likely originated due to the dissolution of 
gypsum deposits, which make up an important part of 
the Permian-Triassic deposits in this area.

Isotopic composition

The isotopic composition of water and free gases is 
shown in Tables 3 and 4 (Pezdič et al., 1985, 1987; 
Heidinger, 2000).

7. Discussion

In the Ilidža area, the chemistry of TMWs is closely 
related to deposits that drain or precipitate a part of the 
dissolved substances in TMWs by dissolving rocks or 
minerals that build aquifers. The primary aquifers of 
TMWs are the larger Permian-Triassic gypsum-anhy-
drite lenses, the quartz sandstones of the Lower Triassic, 
and the carbonates of Middle Triassic (Anisian) and 
Middle-to-Upper Triassic. Atmospheric water infi ltrates 
the Igman area through the interstitial surfaces, and 
through normal and transverse faults as well. Water in 
the Igman area infi ltrates at a depth of over 1 km. Mod-
erately heated water dissolves gypsum anhydrite lenses 
and is enriched with sulphates. The infi ltration of water 
to a greater depth, very slowly, continues in the direction 
of the Sarajevo Basin to the primary aquifer. In the Sara-
jevo Basin, where the Permian-Triassic and Triassic de-
posits have been uplifted, the TMWs ascendantly move 
to the springs. The genesis of TMWs of Ilidža is shown 
in Figure 9.

Several sources of TMWs have been identifi ed in the 
Ilidža area. They signifi cantly differ in temperature, 
mineralization, chemical composition and the presence 
of gases, and are caused by differences in the geological 
composition and structural features of the terrain in 
which they are found.

Table 4: Content and isotopic composition of free gases

Number Object Year O2
Vol. %

N2
Vol. %

Ar
Vol. %

CH4
Vol. %

CO2
Vol. %

δ18O
‰-VPDB

δ13C
‰-VPDB

1. Fontana 1984 0.1 1.2 0.01 0.01 98.6 -12.21 -2.36
3. IB-1 Ilidža 1985 0.4 1.46 0.04 0.01 98.1 - -0.18
4. IB-2 Ilidža 1987 0.1 0.4 0.05 0.1 99.3 -14.85 -1.75
5. B-1 Blažuj 2000 0.1 11.8 0.2 <0.1 87.9 - -3.7

Table 3: The isotopic composition of TMWs of Ilidža

Number Object Year δ2H
‰-VSMOW

δ18O
‰-VSMOW

δ34S
‰-CD

δ13C
‰-VPDB

3H
TU

δ14C
pcm

32S/34S
122Ra
Bq/l

1. Fontana 1984 -76.5 -10.35 12.49 0.96 - - 21.94 1.43
2. B-3a 1984 - - <1.7 32937+/-3000 - -
3. IB-1 Ilidža 1985 -72.3 -10.20 11.20 2.44 - - 21.97 1.50
4. IB-2 Ilidža 1987 -78.0 -10.31 7.38 1.14 <1.7 13593+/-359 22.05 1.40
5. B-1 Blažuj 2000 -74.4 -10.55 23.2 -1.5 1.8 - - 2.3
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Thermo-mineral water in the Ilidža area is a mixture 
of two waters, having different mineralizations (see Fig-
ure 10). Water mixing happens in the aquifer zone of 
Middle Triassic carbonates and waters from Permian-
Triassic deposits with evaporites at higher depths. The 
zone is not infl uenced by contemporary climatic factors 
which was proven by isotopic tests.

The temperature of TMWs of Ilidža varies in a wide 
range of 21 to 58°C due to the depths of infi ltration of 
atmospheric waters and the geothermal gradients, static 
pressures in Permian-Triassic lens deposits due to dif-

ferentiation in the Busovača Fault Zone, and dynamic 
factors while TMWs ascend through porous rocks at 
large distances under extremely high pressures. Large 
differences in the temperatures of TMWs found in drill-
holes that are relatively close together (for example, 
IB-2 (59°C) and IB-10a (26°C)), temperature drops with 
increasing depths (for example, water at 775-920 m 
depth (30°C), and at 1100m (20°C)), and the chemical 
and isotopic composition of water in the area of Ilidža. 
all indicate that Tertiary magmatism is not the heating 
source for rocks and the groundwater.

Figure 9: The model of formation of TMWs of Ilidža. LEGEND: 1. Porous rocks of intergranular 
porosity (Q, Pl, Q); 2. Practically non-porous rocks (M3

1); 3. Predominantly non-porous complex 
(J,C); 4. Porous rocks of cavernous-fracture porosity (T2

1, T2,3, T3); 5. Porous rocks of fracture 
porosity (T2

2); 6. Predominantly non-porous complex (T1, P, T); 6. ➙ Infi ltration waters fl ow 
direction; 7. ➯ Thermal-mineral waters fl ow direction

Figure 10: Water mixing diagram
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TMWs of Ilidža are of atmospheric origin, created in 
the Upper Pleistocene at a time of cold climate, most 
likely during Wirm’s glaciation as indicated by deuteri-
um δ2H and oxygen δ18O (see Figure 11).

The concentration of tritium (3H) activity in the 
TMWs of Ilidža (about 1.7 TU) is an indicator of the 
dynamics of the recovery of some aquifers, that is, an 
indicator that TMWs have had no connection with the 
atmospheric or surface waters after 1952, or in other 
words, indicating a long-term retention in the ground 
(IAEA, 1983; Gonfi antini et al., 1998). The long reten-
tion period of TMWs is confi rmed by the age of TMWs, 
as determined by the radioactive decomposition of 14C in 
TMWs. The age of the water varies from 13,593 years 
(IB-2) to 32,937 years (B-3a). Such large variations in 
the age of TMWs, together with very similar physical 
and chemical characteristics requires further investiga-
tion, using the carbon isotope 14. From the aspect of 
groundwater recovery, it is a very unfavourable fact 
(Vlahović et al., 2009). During the conditions of deep 
infi ltration of atmospheric water and long retention time 
in the underground, recovery of the reservoir of TMWs 
is diffi cult and is likely to take place over an extended 
period of time. This means that any excessive exploita-
tion (especially by borehole drainage) above the opti-
mum capacities can be detrimental to the reservoir by 
exploiting the static reserves of the TMWs. This can be 
accompanied by a continuous drop in pressure and water 
level in the reservoir, which can also cause changes in 
chemistry, temperature, or mixing with the marginal wa-
ters of different compositions. Sulphates in the TMWs 
of Ilidža originate mainly from the dissolution of evapo-
rite deposits (gypsum and anhydrite), which suggests 
that these deposits also contribute to the structure at the 
bottom of the Sarajevo Basin. This is supported by the 

presence of Permian-Triassic and older (carbonate) de-
posits in the wider Ilidža area and the data obtained by 
testing the stable isotope content of sulfur-34 and oxy-
gen-18 in the TMWs of Ilidža. The content of sulphate 
isotope in the B-1 well in Blažuj is +23.2‰ δ34S, and 
+10.8‰ δ18O-SO4 enters the area of the evaporative sul-
phate, indicating that sulphate originates from sulphate 
minerals, most likely gypsum and anhydrite. The slight 
presence of “light” secondary sulphates can be derived 
from the oxidation of reduced sulphur compounds, espe-
cially sulphides (pyrite) or organic aquatic components 
(Heidinger, 2000). Accordingly, the slight presence of 
secondary sulphate can be derived from oxidation of sul-
phide or pyrite, which is determined at several intervals 
in dolomite at the IB-2 well. The content of δ13C in 
TMWs of Ilidža (0.96‰ to + 2.44‰ δ13C) points to pro-
cesses that have changed isotopically or increased the 
δ13C content from the initial formation of groundwater. 
These changes may have been caused by the mixing vol-
canic CO2 and/or carbonate solutions and by modifying 
the isotope with hydrogen carbonate rock. CO2 gas in the 
Ilidža area comes from the deeper horizons as indicated 
by geological, tectonic, and chemical elements. It is as-
sumed that CO2 is of thermal-metamorphic origin, and it 
is created by the action of SiO2 on carbonates in deeper 
parts of the earth, where quartz-porphyrs have cut 
through the Paleozoic constituents. The deep Busovača 
Fault enables the gas to escape to the surface. The ther-
mal-metamorphic origin of CO2 is also confi rmed by the 
obtained δ13C-CO2 carbon isotopes with values ranging 
from 0.18‰ to 2.36‰. This is also supported by δ13C-
CO2 of -3.7‰ measured in the TMWs of Blažuj, as well 
as the results of TMW research around the world. Craig 
(1963), and Muffl er and White (1968), based on their 
research carried out in the USA, New Zealand, and Italy, 
concluded that δ13C-CO2 values from -4‰ to +4‰ point 
to the CO2 thermal-metamorphosis of marine carbon-
ates, while Ceron (2000) believes that the content 
δ13C‰˃-2 indicates that CO2 is generated by the meta-
morphosis of carbonate rocks. The 222Rn content in the 
TMWs of Ilidža was 1.40 to 2.30±0.4 Bq/kg. Such low 
Rn values indicate that the TMW does not move through 
rocks with a high content of uranium.

8. Conclusions

• The area in and around Ilidža is rich with carbon-
ated karst aquifers where infi ltrated water is re-
tained and enriched during mineralization.

• The primary aquifer of TMWs are large Permian-
Triassic lenses of gypsum anhydrite, Lower Trias-
sic sandstones of Sarajevo Basin, followed by car-
bonates of the Middle Triassic and Middle-to-Up-
per Triassic age.

• TMWs appear in the area where the Busovača Fault 
ends and it is broken in the multiple transverse and 
diagonal faults.

Figure 11.: The correlation between δ18O and δ2H of TMWs 
of Ilidža (Heidinger, 2000; Skopljak, 2006). 1 – B-1 (2000); 

2 – IB-1 (1985); 3 – IB-2 (1987); 4 – Izvor Terma (1984).
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• TMWs are of atmospheric origin and have had no 
contact with atmospheric or surface waters since 
1953.

• The age of TMWs varies from 13,593 to 32,937 
years.

• TMWs were created in the Upper Pleistocene, at the 
time of cold climate.

• Sulphates in TMWs of Ilidža originate from the 
evaporite (gypsum-anhydrite) deposits of Permian-
Triassic age.

• TMWs of Ilidža belong to HCO3-SO4-Cl-Ca-Na 
and HCO3-Ca types of water.

• TMWs of Ilidža contain CO2 gas, resulted from the 
metamorphosis of carbonate rocks in the deeper 
parts of the Earth’s crust.
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SAŽETAK

Geneza termalno-mineralnih voda u okolici Ilidže, Bosna i Hercegovina

Izvori termomineralnih voda Ilidže kod Sarajeva pojavljuju se na prijelazu vanjskih i unutarnjih Dinarida u Bosni i Her-
cegovini, tj. u čelu navlake bosanskoga fl iša i krajnjemu jugoistočnom dijelu sarajevsko-zeničkoga kenozojskog bazena. 
Geneza termomineralnih voda Ilidže povezana je s geološkim strukturama, strukturno-tektonskim i hidrogeološkim 
značajkama terena padina Igmana i jugozapadnoga dijela sarajevskoga bazena. Šire područje Ilidže izgrađeno je od 
 naslaga paleozojske, mezozojske i kenozojske starosti, a najvažnije tektonske strukture nastale boranjem, rasjedanjem i 
horizontalnim kretanjem jesu sinklinala Igman, busovačka rasjedna zona, uzdužni i poprečni rasjedi, Durmitorska 
 navlaka i navlaka Blažuj – Lokve – Krupa. Složenost geotektonskoga sklopa širega područja Ilidže uvjetuje određene 
 hidrogeološke značajke, te su na osnovi propusnosti izdvojene propusne i nepropusne stijene. Propusne stijene podije-
ljene su na: (1) propusne stijene međuzrnske; (2) propusne stijene pukotinske i (3) propusne stijene kavernozno-puko-
tinske propusnosti. Termomineralne vode Ilidže prvotno su nakupljene u permsko-trijaskim naslagama odakle uzlazno 
dotječu u trijaske karbonate i aluvijalne naslage, koje predstavljaju drugi vodonosnik gdje su termomineralne vode 
 zahvaćene u brojnim bušotinama. Za određivanje geneze termomineralnih voda na području Ilidže uporabljeni su uzor-
ci termomineralne vode s mjesta prirodnoga pražnjenja vodonosnika: izvor terma Ilidža te bušotina (PP-1, B-3a, IB-1, 
IB-2, IB-10 i B-10a) putem kojih se danas drenira vodonosnik. Prema sadašnjemu stupnju istraženosti i poznavanja geo-
loške građe, strukturno-tektonskih i hidrogeoloških značajki terena, hidrogeokemijskih pokazatelja te podataka izotop-
skih ispitivanja utvrđeno je kako je temperatura termomineralnih voda Ilidže posljedica dubine infi ltracije atmosferskih 
voda i geotermalnoga gradijenta, statičkih pritisaka u lećama permsko-trijaskih naslaga uslijed diferencijacije u zoni 
Busovačkoga rasjeda i dinamičkih faktora u fazi kretanja i ascendencije termomineralnih voda kroz šupljikave stijene na 
velikim udaljenostima te pod vrlo visokim tlakom. Termomineralne vode atmosferskoga su podrijetla te nisu bile pove-
zane s atmosferskim ili površinskim vodama nakon 1953. godine. Starost termomineralnih voda varira od 13593 do 32937 
godina. Nakupljene su tijekom gornjega pleistocena, u vrijeme glacijala. Sulfati u termomineralnim vodama potječu od 
evaporitnih (gipsno-anhidritnih) naslaga perma i trijasa, a u reduktivnim uvjetima iz sulfata je nastao H2S. CO2 ima 
 podrijetlo u metamorfozi karbonatnih stijena u dubljim dijelovima Zemljine kore.

Ključne riječi:
vodonosnik, termomineralne vode, geneza, sulfati, Ilidža
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