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Ðåçþìå. Â ñòàòèÿòà ñå ðàçãëåæäà õèäðîõèìèÿòà íà Èñêðåöêèÿ èçâîð, åäèí îò íàé-ãîëåìèòå êàðñòîâè èçâîðè
â Áúëãàðèÿ. Ñúäúðæàíèåòî íà êàòèîíèòå âúâ âîäàòà îò èçâîðà å â ðåäà: Ca2+ > Mg2+ > (Na++K+), à íà àíèîíèòå
– HCO3

— > SO4
2— > NO3

— > Cl—. Êàëöèåâèÿò éîí è õèäðîãåíêàðáîíàòèòå ïðåäñòàâëÿâàò ïðèáëèçèòåëíî 75% îò
âñè÷êè éîíè, êàòî êîðåëàöèîííàòà âðúçêà ìåæäó ñóìàòà Ca2++Mg2+ è HCO3

— å ìíîãî âèñîêà. Îòíîøåíèåòî
rCa2+/rMg2+ çà Èñêðåöêèÿ èçâîð å 3,3, êîåòî ñâèäåòåëñòâà, ÷å ïîäçåìíàòà âîäà ñå äâèæè â ñðåäà îò âàðîâèöè è
äîëîìèòè. Êîíöåíòðàöèèòå íà ãëàâíèòå éîíè Ca2+, Mg2+, HCO3

— è òåìïåðàòóðàòà òÿñíî êîðåëèðàò ñ äåáèòà íà
èçâîðà. Âîäàòà å íåíàñèòåíà ïî îòíîøåíèå íà êàëöèò è äîëîìèò. Âðúçêàòà íà èíäåêñèòå íà íàñèùàíå SIc è SId
ñ äåáèòà ñúùî å ìíîãî òÿñíà. Õèäðîõèìèÿòà íà Èñêðåöêèÿ èçâîð å êîíòðîëèðàíà ïðåäèìíî îò äåáèòà ìó è íå
çàâèñè îò ñåçîíà. Ñðàâíåíèåòî íà êîåôèöèåíòà íà âàðèàöèÿ íà Èñêðåöêèÿ èçâîð ñúñ ñòîéíîñòè, ïîëó÷åíè çà
äðóãè èçâîðè è ïîñî÷åíè â ëèòåðàòóðàòà äàâà îñíîâàíèå äà ñå ïðåäïîëîæè, ÷å âîäàòà ìó ñå äâèæè ïî øèðîêè
êàðñòîâè êàíàëè.

Êëþ÷îâè äóìè: õèìèÿ íà êàðñòîâèòå âîäè, êîåôèöèåíò íà íàñèùàíå íà êàëöèò, êîåôèöèåíò íà íàñèùàíå
íà äîëîìèò, êàðñòîâè âîäîíîñíè ñèñòåìè.

Abstract. The paper describes the hydrochemistry of Iskrets Spring, which is one of the largest karst springs of Bul-
garia. The spring’s water has a composition expressed in equivalent units for cations: Ca2+ > Mg2+ > (Na++K+) and for
anions: HCO3

— > SO4
2— > NO3

— > Cl—. Calcium and bicarbonate account present approximately 75% of the ions. The
correlations between the concentrations of Ca2+ and Mg2+ to HCO3

— are strong. The rCa2+/rMg2+ ratio for Iskrets Spring
is 3.3, which suggests that the water moves in limestone and dolomite. The main ions Ca2+, Mg2+, HCO3

— and the tem-
perature have strong correlation to spring discharge. The water is undersaturated with respect to calcite and dolomite
and the correlation of SIc and SId to discharge are strong, also. The chemistry of Iskrets Spring is controlled chiefly by
discharge and it is independent of the season of year. Comparing the coefficients of variations of Iskrets spring with
similar literature data, this spring could be classified as conduit spring.

Key words: karst water chemistry, index of calcite saturation, index of dolomite saturation, karst flow system.

Introduction

The main objective of this study is: a) to investigate
the chemistry and b) quality time variation of Iskrets
karst spring, as well as c) to use the chemical data
for describing the physical aspects of the karst. The
spring is examined continuously over 14 months. A
number of graphics are constructed in order to elu-
cidate the correlation between ions, and the correla-
tion of ions to discharge of the spring. Particular
attention is paid also to calcite and dolomite equi-
librium of spring’s water.

Physical setting

Iskrets karst spring (Dinev, 1959; Antonov, 1963;
Benderev, 1989) is located in the center parts of

Western Balkan, about 30 km Norths of Sofia. Its
catchment area is about 140 km2 (Benderev, 1989)
and has mountain relief. The altitude of the studied
area is from 560 m up to 1400 m. The highest part
(altitude 900—1300 m) likes plateau table land with
rounded hills and smaller plateaus on them sur-
rounded with rock rings with elevation 150—200 m.

Climate of the region is classified as a continen-
tal mountain. According to the data from a high
elevation meteorological station the mean annual
precipitation is 1164 mm/y and for the lower parts,
close to Iskrets springs – 658 mm/y (Koleva, Peneva,
1990). The most intensive precipitation is within pe-
riod April—July – up to 45%. The snow cover plays
a significant role in water recharge and it is avail-
able approximately to the end of the spring season.
Mean annual air temperature is 4.8° Ñ but mean
month temperatures are negative from December to
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the end of March. Near Iskrets spring (lower part)
the mean annual air temperature is approximately 2
times higher (9.5° C) and the period of negative tem-
peratures is much shorter.

The spring is located in the Valley of Iskrets Riv-
er, left tributary of Iskar River. The river has got tem-
porary outflow above the spring. Iskar River is the
main erosion basis in this region of the Balkan and
its basin is developed completely on karst rocks. Some
other karst springs issue west to Iskar River with their
own catchments nearby Iskrets spring. Hydrogeolog-
ically, the catchment area of Iskrets spring has two
zones. The first one includes outcrop of karst sedi-
ments and is without any river runoff. The second
one is located north to the first zone, in the highest
parts of the region. It consists of non-karstified rocks
and some small rivers are flowing there. These streams
completely sink into karstified sediments at the plac-
es they reach them.

Geology and hydrogeology

Geologically, the region mainly consists of Mesozoic
sediments (Angelov et al., 1992) and karst processes
are found out into two carbonate complexes (fig. 1):
Triassic, consisting of limestone and dolomite, is with
general thickness of 600 m and Upper Jurassic with
thickness of 100—150 m. Lower-Middle Jurassic ter-
rigenous sediments divide them. The Lower Triassic
sandstone is underlied Triassic carbonate complex.
The space position and interaction of these two com-
plexes is controlled by tectonic conditions in this part
of the Balkan. The studied area is part of Berkovitsa
anticline, connected to its north limb as well with
the core of Izdremets-Gubeshka syncline. This is the
reason that the layers deep to the south. From south
Paleozoic argillites and aleurolites are overthrusted
over Mesozoic sediments.

Hydrogeologically, Triassic carbonate complex is
the most important and it is discharged by Iskrets
springs. Its sediments are widely spread and karsti-
fied. Lower Triassic sandstones play a role of an un-
derlying aquiclude. Most of this complex is higher
than the local erosion basis and only the southern
part of it (near the village of Iskrets) is below the
river. There, the overthrusted Paleozoic waterproof
rocks lead to conditions for groundwater prop. Tri-
assic carbonate complex is partly covered by
aquiclude of Lower-Middle Jurassic sediments in the
highest places at the southern part of the region. The
overlying limestone of Upper Jurassic carbonate com-
plex outcrops as some spots forming some small iso-
lated and completely discharged karst massives.
There are negative karst forms widely developed
among outcrops of the Triassic carbonate complex.
They facilitate the intensive infiltration of the pre-
cipitation. The rivers coming from the high parts of
the Balkan and sinking in the north area of the com-
plex have a significant role for groundwater recharge.
The groundwater flow direction is from north to south
– to Iskrets spring. The connection between rivers

and the spring is proved by indicator tests (Dinev,
1959; Benderev, 1989). The indicators are registered
after 1—2 days (for high water level) up to 7—8 days
for dry periods for the distance more than 10 km.
Structure premises predominantly determine the lo-
cation of the spring. Iskrets spring is a group of dif-
ferent and variable during the season smaller springs.
They are overflow springs located at the lowest part
of the outcropped Triassic aquifer on the tectonic
contact with Paleozoic non karstified rocks. Iskrets
springs have a very variable flow-rate – from 280 to
more than 50 000 l/s. According to statistic data the
spring’s regime is widely variable, unsteady and free
flowing (Benderev, 1989). The main reasons for the
rapid peacks at the spring’s hygrogram is precipita-
tion and fast spring season snow melting. The reac-
tion time for increasing the spring flowrate has been
established – less than 1 day after precipitation in
the high places of the catchment area.

Method of study

30 water samples from Iskrets karst spring (Iliev,
1966)1 during 1966 are collected. All the samples
were taken at the spring orifice. Temperature and
pH were measured in the field and allowed to stabi-
lize before sample collection, while the chemical
parameters are determined in the laboratory (Ca2+,
Mg2+, Cl—, SO4

2—, HCO3
—, NO3

— and NO2
—). From the

results of the chemical analyses are calculated ionic
strength I, calcite saturation index SIc, dolomite sat-
uration index SId, the equilibrium of carbon dioxide
pressure PCO2

, rCa2+/rMg2+ and rCa2++rMg2+ (r de-
notes that the value is in equivalent per dm3). SIc and
SId are defined (Garrels, Christ, 1965; Thrailkill,
1976) as

SIc = (Ca2+). (CO3
2—) / Kc (1)

SId = (Ca2+). (Mg2+). (CO3
2—)2 / Kd (2)

PCO2
 = H2CO3

—/ KCO2
(3)

Where the brackets indicate activities of the ions;
Kc, Kd and KCO2

 are the respective equilibrium con-
stants of calcite, dolomite and carbon dioxide.

Ionic strength (I) is then calculated. Once I is
known, the activity of ions Ca2+, Mg2+ and CO3

2— are
calculated using the Debye-Hückel equation (Gar-
rels, Christ, 1965). The values of the equilibrium con-
stants used in this study are those given by Langmuir
(1971), Thrailkill (1976), Drever (1983) and others.
The most important uncertainty among measured
values is in the pH. The total uncertainty in calcu-
lated values of SIc and SId is about ±0.15 units. We
therefore assume that all values of indices within
±0.15 units of zero are saturated with respect to the
carbonate in question.

1 Iliev, G. 1966. Report on hydrogeological inspection of the
karst soring of Iskrets. Archives of VODOKANALPROECT,
Sofia (in Bulgarian).
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Fig. 1 Geological Map of the Iskrets Karst Region (Angelov et al., 1992; Benderev, 1989)
1, Quaternary deposits (boulders, gravel, sands); 2, Cretaceous non karstified complex (marls, clayey limestone and limestone);
3, Upper Jurassic karstified complex (limestone); 4, Low – Middle Jurassic non karstified complex (siltstones, shale, sandstone);
5, Triassic Karstified complex (limestone and dolomite); 6, Low Triassic sandstone and conglomerate; 7, Paleozoic non
karstified terrigeneus and magmatic rocks; 8, karst spring; 9, sinkhole

Ôèã. 1. Ãåîëîæêà êàðòà íà Èñêðåöêèÿ êàðñòîâ ðàéîí (Angelov et al., 1992; Benderev, 1989)
1 – êâàòåðíåðíè íàñëàãè (âàëóíè, ÷àêúëè, ïÿñúöè); 2 – êðåäåí íåîêàðñòÿâàù ñå êîìïëåêñ (ìåðãåëè, ãëèíåñòè âàðî-
âèöè è âàðîâèöè); 3 – ãîðíîþðñêî-äîëíîêðåäåí êàðñòîâ êîìïëåêñ (âàðîâèöè); 4 – äîëíî-ñðåäíîþðñêè íåîêàðñòÿ-
âàù ñå êîìïëåêñ (àëåâðîëèòè, àðãèëèòè, ïÿñú÷íèöè); 5 – òðèàñêè êàðñòîâ êîìïëåêñ (âàðîâèöè è äîëîìèòè); 6 –
äîëíîòðèàñêè ïÿñú÷íèöè è êîíãëîìåðàòè; 7 – ïàëåîçîéñêè íåîêàðñòÿâàùè ñå òåðèãåííè è ìàãìåíè ñêàëè; 8 –
êàðñòîâ èçâîð; 9 – ãóáèëèùå

Groundwater composition

The results of the chemical analyses, as well as the
calculated indexes of saturation of calcite (SIc) and
of dolomite (SId) and some calculated ion ratios are
shown in table 1. In this table are shown also the
average calculate values of the different chemical
parameters, their standard deviation (σx) and the val-
ue of the coefficient of variation (Cv%). The coeffi-
cient of variation equals 100 times the standard de-
viation divided by the average.

The pH of groundwater is relatively stable (pH
7.1—7.6) with a standard deviation of 0.12, while the
temperature (8.5—11.6° C) is variable and these mea-
surements reflect the wide range of the temperature

of the infiltrating recharge water. Correlation of tem-
perature of the spring to discharge is strong and r =
0.95 (fig. 2), which express the relation of the recharge
to the climate seasons. Generally the recharge is high-
er during the low temperature season, and it is the op-
posite during the higher temperature season.

Relations of major dissolved ions

All analyzed samples are classified as calcium bi-
carbonate water. Ionic equivalent abundances show
that for cations Ca2+ > Mg2+ > (Na++K+) and for
anions HCO3

— > SO4
2— > NO3

— > Cl—. Calcium and bi-
carbonate account for approximately 75% of the ions.

22 Ñïèñàíèå íà Áúëãàðñêîòî ãåîëîãè÷åñêî äðóæåñòâî, êí. 1—3, 2007
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Fig. 2. Groundwater temperature vs. discharge of the spring

Ôèã. 2. Çàâèñèìîñò íà òåìïåðàòóðàòà îò äåáèòà íà èçâîðà

NO3
— and Cl— account for only about 2 to 4% of the

total ions in any given analyses. Most abundant ions
HCO3

—, Ca2+ and Mg2+ have also smaller standard
deviation, which indicates smaller range of their val-
ues (table 1). Correlations of concentrations of Ca2+

and Mg2+ to HCO3
— are strong but that of Ca2+ stron-

ger than that of Mg2+ (fig. 3).
A plot of mile-equivalent concentrations of Ca2+

to HCO3
— shows that Ca2+ balances HCO3

— on a near-
ly one-for-one equivalent basis, and the Y-intercept

Fig. 3. Relation between HCO3
— and other major ions

A, Ca2+; B, Mg2+; C, (rCa2+ + rMg2+); D, Relation of rCa2+/rMg2+ to (rCa2+ + rMg2+)

Ôèã. 3. Çàâèñèìîñò ìåæäó ñúäúðæàíèåòî íà HCO3
— è äðóãè âàæíè éîíè

A – Ca2+; B – Mg2+; C – (rCa2+ + rMg2+); D – çàâèñèìîñò íà rCa2+/rMg2+ îò (rCa2+ + rMg2+)
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is near zero. Correlation of sum of equivalents
(rCa2++rMg2+) to HCO3

— is even stronger (r = 87).
Moderate correlation has correlation of other ions
like SO4

2—, Cl— and NO3
— with HCO3

—, while that with
Ca2+ and Mg2+ is very small and usually r < 0.2.

As the water originates in limestone rocks the
hardness is low, the average value is nearly 3.5 mgeq/l.
Also the SO4

2— concentration is low; the average value
is 18 mg/l.

It is already known that rCa2+/rMg2+ ratio in
groundwater has a clear geochemical implication;
their values are usually lower in dolomite and higher
in limestone (Langmuir, 1971; Zötl, 1974). The mean
rCa2+/rMg2+ ratio for some springs in pure limestone
of Albania is 11.8 and for some dolomite springs is
2.1 (Eftimi, 2005). The rCa2+/rMg2+ ratio for Iskrets
spring is 3.3, which suggests that the water moves in
limestone rich with dolomite. Between rCa2+/rMg2+

ratios and the sums of rCa2++rMg2+ an indirect cor-
relation exist, which is related to the higher solubility
of the limestone than that of dolomite.

Spring discharge – water chemistry

According to Jacobson and Langmuir (1974) two ba-
sic types of spring water chemistry response to dis-
charge are possible. The first is response controlled
chiefly by discharge and independent of the time of

year. The second is response controlled by the season
and largely independent of the discharge. As we will
see in the following the quality variables of Iskrets spring
are controlled mostly by discharge than by season.

Correlation of Ca2+, Mg2+, (Ca2++Mg2+) and of
HCO3

— to discharge of Iskrest spring is a power func-
tion and the coefficient of correlation varies from
0.73 to 0.90 (fig. 4A—D). No correlation of the other
ions like SO4

2—, Cl— and NO3
— to (r < 0.2).

Saturation of the water
with calcite and dolomite

The data indicate that the spring is undersaturated
with respect to calcite and dolomite, but the amount
of undersaturation with respect to dolomite is much
greater than that with respect to alcite. This is ex-
plained with the high solution kinetics of calcite in
comparison with dolomite (Thrailkill, 1977; Appelo,
Postma, 1999). As seen on fig. 5 the indexes of cal-
cite and dolomite saturation have strong correlation
with the sum of (Ca2++Mg2+). Correlations of SIc
and SId to discharge are also strong (r = 0.8); the
saturation of the water with calcite and dolomite is
higher during small discharges and it is smaller dur-
ing large discharges of the spring. This reflects the
time duration of the contact of groundwater with
the aquifer rocks.

Fig. 4. Relation between discharge and major ions
A, Ca2+; B, Mg2+; C, (rCa2+ + rMg2+); D, HCO3

—

Ôèã. 4. Çàâèñèìîñò ìåæäó äåáèòà íà èçâîðà è êîíöåíòðàöèèòå íà ïî-âàæíè éîíè
A – Ca2+; B – Mg2+; C – (rCa2+ + rMg2+); D – HCO3

—
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Characterization of physical
aspects of karst

There are at least two end member types of the ground-
water flow in karst aquifers: conduit flow and diffuse
flow. The variation of the physical and chemical char-
acteristics of the springs could be used to character-
ize physical behavior of the karst aquifers (Shuster,
White, 1971; Jacobson, Langmuir, 1974), and this

could be done having in sight also the limitations
(Scanlon, Thrailkill, 1987). Changes in water chem-
istry may be described through the use of the coeffi-
cient of variation – CV. According to Shuster and
White (1971), and Jacobson and Langmuir (1974)
the coefficients of variation result greater for the con-
duit flow springs and less for diffuse flow springs.

Table 2 shows coefficients of variation for some
variables measured in Iskrets spring compared with
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Fig. 5. Relation between SIc and SId vs (Ca2++Mg2+)
A, SIc; B, SId, SIc and SId vs discharge; C, SIc; D, SId

Ôèã 5. Çàâèñèìîñò íà èíäåêñèòå íà íàñèùàíå (SIc è SId ) îò ñóìàòà (Ca2++Mg2+)
A – SIc; B – çàâèñèìîñò íà èíäåêñèòå íà íàñèùàíå (SIc è SId) îò äåáèòà; C – SIc; D – SId

Table 2
Comparison of the coefficients for variations of Iskrets spring with the data of Rock
Spring and Thomson Spring (Jacobson, Langmuir, 1974)

Òàáëèöà 2
Ñðàâíåíèå íà êîåôèöèåíòèòå íà âàðèàöèÿ íà Èñêðåöêèÿ èçâîð ñ ðåçóëòàòè îò
Ðîê ñïðèíã è èçâîðà Òîìñúí (Jacobson, Langmuir, 1974)

Variable Rock Spring 
Conduit type   

Thomson Spring 
Diffusive type Iskrets Spring 

Temperature 26.9 1.4 10.3 
Ca2+ 25.5 6.4 11.7 
Mg2+ 27.6 2.0 30.0 
Total hardness 26.0 4.8 13.6 
HCO3

– 28.6 2.7 14.2 
SO4

2– 12.7 17.8 43.7 
Cl– 17.7 29.0 24.4 
NO3

– 32.0 19.9 46.7 
pH 1.7 0.6 1.6 
Discharge 175 26.3 94.2 
SIc 18.7 16.1 35.5 
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some literature data (Jacobson, Langmuir, 1974).
Coefficients of variations of the used physical and
chemical parameters of Iskrets spring suggest that
this spring is conduit type spring. The evaluation of
all field hydrogeological evidences supports the same
conclusion. The mountain runoff provides essential
groundwater recharge component. The tracer tests
in the studied region, the monitoring on the spring
flow-rate fluctuation and their connection to cli-
matic factors prove water fast movement along karst
channels during spring time and essential influence
over saturated zone during dry seasons (Benderev,
1989).

Conclusions

The analysis of obtained results clearly shows the
impact of karst body on the chemical composition
of spring waters. The significant variations of the

Iskrets spring flow rate influence on to the alteration
of main ions concentrations characterizing ground-
water-rock interaction. The flow rate variations also
lead to a change of karstification activity indicators.
These results confirm the data on the nature of Iskrets
karst structure and the groundwater flow regime ob-
tained by other methods of exploration.

Iskrets spring is of conduit type; the water moves
mainly in large fractures and solution openings. The
spring is recharged by the infiltration of the precip-
itation in the Iskrets karst basin and via sinkholes.
The main controlling factor of the chemistry of Iskrets
spring is the lithology of rocks and discharge of the
spring. The time of contact water-carbonate rock, as
well as the nature of water movement plays essential
role on the chemistry of the Iskrets spring. The ob-
tained results and the final conclusions are confirmed
by regime investigation and indicator tests. That is
why this methodology could be successfully applied
for other karst springs.
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