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Accepted: 15 July 2025 provinces that are discharged from the Asmari limestones of the Lar anticline. The protruding surface of
the Asmari limestones of the anticline is not proportional to the volume of water discharged from these
springs. Based on the summary balance and hydrograph of the springs discharge, there are important
water sources in the study area (including the Nile anticline) that can interfere with the recharge of the
mentioned springs. Therefore, to evaluate this issue, the value of stable isotopes of oxygen (*¥0) and
hydrogen (?H) of all water sources in the target area (discharge) and in the recharge area was determined
for two periods (May 2023 and May 2024). Then, using these isotopic results and the local watershed
line (LMWL), the source of recharge of the springs in the target area was investigated, and the height of
the recharge area and the possible recharge share of these springs from the water sources in the area were
determined. The results showed that the elevation of the recharge area of the springs in the target area
corresponds to their elevation in the Nile karst anticline. However, the share of water received by the
Siah Spring is slightly higher compared to the water received by the Belgis Spring from the Nile anticline.
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Introduction

In the analysis of water resources studies of the karst, it is
of great importance to know the source of water entering the
karst system. In general, the water entering a karst aquifer
may originate from one or more sources (Mohammadi
Behzad et al., 2015). In the most complex conditions,
recharge can occur both from adjacent karst areas and from
surface water sources available in the region, such a situation,
in developed Kkarst areas, may be accompanied by the
emergence of springs with unexpected water discharge
(Kalantari et al., 2016).

Hydrogeological studies are often insufficient to describe
the hydrodynamics of groundwater in karst environments
because groundwater flows both through fractures and
through karst channels (Kohfahl et al., 2008). Several factors,
including structural and lithological conditions, can control
the hydrodynamics of groundwater in a shale environment at
local and regional scales (Scanlon et al., 2002; Ford and
Williams, 2007; Fiorillo, 2009; Kalantari et al., 2011).

Attention to these factors seems essential for a better
understanding of the recharge rate and regime in a shale
system. Comparing the composition of stable oxygen (¥0)
and hydrogen (°H) isotopes in water from atmospheric
precipitation (rain or snowmelt) and shale groundwater can
be a valuable tool for assessing the recharge mechanism
(Barbieri et al., 2005; Yeh et al., 2011). Today, the use of this
tool has many supporters around the world. For example,
using stable isotopes, important information has been
obtained regarding the mean elevation of the main springs of
the Gaca River basin in Croatia (Mandi¢ et al., 2008). In
addition, a systematic review of the results of previous karst
research in southwest China aimed to classify and summarize
the stable isotope characteristics of groundwater.
Comprehensive analysis reveals that the deuterium and
oxygen isotope values of most Kkarst groundwater are
characterized temporally as ‘enriched in the rainy season and
depleted in the dry season’, which is the opposite of the
pattern of precipitation. While the spatial distribution feature
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is basically consistent with the spatial variation pattern of
precipitation, which is characterized as ‘depleted from the
coast to the interior’. In addition, the main applications of
stable isotopes in karst groundwater include determining the
groundwater recharge source and identifying the recharge
height, investigating the hydrological cycle of groundwater,
and tracking groundwater pollution (Tang et al., 2024).

By comparing the isotopic compositions of precipitation
and groundwater discharge, the mixing between different
parts of the groundwater reservoirs of one of the best-known
and largest karst areas in Germany (the Blautopf catchment)
was assessed. The homogeneous isotopic composition of the
Blautopf spring was unexpected, as its highly variable
discharge (0.3 to 32 m3/s) is indicative of a rapidly reacting
karst system. This isotopic homogeneity can be explained by
the almost complete mixing of the water in the vadose zone
as well as the minor role of the fast conduit system in the
water balance of the Blautopf spring catchment (Schwarz et
al., 2009).

The Capodacqua di Spigno spring was studied using the
combination of oxygen-18 and deuterium isotopes of
groundwater, together with hydrological characteristics, to
identify the recharge zones of a karst aquifer in the southern
Latium region of Italy. Since the 8180 and 62H values of
groundwater samples are natural tracers of the recharge zone
elevation, a model based on the distribution of catchment
basin surfaces as recharge zones, relative to elevation, was
proposed. This model estimates the percentage of the
catchment topography in recharge of the aquifer for each
discharge value (lacurto et al., 2020). Using isotopic tracers,
the issue of recharge and local and regional groundwater flow
in a limestone system in central Portugal was investigated.
Based on the results, environmental isotopic data (5°H and
5180) indicates that the main recharge area of the
thermomineral system is linked to the Jurassic limestones.
The thermomineral aquifer system seems to be “isolated”
from anthropogenic contamination, which is typical for the
local shallow groundwater systems, due to the existence of
impermeable layers composed of a series of loamy and
detritic rocks of the Upper Jurassic. To investigate the
hydrological cycle in the southeastern Tibetan Plateau of
China, 80 and &H were measured in waters of a
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mountainous area (Huangbengliu watershed). River water is
isotopically more depleted in 520 and &°H than precipitation
and groundwater, but richer than meltwater. The isotopic
composition of river water shows a decreasing trend from
upstream to downstream, which is caused by the input of
tributary waters with heavy isotope-depleted water. Based on
an isotopic mass balance model, the contribution of
meltwater inputs to the total river flow varies from 25.5 to
61.8%. This study shows that ice-snow melting and tributary
inputs are the dominant mechanisms regulating the isotope
hydrology of the river (Meng and Liu, 2016). The spatial and
temporal distribution of 50 and &°H measurements of
precipitation and groundwater were used to identify the
recharge areas of groundwater/springs in a mountainous
catchment of the western Himalaya. The & **O and & ?H of
precipitation showed marked spatial and seasonal. 50 and
8%H of precipitation is strongly influenced by the basin relief
and meteorology. The §*¥0 and 8H in groundwater showed
a narrow spatial and temporal variation in comparison to
precipitation. The most depleted (in heavier isotopes)
isotopic values were observed in karst springs and most
enriched (in heavier isotopes) isotopic values were observed
in shallow groundwater samples. The results suggest that the
groundwater with most depleted isotopic values have
recharge areas at higher altitudes, whereas the groundwater
with less depleted isotopic values have recharge areas at
lower elevations (Jeelani et al., 2018). Similar studies have
been conducted around the world (Yuan et al., 2011; Sappa
etal.,2012; Dunetal., 2014; Filippini et al., 2015; Verbovsek
and Kandu¢., 2015; Liu et al., 2016).

In this study, for the first time, the source and recharge
status of two important karst springs in Kohgiluyeh and
Boyer Ahmad provinces (Belgis and Siah springs) were
investigated using the analysis of stable isotopes of oxygen
(**0) and deuterium (?H) in precipitation and spring water
and simultaneous analysis of the daily hydrograph of these
springs.

Materials and Methods

In order to obtain details of the recharge status of Karst
Belqis and Siah springs, isotopic sampling was carried out
from them during two periods (May 2023 and May 2024). In
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addition, sampling was also carried out from other springs in
the area, including Abriz, Korsa, Mugher, Pirzal and
Khimand springs. It should be noted that the samples were
collected directly from the source of each spring. The isotopic
samples were sent to the laboratory of Mesbah Energy
Company in Arak to determine the amounts of stable isotopes
of oxygen (*¥0) and hydrogen (?H), the results of which are
presented in Table (1). The isotopic composition of oxygen
and hydrogen of all samples was measured by IRMS. The
conventional H.O-CO;, balance was used to measure the
oxygen isotopes of water samples (Epstein and Mayeda,
1983). Thus, first about two milliliters of each water sample
is equilibrated with CO, gas at a standard temperature of
25+1°C, then the CO; gas is purified by cryogenic operation
in a vacuum line and then extracted. Zinc metal has also been
used to measure hydrogen isotopes to produce hydrogen gas
(Coleman et al., 1993). In order to evaluate the hydraulic
relationship of the water resources of the study area, first,
using rainwater and snow data of the study area and rainwater
isotopic data of the Zagros region (Farhadi et al., 2019), two
local hydro-atmospheric lines were drawn. The reason for
drawing two local hydro-atmospheric lines that have
different slopes is to strengthen and support the analysis of
isotopic results.

Hydrogeological and geological status

The Belgis and Siah springs are the most important
natural dischargers of the Lar anticline and the Arend karst
aquifer. The mentioned springs are among the large karst
springs in the northwest of Kohgilouyeh and Boyer-Ahmad
provinces, which play an important role in providing drinking
water, agriculture, and tourism development in Kohgilouyeh
County. The manifestation of these springs is located in the
direction of the fractured zone resulting from the operation of
the Khark-Mish basement fault and in the direction of the
anticline plunge. The reservoir rock recharge the springs is
the Asmari limestone-karst formation, which occupies part of
the outcrop area of the Lar anticline. The elevation of the
emergence of the Belgis and Siah springs is 713 and 690
meters above sea level, respectively. The water flow of the
Belqis spring in the water year 2022-2023 fluctuated from
about 1.34 cubic meters in February 2022 to 0.75 cubic
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meters per second in October 2023. The water flow of the
Siah spring fluctuated from about 1.1 cubic meters in
February 2022 to 0.35 cubic meters per second in November
2022. The location of these springs is depicted in Figure (1).
The Lar anticline is a two-sided and asymmetrical anticline
with a length of 35 km. Its general extension is N45W in the
northwest cape and S50E in the southeast cape. The surface
cover of the Lar anticline consists of hard and resistant
limestones of the Sarvak Formation, Asmari, Khami Group
and shales of the Kzhdami Formation. Conventionally, the
boundary of the Asmari Limestone with the Pabdeh
Formation is considered as the boundary of the Arend and
Lar karst aquifers and the axis of the Lar anticline. As a result
of the activity of transverse fractures, the southeastern ridge
has been eroded, creating a karst tectonic valley and the
outcrop of the Spring Khimand. In fact, the Spring Khimand
is considered the most important drain of this ridge. Most of
the northwestern ridge of the Lar anticline is covered by the
Asmari Limestone Formation. This formation has created
important heights, such as the Chasht Khoran Mountain. The
northwestern plunge of the anticline is limited by the Khark-
Mish fault. In fact, the Lar anticline is the most important
anticline containing a groundwater reservoir in the study area.
Tectonically, along the fault line located in the northwest,
transverse fractures, the Kharak-Mish fault, and the action of
hidden thrust faults located in the Asmari limestone area have
severely crushed the Asmari limestones, thus providing
conditions for the development of karst in this area, and hence
the formation of karst aquifers in this area; the discharge of
the permanent Siah and Belgis springs confirms this.

In addition, the structural and hydrogeomorphological
function of the thrusts also controls the hydrodynamics of
recharge and discharging the springs, so that these thrusts act
as a hydraulic barrier against the water flows entering the
aquifer hosting the springs, and also the general direction of
groundwater flow within and outside the basin is also under
their control. Of course, the establishment of hydraulic
communication and water balance between the karst basins
of the area in question,this study is carried out by other faults.
These faults are related to the main and fundamental faults of
the region, namely the Dehdasht shear zone and the mountain



Kalantari et al

Identifying the recharge sources of important karst springs in ...

frontal basement fault, which, by creating suitable tensile
spaces, can balance the water deficit of the Arend karst basins
(Belqgis and Siah springs) with the high water potential of the

adjacent karst basins.

According to the results obtained from the water balance
studies of the karst basins of the study area, Table (2), the
Avrend Kkarst aquifer (northeastern ridge of the Lar anticline),
which hosts the Belgis and Siah springs, has only the ability
to feed about 39.6 million cubic meters of water from this
spring and its water balance is negative. Therefore, it is
expected that a large part of the water of these springs is
supplied from one or other sources. The hydrograph study of
both springs also provides important evidence. According to
the hydrograph of these springs (Figures 2 and 3), there are
important peaks in the water flow of both springs in the wet
and dry periods. The time intervals of the main peaks formed
in the wet periods during the studied period of the water years
2022-2023 from the beginning of concentrated rainfall to the
time of occurrence lasted on average more than a month,
between 25 and 31 days for the Belgis spring and 32 to 36
days for the Siah spring. This time delay for a karst spring is
approximately between one and five days above normal
(Karami, 1993) and shows that the karst springs of Belgis and
Siah have a large catchment area and a significant part of their
recharge is provided by water coming from distant places.
Also, in the case of the water flow peaks that occurred during
the dry period, it is certain that rainfall did not play a direct
role in their formation. The only evidence that can be
considered for the occurrence of these peaks is the water
resulting from the melting of snow masses on the surface of
the karst basin recharge these springs. However, during the
period under study, there was not much snowfall in the
surface of the karst basin hosting Belgis and Siah springs and
these basins are not snow-holding. Hence, it can be
concluded that the adjacent karst basin(s) that are snow-
holding can be involved in this recharge. Considering the
geological and tectonic conditions and the balance estimate,
the Nile karst basin has the potential to contribute to the
recharge of the Belgis and Siah springs. According to the
balance studies, approximately 40 percent (23.5 MCM) of
the water of the Belgis and Siah springs can be supplied from
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this karst anticline (Table 2) and the rest, on average, about
39.6 MCM, can be supplied from the Arend Kkarst aquifer.
Unlike the two anticlines Siah and Lar, the Nile Mountain has
precipitation in the form of snow every year. So that the
surface of this anticline is covered with snow for half of the
year. The Abriz spring is an important outlet of this anticline,
which has emerged along the northwest plunge of the
anticline. The hydrogeological and hydrogeochemical
characteristics of this spring, along with the Belgis and Siah
springs, are presented in Table (3). The average discharge
rate of the Nile anticline by the Abriz spring is about 4.4 cubic
meters per second (equivalent to 141 MCM) (Table 2). This
figure constitutes about eighty percent of the volume of
infiltration water resulting from precipitation on the surface
of this anticline. Therefore, the water balance of this anticline
is positive and, according to the rule of hydrological balance,
this water can be transferred to the adjacent karst aquifers that
have a negative water balance. Based on the tectonic studies
and morphological evidence mentioned above, strike-slip
faults resulting from the operation of the main and
fundamental faults of the region, namely the Dehdasht shear
zone and the mountain frontal basement fault, can be a factor
in the water balance between the karst aquifers of the studied
region. Considering this evidence, the possible routes of local
and regional flows contributing to the recharge of the Belgis
and Siah springs were determined (Figure 1). Based on this
evidence, at least two main routes in the form of regional
flows can contribute to the recharge of the springs. Studies
have shown that although the second route covers a greater
distance, it is more fragmented and therefore has wider
channels due to its location along the bedrock lines and shear
zone.

Hydraulic connection of water resources in the study
area

Based on the results of H and O isotope analysis in the
first stage of the isotopic studies in May (2022), all spring
water samples are arranged close to the local watershed and
far from the global watershed (Figure 4). As shown in Figure
(4), the Abriz, Siah, and Belgis springs follow a linear trend.
The linear trend between the springs indicates that these
springs have hydraulic connection. The Abriz spring shows
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greater depletion than the other springs. The more negative
values of the oxygen-18 and deuterium deltas of this spring
compared to the Siah and Belgis springs can be explained as

follows:

1. Its emergence location is at a higher altitude (1064
meters) than the Siah and Belgis springs, 2. It is located closer
to the recharge source, therefore it responds to rainfall with a
shorter time interval, 3. Only one source is involved in its
recharge, for this reason less isotopic mixing and separation
occurs in this spring, but the waters participating in recharge
the Siah and Belgis springs, in addition to rotating within the
calcareous aquifer of the Nile and traveling a long path, must
pass through several formation layers (the shale and marl
layers of the Pedeghuri formations) to enter the calcareous-
dolomite aquifer that hosts the springs. Therefore, the
reaction between water and rock due to the long flow can be
one of the effective factors in increasing the isotopic
exchange of the waters recharge these springs (Cartwright et
al.,2012; Kandu€ et al., 2014; Verbovsek and Kandug., 2015;
Mustafa et al., 2016). 4. For the aforementioned reasons, as
well as the point and rapid recharge and, as a result, the very
short residence time of the incoming water in the reservoir
recharge the spring, the isotopic exchange between the
incoming water and the reservoir rock occurs to a limited
extent. While this is clearly seen in the case of the Siah and
Belgis springs. Although the Belgis and Siah springs
appeared at almost the same height, the values of the oxygen-
18 delta and deuterium of the Siah spring are slightly lower.

This can be due to the following reasons :

1. The higher percentage of recharge of the Siah spring
than the Belqis spring from common recharge sources
(adjacent karst basins). 2. Higher percentage of rapid flow of
Siah Spring compared to Spring Belgis, in other words,
greater influence of channel flow on Spring Siah outlet
discharge compared to Spring Belgis (common recharge path
of both springs), therefore there is less opportunity for
isotopic mixing and separation and isotope equilibrium in
Spring Siah. It should be noted that based on the first stage
studies, Peerzal and Korsa springs follow a linear trend (with
very limited isotopic separation) (Figure 4). The linear trend
between the aforementioned springs indicates that both
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springs are fed by the same parent water (with primary
origin). It should be noted that these springs do not have a
specific connection with adjacent karst basins and are all fed
by the Black Anticline. Khimand spring also does not show

a specific connection with adjacent karst basins.

In the second stage of the isotopic studies in May (2023),
in addition to sampling from the springs in the study area,
snow in the Nile anticline was also sampled. Based on the
results of the second stage of isotopic studies, in addition to
repeating the linear trend between the springs of Abriz, Siah
and Belgis and the snow samples of the Nile anticline, there
is also a linear relationship (Figure 5). These springs show
less depletion than the snow samples. The linear trend
between the springs indicates that the springs probably
originate from a single water source with the same climatic
and nutritional conditions. To assess this issue, the height of
the recharge area of the springs of Abriz, Siah and Belgis was
estimated using two methods of elevation isotopic gradient
and using geological and topographic maps, the results of
which are presented in Table 4. It is important to note that the
altitudinal isotopic gradient can be obtained using rainfall
samples collected from different altitudes in the study area.
For this purpose, the oxygen-18 isotope values are used more
often than deuterium (Azzaz et al., 2008).

The isotopic elevation gradient obtained for this study
was obtained from the combination of elevation gradients
against the delta values of oxygen-18 and deuterium isotopes
of the isotopic rainfall data of the Middle Zagros region
(Abedian and Mojiri, 2024). However, the unreasonable use
of the average isotopic gradient for a regional scale can lead
to significant errors in the estimation of the recharge height
(Lastennet, 1994). Therefore, the use of these gradients is
always difficult due to the complexities of the topography
and geological structures, as well as the low accuracy in
determining the hydrodynamic parameters (such as flow rate,
permeability, and reservoir size). Thus, the recharge heights
estimated by the above method must be controlled by
geological and topographic criteria (Azzaz et al., 2008).
Based on the results of the methods mentioned in Table (4),
the minimum recharge height of the Belgis and Siah springs
should be more than 2600 meters. This is while the average
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height of the host anticline of the Belgis and Siah springs,
namely the Lar anticline, is 1657 meters and the elevation of
the springs is 713 and 690 meters respectively. On the other
hand, the recharge height of these springs is almost close to
the recharge height of the watershed spring in the Nile
anticline, so it can be concluded that the host basins of the
springs are not the only ones responsible for their water
supply and the adjacent karst anticline, namely the Nile
anticline, which has a higher height and is consistent with the
estimated value from both methods, can interfere in recharge
these springs.

Results and Discussion

The results of the summary balance of the karst basins of
the study area show that the topographic level of the karst
aquifers hosting the Siah and Belqis springs is less than the
amount required to supply the outlet water of these springs.
On the other hand, in the vicinity of these anticlines there are
aquifers such as the Nile karst aquifer, which have a
topographic level greater than the amount required to supply
the outlet water of the springs and can compensate for the
water deficit of the Siah and Belgis springs. The occurrence
of important water flow peaks in dry periods with a long
delay (on average more than one month) in the hydrograph
of the Siah and Belgis springs shows that these springs have
a large catchment area and a significant part of their
recharging is provided by water originating from distant
points and snowmelt. Since the karst basins hosting the Siah
and Belqgis springs are not snow-bearing, it is expected that
the adjacent karst (snow-bearing) basin(s) will interfere in the
water supply. To investigate this issue, the stable isotopes of
oxygen (**0) and hydrogen (?H) of the springs of the target
area (including the Siah and Belgis springs) and the spring
(Abriz) in the source area (recharge area) were evaluated for
two sampling periods. The results of these studies show that
there is a strong linear relationship between the karst aquifers
hosting the Siah and Belgis springs with the karst aquifer
hosting the springs of the source area (the Nile Karst
Aquifer). Also, based on isotopic data and geological and
topographic maps, the elevation of the recharge area of the
aforementioned springs does not match the average elevation
of their host basin, the Lar Karst Basin, and is consistent with
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the elevation of the recharge area of the Nile Karst Aquifer.
Despite the fact that the climatic conditions and recharge
mechanism of the Siah and Belgis springs are similar, the
examination of the isotopic data and hydrographs of the
springs shows a difference between the composition of stable
isotopes and the hydrographs of both springs, which can be
related to the difference in the hydrodynamic state of their

discharge.
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