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1-Introduction

The physicochemical and isotopic parameters of the springs are essential because they represent the primary
characteristics of precipitation and the history of groundwater flow in the karst. Among the types of existing
aquifers, karst aquifers show suitable conditions for recharge (Simsek et al., 2008). Still, due to the
permeability distribution, hydraulic head, and different recharge rates in other parts of the aquifer, the
hydrogeological investigation of these aquifers is challenging (Bonacci, 1993; Nur Ozyurt and Serdar
Einsiedl, 2005). The analysis of the recession curve of karst springs, especially the shape and coefficient of
the recession curve, provides valuable information about the hydrodynamic and hydrogeological
characteristics of the karst aquifer (Kalantari et al., 2011; Mohammadi Behzad et al., 2015; Mir Hassani et
al., 2017). After precipitation, the water level of diffuse springs increases, and at the same time, as this
grows, the hydrochemical parameters also change depending on the flow type.

In general, in conduit systems, the range and the coefficient of changes are higher, but in diffuse
systems, these ranges and the coefficient of changes are lower (Shuster and White, 1971; Jacoboen and
Longmuir, 1974; Karimi and Raeisi, 2003; Karami, 2010).

The Jahrom-Asmari limestone aquifer of the Sangvil anticline includes dolomite layers and thick to
medium calcareous dolomite layers with a thickness of about 800 meters. Surface karst effects in the study
area are mainly in the form of fissured karrens. Regarding the karst hydrological works, It can also mention
the existence of permanent springs downstream of the river.

The largest outlet of this aquifer, Khederzendeh spring, with an average discharge of 450 liters per
second, is discharged from near the contact of the Razak marl formation with the Asmari-Jahrom carbonate
formation. In this research, hydrogeology and isotope studies have investigated the way of recharge in the
Khederzendeh karst spring.

2-Material and methods

The study area is located in Chahar Mahal & Bakhtiari province on the Beheshtabad River. Asmari-Jahrom
limestones are in the form of an anticline with a northwest-southeast plunge on the right flank of the
Beheshtabad dam reservoir, and the dam reservoir is in contact with the limestones of this area. The
discharge of two Khederzendeh and SPL springs was measured weekly, the degree of determination of
physicochemical parameters, springs of Khederzendeh, SPL, boreholes of PR1, PR2, OB5, and OB7 were
measured monthly to carry out hydrogeological studies. In addition, precipitation samples were collected
monthly and sent to the laboratory to carry out isotopic studies. The (LGR Laser spectroscopy) method was
used for the isotope analysis of the collected samples.

To investigate the flow system in Jahrom-Asmari formation, karst, discharge, hydrochemical, and
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environmental isotope data of springs, boreholes, precipitation, and river were studied.

The interpretation and analysis of the recession curve of selected springs in the study area, analysis and
investigation of physicochemical parameters, drawing of local meteoric water line, and determination and
interpretation of the isotopic composition of water sources have been used to determine how to recharge
Khederzendeh spring.

3-Results and discussions

3-1- Determining the type of flow using the recession curve

Based on the measurements and studies, the recession curve of the springs was drawn to determine the flow
type. The recession curves of both Khederzendeh and SP. springs indicate the intermediate flow (diffuse-
conduit) in these springs.

3-2- Determining the type of flow using physicochemical parameters and environmental isotopes
One of the ways to differentiate between the diffuse and conduit flow is to interpret the temporal changes
of the physicochemical parameters. Therefore, Khederzendeh and SPL springs, boreholes of PR1 and PR2
on the north flank, and boreholes of OB5 and OB7 on the south flank were used to determine the type of
flow using physicochemical parameters. According to the change coefficients of the studied parameters, as
well as the results of the recession curve, it indicates the existence of an intermediate karst system, a diffuse-
conduit flow.

The local meteoric water line was drawn (Figure 1), and the following equation with a 96% correlation
was obtained for the precipitation of the studied anticline catchment area using the precipitation samples.

oD =6.35180 + 14.98 equation 1

The local meteoric water line has a lower slope than the global and Mediterranean water lines, which
indicates the local influencing conditions in the studied area. As shown in Figure (1), the water samples are
mainly located in the range with low 8D and 6180 compared to the local meteoric water line of the area,
which shows recharge from snow and high altitudes. In addition, the samples of the boreholes of the
southern flank are very close to the samples of the Khederzendeh spring, which indicates the more
significant influence of the south flank in the recharge of the Khederzendeh spring.
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Fig. 1. The position of the measured samples compared to the local meteoric water line

Studies show that there is no point in recharge (sinkhole) in the aquifer, and the joint and fracture system
mainly recharge in the Jahrom-Asmari limestones. Therefore, the isotopes of the anticline aquifer have
lower values than the local meteoric water line and the river. Conflankring the high effect of precipitation
and low temperature on the precipitation isotopes of the range, it can be concluded that the months with a
low number of precipitation occurrences and high precipitation volume and snow recharge determine the
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isotopic composition of the anticline aquifer. This way, precipitations with low volume and high isotope
composition penetrate less into the aquifer.

4-Conclusion

Physicochemical and isotopic studies of Jahrom-Asmari formation show the flow distribution in the
intermediate and diffuse range. The flow in the first stage is a function of joint and fissure. In the next stage,
itis a function of dissolution. In addition, stable environmental isotopes indicate recharge from precipitation
with high volume and low isotope amount and recharge from snow in high altitudes. The similarity of the
isotopes of the boreholes on the southern flank to the stable isotopes of the spring indicates the higher
contribution of the current on the south flank to the recharge of the largest outlet of the anticline
(Khederzendeh spring). In the end, the result shows that it is possible to use environmental isotopes, along
with other physicochemical parameters, in addition to the history of the flow, can be used to characterize
the karst flow system.
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Table 1. Specifications of measured points for hydrogeological and physicochemical studies

Name Type
Khederzendeh (SP5) Spring
SP Spring

PR1 Borehole

PR2 Borehole

OB5 Borehole

oB7 Borehole

UTM
X Y
461427 3538638
462085 3538786
462184 3542325
462358 3540063
461694 3539861
461790 3539378
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Table 2. Specifications of measured points for isotopic studies

Name Type UTM

X Y
P1 Precipitation 461164 3541439
P2 Precipitation 461259 3538887
Khederzendeh (SP5) Spring 461427 3538638
SP Spring 462085 3538786
SP-Sardab Spring 453738 3550260
SP-Baghrostam Spring 467001 3545178
Koohrang River 462252 3543777
Kiar River 462842 3540509
Beheshtabad River 463515 3541967
Sabsekoh River 462328 3533897
PR1 Borehole 462184 3542325
PR2 Borehole 462358 3540063
0OB2 Borehole 461789 3539672
OB3 Borehole 462216 3541540
OB4 Borehole 462009 3543358
OB5 Borehole 461694 3539861
OB6 Borehole 461468 3539161
oB7 Borehole 461790 3539378
OB8 Borehole 461472 3538928
OB11 Borehole 461531 3540716
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Table 3. Mean, standard deviation and coefficient of variation of physicochemical parameters of springs

Spring SP5 SPL

Number N=12 N=12
PARAMETER Ave SD CcVv Ave SD CcVv
Calcium (me/l) 25 034 1363 26 03 129
Magnesium (me/l) 12 018 1503 15 02 152
Sodium (me/l) 4.2 0.62 1476 43 0.6 14.7
Potassium(me/l) 01 0.02 1774 0.1 00 144
Bicarbonate (me/l) 32 039 1233 34 0.3 8.0
Sulfate (me/l) 1.3 008 583 14 0.1 5.4
Chloride (me/l) 3.9 0.21 540 4.1 0.3 6.2

Dissolved Solids (me/l) 5745 363 6.3 6036 39.93 6.62
Conductivity (um/cm) 7941 217 27 8020 8240 114

pH 81 03 40 81 03 43
T (°c) 131 02 18 130 02 12
Q (lit/s) 4387 694 158 353 169 479
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Table 4. Mean, standard deviation and coefficient of variation of physicochemical parameters of boreholes
Spring PR1 PR2 OB5 0oB8

Number N=12 N=12 N=12 N=12

Parameter Ave SD Ccv Ave SD Ccv Ave SD CV  Ave SD Ccv
Calcium (mef/l) 1.8 027 1474 23 0.38 1645 2.0 03 132 15 0.20 12.87
Magnesium 15 024 1613 16 0.29 18.06 1.6 03 169 13 0.21 1554
Sodi(l:nn?/(lr)nell) 0.1 0.02 1541 28 053 1884 24 04 158 0.2 0.03 17.74
Potassium(me/l) 0.2  0.04 1914 0.1 0.01 1551 0.1 00 223 01 0.03 21.65
Bicarbonate 2.4 0.16 6.72 29 020 6.78 29 03 120 23 0.19 842
Sulf(aTeeélrLe/I) 1.0 0.08 7.94 13 0.23 17.28 1.2 0.1 113 06 0.12 208
Chloride (me/l) 04  0.08 19.17 3.2 0.21 6.55 1.8 02 122 04 0.06 15.60

Dissolved 2848 1407 494 5034 2820 560 4046 2802 6.93 2522 1953 7.74

Solids (me/l)
Conductivity ~ 397.4 4834 1216 529.0 26.75 5.06 5238 2641 504 03 0.02 6.88
(um/cm)
pH 8.1 0.37 4.63 8.0 0.41 5.06 8.1 041 512 81 036 445
T (°c) 15.1 1.13 7.48 151 151 10.02 155 084 538 155 0.84 5.38
WT (m) 1413 11 08 1713 094 055 2208 083 038 2208 0.83 0.38
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Table 5. Measured environmental isotopes from precipitation samples

Name Date D Uncertainty 018 Uncertainty
(per mil) (per mil)
P1 1395/10 2.37 0.35 -1.73 0.11
P1 1395/11 -21.85 0.4 -5.95 0.15
P1 1395/12 -12.95 0.4 -5.16 0.15
P1 1396/01 -36.79 0.88 -1.76 0.1
P1 1396/02 -4.3 0.94 -2.85 0.16
P2 1395/10 -6.84 0.66 -3.6 0.13
P2 1395/11 -12.5 0.59 -5 0.14
P2 1395/12 -18.81 0.91 -5.62 0.13
P2 1396/01 -33.12 0.66 -6.93 0.21
P2 1396/02 6.53 0.74 -1.07 0.1
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Fig. 5. Local meteoric water line of the study area
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Table 6. Environmental isotopes of Khederzendeh spring (SP5) and borehole (OB5)

Name Date D Uncertainty 018 Uncertainty
(per mil) (per mil)
OB5 1395/09 -33.22 1 -7.72 0.12
OB5 1395/10 -32.91 0.7 -7.86 0.13
OB5 1395/11 -34.53 1.09 -7.89 0.1
OB5 1395/12 -34.58 0.7 -7.8 0.09
OB5 1396/01 -34.86 0.95 -7.93 0.08
OB5 1396/02 -33.87 0.61 -7.52 0.22
OB5 1396/03 -34.99 0.88 -7.78 0.14
OB5 1396/04 -36.49 0.87 -71.72 0.2
SP5 1395/09 -32.91 0.59 -6.97 0.17
SP5 1395/10 -34.07 0.92 -7.16 0.24
SP5 1395/11 -33.19 0.79 -7.02 0.19
SP5 1395/12 -32.33 0.53 -7.07 0.13
SP5 1396/01 -31.84 1.06 -6.85 0.15
SP5 1396/02 -31.81 0.59 -7.02 0.12
SP5 1396/03 -32.54 1.16 -6.64 0.32
SP5 1396/04 -32.74 0.89 -6.77 0.23
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Table 7. Environmental isotopes of springs and boreholes in May

Name Date D Uncertainty 018 Uncertainty
(per mil) (per mil)
SP-Sardab 1396/02 -24.59 0.79 -6.11 0.08
SP-Baghrostam 1396/02 -29.92 0.95 -6.28 0.16
SP| 1396/02 -34.38 0.67 -6.75 0.16
Kohrang-river 1396/02 -28.83 1.06 -6.44 0.11
Kiar-river 1396/02 -29.08 0.53 -6.63 0.66
Beheshtabad-river 1396/02 -27.43 1.16 -6.13 0.06
Sabsekoh-river 1396/02 -26.34 0.72 -6.51 0.21
PR1 1396/02 -36.27 0.84 -7.22 0.16
PR2 1396/02 -35.2 0.78 -7.29 0.27
0oB2 1396/02 -33.16 0.82 -7.13 0.16
0OB3 1396/02 -34.74 0.97 -7.11 0.22
OoB4 1396/02 -25.86 0.85 -5.54 0.19
OB6 1396/02 -35.4 0.72 -6.58 0.1
oB7 1396/02 -33.58 0.49 -6.58 0.19
OB8 1396/02 -32.97 0.7 -6.42 0.21
OB11 1396/02 -35.81 0.88 -7.02 0.17
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Fig. 6. The position of the measured samples compared to the local meteoric water line
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Table 8. Mean, standard deviation and coefficient of variation of precipitation compared to borehole (OB5) and
Khederzendeh spring (SP5).

Name 0OB5 SP5 P1 P2
Number 8 8 5 5

Parameter D 018 D 018 D 018 D 018

(permil)
MIN

MAX

-36.49 -7.93
-32.91 -7.52
Average -34.4 7.8 -32.7 6.9
SD 113 0.13 0.74 0.17
cVv 33 17 23 25

-34.07 -7.16
-31.81 -6.64

-36.79 -71.76
2.37 -1.73
-14.7 -4.7
15.34 2.42
104.3 515

-33.12
6.53
-22.1
16.60
1131

-6.93
-1.07
-5.0
3.08
50.3
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Fig. 7. Monthly changes of the deuterium of Khederzendeh spring (water year 2016-2017)
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