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The Nekarood basin is located in the north of Iran and has an area of 2275 km2 . In the Nekarood
Basin, the majority of limestones include thick bedded and massive limestones of Lar Formation and
Cretaceous limestones, and there is also a lesser amount of limestones of the Elika, Dalichai and Ruteh
Formations. Various features such as the amount of outcrop, thickness and lithological characteristics of
karst rocks and their relationship to other lithologies on a regional scale are the geological controls on
karst development. Among these factors, the thickness and lithology of the existing formations in the
studied area are of great importance, in such a way that if the outcropping limestone is thick bedded and
massive, the karstification process is very high. In order to investigate and analyze parameters such as
the hydrograph and recession curve of the basin’s springs, discharge coefficient, type of flow system

(conduit and diffuse), determination of the source of recharge, and water quality of the springs, physical
and chemical characteristics of the springs (discharge, electrical conductivity, temperature, etc.) were
analyzed. In the Nekarood basin, four karst springs, Jezi, Espeo, Kao Cheshmeh, and Senbi have
relatively high discharge rates and were selected for detailed study. The analysis of temporal variations
in discharge indicates that the spring discharge is significantly dependent on regional precipitation. When
precipitation exceeds 15 mm, which is sufficient to recharge the aquifer, the spring water flow increases
after a relatively short time delay. Furthermore, the analysis of temporal variations in electrical
conductivity of the karst springs shows that electrical conductivity decreases as discharge increases. This
indicates that as the karst aquifer is recharged and the proportion of recharged water increases, the
dilution process reduces the dissolved salts in the aquifer water, leading to a decrease in electrical
conductivity. Analysis of the recession curves of the springs revealed that the recession curve for all
selected springs is multi-slope, and the discharge coefficients range from 10-3 to 10-2. Considering that
the coefficient of discharge variation and the recession coefficients are relatively high in all four karst
springs, it can be concluded that the dominant flow system in this karst aquifer is of the conduit-diffuse

type.

Introduction

Karst is defined as an area with a specific morphology
and a significant subsurface drainage system formed by
the dissolution of soluble rocks in natural waters
(Karami, 2002). Karst aquifers are widely distributed
throughout the world and provide water resources for
about a quarter of the world's population (Ford and
Williams, 2007). Springs are one of the most important

hydrogeological features of the hydrological cycle that
can provide valuable information about the groundwater
flow system in karst environments (Fiorillo et al., 2015;
Malik and Vojtkov, 2012). The process of karstification
creates a complex network of fractures and dissolution
channels in the limestone. These fracture networks and
dissolution channels allow water to drain into karst
springs (Fiorillo and Malik, 2019). White (1998) divides
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karst flows into two types: conduit and diffuse, based on
the behavior of springs.

Rouhi and Kalantari (2019) used multi-year hydrographs
to compare the hydrogeological regime of karst springs
in the Kuh Sefid anticline in Khuzestan Province. The
results of this study show that karst reservoirs formed in
the Kuh Sefid anticline exhibit different hydraulic
behaviors. Shamsi et al. (2019) analyzed the Recession
curve of Kkarst springs in the Lasem region and
determined the type of flow system and Karst
development in the region. In the Nekarood Kkarst basin,
there are extensive limestone outcrops in which a karst
aquifer has formed. This karst includes a number of large
and small springs that have not been studied to
investigate the type of flow system in them. Therefore,
the aim of this research is to investigate the
hydrogeological and hydrogeochemical characteristics of
the springs in the Nekarood karst basin and also to
determine the dominant flow system of the springs.
These springs are investigated for the first time in this
research.

Materials and Methods

In order to investigate the dominant flow system in the
Nekarood Karst basin, spring hydrographs and recession
curves, discharge coefficients, the type of flow system
(conduit vs. diffuse), recharge sources, and spring water
quality, the physical and chemical characteristics of the
springs (discharge, electrical conductivity (EC),
temperature, etc.) were analyzed. To construct
hydrographs, spring discharge was measured from July
2022 to October 2023. Discharge variations in the karst
springs are influenced by factors such as precipitation
amount and intensity, the extent and lithology of the karst
formations, the degree of Kkarstification, and the
contributing area of the spring’ s catchment. The shape
of the spring hydrograph reflects the aquifer’ s response
to recharge. In particular, the shape of the recession curve
provides significant insights into the storage and
structural characteristics of the spring’ s source aquifer,
as well as the drainage behavior of the karst system.
Ultimately, by plotting spring recession curves and
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determining discharge coefficients («), along with
analyzing the chemical data of the springs, the dominant
flow regime within the studied karst aquifers, the
evaluation of the karst spring catchments, the dominant
water type, and the predominant aquifer lithology were
characterized.

Results and Discussion

Spring discharge data, coupled with precipitation
records, were utilized to analyze temporal variations in
spring discharge and their correlation with precipitation.
Spring water chemistry data were employed to determine
water type and chemical facies. Electrical conductivity
(EC) in the springs generally increased during the dry
season compared to the wet season. discharge in the
selected springs increased during late winter and spring,
exhibiting a distinct peak. This hydrograph pattern is
indicative of rapid and significant groundwater depletion
through solution conduits, attributable to the influence of
well-developed karst systems within the Lar and
Cretaceous limestones. Hydrograph analysis of the karst
springs is a practical method for determining whether the
flow regime is predominantly conduit or diffuse,
facilitating the calculation of recession coefficients (« ).
The catchments of the studied karst springs are primarily
located at high altitudes and typically receive
precipitation from early May to mid-November.
Discharge variations in these springs are highly
significant, with most exhibiting a dual-recession curve
behavior. In the southern Caspian highlands, recession
curves differ substantially from those observed in other
global karst systems (e.g., those in Yugoslavia), often
showing more than 10 peaks and troughs, lacking a
uniform decline. This characteristic indicates a highly
developed karst system in the region. Consequently, for
recession coefficient calculations, discharge data
between successive precipitation events were utilized.
The spring recession curves exhibit two distinct slopes.
The slope of each linear segment was interpreted as a
recession coefficient («). The steeper initial slope
represents the dominant flow regime and the degree of
karst development, reflecting rapid drainage through
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larger conduits, while the gentler second slope indicates
a slower release from smaller fractures and fissures.
Based on the calculations, recession curve analysis
revealed multi-segmented curves for all selected springs,
with recession coefficients () ranging from 107° to 10~
*. The initial slope reflects the dominance of conduit flow
and karst development, whereas the subsequent slope
reflects drainage from smaller fractures and fissures.

Conclusions

Analysis of the relationship between spring discharge
and electrical conductivity in the region has revealed that
there is an inverse relationship between these two
parameters; specifically, as discharge increases,
electrical conductivity decreases. Additionally, the
dominant electrical conductivity of the springs has
increased in the dry season compared to the wet season.
Hydrochemical investigations have shown that the
predominant water type in the studied springs is
bicarbonate-calcium. To determine the type of flow in
karst aquifers, changes in the physical and chemical
properties of the water exiting the springs are utilized.
The temporal variations in physical (discharge) and
chemical (electrical conductivity) properties of the water
from the springs in the Nekarood basin, following
precipitation events, have been considerably high. The
coefficient of variation of all parameters indicates the
predominance of a conduit-dominated flow system in the
karst aquifer of these springs. Furthermore, the recession
curves of the studied springs exhibit recharge coefficients
ranging from 10~* to 107", which also signifies the
predominance of a conduit-dominated flow system
within the karst aquifer. This is consistent with the
geomorphological characteristics of the study area,
indicating karst development in the Nekarood spring
basin. Moreover, these water-rich springs in the region
are of a fault-controlled type and have formed as a result
of fractures and faults. Considering the above findings,
the characteristics of geomorphology, hydrogeology,
hydrogeochemistry, and hydrogeological balance
mutually corroborate each other.
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Table 1. Statistical parameters of electrical conductivity (EC) and flow rate (Q) of selected springs in the basin

Jezi Speo Kao Senbi
Standard deviation (EC) 78.19 61.12 53.92 54.99
Coefficient of variation (EC) 21.94 16.19 11.94 11.11
Standard deviation (Q) 19.4 41.61 20.44 47.16
Coefficient of variation (Q) 29.2 30.99 26.01 30.57
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Table 1. Physico-chemical characteristics of the main karst springs in the Nekarood basin

Jezi Speo Kao Senbi
Q (Ifs) 75 150 88 180
pH 7.9 7.9 7.8 7.8
EC (us/m) 279 336 402 448
TDS (mg/l) 199.78 231.57 347.46 415.25
K (mg/l) 0.78 1.17 1.56 1.9
Na (mg/l) 6.5 75 6.5 6.9
Mg (mg/l) 1.2 1.2 6 55
Ca (mg/l) 46 52 76 95
So4 (mg/l) 12 15 14.4 384
Cl (mg/l) 10 10.5 9.5 10.5
Hcos (mg/1) 120 140 225.7 230
NO3 (mg/l) 3.3 4.2 7.8 27

ooy


http://dx.doi.org/10.22034/KJES.2024.10.2.107741
https://gnf.khu.ac.ir/article-1-2929-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-04-29 |

[ DOI: 10.22034/KJES.2024.10.2.107741 ]

e e lS a5 Bl I a2 OhlSes 5 (S lez 08l o8

09,16 ads> slaania 1ol Jlogei -1 JS4

Fig. 9. Piper diagram of the Nekarood basin springs
10.00

0.10

Ca Mg Na CL HCO3 SO4

09,10 adg> sladaiar Job jlogei -V e SO
Fig. 10. Schoeller diagram of the Nekarood basin springs

L 5389y b sl ol o (easd S Bonas Sy ]
e - 530 Sladetir OT wigai & byse sl Josad 4 S8

U»L.u‘ » QJ—AS‘S.O )‘)5 oslaw! 390 (S JbLu 9 u‘ (_QLQ‘U}N ‘ Ll 1fay JL“ 5 ‘ il

. dgad .ADS LS . ol Culgmd,l o

NS oo )8 Akl S o basiar ool Loyl Hloges a o 7

IATAN


http://dx.doi.org/10.22034/KJES.2024.10.2.107741
https://gnf.khu.ac.ir/article-1-2929-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-04-29 |

[ DOI: 10.22034/KJES.2024.10.2.107741 ]

B SWR L GV T S P SN [ - SOOI W g

OhlSes g (S 5lez 0olj o

ol ablon s 50 OT (6, wle (loj 5l (6)kxe S &,
5 o Stz | S slacul s (52 ledeiar )5 Cos
Glo,S GbSiw i ogls 4 (lgi o0 &5 Coul daiar 928
adid 5 b Jad g9, b oy Ludye a1 0 Y
4 Sl il penedS 5118 Wiz Gl T ()5 e
a5 detiz 5l g 008 ES > ()5 s 50 e
polie cpiasns ;0 Ol ()l g (55b @ld by W08 e
S opl o Jead 3 s e @y il oo I B) e
LgL:ley'gT)o Ol £9 e Gy el Sz Lad | s
I ize ol Qlosd 5 (Sapd olsr Sl 5l ()
(&9) S ol b Ol s Dgs oo ool ddeis
aog> sladeiz | (295 O (oS colan) olerd
4 lagS 4 el 009 Vb s @ la SaisL 5l o 04,15
Ol s (992 Il Sl Lo il (ol Dl yis oy 0
e ol stz nl ()5 lssl o pladk gl
o oy )laie 5Tl aslllas 550 gladaiar 39,8 S
o 09 e Slo 55 ol 4S 004 1072 51073 osgame 4o
bg el Jl5 0550 ()5 plysal jo ladl - olime ol >
arwgi Sk a5 addllas 550 ailate (S055058,50955 Dliogas
Sle Slatran il co 09,8 etz dog> 0 cw)lS
30 900y LS g9 5l adlate o Ol slodeis ol uiseen
s &y azgi b ol sgzrgy S 5l (G50 (SouSs g 550 S
9 o gi9 e «(S58959 0 «S59098,50535 Dleogas

S ool ) K0Sy (Su3elsss s o

References

Azani, S., Karami, G.H., Zia, H., 2016. Evaluating the Karst
development in Limestone mountains of Ahangaran area,
Northeast of Birjand, University of Shahrood. (in Persian).

IATAIN

el L slags 5 0392 3900me L by iy sl
shls ladigas plos jlogas cnl ululy wadloe SluyS
Loade byl jo 5 aiwd sy Vel s wlo S e
laaiges ales g wil oo S bl olic g dipns slaol
Jgi Hloges 5l ailoas @8ly s, S slacs] ol edgama o
gy sy otiged Lo 5395 b 09 OlaSe oy 12
o ooliiasl Waaiges e duplio § o Lol glaiygy polia
ke oS 0ng SlaSy wig; shils beaigas plos ) ¢ IS 4y a3
o s adllas 8,50 sadeix ales ol LSl Lo
dilaie (Sal (s5al3id b 4 aitun SlS o)l 5 5l S o

sls caslae

=

L;i,),gjl Colae b ddkie sladois o bl o L

mdaie S pSIleolan g 00w bLS A Canlonds sl
oSl colan (o0 Gl b pm wll s wsSas ju
S et jo basis e SO S colae ol oo el
o3y S gy - sl 8Ly ol 55 5 Juad &y S
Yo oo b oo dadar Of Gy il o SedS-a5ln S o
Yo Sl S o g peadS slags oy 4 YL Jslowe Slge (sl)ls
A Ay Comd) yldon 5,80k loy oasms lid a5 ail o
3y Jolss 9 Broe 0Ly b g Sy w0l ass> (00 et
2 20 Sl bl asie ol o al S slacn 5 O
Bonacci, O., 1993. Karst springs hydrographs as indicators of
karst aquifers. Hydrogeological Sciences-journal 38 (1),
51-62.

Fiorillo, F., Malik, P., 2019. Hydraulic behavior of Karst
aquifers. Water 11 (1563), 1-6.


http://dx.doi.org/10.22034/KJES.2024.10.2.107741
https://gnf.khu.ac.ir/article-1-2929-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-04-29 |

[ DOI: 10.22034/KJES.2024.10.2.107741 ]

v )5 asg> g0 e LI s oy

OhlSes g (S 5lez 0olj o

Fiorillo, F., Vakanjac, R . V., Jemcov, l., Milanovi¢, S.,
Stevanovi¢, Z ., 2015. Karst groundwater availability and
sustainable development. Karst Aquifers Characterization
and Engineering 421-530.

Florea, L. J., Vacher, H. L., 2006. Springflow hydrographs:
eogenetic vs. telogenetic karst. Groundwater 44 (3), 352-
361.

Ford, D., Williams, P. D., 2007. Karst hydrogeology and
geomorphology. John Wiley & Sons. . The Atrium,
Southern Gate , Chichester. 562 p.

Gams, |., 1966. Factor and dynamics of corrosion of the
carbonate rocks in the Dinaric and Alpine karst of Slovenia
(Yugoslavia). Geografski Vestnik 38, 11-68.

Jacobson, R. L., Longmuir, D., 1974. Controls on the quality
variation of some carbonate spring waters. Journal of
Hydrology 23, 247-265.

Geological Survey of Iran., 1980. Map 1:250,000 of Sari and
Gorgan. (in Persian).

Karami, G.H., 2002, Assessment of heterogeneity and flow
systems in Kkarstic aquifers using pumping test data, Civil
engineering and geosiences, University of Newcastle,
pp180.

Kerachi, N., Khalili, Kh., Riahipur, M., 2024. Determining
the flow regime in karst aquifers using hydrochemistry of
springs. Representative springs. Case study: Saldoran,
Zarab and Koh Sokhte anticlines in southwestern Iran,
Journal of Environmental Science Studies 9(3), 9181-
9188. (in Persian).

Kresic, N., Bonacci, O., 2010. Groundwater hydrology of
springs:  engineering,  theory, management and
sustainability. Butterworth-heinemann.

Milanovic, P.T.,1981. Karst hydrogeology. Water Resources
Publications, pp.434.

Palmer, A. N., 2002. Karst in Paleozoic rocks: How does it
differ from Florida. In Hydrogeology and Biology of Post-
Paleozoic Carbonate Aquifers: Proceedings of the
Symposium on Karst Frontiers—Florida and Related
Environments (pp. 185-191).

Panagopoulos, G., Lambrakis, N., 2006. The contribution of
time series analysis to the study of the hydrodynamic
characteristics of the karst systems: Application on two

Inld

typical karst aquifers of Greece (Trifilia, Almyros Crete).
Journal of Hydrology 329(3-4), 368-376.

Piper, A. M., 1944. A graphic procedure in the geochemical
interpretation of water analyses. Trans Am Geophys Union
6, 914-923.

Raeisi, E., Groves, C., Meiman, J., 2007. Effects of partial and
full pipe flow on hydrochemographs of Logsdon river,
Mammoth Cave Kentucky USA. Journal of Hydrology 337
(1-2), 1-10.

Raeisi, E., Kowsar, N., 1997. Development of Shapour Cave,
Southern Iran” Cave and karst science 24 (1), 27- 34.

Rouhi, H., Kalantari, N., 2019. Using multi-year hydrograph
to comparison the hydrogeological regimes of Karstic
springs in Kuhe-safid anticline, Khuzestan, Iran.
Hydrogeology 4(1), 14-25.

Shamsi, A., Karami, G. H., Taheri, A., 2019. Recession curve
analysis of major karstic springs at the Lasem area (north
of Iran). Carbonates and Evaporites 34, 845-856.

Sivelle, V., Labat, D., Mazzilli, N., Massei, N., Jourde, H.,
2019. Dynamics of the flow exchanges between matrix
and conduits in karstified watersheds at multiple temporal
scales. Water 11, 569.

Tavakkoli, S., Karami, G.H., 2021. Investigation of the
dominant flow system and discharge mechanism of karst
springs in west of Mojen, Iranian Water Research Journal
15(1), 13-21. (in Persian).

Torresan, F., Fabbri, P., Piccinini, L., Dalla Libera, N., Pola,
M.., Zampieri, D., 2020. Defining the hydrogeological
behavior of karst springs through an integrated analysis: a
case study in the Berici Mountains area (Vicenza, NE
Italy). Hydrogeology Journal 28, 1229-1247.

White, W.B., 1998. Groundwater Flow in Karstic Aquifers. In
Delleur, J. W. (Ed.), The Handbook of Groundwater
Engineering. CRC Press, Boca Raton, FL 21, 1-47.

Zhao, L. J., Yang, Y., Cao, J. W., Wang, Z., Luan, S., Xia, R.
Y., 2022. Applying a modified conduit flow process to
understand conduit-matrix exchange of a karst
aquifer. China Geology 5 (1), 26-33.

Z6lt, J., 1960. Die Hydrographic des nordost Alpinen Karsts.
Steirsche Beitrage Hydrogeology 2, 53- 183.


http://dx.doi.org/10.22034/KJES.2024.10.2.107741
https://gnf.khu.ac.ir/article-1-2929-en.html
http://www.tcpdf.org

