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Abstract

Sanandaj-Sirjan zone is the most dynamic tectonic zone in
Iran. The research method of the present study was survey-
laboratory. The hydrogeochemical and isotopic properties of
Malusan and Barudab springs (Nahavand) and their closest
schist springs (Abolfazl and Siadreh) are investigated. To
evaluate the water quality of springs, physical properties
(electrical conductivity, temperature, TDS, and pH), turbidity,
anion concentrations (Nitrate, nitrite, chloride, fluoride, and
sulfate), carbonate and bicarbonate, main cations (sodium,
potassium, calcium, and manganese), total concentration of 11
poisonous/heavy elements (ferric, arsenic, cadmium, cobalt,
copper, zinc, lead, nickel, manganese, mercury and barium)
and finally the stable isotopes %0 and §?H were analyzed.
Discharge was measured with a volumetric and flowmetric
method at the site. Based on alpha coefficient and field
observations the karst of Barudab region is moderate karst and
the karst of Melusan region is located between moderate karst
and incomplete karst (Merv Kkarst). Also, karst reservoir of
Malusan has trinary porosity system due to the existence of
cavity porosity and fractures along with primary porosity in
synchronic, but Kkarst reservoir of Barudab spring has only
primary porosity. Stable oxygen isotopes 18 and deuterium of
Baroudab spring have concentrations higher than Melousan
spring due to high feeding height. Catchment area of the
springs is not the same as the surface boundary due to different
slopes and drainage is done by stratifications and faults. so
origin of karst springs is to some extent influenced by
secondary and inter-structural processes, with autogenic
recharge. Based on the findings, Malusan and Barudab springs
are representatives of the oldest karst reservoirs in Sanandaj-
Sirjan zone in Iran.
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Fig. 1- Location of the study area (Nahavand) in western of Iran and it is age-based geological map
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Table 1- Description of geological units of output/host rock of the springs using the age-based geological map
and field investigation
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Spring name  Rock units Description of main geological units
Barodab cpt Thi_nly-bedded, d_etritic Ii_mestones with corals, crinoi(_js and gastropoda,
interbedded with reddish brown locally coarse-grained sandstones
Red to purple pyroclastic rocks composed of porphyritic and non-porphyritic
Abalfazl K1v1 dacitic to andesitic fragments mixed with recrystallized limestones of lower
Cretaceous age
Dark gray to black thinly-bedded recrystillized,fossiliferous (Fusulinidae,
Malusan P1d Crinoids and Corals) limestones, buff massive dolomites and dolomitic
limestones
Interbedded metavolcanics (lava flows and tuffs) and thin bedded, well
foliated marbles with thin, upward increasing slate layers
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Table 2- Age of host rock and hydro geological furthers of the springs
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Spring nhame Host rock Geological age Discharge (l/s) Secondary Recharge
Barudab Karst Carboniferous-Permian 80 Upstream springs and river
Abalfazl Schist Lower Cretaceous 3 Upstream springs
Malusan Karst Carboniferous-Permian 200 Falul and seasonal river
Siyaderh Schist Triassic-Jurassic 8 seasonal river
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Fig. 3- Hydrograph of karst springs of Barudab and Malusan versus the accumulative precipitation
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Table 3- Surface and real catchment of springs
adllle 3550 (SBdauiey 28l 5 G AL ;ST Coluo T Joi»

Spring name Surfac?kﬁgc):hment Psenf;gﬁie Annual discharge (m?) Real catchment (km?)
Barudab 0.63 50 2522880 100.9
Abalfazl Non detect 45 94608 -

Malusan 8.72 60 6307200 210.2
Siyaderh Non detect 55 252288 -
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Fig. 4- Recession curve of Malusan (right) and Barudab (left) springs in water-year 2018-2019
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Table 4- Recession coefficient and dynamic storage volume of the springs

Waonie (Suolyd 0y d poxs 9 39,8 s -F Jgao

Recession

Springs coefficient

Dynamic storage
volume (mm®)

Karst Type of
degree Current classification

Description of Karst Type of

porosity

Barudab 0.005242

Combination of two or more sub
regimes with different discharge.
Aquifer with irregularly developed Trinary

2 Conduit

open macro fissures,

fissure network, with majority of (primary,
also with  cavity and

possible presence of karst conduits fractures)
of limited extent. In extreme cases,

even short-term

0.009554
Malusan
0.004607

Single laminar sub-regime.
Tectonic faults filled with crushed

37 Conduit- material with higher permeability
) fissure and lower buffering capability in

Primary

relation to discharge. In some cases
deeper groundwater circulation
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Table 5- Physicochemical, heavy metal and stable isotope
"9 95l g o G alond oS 5 Cldalojl S -0 Jga

Spring name Barudab Abalfazl (schistic) Malusan Siyaderh (schistic)
QOctober April October . October April QOctober April
Parameter /lon 2018 2819 2018 April 2019 2018 2819 2018 2(‘))19
Discharge+10% 46 164 2 44 149 340 5 9
Turbidity (NTU) 0.47 2.49 0.89 4.07 1.17 1.14 1.54 1.55
Temperature (°C) £0.1 14 16.5 15.8 20 17.2 16.7 18 13.4
pH £0.1 6.1 7.84 5.94 7.43 8.06 8.2 6.38 7.89
EC (uc/cm) +1 366 401 384 420 267 261 288 325
TDS (mg/l) 225 233 227 225 183 1495 165.8 202.5
DO (") 7.38 7.68 6 - 7.28 6.36 - -
CI (") 17 13.99 - 31.09 17.2 17.72 6 4
F(" 0.79 0.44 1.07 - 0.38 0.25 0.18 0
NO, (") 0.0021 0.0013 - - 0.003 0.0013 0.0023 0.0025
NO; (") 28.12 27.8 3.9 4.7 9.99 3 135 15.2
SO, (") 19.76 7.38 - 21.06 7.68 491 4.17 2.94
COo; (") 0 0 0 0 0 0 0 0
HCO; (") 280 164 200 120 125 190 180 160
Ca(") 31.769 28.767 - 48.09 14.756 12.928 44.403 21.274
Mg (") 19.434 11.753 - 23.08 9.017 8.266 15.165 6.671
Na (") 25.262 20.034 - 19.08 12.872 8.722 9.355 4,992
K(") 0.211 0.791 - 0.39 0.138 0.114 0.284 0.237
Total Hardness 236 162 - 225 98 76 160 160
Alkalinity 262.5 122 192.5 215 73.98 66.32 173.33 80.6
Fe (micro g/l) 59.37 17.885 - - 42.496 33.443 - 13.75
As (") <0.179 9.962 - - <0.179 <0.179 <0.179 <0.179
Cd (") <0.049 <0.049 - - <0.049 <0.049 <0.049 <0.049
Co(") <0.043 <0.043 - - <0.043 <0.043 <0.043 <0.043
Cu (") 23.6 0.319 - - 1.776 1.206 25 0.556
Zn (") 245 3.516 - - 24.24 34 39.8 9.245
Pb (") <2.166 <2.166 - - <2.166 <2.166 <2.166 <2.166
Ni (") 2.1 2.1 - - 7.804 1.49 4.5 1.221
Mn (") <0.066 0.421 - - 1.949 0.504 0.1 0.536
Hg (") <0.351 <0.351 - - <0.351 <0.351 <0.351 <0.351
Ba (") 22.3 30.024 - - 6.303 7.385 18.8 11.393
8180 (%o )+ 2% -7.3 -6.74 - - -7.88 -7.15 - -
52H (%o) 2% -43.58 -48.78 - - -46.42 -49.29 - -
Altitude (m) 1884 1803 1598 1973

Syt gt P Bl e g basia cpl ojpi ol ) e g hejni &l n e L o il IS adls

doidex 3 yoShe polie gy Cute dy dagi b fhad o oyl |y GBI L

oM gl 5 Jad 3 Jadlll (g dadz 5 lugle ()8

Table 6- Pearson correlation between dry season data
Suid Juad (godld (o (g y) (Shaansod Sy =5 Jgan

Turbidity

Temperature

DS pH No; Ccl SO

Hcos

Mg

Cu

Temperature .988*

F

.966*

SO4

_1*

.998* -426

Hcos

-.999*

Na

-1*

-434 1%

Hardness

997*

Zn

S

Mn

-.997*

Ba

-.997*

R

.999*
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Piper diagram of springs in dry season

CI+NO3

Piper diagram of springs in wet season
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Fig. 5- Piper diagram of the springs in dry season (above) and wet season (down)
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Table 7- Pearson correlation between wet season data
F Juad odld (o (9w 1) (Swnod Jgoa -V Jgo

Turbidity =~ Temperature pH No2 SO4 Hcos Ca Mg Na K Ni
pH -.957"
Cl .992™"
Noz -.999"
Hcos .989" -.968"
Ca .994™ -.982" .990"
Mg .965" .997™
Alkalinity -.981"
Hardness .996™ 972" 973" 989"  .982"
Zn -.999" 1
Ni 1™ .998"
Mn -999"  -.999 -1°
Ba 1
Table 8- Host rock, water type and Index ratios (me/l)
(R Y1y (ST o) Syp0 ot 9 O o dbaowiiy (3500 Siaw A Jga
Spring name Ca/Mg Host rock clo:cr)]ac\ll?:;:)i];ity Na/Ca Water type
Barodab (dry) 0.98 Dolomite-Calcite -1.34 0.15 Bicarbonate-Calcite
Barodab (wet) 1.47 Dolomite-Calcite -1.26 0.18 Bicarbonate-Calcite
Malusan (dry) 0.98 Dolomite -0.16 0.04 Bicarbonate-Calcite
Malusan (wet) 0.96 Dolomite 0.23 0.23 Bicarbonate-Calcite
Abalfazl (wet) 1.25 Schist-Calcite 0.04 0.04 Bicarbonate-Calcite
Siyaderh (dry) 1.76 Schist-Calcite -1.45 0.07 Bicarbonate-Calcite
Siyaderh (wet) 191 Schist-Calcite -0.98 0.06 Bicarbonate-Calcite
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