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Razavi Province. The different usages from this scarce resource, leads to a quantitative and qualitative
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Keywords: - crisis. The water level from 50 piezometric and physico-chemical properties of 25 groundwater samples
2?’353353;2?”}'@3 d?fe'é?l'otyn were used to determine the hydrogeological setting and salinity origin of the aquifer. The iso-potential
Sabzevar Plain. map shows that the groundwater flow directions are mainly from eastern to the western part of the area,
3 which is closely aligned with surface flow direction. In general, the aquifer recharged mainly from the
limestone heights of the northern parts of the area. The adjacent Ataeiyeh Plain in the eastern part is also
an underground inflow to the aquifer. An ephemeral saline river also flows from the east to the west part
of the area. Electrical conductivity varies between 627 ps/cm in the recharge areas in the north of the
aquifer to 11,600 ps/cm in the middle part of the aquifer. Groundwater samples are classified based on
the electrical conductivity into three groups: freshwater with an electrical conductivity of less than 1000
ps/cm and the sodium bicarbonate type in the north of the aquifer, brackish waters with 1000<EC< 4000
and the sodium chloride type in the south of the aquifer, and saline waters with EC > 4000 ps/cm and
the sodium chloride type in the middle part of the aquifer. The water samples are saturated with calcite
and dolomite and under-saturated with gypsum and halite. The salinity of the groundwater in the region
is dependent on dissolution of evaporative formations in the region. Therefore, the infiltration of fresh
water from the northern parts and some extent from the southern part, along with the infiltration of saline
water from the eastern parts and the adjacent aquifer, are the main factors controlling the quality of the
groundwater of the plain, along with ion exchange and mixing processes.

Introduction runoff. Hydrochemical methods, compositional and

Water resources are affected by human activities and
climate change and are very important in natural and
human ecosystems, especially in arid regions (Muratoglu
et al., 2022; Xiao et al., 2018). Excessive extraction and
human activities threaten the quality of these resources
(Liu et al., 2025). Hydrochemical and statistical methods
are used to identify the processes affecting groundwater
quality as first step toward groundwater management
(Gibbs, 1970; Piper, 1944; Kumar et al., 2024). Over-
extraction of groundwater resources and saltwater
intrusion are important factors in changing the quality of
groundwater resources. Other factors include regional
geology, intrusion of polluted water, and agricultural

isotopic diagrams are used to study the quality of
aquifers. Hydrochemical investigation is essential for the
assessment and sustainable management of water
resources, and changes in groundwater quality are
influenced by natural and anthropogenic factors (Fetter
etal., 2018). The Sabzevar Plain is located in the arid and
semi-arid region of Khorasan Razavi Province in
northeastern Iran. In this paper, using hydrogeochemical
and hydrogeological results, the hydrogeological setting,
salinity origin, water-rock interaction and geochemical
processes that controlling the groundwater quality, are
discussed.
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Materials and Methods

In this study, 25 samples were collected to measure the
physico-chemical parameters of the groundwater
resources. The pH and EC values were measured in the
field and hydrochemical analyses were performed in the
laboratory. Also, various software and programs have
been used to investigate the hydrochemical and
hydrogeological settings of the area.

Results and Discussion
Isopotential map

According to the isopotential map, the general
groundwater flow direction is from eastern to the western
part of the area, which is aligned with the surface water
flow. In general, the aquifer recharged mainly from the
limestone heights of the northern parts of the area. The
adjacent Ataeiyeh Plain in the eastern part is also an
underground recharge source of the aquifer. An
ephemeral saline river also flows from the east to the west
part of the area.

Electrical conductivity map

The EC values vary between 627 ps/cm in the recharge
area in the north of the aquifer to 11,600 ps/cm in the
middle part of the aquifer. The increasing groundwater
salinity can be due to the geological setting and excessive
extraction of groundwater resources, saltwater intrusion
and mixing processes.

Water type and origin of salinity

In order to investigate the water type of the resources,
the Piper diagram and the Schueller diagram were used.
According to the Piper diagram, groundwater resources
are divided into three groups: freshwater with an
electrical conductivity of less than 1000 ps/cm and the
sodium bicarbonate type in the north of the aquifer,
brackish waters with an 1000<EC< 4000 and the sodium
chloride type in the south of the aquifer, and saline waters
with EC > 4000 pis/cm and the sodium chloride type in
the middle part of the aquifer. The salinity of the
groundwater in the region is dependent on dissolution of
evaporative formations in the region. Therefore, the
infiltration of fresh water from the northern parts and

176

some extent from the southern part, along with the
infiltration of saline water from the eastern parts and the
adjacent aquifer, are the main factors controlling the
quality of the groundwater of the plain, along with ion
exchange and mixing processes.

Conclusions

In general, the groundwater flow direction is from east
to the west and salty playa. Freshwater recharges from
the northern parts and to some extent from the southern
part, along with the saline groundwater intrusion from the
eastern parts, are the main factors controlling the quality
of the Sabzevar plain, along with ion exchange and
mixing processes.
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Table 1. Physico-chemical characteristics and the results of hydrogeochemical analysis

Concentration (epm)

Well - Group  pH  EC (ps/em) ——2 Na Mg  Ca  SO4 CI __ NatK HCO3
w7 1 79 627 016 367 085 195 120 31 38 55
wil 1 80 703 016 39 112 089 210 36 411 32
W12 1 83 1118 017 695 135 127 260 51 712 53
w6 2 14 1825 015 1475 342 450 350 186 1490 2.4
W25 2 79 2280 012 2125 138 514 1317 126 2137 26
w22 2 14 2760 011 2464 143 453 1261 211 2475 17
w3 2 79 3020 015 2747 187 113 1270 211 2762 43
w20 2 75 3170 013 2803 198 145 1010 247 2817 25
w2l 2 75 3260 013 2747 121 408 1548 257 2760 21
w18 2 715 3560 011 2577 245 567 1161 316 2588 19
w17 2 17 3800 011 3030 175 628 1143 344 3041 12
wis 3 79 4220 012 3256 289 143 1266 360 3268 43
wo 3 75 4500 0.14 3256 388 406 2321 400 3271 4.
wld 3 80 4580 013 3482 279 178 2355 375 3495 35
wl9 3 70 4710 012 3284 235 773 1896 440 3296 18
w2 3 78 5800 013 4669 1652 843 1661 730 4681 35
w8 3 76 5940 013 5347 675 543 2601 57.0 5360 4.0
w26 3 70 6070 017 5177 418 1673 2445 620 5194 12
w23 3 70 6520 018 4838 497 1767 2278 725 4856 0.8
wl 3 75 7660 019 5290 1740 934 1543 943 5300 3.1
wie 3 72 8090 018 5347 1991 1271 3598 911 5365 3.7
Wi 3 74 8900 016 6421 1548 1123 2478 1065 6437 2.1
w3 3 73 9320 019 7156 17.76 1354 6482 985 7174 2.0
w5 3 72 9330 015 6477 999 1287 2803 1025 6493 11
w24 3 70 11600 011 6534 1385 4592 5357 1445 6545 15
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