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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.

DOI http://doi.org/10.22034/KJES.2025.11.1.108001

*Corresponding author: Rahim Bagheri; E-mail: rahim.bagheri86@gmail.com m

How to cite this article: Tafazzoli, M., Bagheri, R., Arjmand Sharif, M., shojaei, M., 2025. Hydrochemical tracing and salinity origin of water
resources based on the combined diagrams in Sabzevar plain. Kharazmi Journal of Earth Sciences 11(1), 175- 200.
http://doi.org/10.22034/KJES.2025.11.1.108001


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

Tafazzoli et al

Hydrochemical tracing and salinity origin of water resources ...

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
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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

Bl oo gzl 5 0 asllae Cubd 0 1S so Oijgo Culbs By
Jlf “57;‘4,.4 g_;l.’l.:).'> I ..\.,,.;La u‘yxj u;‘ =) o-.\....Scb..\:u
g}“""usd‘-"-))-cw)‘ﬁ°'-\-M’)‘j)-‘-“‘w‘>‘>)‘ju‘}7'-’]dj‘”)‘
Olozel (Sgyoun L3, (59, 2 alEog; (ol Sed oo 45 jglone
5 alog, ol e Jemiliyed 4dd 4 azgi b ool aaliS L5k
9 9 8P o St ;o 9 Bl i S (6399 i
Cdl g eils ol o 1) el i odw slacyle; jo cuis
G 3 esaty Cubs Galide gla i5u o ey ol 5l
ol 00 LQvol} Coomw 0 5l > S posd Esly () e
s plgd Ojygay 4l cpl jo Jewilyme Lol a5 5,9k 4

el 00,5 olou! |, Well field G j2é g ool jo

YAY

= .

Sl ok ez g adss g 4ds Gblie (ow)p jolaieas

oy 3 iy o o 5 4B lgiems Oleml (e
VL (F USE) ool o ey VEYSVEY T L oo
<l G178 5 e AP Gl Glszl 50 50 ol s
0 (65503l by e 31 2o AY e l5e &y Oyl e o |,
S 4 33 5l oy 2l Ol (sages Caz il oS o
v Sl 5 S5 ns cod b Cuzps &5 Wil o2
SeuS > o Ve o aklaie 3 (eeing ol Ges il s
Syl osix g Jed sloail> o je Vv sgax b 655
Gl itu (Sol Slelis ) 5 baes olsel cpl 43355 050 oo aiie

CEz 5 B sl iy 5l pisu A O a5 cls Jlad


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e S 5 Sl logel el Ol wlie (g5 Lide 5 cardyyann 2bo,

L)‘)ls.o.h 9 ;..a.:u

56°53'0"E

57°54'0"E

‘7Legend

[3) z | Q2 | Recentalluvium

%
[,
z|

£ ac | Claynat

Q1 | Old gravel fans and terraces

e o
i

PAL | EOCENEN [OL1 NEO & Mi

36°4'0"N

MESOZOIC|C E N O S O

<
z N
o|E} .
|
Q13 imestone
N7
ol Symbol
e ; Limestone - shale - sandstone =
(SN clay and marl (milla formation) ] Aquifer
al°
<| g River
Al E Amphibolite

Isopotential 1402

36°4'0"N

10 65 0 10
I <m

56°53'0"E

Fig. 3. Iso-potential map of the Sabzevar aquifer (2024-2025)
oS o ls pr ies 33,Sme EC > 4000 (5l,Js G3 o5 ,5-Y
Aloads adly s Slo Ceand o
Colse Gliee o SoSI Colae o all 4 axgi L
G 25z g b glagisn 5l s Glssel jo (S S
v Olie SIS sk wlios GBIl Bl 5550 o
2 e g b sl sy 5l sxile sabaiss slao]
Chz )S (sh9es D jgear Ogy 50 HUATI ALl oo Yo g0
S 5o (Jg el Gl 6,00 Jlake ey <l ol
Slade (s (g B y0 g Allly WSy (5,8 aslllas )50
S0 8999 5 &S e sl eSS ash colae
4 Wilgi oo Cbd (635 pe iy )0 (5)5d ke il
Ol Oeizmed 5 (635 yo (i 4o i JS alBg, (b e
aSliss ) 4 B d S Slaglhae co e (e o

oo 5l Clbd (i 6999 9 (SBrb LRSu H0 Ao, gk

YAY

57°54'0"E

OF YY) g5 lgsul Jasly on as - S

319w s Of gobio (o2 buoanligi g s (ouoy 32
o S Colod Ol s’ Al

el laizas 19 EC Slyanis 5,55 1) Sy sy g |
5 adsd adhie o e Ble e e PYY 0l
Suond )3 Fagil p ierjeSee MNEe e U plyl Jlod
Soor ool JS Conbye T S8 b s plysul (Slos
ap3 e olis ) (0-F) S isl Culas s g @-F) ailace
b S S o (lsee ool s axlllas 390 s O aslie
0 USs o gl condpe 5 Col osds (ot 125 09,5 A
=05,S § SIS g Ladd Gu i () el ool ool lis
1l 43,5 5550 ool sy

15485 e sy e 33,500 EC <1000 L G1 o5,5 -)
)l 513 plesul 0y Jlad 5 Jled

1 mierg,5ae 1000 < EC < 4000 (gl )ls G2 04,5 -

RECTINICE TSI SR SO


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e S 5 Sl logel el Ol wlie (g5 Lide 5 cardyyann 2bo,

L)‘)ls.o.ﬁ 9 ;Laﬁ-v

args bl Culdo S50 o 4 EC 01381 losew plal yo
sl 53 iy T 6598 Gl Yol ( S sl o
oty il 5 ol ooy Sy ey ilgiico g
Jobs g i Pl easy 9 T 3585 ¢ e ) ol 5o
GYL 55 i ol 00l gy slg0 (ol dnlol jo aST aSl gy
395 Judo wilg e plgmel Caiz g Jlad jo il lacly

w3l sl B g0 (oS Solan liH 5 45

YAD

slol i 4 arg b sl oby )ed ol aslhae
> bWl s g g Jed sl 5l 5ot
FoS g (ol 38y Sl g a8 5 D ja0 Clis (655 10 slo i
403,85 oo Fueiny ol Gl e )0 Gy9d lade b
5z & S Jlod Glaisy 1 i 438 jlade Jdo
Sl sy Cow 4 (Bpb (6399 598 ol A g (g5 «ubo
a8 5 alold 1o jeh ol aldog, 5l g ool sawiS Cubs SF>

b s39,5 crmizrad 5 (sieip) ol Bl Cua 44z g b ol


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

oSS s ssal luly T lie 5550 Lite 5 cardigaem b, ohlSes o Jass

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

a

z 57°10'0"E 57°20'0"E 57°30'0"E 57°40'0"E 57°50'0"E 58°0'0"E
I
e
-
& &
= s
= =
g 2
S | | &
4 b
3 3
z| Legend £
e | S
S .
21 [ Aquifer 0 5 10 20 g
- -
e Wells F+—+—+—+—+—+—+1 Km
57°10'0"E 57°20'0"E 57°30'0"E 57°40'0"E 57°50'0"E 58°0'0"E
b 56°53'0"E 57°54'0"E

ggend

() Q2 Recent alluvium

[ -

| Qe | Clay fat

i [ ——

Conglomerat

Marl - Sandstone
(Upper red formation equivalent)

Volcanic Rocks

PLI| QUATERNARY

Lm s

EOc Conglomerate

G

Dacite - Andesite - Conglomerate
‘marl - Sandstone Flysch
Limestone - Volcanic rocks -
Granite - Thracian monzonite

FOCENEN
36°4'0"N

Pge  Conglomerate

36°4'0"N

MESOZOIC|C E N O S O

PAL

Calcareous marl and

marl limestone

diabase - gabbro

metamorphic rocks (hydrothermal)
limestone and marl

Igneous rocks
Volcanic rocks
Shale

CRE

= marl limestone-conglomerate
o sand stone-shale
O (bahram formation)
b=d |
Qlz limestone
N|Z] ;
= g Limestone - shale - sandstone Symbol
= i g
e g clay and marl (milla formation) —1 Aquifer 05 0 10
L
NI e - —
B | & Amphibolite River m

56°53'0"E 57°54'0"E

OFYNFY) g lgsul jo 0) (oSl colan aids § @) (swos ) < (5,100 00 Glooly Cordye —F S
Fig. 4. The water well location (a) and the EC map (b) of the Sabzevar aquifer (2024-2025)

VAP


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

oS 5 s loges el T wlie (6508 Liis 5 (conig iun b,

ul)ls.o.ib 9 ;LG-‘U

56°53'0"E 57°54'0"E

36°4'0"N
36°4'0°N

PALEOZOIC MESOZOIC|C E N 0 s 0 1 C|m|
oy oRe e e ! 08 ATERNAS

Symboel
clay and marl (mills formation) Aquiter
—— River
*  wels
S°ST0E ATORNER

Limestone - shale - sandstone

14000

G1 G2 > G3 =

12000 {~
10000 A

8000 -

6000 -
4000 A
=l
o_||||

%s(\?")

EC (pS/cm)

2V ELIOCHEIT XA LI © >
STFELPILPIILLRILS ey

Well no.

0) S S oo Golusl p diged (gass aib 5 @) g Glgzul (S0 aSI colan ulol 1 () ol Gladiges odgome -0 S
Fig. 5. The locations of the groundwater samples based on EC value (a) and the classification of the groundwater samples (b)

f‘w‘ukw‘wAbqub)mjobywo»)o
adhie 10 09z g0 wlL,S Sl S5 Sojlse NI Ailgs oo

(Freeze and cherry, 1979) ceul ouls S

PH Ol s’ (o 2
39 g lggel 5l oo cunls pp sladigas o PH polie
axlllas 5,90 ddlaie ;o PH e .l oo ools las & JSKG

10
9_
8_
7_
6_
S s
4 4
3_
2 -
1_
O_

23T 23ITILL52203A2ILSESTETILIRITILSE

2 222322322322 232 2 2 2 2

well number

Hosemw Slgzul [0 eas cubls p sladiges ;o PH polie -5 o

Fig. 6. The pH values of the water samples in the Sabzevar plain

addllas 550 didlaie o) LG o gwyp olite 4

ooliiusl Jol g b ol Sho 5l e o) <l =5 bl s

el 00

ol G (o

YAY


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e S 5 Sl logel el Ol wlie (g5 Lide 5 cardyyann 2bo,

L)‘)ls.o.ﬁ 9 ;.«aiu

b o Yo a5 aas oo &) ol ooldl sl (freshy o s
o b Jslono ondS” (32 99505 o0 90 Sl Jols ]
3575 1 B3 5 G2 05,5 S oo iy ol g, 50 35750
LSy ot gl oy odls s e bl 5l asiy!
ol lasd S 13 50l OF g5 50 5 Atied Soaume g IS LI
Jopmw s 53 OlaSs gleand )8, 5 Lite Sl £509s
Sl adss eatmaplad Vg3 5o ol oy aily Sy wil oo
3559 3 (Cunglgs g ConalS) Lol )S Plovil o Sal 3l
25 oS badiged ey ool (sl @ apdss 5l 36 O e
o iy 5l dsis jeh T b LY 5l a6 Yo s
loaiS 5l Lol Pl eizman § Glssul (08 3z 5 S0

il SehS als p (s Wil e polome (Sl

“CeNos

(HCO3+CO3) - (CI+S04) (epm)

PELR LT
o )lus; o] 5 st Sz plgise sl Jloges
ol (plerdgiio e JolSS Sl 5 (plends iee
lowlus g bauglas yols ylis ¢jloged G o digad (g0l olows
a3 Blize Sl o LY 5 Ol sladises
Guleretal., 2002;) <d,5 o o brdiges Sl 5 Sloj Ol s
Sldigal Cuxdse ¥ & .(Ahmed and Clark., 2016
(b-V) O s Jloges g @) b Hloges (g9, oo Cubls p
85 GL o35 o gl by plSbs ke e ol |,
adls yia gl p (gegSee Vv 5l S (Ko Sl colaa
- o Al Gl caloads @dly s Jlod o jo g

Ol aiis a8 bl ;5 Yaons o oo inl il oo ol S

A Groupl —
® Group2 Na-HCO3 Water Type
¢ Group3 1000 Ca-Mg-HCO3 Water Type
Ad
0 o (N
¢ g
* 4
S 3000
B
. Ca-Mg-Cl Water Type
" 5000
Na-C| Water Type
3
-7000
B
9000~
(Ca+Mg) - (Na+K) (epm)

o olgzul 10 (0) O s loges 9 @) b ol Sl -V o

Fig. 7. The Piper diagram (a) and the water type diagram (b) of Sabzevar aquifer

ol oos akie 05,5 4w Job loges A S

Jled ;345 0,5 o] il .m0 SLES | lg e (e )

YAA

Ao pl S0


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e oS 5 S yloses el ol i ()b Lo 5 (cang jarm o, ohlSes o Jass

Sl 5l s Ol 3585 L g Sg0 JoS el g mses Phosl 5l b Oy oauaolis aS Wi jls o ye clale Olyss jo  palis

(A JSe) sl dibie oo 6, ood @lls g ail e bl o adis Late os

G 9 039 i 13 pgw g p93 095 50 L slagg e

100 100
Group 1 Group 2
T 10 g 10
= N o
E 5
o~
= 1 — ~ 5 1
(] o
01 T
Ca Mg Na+K cl 504 HCO3 o1
lons Ca Mg Na-+i cl 504 HCO3
1000 lons
Group 3
100
E
(-8
z
i=
k=]
% 10
c
€
a
v}
s
o
(8]
1
0.1 T T
Ca Mg Na+K cl 504 HCO3
lons

g 3 Ol golin 55 o ol Sho A JSs
Fig. 8. The Schuler diagram of water samples in the Sabzevar plain

"0 i 2l CeksS i e She Jelse 5l (S (Pl S 9 Lo (puns
@15 Gg Rlp 00w G Sl gl py b a8 wil -y dhes jl ilie Jelge ws lo S a5 jshailes

(A JS8) Sl oads izl lg i Sl 55 0y Cal (o) 2 39 e ol Sei g e Jobs e Mol syay cdiilate owlid
wlazs 518 Pl bz (59, » beaiged (S (SO 4 425 L VRV CCONT- SOV FRUORITCN RSP U SUS SO IR IC SR UV

0391 Culid (5,9 !l yo g pid Pl i [ Slis a5

YAQ


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e S 5 Sl logel el Ol wlie (g5 Lide 5 cardyyann 2bo,

L)‘)ls.o.ﬁ 9 ;.«aiu

oals a3y ol 4 dalsl jo aS aiie e ol Cuals

Ll Joloe juds Slis s cpl 5l baiged 4y 8l il o ]

- e 5 65slaS bidld LI L g S Jold ezmes
160
A Groupl
® Group2
4
— # Group3
120
100
£
o 8
[ -
2 e ¢
60
* *
MR
40
& 7 £
C )
20 .
o
o L&
0 20 40 60 80 100 120 140 160
Cl (epm)

o Olgzel Of wlie yo IS 5 poas alal, -4 S

Fig. 9. The Na vs. Cl concentration of the water samples in the Sabzevar plain

5 CamndS™ | ol ol gLl o 4y Wlgs co yal cpl &S d-Y -
el ool Ol Sy JialS g gy dael a5 0l Cawglgo
Oldfgus 5 (F) 0 JSD) oo o(G-) ¢ JSD) oS sl
ol ) (S el ke b gl sy, o9 b s
3 e S S g Laly,S Pleul il Klas a5 aies o
Colbe b (Son Glie (o tin (S b 0Bl o0 allate
2B Sle a5 oo w3 15 lapyy 4 bype (S S
o 0 g (Feai ) 2] Sk o5 50 bagg (nl e

il oo g s ool oaumsylis

‘4

slool coas pals 5 )08 Jule ypo colis jslaien,

cble b BC) (S8l colan abal) lgren s (o)
g Slgm oanly uaite penndS OIS () (Lol ol
ol ey layloges (Ve USO) sl oalds gy (Ol S
Lg € JB) )5 5 maw slags oS wims oo plis
oSl colan b coninns abaly (D) Sldgw gy (s090>
S calae IS g o slagg cdale lBIL Wl
ol 3 5 Sas Plowl Kol yal ol 45 wbn I3l 5
b adlin (i @l oS 5 So 5555 ) 2 bos:
JS8) aboe el SloSe o (Sl colaa Al


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e oS P S logal el Ol i 69 Lo 5 oy poee b0,

u‘)ls.o.b 9 ;La-iu

a 1800

1600
1400
1200

1000

Na (mg/L)

5000

4000

3000

Cl (mg/L)

2000

1000

e 10

K (mg/L)

500

Ca (mg/L)

400
300
200
100

4 Groupl
® Group2 o
* Group3

% e

2000 4000 6000 8000 10000 12000

A Groupl
® Group2
* Group3 .

6000
EC (uS/cm)

8000 10000 12000

14000

A Groupl
® Group2
* Group3

5000

A Groupl
® Group2 ®
* Group3

.

.
.®
vy e .

.

44 o ®® .

0 2000

4000 6000 8000
EC (uS/cm)

10000 12000

14000

504 (mg/L)

HCO3 (mg/L)

Mg (mg/L)

3500

2500

2000

1500

500

350

300

250

200

150

100

50

300

250

200

150

50

A Groupl
® Group2 °
* Group3
L d
A
.
PO .
i d
0 * .
. 00. o *
I
2000 4000 6000 8000 10000 12000 14000
A Groupl
® Group2
A & * Group3
. .
° o
*
. . B
4 .
«* o
L .
s * ® *
.
. . *
-
2000 4000 6000 8000 10000 12000 14000
EC (uS/cm)
A Groupl
® Group2
* Group3
Ll
. L d
L
L4
L
-
L
® -
-
.
o %
' [ %
5000 10000 15000
EC (uS/cm)

s ol ladiges 1o (S uSIl Culan g lagyg el oo bLS 1=V S
Fig. 10. Relationship between ion concentrations and EC values of the water samples

Y


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e S 5 Sl logel el Ol wlie (g5 Lide 5 cardyyann 2bo,

L)‘)ls.o.ﬁ 9 ;Laﬁ-v

Sl 0 e 5 peelS Sbale g @Sl Jobs Joloo m e
4 b 2l 0958 1 50 Wlgi oo iy ol el euds a8
Deds oo auiS Freshening oosay cpl 4 a5 wiay 3l olgsel
b s Jlod slaSal 5l ad ST 095 lyams ol 5
3945 o FIESheNning ooy o)y gz Cawl £ad90 () 0uiiS
anlllas 350 (slodiges o Slalllas 03ga5e 4o (INtrusion) s ol
HFE (Hydrochemical Facies Evolution) lsses 59, »
Ciond (S0 @ axgi L .@-VY JS5) Sl ool gy
9 swn Freshening ooy cov cuds g9 5 Jled
YY) Al 18 el Ol 358 e j0 s Sl slacend
Hgoge b5 Jlad glogion 5l pad o S9i cnlpls (B
el (B3 lagion 5l s Gloc] S9i ol yem 4y gt i
O b 5o a5 s cs (e o oS S8 Lol

70

g Cesd (2 booaigh§ JolSS
9 o9 JobS ozen alide agil oleendiely slaasl )
ol cds jo Jslow slagyg cdale wlg oo LS onyy
S Sl wnl B ams s bz e Josb o 5 ooy b
promelS b s 5l (18 (s Gla G A5 a0 0 g 2l o
Chile yss cely g oad (1Sly 0l (e 2l e g
sobeas (Kim et al.,, 2003) 05 oo (sunjp) <! ,o oy
Jlogei 3l epolie clle i o JobS wnl Sl ey
Cowl oals oolatwl CatMg/SO4+HCO3 s &l s
5 Pl b (Se335 50 ladiged loged 4 a2 L.(V) JS2)
Sl cpl wloass oM b el )y 50 Bl oS L Baes
oy ol ) g s puous Plovl oy pogdle a5 el ]
2 aS gldiges .Coslools 7 adhaio (o 1 e Jold 4l
a5 2Bl oo s Son SOl Sy eilans 515 s 5

pelS” 90 b Slgay 50 09390 o g0 sy (2l (b yo

A Groupl
® Group2
60 | & Group3 .
50
E 40
a
Z
+*
s 30 ¢
* ., @
o - +
20 ¢
. B
10 . “.. .
. f *
A
0 4
0 10 20 30 40 50 60 70
S04+HCO3 (epm)

gy s Ol gilia o SO4+HCO3 Ll j0 CatMQ s -V Y S
Fig. 11. The Ca+Mg vs. SO4+HCOs in the water samples of the Sabzevar plain

14y


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e oS P S logal el Ol i 69 Lo 5 oy poee b0,

u‘)ls.o.b 9 ;LGJU

a
%Mg2+
<«— %Na*+ %K*
%caZ+ N
100 666 50 333 50 66.6 100
T 100 l ' ; :
& T
S S
O
4R 666
o +
Dls
9o 50 1
o S
< 333 ﬁ
=
3
50 —
1
S 666
X
l o
100 - -
Na- l MixNa- I MixCa- I Ca-

b

$6°53'0"E STS40"E

‘ Legend

 36°4'0"N

M l’lS()!.()l("[ C

Uz 8 recentsteion
MH .

% Onmm

7
%
& 5| Q1 | OM gravel fams and terraces
Crs
T Conghemerat
* Mot Nondutens
4 Ty s—

:
e
] -
ol
Z

.
«ITRey A
& freshening

osinde

36°4°0"N

v

al

0|3

N 7

c_ ;.lmuw

[ clay and marl (milla formation)

: : 1050 10

S B - -
o 6S0E SPSE

() asis 559, » oyl Caxdae 5 (@) g cisd Ol mlio ;o HFE Jlogai VY JSCo
Fig. 12. HFE diagram of the water samples (a) and their locations on the map (b)

2ubs rainy ol Gas @b 4tk (T S8 asbie L3
&‘)OW})&)'QT&AL.@HMW);\fﬁ)o)bw

N S S L R-JY T RUSVE- YL RUOUE L ¥

Vay

2y 50 CatMQ/SOs+HCOs s lpss sy p b

5 G2 Gl 0,5 o a5 €65 am ol oo NUCl Coos
Cams NA/Cl s 20138l L G3 sloaigas 51 (golass
ol ol Glgce &5 canl aidly zals Ca+Mg/SOs+HCO;

el saiSusl a5 ols Cos e 5 pedS b o Jobs


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

v oS lysgal el O il (6555 Lide 5 (condis ion (2o, ohlSes o Jass

2
'3 4 Groupl
2w ® Group2
£ i + Group3
a
~ 2%
E 8¢ .
T
% od L]
= o +
m
8 *
g 1 v,
v ‘e .
S
) ?
3 p
3 Y .
- v, %, A
+ ”»
(Na surplus and Ca or Mg deficite)
0
0 0.5 1 15 2
Na/Cl (epm)

g Cs o)y o] sladaiges ,oNA/Cl s Jlie o CatMg/SO4+HCO; (0 alaf, - VY S
Fig. 13. The relationship between Ca+Mg/SO4+HCO; vs. Na/Cl in the water samples

57°0'0"E 58°0'0"E
Legend
e , z
U Z Recent alluvium - =
o IS
= =
=] ] o
= =-|E Cluy flat o
a 5 Y ! ; ) ~
0\‘) P < Old gravel fans and terraces - > ey |
9 -~ E Conglomerat 2 y 0 ‘“
wl| 2 Larl - Sandstone W% N Z
< 2 Upper red formation eguivalent) ¢ 3
e 8 =
z w || Nagv | Volcanic Rocks 5>
SIME P ] 5
=) Z| eoc| conglomerute g e
o
g 7z E‘ Dacite - Andesite - Conglomerate ‘J L
Z marl - Sandstone Flysch i .
| & % | Limestone - Voleanic rocks - ,;
= Granite - Thracian monzonite ‘ _Z
>
Zllol| 2 . =]
£ = Pge | Conglomerate S
2 B
=
IR Calcareous marl and )
ﬁ o marl limestone \. J
N o= diabase - gahbro i
s & metamorphic rocks (hydrothefd
p & limestone and marl / _Z
2 Tgneous rocks >
Z E Voleanic rocks 2
=S| = Shale b
UO_‘ - marl limestone-conglomeraty 2
0 < Db | sand stonc-shale
2 Q (bahram formation)
[
Q| = limestone Z
2 Symbol 2
guitili] Z
% O E Limestone - shale - sandstone Y y 3
= =% clay and marl (milla formation) - g
== 35 o Aquifer 2]
21 =3 L4 1050 10 |7
o < |2 River K
B Isodepth

57°0'0"E

Fig. 14. Iso-depth map of the the Sabzevar plain

58°0'0"E

g Cd (Gunjp; GBO] Gos ob asi -VE S

1a¥


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

cosite Wiz el bl O b 6558 Lite 5 aleardisss (b,

L)‘)ls.o.ﬁ 9 ;Laﬁ-v

Mi,react:mi,sample‘mi,mix D)
3585 1.l oulds yastine (prlas O g0y WS Lz e
il Jlgge s (i) 2l CoheS s Jole 50 O
odle Lz 51 8l il LS (gg ym LIS Lozl laosls adS Wb
ol CatsS 10 6,500 bl d ogmg oasmslis (LM
bl 5 SloySe som kgl (oled callioe (Sein)
)3.“.' uiés.a.: GMOULHJAS.A.HS‘SAWJG})‘@SJ‘PU‘
Al oo ;S50 sl slaan] B slas ) ol en 4y LM oy g
Sy L 5 55 5 0 by S iy Sl IS 2al58
5 el 0992 323 0 & Wl oo ey (285 el o
gl o) 5 QLS Wil S o el iz b g 50 O
bl Jdo a4 oo Olo S (g dided el ialS Lol
H9h ol dg aoye Kl V8 S o LM sy Jloges
so ol 3585 lie yiSTas 09d co ala>de a5 jshilen .ol
-0 20,0 Ve dgas cdalllas 0540 dilaie ) slao! jo

sl

140

319w Casd 30y o LS (a2

Sldised ;3 555 ol pte 5 555 Sl LU ) sl
oddy ooliial iy aluly o IS Ggr 5l lyew cls (Bl
(Wang and jiao, 2012) <!
Feisatwater= [(Clsample=Clireshwater)/ (Clsatowater-Clireshwater) ] (Y)

P bl e aiged 2 40 555 ol woys Sl eslid
oday haid I o Djle 4 8,5 090 p wiged 0 1)
0310l b lasbone Cale o sl ool ¢, dilate ,o LSz
ol Sl Gl sl GLss Wb diged 2 0 g o 65
255 2l sy el digad j2 50 g o Cle ) g5ge
Ll 00l dcwlome
M, mix=Fsatine* Mi saline+ (L -Fsatine) *Mifresh )

Olye & oy 5 558 Ol 40 G o cdale (F) dolae o
ol 5o el ond 418 s o LSl anlp e 4
558 ol sanles Glyieas joi JIS ailhog) Ol diged cllone
Oyt 5 (o i 50 @Blg ailaio ol (5 pd diged g
M a5 ebilon owl ol 418,555 et O oanles
ke sl sl eols &, LS aibie o 81 wd ol
2ly d(Misample) 00l (6 mSoslal jlade b (Mimix) (Sl

25l 5zl gl ol b 5wl


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

c S 5 slayogel bl Of il (5558 Liie 5 ey paee 0o, Ol o Lads
1000 1000
[ S _ _ J— N
e 100 R
100 - P i
g A 3 3
E £ B My
z < ,,.:' ¢ 10 71 A
g 2 * aly 2 |agh
10 4 4 A ‘
[ A e Gl
® Gl g 1 %n
+ G2 $ Py . G2 o Gl
LG A LG "G
------- Linear (mix line) 1 - Linear (Mix lin¢) | s G‘J ) .
0 . , , : : 1 : : : : : 0 : e Linear ixline) |
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600
Cl (epm) Cl (epm) Cl (epm)
10.00 100 1000
S A 0
-------- el )
,,,,,, ] M
10 - ‘Q 100
= - o - / ?‘ i
F ) g g A
£ 100 b o B ’
2 5 o N
e 1 oy
ra ® Gl A ® Gl " e Gl
+ G i G2 + G
o, M AG A G3 LG
b“é N oo Linear(mixlme) | | Linear (mix line) || | [ Linear (mix line)
0.10 T T T T T 0 T T T T T 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600
Cl (epm) Cl (epm) €1 (epm)

1.2

oy Slgzul ey ol ladises jo LS ol b pwyp -V JSo
Fig. 15. The mixing process in the groundwater samples of the Sabzevar plain

= =
(=] oo
.

Salt water fraction
o
I

0.2 -

A

Saline End Member
A

ol

0 10000 20000 30000 40000 50000 60000 70000

EC (uS/cm)

g S ey ST 4o Hei O 3985 sy —VF IS

Fig. 16. The salt water fraction of the water samples in the Sabzevar plain

148


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

cosite Wiz el bl O b 6558 Lite 5 aleardisss (b,

L)‘)ls.o.ﬁ 9 ;Laﬁ-v

@ Cod 9 LBl Caaglyd g CaondS 4y G gl solos
oo sldl coa Yo laniis gldl cov codla g ens
B3y 9 LU Y sy Pl & plgi oo Clle g e
Gl ;o sw)l5 slaassle jgas (uzmen 0,5 o LAl o
Ol g moseie § peedS o Sl el o] Pl 5 pdss

Sgdeo Ol Jab )0 m e 9 pelS 4 s glidl 2Ll

gl sl
Groundwater ) _wejn; ol glil sl asls
ol olews JolS5 oy jglaie 4 (saturation index
gLt Candy g b G5 Pl SeblB 2Ll 5 (soen
iy 2l bl (atli 05 oo 8 oolaiul 550 b g
sl 000l VY USE 45 5 drsle axlllas 5,50 adlaie (gl

® S| Halite-gypsum

+ Sl Dolomite-calcite

S| Dolomite & Halite

Sl Halite-Gypsum

w "

2

SI Dolomite-Calcite

Sl Calcite & Gypsum

Fig. 17. The saturation index of water samples in the Sabzevar plain

S 0 wsx sl 0,8 e 18 CiSt (S 5
ekl glaT (glaes, o ol agsy 5 C2S1 4 CoS; (CiSy
Slae Cuz Sweiny ol Ganandls s igde 2bs)
g 0399700 szl po Ll Ol o 4y by ye (55,5L88
3 g Nyl gl (S aS colas a5 (W7-W1L) dges g0
5,1 )53 CoSt 03, ) iyl 5 cado Jlasd ) 435 adlate
- SRS g CudS b slac] g oS bl oS
Ll 5l as asyls J1,3C35p 00, ;0 (WE-W12) digel 90 .0igd
15 il o (1000<EC<A000) 450 05,5 ;5 S 250l colan

Ay g Ngd oo (gdbdiws bwgie coaS L ol og)8

Y4y

S S e ) sl Ll jasls jloges VY S

Sa9bes
u_é).a.o o )‘5}:.,.» u‘}JU—‘ A_J—‘ oolauw! e r e
ol sanail ¢l Gigy (ol WSy sanail
Sl 99 bl WSy Jlaged aBl (o (55 0laS Sl
ol loges opl 4 a>¢5 L (Wilcox and Durum., 1967 )

039 yrowiil o (we9,Sea YO+ 5l SS EC gl )ls Ly L&


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e S 5 Sl logel el Ol wlie (g5 Lide 5 cardyyann 2bo,

L)‘)ls.o.ﬁ 9 ;.«aiu

.09-‘:.’(5& ':Jy 9 . Sﬁj l k-}’;‘_le ‘"..')o

S il p waeg Koo Toe e (VL (6 Sl colon b lodiges

6))5Lm5 Lg‘)" wl...nl.’ 6[.@;4] ;)’.?- 45 A.;)L) )‘)3 C4S4 oé) )b

30

3 10
l% 140 1000 1000
¥ |28
=
=
26
|24 \ q
1
= 3
= s 3 35*
5 2
a £[22 20a 8a
i3
= 20 %
2
B= 3
& 18 'a
2 \ 21 26| 44
B & 19 -
Z gle 17| B
£ 22| A 39 1
g o 3 a
2 3
3 2 8 2. 16a
2
12 \ 4
i \ \
8 \ 6
2 a
w
2 12
3| s T~
3
J \
4 3
1/
2
)
lass 100 250 ndnctivity Onicromols £ s 250
Low-C1 Medium-C2 High-C3 | Very High-C4 ]

Fig. 18. The Wilcox diagram of water samples in the Sabzevar plain

Mlee Gl 5 (S Sl Calae QIS5 maoes sl il
3% 95 2 Bog ol b g S Pl Kol yal ol o5
3150k Ges 4 azgi b sl o (o ol CudS 5 o
S 9SS ol gl p Jele *3‘55‘5“; S ol yo %)T
ot Ebs 99> g (Jled slaceend wib (eip; ol

0 i Sl slacwnd Jg siws freshening oapu

5ot ol wdss cplplo il 13 jed Ol 3485 e
Seii oo 4 g 23 3l go9a> Uy Jled o i
Sl CaS S8 ol Jole (By5 slopion jljed sl
525 VST 5 i Sl T o 50 €5 Az b e
3 B o g 0 Ol 39i e 1S Ta 0,8 00 D50

ok ML)GA Ao, Ve caxdlao 0,90 adlaie 0505 LngJ

YA

g s ey ool STy jlogei —VA S

=

ol bl poe slaciis 51 (SO Mg cls

S ol )10 518 (635 50 psS gl eje )0 45 eog (552,
bawgs (o8- S0 Jlod (i 5 6399 U g Jlod oo |
Lol g oac ik 5 sl o abolol gl 5 Sl Slelis
Lo Slgsel 4 58 3,8 Camw 53 055 1) ol 43i5 5
(B G 5l 5 ey 4835 5 Wl oo Jatie asillas 5ol
Ces 3l o3 2 Olyz Sar I b 08 o0 S50
2ol e o ail e (Sl Sl 5 08 Cevs 4 355
Sled a5 gble o Shaw aly Ko O jgods iy o
G 5 S 09,08 i 5 25 sledeend Sl i

OB L adlb e 90 JB Jlag> j0 9 cids Sl g (Spb


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e S 5 Sl logel el Ol wlie (g5 Lide 5 cardyyann 2bo,

L)‘)ls.o.ﬁ 9 ;Laﬁ-v

Wlgi s plyml wsiz g Jlod po (Salsy slacle (YL 55 53
Olezul 5yi 50 (oSl colam Gialidl g el Ol S48 Judo

sl

References

Ahmed, A. Clark, I., 2016. Groundwater flow and geochemical
evolution in the Central Flinders Ranges, South
Australia. Science of the Total Environment 572, 837-851.

Alfarrah, N., Walraevens, K., 2018. Groundwater overexploitation
and seawater intrusion in coastal areas of arid and semi-arid
regions. Water 10 (2), 143.

Amanambu, A.C., Obarein, O.A., Mossa, J., Li, L., Ayeni, S.S.,
Balogun, O., Oyebamiji, A. and Ochege, F.U., 2020.
Groundwater system and climate change: Present status and
future considerations. Journal of Hydrology 589, 125163.

Bagheri, R., Bagheri, F., Eggenkamp, H.G.M., 2017. Origin of
groundwater salinity in the Fasa Plain, southern Iran,
hydrogeochemical and isotopic approaches, Environmental
Earth Sciences 76, 662.

Bagheri, R., Nosrati, A., Jafaria, H., Eggenkampb. H.G.M,
Mozafaric, M., 2019. Overexploitation hazards and
salinization risks in crucial declining aquifers, chemo-isotopic
approaches. Journal of Hazardous Materials 369 (2019) 150-
163.

Brunner, P., Therrien, R., Renard, P., Simmons, C.T, Franssen,
H.J.H., 2017. Advances in understanding river-groundwater
interactions. Reviews of Geophysics 55 (3), 818-854.

Cherry, J.A., Freeze, R.A., 1979. Groundwater, 370. Englewood
Cliffs, NJ: Prentice-Hall.

Dashti Barmaki, M., Saberinasr, A., Yazdani Noori, Z., 2024.
Optimization of groundwater quality monitoring network in
the Rafsanjan aquifer using geostatistical kriging algorithm
and vulnerability mapping. Kharazmi Journal of Earth
Sciences 9 (2), 277-306

Doveri, M., Menichini, M. and Scozzari, A., 2015. Protection of
groundwater resources: worldwide regulations and scientific
approaches. Threats to the Quality of Groundwater Resources:
Prevention and Control 13-30.

Fetter, C.W., Boving, T., Kreamer, D., 2018. Contaminant
Hydrogeology (Ed). Waveland Press.

Gibbs, R.J., 1970. Mechanisms controlling world water
chemistry. Science 170 (3962), 1088-1090.

a5 Wl oo logem ol 5o iy ol o9 Gl IS

Il 0y et T b S 5 g 558 OF 35d5 (i) 5

b tsi‘“ sloadS 04> g G?Ja...: <L > (PP Jols « Ses

Guler, C., Thyne, G.D., McCray, J.E. and Turner, K.A., 2002.
Evaluation of graphical and multivariate statistical methods for
classification of water chemistry data. Hydrogeology
journal 10, 455-474.

He, S., Li, P, Wu, J., Elumalai, V., Adimalla, N., 2020.
Groundwater quality under land use/land cover changes: a
temporal study from 2005 to 2015 in Xi’an, northwest
China. Human and Ecological Risk Assessment: An
International Journal 26 (10), 2771-2797.

Kim, Y., Lee, K.S., Koh, D.C., Lee, D.H., Lee, S.G., Park, W.B.,
Koh, G.W., Woo, N.C., 2003. Hydrogeochemical and isotopic
evidence of groundwater salinization in a coastal aquifer: a
case study in Jeju volcanic island, Korea. Journal of
Hydrology 270 (3-4), 282-294.

Kumar, A., Singh, A., 2024. Pollution source characterization and
evaluation of groundwater quality utilizing an integrated
approach of Water Quality Index, GIS and multivariate
statistical analysis. Water Supply 24 (10), 3517-3539.

Liu, H., Hu, X., Zhu, H., Xing, L., Han, Z., Hu, K., Wang, X.,
Huang, L., 2025. Analysis of the hydrogeochemical
characteristics of groundwater and identification of pollution
sources in facility agriculture areas using self-organizing
neural networks. Environmental Earth Sciences 84 (6), 161.

Margarita, M., Busico, G., Mastrocicco, M., Kazakis, N., 2022.
Modeling groundwater and surface water interaction: An
overview of current status and future challenges Science 846,
157355.

Millogo, C., Sako, A., Sagnon, B., Nakolendousse, S., 2024.
Hydrochemical and spatial assessment of groundwater quality
from fractured basement aquifers in the south-central of
Burkina Faso, West Africa.

Mjemah, 1.C., Van Camp, M., Walraevens, K., 2009.
Groundwater exploitation and hydraulic parameter estimation
for a Quaternary aquifer in Dar es Salaam, Tanzania. Journal
of African Earth Sciences 55 (3-4), 134-146.

Moghadam, H.S., Khedr, M.Z., Arai, S., Stern, R.J., Ghorbani, G.,
Tamura, A., Ottley, C.J., 2015. Arc-related harzburgite—
dunite—chromitite complexes in the mantle section of the
Sabzevar ophiolite, Iran: a model for the formation of podiform
chromitites. Gondwana Research 27 (2), 575-593.

144


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/K JES.2025.11.1.108001 ]

e S 5 Sl logel el Ol wlie (g5 Lide 5 cardyyann 2bo,

L)‘)ls.o.ﬁ 9 ;Laﬁ-v

Muratoglu, A., lIraz, E., Ercin, E., 2022. Water resources
management of large hydrological basins in semi-arid regions:
Spatial and temporal variability of water footprint of the Upper
Euphrates River basin. Science of the Total Environment 846,
157396.

Piper, A.M., 1944. A graphic procedure in the geochemical
interpretation of water analyses. Eos, Transactions American
Geophysical Union 25 (6), 914-928.

Shakeril, A., Sharafi, N., Rastegari Mehr, M., Abdollahbeglou, L.,
2025. Assessment of water quality and hydrogeochemical
processes in proximity to a municipal landfill site: case study
of the Mohammadabad Landfill, Qazvin, Iran. Kharazmi
Journal of Earth 11 (1), 103-130.

Shojaat, B., Hassanipak, A.A., Mobasher, K., Ghazi, A.M., 2003.
Petrology, geochemistry and tectonics of the Sabzevar
ophiolite, North Central Iran. Journal of Asian Earth
Sciences 21 (9), 1053-1067.

Sudegi, P., Bagheri, R., 2024. Determining safe groundwater yield
in arid regions of Iran (case study: Davarzan aquifer).
Kharazmi Journal of Earth Sciences 10(2), 329-343.

Vespasiano, G., Cianflone, G., Romanazzi, A., Apollaro, C.,
Dominici, R., Polemio, M., De Rosa, R., 2019. A
multidisciplinary approach for sustainable management of a
complex coastal plain: The case of Sibari Plain (Southern
Italy). Marine and Petroleum Geology 109, 740-759.

Wang, Y., Jiao, J.J., 2012. Origin of groundwater salinity and
hydrogeochemical processes in the confined Quaternary
aquifer of the Pearl River Delta, China. Journal of Hydrology
438, 112-124.

Wilcox, L.V. Durum, W.H., 1967. Quality of irrigation
water. Irrigation of agricultural lands 11, 104-122.

Xiao, Y., Shao, J., Frape, S., Cui, Y., Dang, X., Wang, S., Ji, Y.,
2018. Groundwater origin, flow regime and geochemical
evolution in arid endorheic watersheds: a case study from the
Qaidam Basin, northwestern China. Hydrology and Earth
System Sciences 22, 4381-4400.

Xing, L., Guo, H., Zhan, Y., 2013. Groundwater hydrochemical
characteristics and processes along flow paths in the North
China Plain. Journal of Asian Earth Sciences 70, 250-264.

Xu, L.G., Zhang, Q., Zuo, H.J., 2009. Status and progress of
research on interaction and coupled modeling of surface water
and groundwater. Water Resources Protection 25 (5), 82-85.

Zhao, X., Guo, H., Wang, Y., Wang, G., Wang, H., Zang, X., Zhu,
J., 2021. Groundwater hydrogeochemical characteristics and
quality suitability assessment for irrigation and drinking
purposes in an agricultural region of the North China plain.
Environmental Earth Sciences 80 (4), 162.

Ziwen, Z., Zhifang, Z., Vanapalli, S.K., 2024. A quantitative study
of changing groundwater-surface water interactions of a large
reservoir due to impoundment based on hydrochemistry and
isotope characteristics. Journal of Hydrology 634, 131092.


http://dx.doi.org/10.22034/KJES.2025.11.1.108001
https://gnf.khu.ac.ir/article-1-2946-en.html
http://www.tcpdf.org

