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Extended Abstract

Introduction: Rivers are crucial for the society because they provide fresh water for agriculture, human needs,
industry and transportation. Therefore, water quality assessment has been considered as an important issue by
many researchers in the field of hydrology and hydrogeology. Water quality is influenced by natural and
anthropogenic effects including local climate, geology, irrigation practices and the use of water resources.
Materials and methods: Cheshmeh Kileh catchment is one of the most important basins in the west of
Mazandaran province and has two main tributaries, Dohezar and Sehezar, which, after surveying mountainous
areas, join in a plain area and form the Cheshmeh Kileh river. This catchment originates from Nosha Heights,
northern heights of Alamut and Alam Kooh Glacier. According to the Meteorological Organization report, it has
a humid climate with hot summers and slightly cold winters. The center of gravity and grading of the canals were
determined using a Digital Elevation Model (DEM). Sampling points were determined based on the degree of
waterway and possible terrestrial and anthropogenic pollutants. After sampling, the samples were sent to the
laboratory to determine the concentration of the main anions and cations, Acidity, TDS, Conductivity and
Alkalinity. To study the hydrogeochemical changes in the catchment area, Piper, Durov, Stiff, Schoeller and radial
Plot diagrams were drawn in AgQA software and Gibbs diagram and role index diagram were drawn in Excel.
Then the process of hydrochemical evolution, type and hydrochemical facies of water were determined and the
hydrogeochemical control mechanism was investigated.

Results and discussion: The two sub-basins of rivers Dohezar and Sehezar have different chemical compositions
of water at the source, which are influenced by the lithology of the region in their path, and finally, by joining
together, the water type has evolved as bicarbonate-calcium. In the meantime, the sample that originates from the
landfill effluent (CH16) also flows into this river, but due to the high volume of water flowing in the river, it does
not have a significant effect on the overall water quality downstream. According to the Gibbs diagram, the main
factor controlling water chemistry in the Cheshmeh Kileh catchment is the chemical weathering of the minerals
that make up the rocks, and only in the CH16 sample (landfill) was the anthropogenic factor effective. Also, with
the help of the roll index, it was found that saline seawater or trapped fossil saline water did not affect the
composition of ions in the surface water of this catchment. With the help of the models provided for the Stiff
diagram by Hounslow, the origin of water in CH1 sample was determined from gypsum lithology and other
samples were mostly from limestone lithology. The presence of gypsum interlayers in the structure of Karaj
Formation upstream of CHL1 station in Maran village can be a proof of this analysis. Based on the relationship
between origin and water composition, the origin of some stations was identified from the dissolution of
evaporative rocks and others due to dewatering of silicates.

Conclusion: In general, it can be concluded that the chemical composition of water in Cheshmeh Kileh catchment
has been affected by dissolution and oxidation of calcites and sulfides, as well as oxidation and weathering of
silicates and sulfides.
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CH16 <5 1575 <0.1 853 3940
CH17 55.97 160 6.2 8.47 423
CH18 56.59 160 4.1 8.58 407
CH19 10.2 193 35 8.36 355
CH20 25.98 173 405 863 354
CH21 54.01 160 376 855 396
CH22 69.89 163 416 843 432
CH23 52.51 178 469 834 438
Min <5 90 <01 784 324
Max 410.86 1575 6.2 8.88 3940
Mean 73.38 224.4 3.18 8.4 5895

TDS
ppm

603
207
241
268
260
266
257
261
226
214
236
240
3152
271
260
227
227
253
276
280

207
3152
411.2

Cl COs# HCOy  Ca* K* Mg? Na*
ppm  ppm ppm mg/l mg/I mg/l mg/I
Env-01 MMS-01
53 30 187 20848 241 187 2494
53 15 117 60.78 1.55 9.25 7.85
45 19 211 59.76 263 2198 33
53 21 126 73.42 1.93 122 1112
53 30 127 76.17 194 1223 1122
45 34 155 72 183 1336 1355
45 25 145 70.91 1.9 13.08 12.73
45 43 159 73.48 194 1379 12.87
38 24 179 59.06 1 16.96 441
45 24 215 53.64 0.8 16.4 3.64
38 27 268 58.52 11 1784 546
38 78 251 60.69 115 17.69 6
211 0 4148 58.78 3237 40.31 3134
45 10 239 74.78 587 1593 15.26
38 13 233 70.75 227 1473 1097
53 0 304 56.28 161 1494 587
38 14 237 56.28 1.29 17.9 5.49
45 10 219 68.03 1.77 1467 994
45 0 277 83.39 221 1622 10.25
45 0 244 73.96 228 1719 10.58
38 0 117 53.64 0.8 9.25 33
211 78 4148 208 3237 4031 3134
535 20.8  402.0 735 18.1 16.8 24.4

sl o VIV MO/l e 4 puow Hlade (p 5eS a5

sanlie YU Jouz jo oliylel 5T 5l Jol> b
hol 05l Sz () Jsaz) Ul @ls b osd oo
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0955 Gl diges goled )0 a0 o lis 1) alisee
loyesls @ cas (Mg?* 4 Ca?) S oL sl
I\ )d (CO32_ + HCO3—) W GLDM‘ )"‘J" )o (CI_
CH1- CH2- CH4-) jiman o8 aldog, ;| aiges
adg 50 JolSS g (o p 3 )l e (668 (slaon
g o 43l mans o8 ailbog) talSaois )'U.fl
(CH3 4iged) (6,500 (8,8 ailg; s 5 955 00 £9 0
e 9 peealS 95l Aged dw o 0 500 ol @
CH2 4 CHIL sladiges jo Lol coenl LI (S L)
i ins slosd CH3 wiges 13 5 (535 (slosd
L CHE sladiges (S,L,.A.w,j)m CodS doldl jo aiun
S8 dw oS ) CewoVl diged a3l S 5 CHE
&)l CHI wiges . oo lis |, (CH3 § CH2 (CH1
2 s S50 5 (U &S el SedS- sl oS
ol sVl o shded ol il o 7S wile LSl
La:ébycu ).:Lw Sl QLo JJ[S (U‘JA 6[3.»;5) )d) Olia.u.«.)‘
SelS -0l )S o G slilo lian o8 ailsog, 0
30 Sl Siw 59lend og LI a4 g e 4 siies
oled )0 Jlimgs o8 ail3g) 0 abl e ddg> ;) (n]
Lo ldiges puzmen o 70+ 5l i (4l cwuldd)
mdiges oSl 5l aw aie SLlS-Olo S o s
ail>og, 90 (lieg0) CH1S 4 (jlieaw) CH8 (s,lo
Sladiged § Ndign o v 4 Hlidan g Jliags o)
G0 piged dlSanin ailbog, (9, » CH23 G CH16
O30 55 yo by 51 CHI16 diges aSiy) s a g5 b asloaus
3 sl nieS 0ad 18,5 IS s e 4l
oS 5 bl g ansls 1) ddlaie o5y sla,lisle
doiiz ol asge ladiges (paled b olierdgiyg one
mdiges el SGaw -0y ST o ol lhls g Oglase alS
Esarme 5 g £ 8 ilBog, 90 5l Aedls [ Shled gom slo

At SodS -0l S ol sl

YAVY/E Mg/l L CH16 oliws] o Jlaie i 3 CH3
Mg/l lade L CH13 oKyl ;o aeuly cdale oy 1S
CHI16 oKl ;o YYVV Mg/l L clalé oy i g /A
5 CH2 olSsay] 5o U0 MO/ L e oo o yiaS
OtpweS €CHI16 o] ;o ¥+ /¥ MO/l L loie oy i
9 CH13 oKl ;o OY/2F MO/ Jlade b pendS cdale
CHL ol jo Y-AFA mg/l jlace b clale oy iy
lidges Jolis Lol glagss] rizen 005 oS
OrreS a8 Wad SlUT by S o g SloyS e 5 el s
5 <0 Mg/l Jluie L CHIB olKiwsl jo olilges il
Y /AF Mo/l jlade L CHIL o) jo cdale oy iy
ol jo <o/N ppm lade L olus cbale eSS
oKl ;o £IY ppm Jlake L clale oy iy 9 CHI16
CHI2 slaolfiws] jo w5 cdale o eS «CHIT
5 YA ppm e L CH20 4 CH18 .CH15 .CH14
VY ppm jlade L CH16 oK) jo clale oy i
ol jo + ppm ke b oly ) clale oy S
o adale i, 4 CH23 4 CH22 (CH19 CH16
s okle S YA ppm laas L CHIS oSl
Otpios o WYY ppm Slade L CH2 o] jo ol S
S5 FYFA ppm Jlaie L CH16 olfiul o clak
L CH2 ol o coills ol )l cdale o a8 aslos
S VOV ppm lade b cdale oy s o A PPM laas
SVIANE el ) st cod sas o yieS CH16 oKy
L CH4 olfiusl o cpyiies 5 CH14 oKyl o pH
L CH2 oliesl jo S8l Culas oy 208 pH =A/AA
MS lade L CHI16 ol jo o yidn 5 YEY US loiae
PPM i b Joloe duals lgs JS jlaie (s yiaS ¥AF-
CH16 oKiwsl jo Jlade (268 3 CH2 oS! jo Y-V

iloas <u3 YVAY ppm jlace b
ST o)l 9 i 9 (o2 bromdig it JolST Wiy (ouo) 52
L a5 Waiixe (Singh et al, 2013) ) Ken 5§ S
b b ae s berdsy loosls e
bl g ol olewdssy JolSS oles o «(Piper, 1944)
il ¥ K3 3,8 S s 1) calisee Jslowe oy o
bl jo alSaciz 5ol ade> 10 oleardss) ool
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HOD

ol Gt [Dlogeas
(No'+K') L8 51 yiden (Ca®+Mg) S oLL5 |
SE @Bl e oL
(SOT+ CI) 593 (sl 31 yidon (COT+ HCO3) i glodum! 3

i glavaul 5l ylos 558 slavaal 4

B 3yl (450 conlld) Glu S (S 5
e 3 e (41900 (5 )90) il S pué w6
e 1 i (addsl (559) WLy S d QLIS 7
B 5l prien (adgl conldd) L5 (LS g
g 10 5 G 36 L gl @i @ 9

Piper Diagram

Legend

O CH1
) CH2
" CH3
<7 CH4
& CHS
% CH6
¥¢ CH7
m CH8
CH12

O CHI3
4 CHI4
CHI15
CH16
CH17
CHI8
CHI19
CH20
CH21
CH22

m CH23

=
% % & %
«— Ca —

.(Piper, 1944; Singh et al, 2013) alSacix 3 plass 5l oo cuils p Glddiges Hub loges A Ko

digas pilo & S VL Slalges 5 TDS 55 CHL
ol Jloged wiler 5 Bgy90 Jloges (IS ek o)l
e 9 )lpman g limgs oo 8 AilS0g; 95 )3 (LelSS W,
ol S e al 1) alS acis alBsg, o all
Lol Slgs s oo 45 Canl oodie ol (Talabi, 2017)
‘CO32' HCO7 ‘3042") L&bu] P oS J»Swu
‘) axdllas S)yg0 aglais 20 (K+ 9 Na* ‘Ca2+ ‘Mgz+ Cl
S35 2 (Mea/l) Jolo i 5 (Vg (ST (e Sj90 @
Sloges Jod jlaged sl odsde 43S maw i o Jlaged
L diges y2 40 g o slacdale oS conl ooy K des
So by bl 5 LA gl plp b 28 5o (b
Talabi, 2017; Schoeller, ) wgs oo Jain o2 4 L>

(1965

,Iog05 (Kumar and Khan, 2015) > 5 s s 5.l
Jslme SLaS 5 31 (L5 sls (slos 7o 15 &y B0
Jod JB gleanlp ool plas s (b O
o o3l (3ol pae slapian ;0 (oloortyae

(Kumar and Khan, 2015; Al-Bassam et al, 1997) s4.%

OLad |y alS detiz 5 T adga )3 By 90 Jlages 4SS
PH 4 ;g5 oo jlogad ol jo caslice LB bl 5loms o
& 51 56 Wl e 45 3,5 o Ll adg> ol 4o o gV
sl adg> 50 (Geglys 5 Sol wile S ghslsd (08
o 3 S5 gyan (TDS) Jolons sl olye J5 0L,
b8 slo 955 ggemme o (COs* + HCO3) wlo,S
oS 2 ol laie 4 CHIB wsei ,o (Na* + K*)
Wged eizren ilioe Al (85 35 Olay 5l (AL

Durov Diagram

100% SO,

008

0001

Legend

CHI
CH2
CH3}
CHA
CHS
CH6
3 CHT

TDS (mg/L)

oost

{000z

oosz

o0o¢
)

CHI2
CHI3
CHI4
CHIS
CHI6
CHI?
CHIS
CHI9
cH20
CH21

{(Lloyd and Heathcote, 1985) alSacix> 3 plass> 5l oo cuils p slodiges Bg,90 ,loges

CH22
W CH23

A S
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Schoeller Diagram

Legend

1 CH1
CH2
\ CH3
20
CH4
CHS
5 % CH6
cH7
CHS
2 CHI2

& CHI3
‘R 5 CH14
7 w\ / N\ CHIS
L__ SN . NN CHI6
HT7) * 4 \ CH17
N / \ | CHI8

Y N A\

CH19
CH20
CH21
05 \ CH22

\ m CH23

meqg/L.

&)

SO, HCO, + CO; cl Mg Ca Na+K

«(Schoeller, 1965) alSacix 3 plasg 5l oads cils p sladiges Job Jloges Vo S

Lo b 55 CHL § CH16 ages 90 cpizred S oo (O JS8) anllae 5,90 dilaie Jois JJ3ges 4 Jol oSS o
clag Jdo 4 CHIE aiges (o a5 sws Oglase naiges Sailsog, sladises) diges 05,3 dw o Salen pac
oo 5o Oolds Jds 4 CHI wiges ;o 9 allj (35 55 10 0 i 4 (WS et dilbog; 5 Jlpaan liags (258

ol s_j 9 )‘)'ijé ‘)‘}QM <5°)9 4.3505) 6[&4\:5@) .]o}.la.> .0)5.5

Ch3 \ \ Cha \ 3 Chs N

Chi2 ™\ 2 3™y

Ch2 ™

Ché =

Chi4 A 2 cnls 7 chm"‘\/' 7™y - cnig s

Ch19 ™\ ; Ch20 ™ 2 Ch21 ™3 ; Ch22 ™Y ? Ch23

(Gibbs, 1970) alSasiz 3 plass> 5l oads cuils  sladiged elad Jloges V) JSo

3 e odliiul adllas )50 adhie o I Ol by ien CudsS cuyp glaylil 5l s (S
5 sailesg) )3 laiges (o8l 1 olad sl loges » e slapn Ll Glojloge pr s laailss,
5 A Dglaie alS doiio dils0g, 9 090 o li0an addlls 8,50 oo, of 5l ool cuils p sladiges

Jolo dlS aaim jo ol Coas oS css Olg o &8l s u?‘-’i 5 Os5lS et Sz ayloges ol 5l !
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A )l ki Sge laan T b s a3 lge
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0 i LS snws LS sla SIS sleend
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Lt alyj (8 Jome ol 5l digas ol a8 o)l 1 51 s

S,la5 ol e LMS S8 o

5 Sool (lipas g )15050) Sglite O S 5 90 g
OV IS0 amo e inles 1y oS 58 0l Sikeo
HCOs + CO 5 Ca?* glaiygs lspam oo ,b ailsg, 4o
oS iglsn 5 il 45w Il clogyss
A0y, 10 Lol ipdu dildog, Ads> 15 0 e Sal
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s ey g o 3 SO 1y Lol aias LI
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SrpslSe sy sl |y Joe (Gibbs, 1970) S
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1-Hydrochemical Evolution
2-Cheshmeh Kileh River

3-Salmo Trutta Caspius

4-Rutilus Frisii Kutum

5-Dohezar River

6-Sehezar River

7-Northern zone of Central Alborz
8-SASplanet Software, Version 211230
9-Global Mapper Software, version 22.1
10-Google Earth Pro Software
11-Shapefile

12-DEM (Digital Elevation Model)
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14-United State Geological Survey

15-ArcMap Software, version 10.7.1

16-Strahler Method

17-American Public Health Association (APHA)
18-Rockware AgQA Software 2015, version 10.5.0
19-Piper Diagram

20-Durov Diagram

21-Stiff Diagram

22-Schoeller Diagram

23-Radial Plot Diagram

24-Gibbs Diagram

25-Role Index Diagram

26-Microsoft Excel Worksheet, version 2019
27-CoreIDRAW X7 Graphic
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