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1. piper Diagram

2. Stiff Diagram

3. Cluster Analysis (CA)

4. Ward ’s Method

5. Principal Component Analysis (PCA)
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Tablel. Reaction error values of Biston mass springs

LU Wau A.L‘Jud Aoy g ol o .,\.4;-\}.:4 u\;)m.;%t%
Spring  Shah Hosein ~ Sarableh ~ Vermonjeh KHezr Zendeh Ahmad Mir Ghela GHisvand
7. RE 0.53 0.13 0.28 0.32 0.63 0.43
"Ayb e.:j 6‘&4.»..:.? J.NJ‘ U’Sﬁ st ﬁé&a -Y d‘,-\>
Table2. Reaction error values of Dalahoo mass springs

4.»...:;.71- &ba} d:LpJ.:.u U‘J:-.’.)L": ul:;_u &_J‘)LA a)Uoé‘)j

Spring Ghareh Bolagh Seid Sadegh Chenar Piran Rijab Marab Vadehnaveh

7 RE 0.74 0.31 0.64 0.91 0.65 0.22
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Fig2. Steiph diagram of Biston (A) and Dalahoo (B) springs

Dendrogram Using Ward Linkage
Rescaled Distance Cluster Combine
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Fig3. Clustering diagram of Bistoon and Dalahu springs
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Table4. KMO and Bartlett’s Test

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.82
Approx. Chi-Square 387.6

Bartletts Test of Spheric df 36
Sig. 0.001
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Table4. Percentage of total and cumulative variance and

periodic factor matrix of the first cluster

Total Variance Explained

Rotation Sums of Squared Loading

Total of Variance/ /Cumulative
2917 32.407 32.407
2.394 26.602 59.010
1.219 13.544 72.553

Rotated Component Matrix

component
1 2 3
Na -0.139 0.891 0.003
Mg 0.342 0.598 -0.147
Ca 0.888 0.097 0.247
HCO3 0.875 0.131 0.144
Cl 0.514 0.525 -0.159
So4 0.222 0.900 0.158
PH 0.520 0.156 -0.322
TDS 0.092 0.110 0.908
Ec 0.331 0.785 0.371
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Table6. Percentage of total and cumulative variance and

periodic factor matrix of the third cluster

Total Variance Explained

Rotation Sums of Squared Loading

Total of Variance. /Cumulative
27.965
2.517 27.965
26.482
2.383 54.447
24.677
2.221 79.126
Rotated Component Matrix
component
1 2 3
0.151
Na 0.007 -0.897
0.813
Mg 0.020 -0.394
0.317
Ca 0.462 0.768
0.444
HCO3 0.236 0.826
0.850
Cl -0.301 0.117
0.664
SO4 0.421 -0.241
0.233
PH -0.506 -0.016
0.104
TDS 0.928 0.200
0.103
Ec 0.928 0.199
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Table5. Percentage of total and cumulative variance and

periodic factor matrix of the second cluster

Total Variance Explained

Rotation Sums of Squared Loading

Total of Variance/. /Cumulative
3.038 33.755 33.755
2.101 23.248 57.103
1.508 16.757 73.86
1.375 15.281 89.141
Rotated Component Matrix
component
1 2 3 4
Na 0.179 0.788 0.433 0.032
Mg 0.959 0.743 0.062 -0.463
Ca 0.028 -0.007 -0.136 0.243
Hco, 0.913 0.043 -0.056 -0.296
Cl 0.126 0.835 -0.307 0.305
SO4 0.036 0.009 0.946 0.058
PH -0.165 0.038 0.055 0.865
TDS 0.794 0.337 0.390 -0.292
Ec 0.796 0.338 0.388 -0.289
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Table9. Determining the source of rock in the Biston mass

Spring Parameters Value Description
o) o Na/Na+Cl 0.4 Analysis error  5JGT glas — -
Khezre Zendeh TDS=242 AR _ -
Mg/Mg+Ca 0.29 Sl dys S Sojl -2 -
Weathering of dolomite-limestone
Ol b Lol S— 31 s K o - —
Ca/CatSo, 0.96 = T e r’“ls C""
Another source of calcium from gypsum-carbonates or silicates
Ca+Mg/So, 35.6 Dolomitization J4&  sws g 95 — —
C1l/Sum anions 0.08 Weathering of stones K Ss3l90 — -
Hco,/sum anions 0.89 Silicate or carbonate weathering &by S b Sl Salgn — -
o | S ol el 3 6 K8 eede aie — —
o Na/Na-+Cl 0.39 At P i S Sl 5 R e g
Mira Ahmad Another source of sodium is halite-sodium, ion exchange
Sal Kw-c s K Sojlen— —
Mg/Mg+Ca 0.26 , e w23l
Weathering of dolomite-limestone
Lol b Loy S— s 5 508 fo = =
Ca/Ca+So, 0.91 S el <
Another source of calcium from gypsum-carbonates or silicates
Ca+Mg/So4 14.44 Dolomitization — 34& swed 93 — -
C1/Sum anions 0.06 Weathering of stones K Ssjlg8 - -
Heco./sum anions 0.87 Silicate or carbonate weathering &by S b &l Sojlsn — -
s .
bl Na/Na+Cl 0.47 Analysis error 5T gUas —
Sarableh TDS=181 3
Sal sS/J..«—C.A.:.A 93 K Sajlen—
Mg/Mg+Ca 03 . o ? S
Weathering of dolomite-limestone
S b ol S 5 51 5 o S gt
Ca/Ca+So, 0.9 . i -
Another source of calcium from gypsum-carbonates or silicates
Cat+Mg/So, 13.2 Dolomitization — O4i 2w g 95 —
Cl/Sum anions 0.06 Weathering of stones K S350 -
Hco,/sum anions 0.86 Silicate or carbonate weathering by S b Sl Sa505n -
e ol Na/Na+Cl 0.53 S35 i Edla Sl g A e e -
Shah Hosein Another source of sodium is halite-sodium, ion exchange
Mg/Mg-+Ca 03 Sal S gy Kw Sajlsn -
Weathering of dolomite-limestone
Lo b Lol S— 5 51 6,500 oS e =
Ca/CatSo, 0.93 Another source of calcium from gypsum-carbonates or silicates
Ca+Mg/So, 17.7 Dolomitization — 34& e g 93 -
Cl/Sum anions 0.05 Weathering of stones K S55098 —
Hco,/sum anions 0.9 Silicate or carbonate weathering &by S b Sl Sl 58 —
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i Na/Na+Cl 0.13 T ] i }
Vermonjeh Another source of sodium is halite-sodium, ion exchange
Sal K- s Kw Sajlen -
Mg/Mg+Ca 0.24 . - s w23l
Weathering of dolomite-limestone
s b by S 5 51 (5503 oS s
Ca/Ca+So, 0.93 , Ao Sl s S g
Another source of calcium from gypsum-carbonates or silicates
Ca+Mg/So, 16.8 Dolomitization 34 s g 95 —
C1/Sum anions 0.11 Weathering of stones K Ss3/98 —
Hco,/sum anions 0.83 Silicate or carbonate weathering by S b Sl Sa505n -
L gd &8 0.33 Analysis error 5JG1 glas —
= Na/Na+Cl Y Al s
Ghela TDS=176
Ghisvand Sal Kw-c K Ssjlen -
Mg/Mg+Ca 0.21 ) o sl w2l
Weathering of dolomite-limestone
LS b by S 5 51 (5503 oS e
Ca/Ca+So 0.93 . ' &
4 Another source of calcium from gypsum-carbonates or silicates
Ca+tMg/So, 17.7 Dolomitization 34é 2w e g5 —
C1/Sum anions 0.07 Weathering of stones K S350 -
Hco,/sum anions 0.87 Silicate or carbonate weathering <y 8 b Ol 33090 -
2 g 5 S sl 5 o Lia s -V g
Table10. Determining the source of rock in the Dalahoo mass
Spring Parameters Value Description
65U 03,3 Na/Na-Cl 0.26 Analysis error 5JU gUas -
Vardehnaveh TDS=329
&“‘T&’*’_‘:ﬁ"."‘}"&“;-’}‘ﬁ -
Mg/Mg+Ca 0.3 Weathering of dolomite-limestone
Lol b Lol S— 5 51 6500 pedS e -
Ca/Ca+So, 0.87  Another source of calcium from gypsum-carbonates or silicates
Ca+Mg/So, 9.4 Dolomitization — J4d  swe g 93 -
Cl/Sum anions 0.11 Weathering of stones K S55l98 -
Hco,/sum anions 0.79 Silicate or carbonate weathering &by S b S S5l 9n -
;.;\)Ln &Jﬁ J;L.: 4‘..14..«—&...)\.& )| ‘_gji‘»'a r.;.kw c&o—
Marab Na/Na+Cl 0.62 Another source of sodium is halite-sodium, ion exchange
Kal Kvmcan Jgs Kaw ‘;:31_,.& -
Mg/Mg+Ca 0.1 Weathering of dolomite-limestone
LS b Ly S a5 51 (5503 pmedS e
Ca/CatSo, 0.86  Another source of calcium from gypsum-carbonates or silicates
Ca+Mg/So, 7.2 Dolomitization 34& s 93 —
Cl/Sum anions 0.03 Weathering of stones K S350 -
Hco,/sum anions 0.84 Silicate or carbonate weathering by S b Ol Sa5l5n -
0.47 : AT .
bl Na/Na+Cl Analysis error  3JU1 glas
Sarableh TDS=399
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Mg/Mg+Ca

Ca/Ca-S-So4

Ca+Mg/So,
C1/Sum anions

Hco_/sum anions

Ol b Na/Na+Cl
Chenarpiran
Mg/Mg+Ca
Ca/Cat+So,
Ca+Mg/So,

C1/Sum anions

Hco,/sum anions

Sl

: Na/Na+Cl
Rijab

Mg/Mg+Ca

Ca/Cat+So,

Ca+Mg/So,
C1/Sum anions
Hco,/sum anions

e
Gharebagh

Na/Na+Cl
Mg/Mg+Ca

Ca/Cat+So,

Ca+Mg/So,
Cl/Sum anions
Hco_/sum anions
Sslod
Seid Sdegh

Na/Na+Cl
Mg/Mg+Ca

Ca/Cat+So,

Ca+Mg/So,

C1/Sum anions

Hco./sum anions

0.3

0.9

12

0.05

0.86

0.03
TDS=260

0.37

0.9

16.3

0.08

0.9

0.4
TDS=304

0.18

0.92

14.9

0.05

0.9
0.45

TDS=395

0.36

0.9

13.5

0/05

0.88
0.4

TDS=332

0.6

0.8

11.7
0.08

0.84

Sal K- Jgs Ko Sailen -
Weathering of dolomite-limestone
LS b oy S ot 51 (5,505 ol e -
Another source of calcium from gypsum-carbonates or silicates
Dolomitization = 34& 2w sl gs —
L uf 35ea —

Silicate or carbonate weathering &by S b Sl S5l 5n -

Weathering of stones

Analysis error  3JGT gUas

Sal K- Jgs Kaw Sl -
Weathering of dolomite-limestone
Lol b bLoly S— ) 5 6,5 S ae —
Another source of calcium from gypsum-carbonates or silicates

Dolomitization =~ 34& swe g g3 -

Weathering of stones K S55148 -

Silicate or carbonate weathering &by 8 b Sl S350 -
Analysis error  5JGT gUas -

Sal K- Jgs Kaw Sl -
Weathering of dolomite-limestone
Lol b Loy S 5 51 6,500 pedS e -
Another source of calcium from gypsum-carbonates or silicates

Dolomitization — 34&  swe g 93 -

Weathering of stones K S50 9 -

Silicate or carbonate weathering <y S 4 Sl Sa3190 —
Analysis error U1 glas

Sal K- Jgs Kaw Sailen -
Weathering of dolomite-limestone
Lol b Loy S— 5 51 5,500 pedS e -
Another source of calcium from gypsum-carbonates or silicates

Dolomitization =~ 34& 2w sl g3 —

Weathering of stones K S55l98 -

Silicate or carbonate weathering <y S 4 Sl Sa3190 —
Analysis error 561 glas

&AI ‘-{'*‘_‘:".?‘,913" u.{w: ;;}b&—
Weathering of dolomite-limestone
Lol b Loy S— 5 51 6500 pemdS e -
Another source of calcium from gypsum-carbonates or silicates
Dolomitization — 34&  swe g 93 -

Low ; 35l —
Silicate or carbonate weathering by S b SWSlw Sa3050 -

Weathering of stones
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Abstract

The aim of this study was to evaluate the extent of development and recognition of the hydrochemical
behavior of karst aquifers of Bistoon and Dalahoo limestone masses using graphical methods, clustering,
factor analysis and saturation indices. The results of hydrochemical methods indicate that the dissolution
process is active in the karst aquifers of the studied masses. These methods have acceptable efficiency
in determining the origin of karst water, effective factors in quality characteristics, water retention in the
aquifer and evaluation of the development of the internal network of karst systems of the studied masses.,
Shah Hossein, Sarableh, Varmanjeh and Mirahmad springs in Bistoon mass and Rijab and Marab springs
in Dalahoo mass were identified as springs with internal karst development. The Bistoon Mass Formation
due to its size and integrity, thickness and pure mineralogical composition, has much more karst formation
capacity than the Dalahu Mass and plays a key role in the formation and development of the Biston Massif
karst geomorphology.

Keywords: Dissolution, Karst aquifer, Bistoon, Dalahoo
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