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Constituent ~ lgneous  Sandstone ~ Carbonates ~ Average seawater ~ Groundwater ~ Relative mobility

SiO; 285600 359000 34 6.4 1-30 0.20
Al 79500 32000 8970 <0.2 1-2 -
Fe 42200 18600 8190 0.01 0-5 -
Ca 36200 22400 272000 400 10-200 3.00
Mg 17600 8100 45300 1350 1-100 1.30
Na 28100 3870 393 10500 1-300 2.40
K 25700 13200 2390 380 1-20 1.25
Sr 368 28 617 8 <10 -

HCOs - - - 142 80-400 -

SO, - - - 2700 10-100 57.00
Cl 200 150 - 19000 1-150 100.0
F 715 220 112 1.3 0.1-2 -
Br 2.4 1.0 6.6 65 <05 -
B 75 90 16 4.6 <2 -

TDS - - - 35000 100-1000 -
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(Singhal and Gupta, 2010) e}z ol ,o cilisee slaygs Lice (Y=Y g

Sources

Major ions (>1 mg/l)

Calcium (Ca?") Carbonates, gypsum

Magnesium (Mg?*) Olivine, pyroxene, amphiboles

Sodium (Na*) Clays, feldspars, evaporites, industrial waste

Potassium (K*) Feldspar, fertilizers, K-evaporites

Bicarbonate (HCO3) Soil and atmospheric CO, carbonates

Chloride (CI") Windborne, rain water, sea water and natural brines, evaporite
deposits; pollution

Sulphate (S04?) Gypsum and anhydrite, sea water, windborne, oxidation of

pyrite

) Windborne, oxidation of ammonia or organic nitrogen,
Nitrate (NO*) o
contamination
Silica (SiOy) Hydrolysis of silicates
Minor ions (1-0.1 mg/l)

Oxides and sulphides, e.g. hematite and pyrite; corrosion of iron

Iron (Fe?*) ]
pipes
Manganese (Mn?*) Oxides and hydroxides
Boron (B) Tourmaline, evaporites, sewage, sea water
Fluoride (FY) Fluorine-bearing minerals, viz. fluorite, biotite
Trace elements (<0.1 mg/l)
As Arsenic minerals, e.g. arsenopyrite, arsenic insecticides

| Marine vegetation, evaporates
Zn Sphalerite, industrial waste

Industrial waste and igneous rock weathering, under mild
Heavy metals (Hg, Pb, Cd, Cr) ] o

reducing conditions

Radioactive elements e.g. U, Uraniferous minerals, nuclear tests and nuclear power plants
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Name (usiem) (mg/l) PP (mg/) (mg/) (mg/) (mgf) (mgM) (mgh) (mg) (mgny EYTOT
s1 649 481 789 64 252 479 19 1769 994 66 - 2.45
S2 725 495 773 84 204 412 19 1708 1065 71  9.05 306
S3 446 399 765 78 72 287 18 1525 639 49 612 152
sS4 725 473 77 9 60 355 13 1708 852 55 - 1.99
S5 649 534 767 132 12 398 20 1647 1171 78 - 5.31
S6 640 309 755 60 60 175 05 122 532 38 - 247
s7 815 533 759 94 84 403 16 2013 1136 74 1000 556
S8 592 447 750 90 192 258 08 1647 958 51 821 569
S9 592 309 721 72 24 164 02 1159 603 42 - 0.48

S10 709 448 739 92 192 211 09 2013 710 43 - 7.08
s11 715 519 743 96 252 33 10 1830 1136 68 - 4,65
S12 500 413 754 96 48 248 16 1342 781 56 1060 371
S13 665 389 748 88 132 198 14 1525 674 47 993 864
S14 540 418 763 78 168 328 12 1342 781 59 1060 652
S15 620 365 750 70 168 147 05 1708 532 27 631 461
S16 665 413 755 62 252 174 09 1891 568 38 - 0.74
S17 540 386 761 76 12 389 15 1281 710 52 1200 132
S18 865 671 772 116 264 423 32 2318 1242 92 - 053
S19 640 499 752 98 156 284 20 1891 994 61 931 146
S20 485 391 732 76 144 177 13 1769 639 41 - 219
s21 522 329 742 70 108 161 12 1281 674 36 - 384
S22 402 285 740 44 204 138 05 1281 497 29 516 474
S23 525 428 771 92 132 179 14 1769 603 43 - 4.98
S24 520 383 751 90 72 116 08 1708 532 50 755 258
$25 500 484 760 106 36 243 19 2013 923 55 879 247
S26 758 565 753 102 144 257 12 2623 994 60 - 5.70
S27 500 434 749 54 216 127 09 2440 674 34 - 4.20
S28 786 583 766 110 192 259 14 2989 745 54 988 083
S29 665 485 7.69 110 36 275 23 2135 781 50 - 227
S30 486 384 745 70 108 172 12 1952 532 37 982 273
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Sampling Points  Anhydrite  Aragonite  Calcite Dolomite  Gypsum  Halite

S1 0.32 1.77 1.92 3.43 0.56 -4.22
S2 0.44 2.10 2.25 3.90 0.68 -4.26
S3 0.22 3.27 3.42 5.29 0.47 -4.62
S4 0.27 3.49 3.65 5.65 0.52 -4.42
S5 0.63 2.68 2.83 3.61 0.88 -4.24
S6 0.10 3.08 3.24 4.95 0.34 -4.90
S7 0.50 2.01 2.17 3.23 0.75 -4.24
S8 0.36 2.46 2.61 4.53 0.61 -4.50
S9 0.32 2.62 2.77 3.97 0.57 -4.85
S10 0.30 2.80 2.95 5.17 0.55 -4.71
S11 0.48 2.49 2.65 4.63 0.73 -4.32
S12 0.37 3.30 3.45 5.13 0.61 -4.60
S13 0.36 2.33 2.49 4.10 0.61 -4.75
S14 0.29 3.24 3.40 5.69 0.54 -4.47
S15 -0.06 3.07 3.22 5.25 0.19 -4.98
S16 -0.04 3.31 3.47 6.04 0.21 -4.89
S17 0.24 3.26 3.42 4.57 0.49 -4.44
S18 0.46 3.55 3.71 6.30 0.71 -4.21
S19 0.33 2.80 2.95 451 0.58 -4.46
S20 0.27 2.71 2.87 4.88 0.53 -4.81
S21 0.22 2.84 3.00 5.10 0.47 -4.82
S22 -0.01 2.13 2.29 4.16 0.25 -5.01
S23 0.22 341 3.57 5.76 0.47 -4.86
S24 0.39 2.43 2.58 4.03 0.64 -5.09
S25 0.43 2.62 2.77 4.08 0.68 -4.55
S26 0.41 3.18 3.33 5.78 0.65 -4.50
S27 -0.00 3.10 3.25 6.05 0.25 -4.94
S28 0.39 2.47 2.63 4.43 0.64 -4.62
S29 0.41 2.82 2.97 4.42 0.66 -4.56
S30 0.18 241 2.56 4.28 0.43 -4.92
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loins pH HCOs Cl SO Ca? Mg?* Na* K*
pH 1.000
HCOs  .294 1.000
Cr- 415" 318 1.000
SO#  545™ 254 914 1.000
Ca?* 339 498" 659™ 680"  1.000
Mg** .087 372 180 081 -.202 1.000
Na* 666" 096 810" 854" 4117 065 1.000
K* 593™ 326 645" 734" 619™  603™ 675"  1.000
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Extraction Sums of Squared
Initial Eigenvalues Rotation Sums of Squared Loadings
Loadings
Component
% of Cumulative % of Cumulative % of Cumulative
Total Total Total
Variance % Variance % Variance %
1 4392 | 54.895 54.895 4392 | 54.895 54.895 3.845 48.065 48.065
2 1.297 16.218 71.113 1.297 16.218 71.113 1.622 20.280 68.344
3 1.007 12.589 83.702 1.007 12.589 83.702 1.229 15.358 83.702
4 701 8.768 92.470
5 .316 3.953 96.423
6 171 2.137 98.560
7 .063 792 99.352
8 .052 .648 100.000
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lons Component 1 Component 2 Component 3

pH 0.694 0.020 0.248
HCOgz 0.442 0.689 -0.497

Cr 0.897 0.009 0.070
SO4* 0.939 -0.112 0.095
Ca* 0.749 -0.102 -0.597
Mg?* 0.109 0.869 0.410

Na* 0.861 -0.188 0.396

K* 0.846 -0.092 -0.052
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Elements

Ag (ppb) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Al (ppm) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

As (ppb) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

Ba (ppb) 214 48 7 40 56 35 16 30 138 34 19 22 31 32 26

Be (ppb) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

Bi (ppb) <0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.2 <0.1 <0.1 <0.1 <0.1

Ca (ppm) 55.2 34.8 67 49.2 49.8 422 339 222 44 60.3 333 34.4 47.8 519 20.6

Cd (ppb) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Ce (ppb) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 <0.5 <0.5
Co (ppb) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Cr (ppb) <1 <1 <1 1.7 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Cs (ppb) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Cu (ppb) 8.2 9.6 101 9.5 11.2 10.8 7.1 8.4 7 8.5 8.8 8.7 7.4 8.3 8.9

Dy (ppb) 0.7 0.7 0.7 0.7 0.7 0.6 0.8 0.7 0.6 0.6 0.6 0.7 0.7 0.7 0.6

Eu (ppb) 0.1 <0.1 <0.1 <0.1 0.1 <0.1 0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Fe (ppm) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Gd (ppb) 0.1 0.1 0.1 <0.05 <0.05 <0.05 <0.05 0.1 <0.05 <0.05 <0.05 <0.05 0.1 0.1 <0.05

In (ppb) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

K (ppm) 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.15 <0.01 <0.01 0.02 <0.01 <0.01

La(ppb) | 06 13 06 05 05 0.9 05 <05 | <05 | <05 | <05 | <05 | <05 1 06

Li (ppb) 19.7 129 28.2 1.1 9.1 6.4 116 6.3 119 9.2 1.9 2.2 138 7.7 10.2

Lu (ppb) <0.1 <0.1 0.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Mg (ppm 11.62 8.14 12.48 8.26 12.82 7.07 9.73 5.58 10.64 10.61 5.98 5.07 7.85 10.6 541

Mn(ppm) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Mo (ppb) 0.2 0.6 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Na (ppm) 21.79 13.13 21.56 11.28 11.31 8.37 16.8 5.93 21.27 13.7 5.64 4.46 11.15 12.22 6.96
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Sampling
Lones | g2 S3 s7 S8 | s12 | s13 | s14 | s15 | S17 | s19 | S22 | s24 | s25 | s28 | S30
Elements
Nb (ppb) 36.7 10.1 6.6 5.6 4.9 5.7 10.1 13.9 18.1 5.2 125 135 21.7 4.6 25
Nd (ppb) <0.5 0.7 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.7 0.5
Ni (ppb) <1 <1 <1 25 15 <1 <1 <1 <1 <1 <1 <1 <1 3.2 <1

P (ppm) 0.01 <0.01 0.01 0.01 0.01 <0.01 0.01 0.01 0.01 0.01 0.01 0.01 <0.01 0.01 0.01

Pb (ppb) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Pr (ppb) <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1
Rb (ppb) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

S (ppm) 18.9 8.9 21.91 9.82 11.12 8.13 13.77 3.22 9.02 12.82 5.68 6.15 11.32 12.98 6.06

Sb (ppb) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 26.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Sc (ppb) 5.6 5.4 5.7 4.9 53 55 4.8 4.8 52 4.7 43 4.2 51 4.9 4.9

Se (ppb) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Si (ppm) 4.23 2.86 4.69 3.84 4.97 4.64 4.89 295 5.61 4.35 241 3.53 411 4.62 4.59

Sm (ppb) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.4 <0.1 <0.1

Sn(ppb) | 309 | 114 34 22 74 25 137 | 1289 | 311 22 53 85 129 | 129 9.6
srppm) | 111 | 074 | 115 | 086 9 08 | 094 | 075 | 106 | 091 | 056 | 068 | 084 | 099 0.8
Ta(ppb) | 155 9.6 11 79 11 9.4 126 | 195 | 17.6 9.8 121 | 136 12 96 9.9

Tb (ppb) <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Te (ppb) 52 5.8 44 43 43 44 45 46 14.1 43 105 6.5 43 44 43

Th (ppb) 5.2 4.8 4.7 4.6 4.4 5 4.4 4.1 4 4 4.1 4.1 3.9 3.9 4

Ti (ppm) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Tl (ppb) 1 0.9 0.9 09 09 09 1 0.9 0.9 09 09 09 0.9 0.9 0.9
U (ppb) 119 | 11.2 | 136 6.8 9.9 6.8 103 1.1 1.9 8.8 2.9 2.8 46 95 2

V (ppb) 5.4 2 15 1.7 2 <1 3 49 24 31 31 35 44 2 9.9
W(ppb) | 345 | 145 | 106 9.9 96 77 125 | 182 | 181 83 131 | 176 | 201 8.9 8.7
Y (ppb) 25 16 16 16 1.7 15 17 16 21 15 21 38 2 15 15
Yb (ppb) 0.1 <01 | <01 | <01 | <01 | <01 01 <01 0.7 <01 | <01 0.1 01 <01 | <01
Zn(ppb) | 135 | 102 6.6 36 8.2 6.8 <1 3.3 <1 1.3 | 107 7.4 26 5 8.1
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Sampling U Th Sr Ba Cu Zn Sn w
points (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
S2 11.9 5.2 1110 213.9 8.2 13.5 30.9 345
S3 11.2 48 740 476 9.6 10.2 11.4 145
s7 13.6 4.7 1150 771 10.1 6.6 3.4 10.6
S8 6.8 4.6 860 40 9.5 3.6 2.2 9.9
S12 9.9 4.4 900 56.3 11.2 8.2 7.4 9.6
S13 6.8 5 820 35 10.8 6.8 2.5 7.7
S14 10.3 4.4 940 16.3 7.1 0.5 13.7 12.5
S15 11 4.1 750 295 8.4 3.3 128.9 18.2
S17 1.9 4 1060 137.9 7 0.5 31.1 18.1
S19 8.8 4 910 338 8.5 11.3 2.2 8.3
S22 2.9 4.1 560 19.3 8.8 10.7 5.3 13.1
S24 2.8 4.1 680 218 8.7 7.4 8.5 17.6
S25 46 3.9 840 30.6 74 2.6 12.9 20.1
S28 9.5 3.9 990 322 8.3 5 12.9 8.9
S30 2 4 800 26.4 8.9 8.1 9.6 8.7
Avg 6.94 4.34 874 54,51 8.83 6.55 18.86 14.15
Max 13.6 5.2 1150 213.9 11.2 135 128.9 345
Min 11 3.9 560 16.3 7 0.5 2.2 7.7
Standards 0! 0! - 20001 13001 102 30000 -
Limit
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Sn 098 -265  -.388  1.000
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Extraction Sums of Squared
Initial Eigenvalues Rotation Sums of Squared Loadings
Loadings
Component
% of Cumulative % of Cumulative % of Cumulative
Total Total Total
Variance % Variance % Variance %
1 2.821 35.267 35.267 2.821 35.267 35.267 2.223 27.791 27.791
2 2229 | 27.868 63.135 2.229 27.868 63.135 2.079 25.984 53.775
3 1.267 | 15.832 78.967 1.267 15.832 78.967 2.015 25.192 78.967
4 172 9.653 88.621
5 405 5.057 93.678
6 .370 4.630 98.308
7 102 1.278 99.587
8 .033 413 100.000
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Heavy metal Component 1 Component 2 Component 3

Ba .595 .706 .189

Cu .024 -.484 721

U .796 -.202 378
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Th .505 161 679
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W 143 .936 .090

Sr 916 162 -.210
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Abstract:

Population growth and lack of good quality water resources necessitate the need for
quality and quantity investigations of groundwater resources in hard rocks. In this
regard, the temporal and spatial changes of hydrogeochemical parameters and heavy
metals in groundwater resources of shir-kuh have been investigated in this study.
Shir-kuh area located in the southwest of Yazd, is the main recharge zone of Yazd-
Ardakan plain in Yazd province. According to the results, the mean electrical
conductivity in groundwater resources of Shir-kuh is about 624 ps/cm, mean total
dissolved solids (TDS) is about 442 mg/l, the average of pH is about 7.5 and average
concentration of silica (SiOz) is 9 mg/l. These values are higher as compared with
the average in granitic rocks, which is mainly due to the dissolution of sediments in
fractures caused from sedimentary unit over shir-kuh granit as an unconformity.
Water Types in most samples were Ca-HCO3 and electrical conductivity and silica
increased by reducing the sampling height. The relative increase of hydrochemical
parameters in 1394 as compared to the year 1381 is probably due to the rainfall
reduction and increase temperatures in recent times. The concentration trend in
heavy metals is like Sr> Ba> Sn> W> Cu> U> Zn> Th. The Values are below
standard drinking limits but concentration of uranium and thorium are higher than
maximum contaminant level good of USEPA. Maximum concentrations of uranium
were identified in the western part of the granitic rock that show a direct correlation
with increased electrical conductivity, silica and thorium. The results of factor
analysis and cluster methods indicate the two main factors of dissolution of fracture
sediments (salts and calcite) and weathering of biotite as the sources of ions and

heavy metals in groundwater of shir-kuh.

Keywords: Hydrogeochemistry, granite, silica, heavy metals, factor analysis, Shir-kuh,
Yazd
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