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(w4) (w5) (w6) (w7)
pH 7.6 7.3 7.8 7.4 7.2 7.7 7.0 -A0
EC (uS/cm) 470 2260 460 2600 3520 610 -
COs* 42 375 45 52.5 69 42 -
HCOy 0 158.6 73.2 97.6 64.66 18.3 -
Wm Cl- 53.2 152.6 35.5 149.1 166.85 56.8 vo-
nmv S04 393.6 835.2 96 1257.6 1507.2 249.6 vo-
- Ca® 16 80 18 120 170 20 Yoo 00T olh
Mg?* 8.4 30 44.4 32.4 34.8 15.6 RN
Na* 230 4485 32.2 598 662.4 154.1 A
TSS (mg/L) 148 213 57 520 780 52 -
TDS (mgiL) 540 1600 330 2110 2500 420 5+ (EPA)
SAR 115 10.8 0.9 125 12.1 6.2 -
TH (mg/L as cacos) 37 162 38 250 285 56 O (V-OF oD
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(wl) (w3) (wé4) (w5) (w6) (w7)
Al 33 1 16 7.5 294 4
As 5.4 2.6 4 3.75 3.75 2.2
B 139 402 135 580 708 213
Ba 80.55 20.57 80.16 15.4 10.85 58.89
Cr 15 8.2 1.2 54 3.75 2.7
wﬂ Cu 1.3 4 0.85 6.4 12.9 0.8
W Fe 39 7.5 7.5 347 187 7.5
K 1300 4274 1093 4374 9776 2161
Pb 0.7 0.3 0.5 0.75 6.5 0.1
Sb 1.67 1.17 1.35 1.56 0.7 1.54
Si 8439 12723 7152 12832 11480 7532
| | 2Zn 2.8 10.5 2.1 7.6 200.3 6.1
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(wl) (w2) (w3) (w4) (w5) (w6) (w7) (w8) (w9) (w10) (wll) (w12)
Al 19 31 26 25 6 163 59 78 123 44 21 61
As 4.2 2.6 2.1 3.6 1.2 0.9 2 5.5 39 34 6.4 13.7
B 149 468 423 145 526 606 248 393 468 1551 657 2910
Ba | 70.03 | 27.18 20.07 79.85 25.57 10.9 48.01 | 426 30.4 12.35 50.53 21.45
Cr 1.4 14 1.7 1.2 1.8 0.375 1.1 1.2 3.4 21.1 12.9 108.1
m Cu 2.9 7.3 8.6 9.1 4.9 13.6 7 6 20.6 13 7.9 8.4
o]
W Fe 7.5 70 68 36 7.5 1635 34 71 214 7.5 7.5 25
K 1021 3808 3431 1073 3294 7974 1780 | 1140 493 3348 2450 10012
Pb 1.7 1.3 23 39 0.075 22 1.3 1.6 13.4 10 0.8 25
Sh 1.89 1.91 2.34 1.96 2.05 2.39 2.38 2.06 2.46 2.36 2.07 2.28
Si 8035 | 13381 11628 8152 14049 12376 | 7645 | 10989 11648 14406 15199 19240
Zn | 2241 | 2734 207 132.6 190.1 160.8 | 300.4 | 457.2 181.3 283.8 152.2 189.6
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R4 R12 R15 R17 R19 R20 R21 R22 R23 R24 R25 R26 R27

Al (%) 0.49 0.23 0.26 1.95 1.2 0.76 0.81 0.39 0.59 0.78 0.41 1.18 0.65

As 6.9 38.4 10.9 0.9 19 2.2 25.7 2.3 7.2 41.9 27.6 12 3.6

Ba 274.8 18.9 82.7 29.6 114.2 91.2 75.6 50.2 34 203.4 39.9 205.7 16.9

Ca 1.94 0.14 131 2.76 1.09 0.22 11 0.65 15.28 1.8 2.65 6.58 221

Cr 8.1 6.8 20.3 9 18.1 15 7.2 13.7 12.6 22.8 1 24.1 8.3
Cu 26.88 | 11.17 16.18 17.52 58.59 46.3 48.86 6.52 17.78 33.8 7.41 29.5 19.33

@ Fe (%) 1.41 11.16 2.01 1.23 3.09 5.98 3.85 0.67 131 3.45 391 2.46 1.94
\m K (%) 0.09 1.05 0.15 0.16 0.17 0.5 0.32 0.07 0.13 0.15 0.73 0.24 0.07
- Mg (%) 0.43 0.04 0.12 0.89 0.79 0.15 0.07 0.02 0.34 0.41 0.03 1.02 0.01
Na (%) | 0.006 | 0.687 0.011 0.158 0.162 0.926 0.114 0.037 0.021 0.06 0.14 0.038 0.154
Pb 14.97 15.3 11.08 35.41 20.93 12.55 4.85 17.74 7.44 12.11 54.43 9.74 13.54

S (%) 0.015 371 0.02 0.015 0.015 1.85 1.89 0.14 8.79 0.14 3.45 0.42 3.89

Sh 1.03 0.31 27.37 0.07 0.09 0.04 0.09 0.1 0.36 2.26 0.22 0.15 0.2

Zn 33.9 1.3 41.6 40.6 49.9 10.5 31.2 14 20.2 53 29 37.3 2.6
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-0.343 1

0.066 |0.08 1

0.081 |-0.161 |-0.055 |1

0.170 [0.038 [0.442 0.196 |1

0.376  [-0.098 [0.378 |-0.176 [0.14 1

-0.294 [0.594 [-0.209 |-0. -0.34 [0.065 [1

w
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@

-0.315 0.576  |0.325 |-0.245 |-0.506 |0.175 ]0.901 |1

0.803 |[0.279 |0.452 |0.266 [0.516 ]0.335 |0.302 |0.335 |1

-0.086 [0.091 |0.273 |0.35 |0.533 |0.192 0.781 [0.669 |0.257 |1

0.172 |0.04 -0.273 -0.166 |-0.412 [0.372 |0.021 ]0.324 [0.03 -0.022 1

-0.309 [0.088 |-0.509 |0.697 |0.354 |-0.273 |0.680 [0.254 |-0.351 |0.123 |0.064 |1

-0.32 [-0.019 [0.003 }-0.12 0.367 |-0.177 |-0.139 [0.162 |-0.175 |-0.214 |-0.162 |-0.23 |1

0.034 [-0.091 [-0.067 |0.884 [0.094 |-0.076 |0.008 [0.063 |0.24 0.056 |0.252 10.686 |0.208 |1

0.518 ]0.013 ]0.586 0.042 0.671 |0.529 ]-0.332 |-0.483 [0.686 |0.424 |-0.209 |-0.506 |0.29 -0.105
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Sand dunes B
Kavir (salt flay), dagh (mud flay) " Ot EIw
il 7.38
Recent alluvium > [ J 7.42 pH
et @
Dasht (gravel fans and young terraces) : —

€ / Y | s 7.38 to 7.44
OMd terraces \ » .
Basalt
Pyroxene andesite. . 744 to 7.56
Hornblende andesite

Andesitic porphyrite

Conglomerate
Tuffaceous marl
Gypsiferous marl
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7.56 to 7.67

Dacite

7.67 to 7.86

. 7.86 to 7.961

Andesite
Altered andesite, dacite, tufl
Volcanic breccias, agglomerates
Conglomerate

Red tuffaceous marl, sandstone, conglomerate

Nummulitic limestone

*|  Conglomerate
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% Sand dunes
Kavir (salt flat), dagh (mud flat)
Recent alluvium TSS (mg/L)
S it e No Guldeline.
e ® 10to168
Basalt
Pyrossas aadesite . 168 to 251

Hornblende andesite
Andesitic porphyrite

Conglomerate
Tuffaceous marl
Gypsiferous marl

. 251 to 385
. 385 to 510
. 510 to 840.1

Dacite
Andesite

Altered andesite, dacite, tufl
Volcanic breceias, agglomerates

Conglomerate

Red tuffaceous marl, sandstone, conglomierate
Nummulitic limestone

Conglomerate
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Sand dunes

Kavir (salt flav), dagh (mud flat)

TH (mg/L as CaCO3)
1053 Iran Standard
500 mg/L as CaCO3
® 66 to 105

Recent alluvium

Dasht (gravel fans and young terraces)

Old terraces

Basalt
Pyroxene andesite
Homblende andesite

@ 5w
‘ 194 to 482
‘ 482 to 729
. 729 10 1732

Andesitic porphyrite
Conglomerate

Tuffaceous marl

Gypsiferous marl

Dacite

Andesite

Altered andesite, dacite, tuff
Volcanic breccias, agglomerates

Conglomerate

Red tuffaccous marl, sandstone, conglomerate

Nummulitic limestone

| Conglomerate
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z
Z Recent alluvium
5 HCO3 (mg/L)
- Dasht (gravel fans and young terraces) WHO Standard
> No Guideline
& 0Md terraces [ ] 915 to 122
%
| Basalt
: Pyroxene andesite . 68
& Hornblende andesite
o Andesitic porphyrite
o Conglomerate
z Tuffaceous marl 183 to 195.2
Gypsiferous marl
Dacite
195.2 to 2318

Andesite

Altered andesite, dacite, tufl

Volcanic breccias, agglomerates
Conglomerate

Red tuffaceous marl, sandstone. conglomerate

. 2318 to 238

Nummulitic limestone

Conglomerate
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Kavir (salt flav), dagh (mud flat)

Recent alluvium

Dasht (gravel fans and young terraces) V?H%ssggdgalh)

Old terraces No Guideline
[ J Oto6

Basalt

Pyroxene andesite

@ ¢vn

. 12 to 135
. 135 to 21
. 2 to 21.01

Hornblende andesite
Andesitic porphyrite
Conglomerate
Tuffaceous marl
Gypsiferous marl
Dacite

Andesite

Altered andesite, dacite, tufl

Conglomerate ?
Red tuffaccous marl, sandstone. conglomierate N v y i
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47~ | Sand dunes

A s 834,25
L7

Kavir (salt flat), dagh (mud flat)

Recent alluvium

Cl (mg/L)
WHO Standard
250 mg/L.
o 39.05 to 74.5

Dasht (gravel fans and young terraces)

Old terraces

Basalt
Pyroxene andesite
Hornblende andesite . 745 to 1278

Andesitic porphyrite

Conglomerate
Tuffaceous marl
Gypsiferous marl

. 1278 to 1633
Dacite
Andesite 163.3 to 834.25
Altered andesite, dacite, tuff’

Volcanic breccias, agglomerates
Conglomerate

834.25 to 2644

Red tuffaccous marl, sandstone. conglomierate

Nummulitic limestone

*|  Conglomerate
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Kavir (salt flat), dagh (mud flat)

Recent alluvium 504 (rng"_)
WHO Standard
2

Dasht (gravel fans and young terraces)
50 mg/L

Old terraces 240.96 to 2736
Basalt

Pyroxene andesite.
@ 350w

. 409.44 to 678.72
. 678.72 to 122544
‘ 122544 to 1375

Hornblende andesite
Andesitic porphyrite

Conglomerate
Tuffaceous marl
Gypsiferous marl
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Dacite
Andesite
d  Altered andesite, dacite, tufl

Volcanic breccias, agglomerates
Conglomerate

Red tuffaceous marl, sandstone, conglomierate
Nummulitic limestone

*| Conglomerate
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NEOGENE — QUATERNARY

Sand dunes

Kavir (salt flat), dagh (mud fla)

Recent alluvium

Dasht (gravel fans and young terraces)

0ld terraces

Basalt

Pyroxenc andesite.
Hornblende andesite
Andesitic porphyrite
Conglomerate
Tuffaceous marl

M Gypsiferous marl

Dacite

Andesite

Altered andesite, dacite, tuff

Volcanic breccias, agglomerates

Conglomerate

Red tuffaceous marl, sandstone, conglomerate

Nummulitic limestone

Conglomerate

b e Lals Ca cbale (W4) coap aeios (W)

Ca (mg/L)
1053 Iran Standard
200 mg/L.
[ ] 20 to 30

. 182 to 4161

< SRR i
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Kavir (salt flay), dagh (mud flat) o~ 1088

Recent alluvium )

WHO Standard
No Guideline

[ ] 12 to 19.2

Dasht (gravel fans and young terraces)

Old terraces

Basalt

Pyroxene andesite

@ 2022
. 252 to 444
. 444 10 624
. 624 to 1069

Hornblende andesite
Andesitic porphyrite
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Gypsiferous marl

Dacite

Andesite

Altered andesite, dacite, tufl

Volcanic breccias, agglomerates

Conglomerate

Red tuffaceous marl, sandstone. conglomierate

Nummulitic limestone

Conglomerate
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Old terraces
Basalt

Pyroxene andesite
Homblende andesite

3256

lod gy ago o lasbiwl ax 51 i sl (oLl

NS Sand dunes
Kavir (salt flay), dagh (mud flat)
Recent alluvium Na (mg/L)
WHO Standard
Dasht (gravel fans and young terraces) 200 mg/L.

[ ] 713 to 92

‘ 92 to 1495

Andesitic porphyrite

Conglomerate
Tuffaceous marl
Gypsiferous marl
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. 1495 to 2645 |
. 264.5 to 4945 }
. 4945 to 2554

Dacite

Andesite
Altered andesite, dacite, tufl
Volcanic breccias, agglomerates
Conglomerate

Red tuffaccous marl, sandstone., conglomierate

Nummulitic limestone

*|  Conglomerate
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Piper Diagram

80 60 40 20 20 40 50 80

Ca e Na+K  HCO3+CO 3 — cl
Calcium (Ca) Chloride (Cl)
CATIONS %meag/ ANIONS

YA 3153 5 b bl s andllas 50 o @olin ;b Jloges -V ¥ =5 JSCs



A Sy 2T o SeidiSon p (oogto Joo 9 (o025 SUel ooy yond § CodeS (ouwy  ipeteds Joad

addllas 3590 slal o)l 5 o SleaS9 -F-F Jgor

ol 5 gl & pb ol 5 gl & ol
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Na-SO4 algS ol Na-SO4 S o ded
Na-SO4 Sy U3 Na-SO4 Sgje lid
Na-SO4 b olid Ca-S0O4 Sl ol
Na-SO4 5 oy, wls Na-SO4 g L3
Na-Cl oLl cdgo ol Na-SO4 ol Kix ol
Na-Cl yands ol> Na-SO4 SIgF olis
Stiff Diagram Stiff Diagram
Cations meq/|l Anions Cations meq/l Anions

5.80.55.50.85.00.05.30.25.20.05.00.05.0 0.0 5.010.015.20.25.30.35.80.¢
T T T 1 5.60.65.60.05.010.05.60.25.20.05.00.05.0 0.0 5.010.05.20.25.60.35.20.8¢¢

FTTTTTT T
Ma+K, Cl

| T T T [ T T L T
\ Na+K,__Cl
Ty, s cat HCO3+CO3
\\I Sif s Ca 03+C03
—
Mg S04
m-x.\ {:\ Mg S04
\
B A c;[ \\ucozqcoa Na*K o
g S04 Dda dela Ca' 03+C03
MNa+K, Cl
Mg S04
Sy oiE ca 03+C03
Na+K, e]
g S04
sk - FgadE Ca 03+C03
iy old ca 03+C03 Mg S04
Mg
1

NasK, ci
S04
Ma+K (e
P Ca 03+4C03
LT ca 034C03
Mg S04

Mg S04

Na+K el
Hask, ol \
\
) PR SO cat HCO3+CO3
s Jsds Ca 034C03 \ N\,
\ AN
| . N
Mg S04 Mg S04
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|  Volcanic breccias, agglomerates

| Conglomerate
Red tuffaceous marl, sandstone, conglomierate

Nummulitic limestone

Conglomerate
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1 3 5 7
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Dacite
Andesite
Altered andesite, dacite, tufl
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Andesite

Altered andesite, dacite, tufl
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Abstract

Bedrocks and minerals in the groundwater path as well as alterations in rocks are
important parameters in the water quality. Water-rock interactions change the
concentrations of elements and the quality of water. By increasing the concentration of
the elements beyond the standard limits, consumption of water by human and other
living organisms cause health problems and environmental impacts. The present
research aimed to evaluate the groundwater quality in southern band of Mokhtaran
Plain, south of Birjand, as well as assessment of its controlling parameters. Following
the collection of available data, field studies, and selection of sampling locations, water
samples were collected in two stages, 6 sources in Octobet 2008 (at the end of dry
season) and 12 sources in June 2009 (at the end

of wet season). Soil and rock samples were also collected from the field. 19 thin
sections from the rocks, 13 rock samples for ICP-MS analysis and 18 water samples for
measuring cations and anions concentrations and ICP-MS analysis were chosen.
According to the environmental priorities and the geological conditions of the region,
12 elements namely: Al, As, B, Ba, Cr, Cu, Fe, K, Pb, Sb, Si, and Zn were selected for
further studies. The geological investigations of the area show the presence of volcanic
rocks (andesites) and volcanoclastic rocks (tuffs). Based on the intensity of alteration in
rocks, they were classified in three groups: Group | (weak alteration), Group Il (high
alteration), and Group Il (soils and sediments). Chemical analyses show that in high
altered rocks (Group 1), Pb, K, and Fe have the highest concentrations while Al, Ba, Cr,
Cu, Sb, Zn have the lowest concentrations. Chemical analyses on the water samples and
the map of the concentration distribution of the elements, anions and cations, and other
parameters show that the alteration causes the increment of the total dissolved solids
(TDS), total suspended solids (TSS), and the concentrations of Al, Fe, K, Cu, Pb, Sb, B,
Ca, and SO4* and decrement in the concentration of Cr, Ba, and As in water samples.
High correlation between the parameters is an evidence of similarity in their
geochemical behavior. The highest correlations are calculated between Ca with SO4*
(+0.914), Mg with Si (+0.800), B with TDS (+0.973), B with CI (+0.967) and B with
Na (+0.994) in water and Ca with Sr (+0.884) and Fe with K (+0.901) in rocks.
Calculation of metal index (MI) for water resources indicates that Bidokht Spring and
Roode Kaj, Yoush, and Bidestan ganats, as well as Kooshe, Valiasr, and Doulatabad
wells have MI bigger than 1. Montmorilonite, Kaolinite, Hematite, Goethite, and iron



hydroxides are among the minerals in water resources with the saturation index (SI)
bigger than zero and thus with high probability of sedimentation. Alteration has caused
the augmentation in variation of SI for some minerals in water resources. In accordance
with geological, petrological, and geochemical studies, element distribution map in
water resources, correlation table of elements in water and rock, and Sl diagram, a
conceptual model was developed to interpret the water-rock interaction and
transportation and transformation of the elements from intermediate media into the
water. In this model, elements from the primary media including primary rocks, altered
rocks by hydrothermal fluids, and possible mineralization enters into the intermediate
media through weathering, and other chemical reactions. Finally, by washing and
reactions such as solution, ion exchange, and desorption these elements appear in water
resources. In the case of saturation in the solution by the elements and ions,
sedimentation occurs and elements are extracted from the liquid phase.

Key Words: groundwater resources — geochemistry - alteration-water - rock

interactions - conceptual model
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