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Al ppb 41 1 0 0 -
As ppb 41 0.5 0 0 -
Au ppb 41 0.05 38 92.68 0.0375
B ppb 41 5 0 0 -
Ba ppb 41 0.05 0 0 -
Be ppb 41 0.05 30 73.17 0.0375
Bi ppb 41 0.05 0 0 -
Br ppb 41 5 0 0 -
Ca ppm 41 0.05 0 0 -
Ce ppb 41 0.01 23 56.09 0.0075
Cl ppm 41 1 0 0 -
Co ppb 41 0.02 12 29.26 0.015
Cr ppb 41 0.5 0 0 -
Cs ppb 41 0.01 5 12.19 0.0075
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Cu ppb 41 0.1 0 0 -
Er ppb 41 0.01 39 95.12 0.0075
Fe ppb 41 10 22 53.65 7.5
Ga ppb 41 0.05 29 70.73 0.0375
Gd ppb 41 0.01 39 95.12 0.0075
Ge ppb 41 0.05 1 2.43 0.0375
Hg ppb 41 0.1 5 12.19 0.075
K ppm 41 0.05 0 0 -
La ppb 41 0.01 40 97.56 0.0075
Li ppb 41 0.1 2 4.87 0.075
Mg ppm 41 0.05 5 12.15 0.0375
Mn ppb 41 0.05 0 0 -
Mo ppb 41 0.1 4 9.75 0.075
Na ppm 41 0.05 0 0 -
Nb ppb 41 0.01 37 90.24 0.0075
Nd ppb 41 0.01 39 95.12 0.0075
Ni ppb 41 0.2 8 19.51 0.15
P ppb 41 10 17 41.46 7.5
Pb ppb 41 0.1 0 0 -
Pd ppb 41 0.2 40 97.56 0.15
Pt ppb 41 0.01 32 78.04 0.0075
Rb ppb 41 0.01 0 0 -
Re ppb 41 0.01 38 92.68 0.0075
Rh ppb 41 0.01 22 53.65 0.0075
S ppm 41 1 0 0 -
Sb ppb 41 0.05 0 0 -
Sc ppb 41 1 36 87.80 0.75
Se ppb 41 0.5 14 34.14 0.375
Si ppb 41 40 0 0 -
Sn ppb 41 0.05 13 31.70 0.0375
Sr ppb 41 0.01 0 0 -
Te ppb 41 0.05 33 80.48 0.0375
Th ppb 41 0.05 35 85.36 0.0375
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Tl ppb 41 0.01 24 58.53 0.0075
U ppb 41 0.02 5 12.19 0.015
\Y ppb 41 0.2 6 14.63 0.15
W ppb 41 0.02 15 36.58 0.015
Y ppb 41 0.01 22 53.65 0.0075
Zn ppb 41 0.5 0 0 -
Zr ppb 41 0.02 22 53.65 0.015
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Frequency

Histogram

Data File!: Arsenic ftatistices
4 M Total : 41
H Miss a
3a. H Used : 41
Mean : 285 .455
Variance: 268862 .888
5td. Dewv: 518.528
20, - »w G, 181.647
Skeuness : 2.258
Hurtosis: 7421
Minimum : .688
19, - 25th » ¥.158
Median : 33 .8688
¥5th » 297 .998
Maximum : 2887 .688

a. T T

a. 8686 . 1680, 240806 .
As (pph)

AsoppbOoooO

Mormal Prokakility Plot for AsoppbOoOOo0

Data file: Epring.dat Statistics
N Total : 41
240@. N Miss a
N Used : 41
+
" Mean : 285 .455
Variance: 268862 . 888
1608, Std. Dew: 5i18.528
w CL, H 181 .647
Skeuness i 2.258
++ Kurtosis: 7.421
+
* Minimum : .6688
geg. 25th » 7.158
+ Median : 33 .888
& 75th » 297 .998
+ Maximum : 26887 .680
i_
a. — :::HHH:F“”H#E []
1 i@ 30 58 78 90 99

Cumulative Percent

AS ozl 5905 g ol St (1Y) S

IAYA




Histogram
Data File: Arsenic Statistics
I N Total : 41
N Mi=z=s a
8. N Used : 41
] Mean 3.787
6. Variance: 5.434
' Std. Dew: 2.331
a - w oy, 62.891
g Skeuness ! -.A13
Z 4. - L - Kurtosis: 1.964
= .
o
o - Mininumn -.511
25th » 1.959
2. - MHedian 3.497Y
T5th = L.656
Max imumn T.644
a. T T
-, a. 4, 8. 12.
Ln{As) {(pphl
Hormal Prohbahility Plot for LH{AsOpphOoOo0l
Data file: Spring.dat Ttatistics
N Total : 41
9 N Miss a
N Used : 41
L
ﬁ_;‘“ Mean : 2,787
-~ & Eia Variance: 5.434
2 H¥+ 5td. Dew: Z2.331
2 # w o, 62.891
) A =| Skeuness : -.813
& 3. s I Kurtosis: 1.964
W K
N +ﬁ Minimumn -.511
z + Z5th = 1.959
= a. et Median 3.497
i T5th = L.656
Max imum T.644
-3.
1 1a 38 58 7a =" ] 99
Cumulative Percent

AS Jloy Jlacl ogai 5 pl S (VA-Y) IS5

aS (ol aie cpla bgye saosls og Jbo g pas cains lis e Jleix! loged 5 ol Seince

Q8 5 VAT US8) a8 o Jloi |y laools 65 o IS0
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Histogram
Data File: Boron

Ftati=ztics

L= N Total 41

N Hiss 4]

z4a. H Used 41

] Mean 6482 542
Variance: 83660680 .8808

5td. Dew: 9146 .617

Q 16. w G, H 142 .859
5 Skeuness ! 1.755
g Kurtosis: 5.564

]

o Mininun 25 . AAa
8. Z5th = 365 .588
Median ZA3Z .80

Thth = 6942 . 258

__W Max imum 37891.8688

Bl T T !_| '_
18068 . 2008 . 30000 . 406800 .
B (pphk)
Hormal Prokbakbility Plot for BopphoOODOoOo . .

Data file: Spring.dat ttatistics

N Total 41

46063 . T N Miss A

N Used 41
¥ Mean 6482 . 542
Jeuod . Variance: 836686688 .888
a 5td. Dew: 9146 .617
g w G, H 142 .859
o Skeuness 1.755
_E 20000 T Kurtosis: 5.564

=N
5 #H Mininum 25 . 988
25th =« 385 .588
10000 . Median 2832 . 8688
A T5th =« 6942 . 258
" g Max i mum 37891 .800
a. -
1 18 2B S8 70 90 a9

Cumulative Percent

B il 5505 3 ol St 1Y) UK
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Histogram
Data File: Boron

Etati=tics

1 N Total : 41
H Miss a
9. - H Used : 41
] Mean 7.373
Variance: 4.193
Std. Dev: 2.848
a 6. — w G0, 27 .774
5 Skeuness: -.348
g Kurtozis: 2.141
w
o Minimnum 3.219
3. Z5th 5.718
Median 7.617
T5th = 8.845
Max imum 16 .542
@, t
a. 9, 8. 12
Ln{By {pphl
Hormal Prokakility Plot for LH{(BoppkhOoooool . .
Data file: Spring.dat Statistics
N Total : 41
1z2. N Miss a
N Uzed : 41
L A
i@, prisro Mean : T.373
~ w Variance: 4.193
2 H Std. Dew: 2.848
o a +:W_.J- I w oy, 27 .774
o A = Skeuness : —.348
2 # Kurtosis: 2.141
5 a
& © W Minimun 3.219
z N 25th = 5.718
- A Median 7.617
a. 7t 75th 8.845
bt Max imum 18 .542
2.
1 i@ 38 58 7a 28 99

Cumulative Percent

B oy Jloi! lgai g ol Sy (YY) IS5

e oo Lai sg3 5 Loy SY LS, 5 (YO-F) LIS 5 (TF-F) odse «(Y)-T) 050
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Histogram
Data File:!: Mercury

Etati=stics

* H Total 41

M Miss a

aa. N Used 41

Mean 4 .481

2 Variance: 99 .368

) Std. Dev: 9.968

a LI OO LI Z2Z6.588

5 Skeuness: 3.228

g 2@, Kurtosis: 12.785
u

o Mininum .a75

25th » .325

1@. Median 1.128

T5th = 2.188

Maoc imum 45 . 5860

Bl T T T !_|
18. 2. 3a. g . 5a.
Hg {(pprk>
Hormal FProkbkakility Flot for Hgoppboooo ) ;

Data file: Spring.dat Etatistics

H Total 41

5a. N Miss ]

H H Used 41

+

4@. MHean 4481

Variance: 99 .368

a 5td. Dev: 9.968

2 3@, w G, 226 .588

o Skeuness 3.228

5 Kurtosis: 12.785
o,
o

2 = n Minimumn .875

A 25th = .325

Median 1.128

18. 75th = 2.188

o+ Maonc imum 45 .588

o, i Y, =
1 18 38 58 T8 =1" ] 99
Cumulative Percent

HY o Jboges g ol S giaas (Y1-F) S
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Histogram
Data File: Mercury

Statistics

Cumunlative Percent

. H Total 41
M Miss A
9. ] H Used 41
] Mean —-.B16
Variance: 2.868
S5td. Dew: 1.693
a 6. L3 VL Y 18788 .728
5 Skeuness: 446
g ] Kurtozis: 2.737
o
i Minimnun -2.598
3. A 2ohth = -1.132
Median .113
voth = .742
|| Max imum 3.818
a. T
-6. -3. a. 3. 6.
Lnt{HgY {(pprhl}
Hormal Probakility Plot for LH{HgoppbhOooOoOl . .
Data file: Spring.dat Statistics
N Total 41
- T A N Miss a
N Used 41
At
Mean -.A16
" 2. ¥+ Variance: Z2.868
2 " 5td. Dew: 1.693
e Q‘ w oy, 18788 . 728
] T, l Skeuness ! .446
& e. s Kurtosis: 2.737
5]
o it
z 4”* Minimum -2 .598
z HH Z25th » -1.132
= -z, Median .113
PR 75th = . 742
Mao imum 3.818
-4,
1 18 38 S8 78 98 ag

HY Jley Jaio Jogai g ol St (YY-Y) S5




Histogram
Data File: Molubhdenum

Statistics

Cumulative Percent

L H Total 41
25 N Miss a
' M Used 41
Mean 5.480
2a. Variance: 48 .606
5td. Dew: 6.972
a w o 132 .842
E 135. Skeuneszss: 1.473
g Kurtozis: 4.887
w
o 1@. Minimnum .B75
Z25th = 578
Median 1.6688
5. Toth = 8.625
Max imum 26 .188
8. I —
1@. 2@. 3@.
Mo (pphkl
Hormal FProbakilitu Flot for Mooppboooo . .
Data file: Spring.dat Statistics
N Total 41
28. N Miss A
N Used 41
+
Mean L.288
¥ Variance: 48 . 686
28. 5td. Dew: 6.972
2 +
° nn w o 132 .842
o Skeuness 1.473
2 * Kurtosis: 4.887
[
0
o Minimumn .B75
Frea
= 1@. r: 25th x .578
I Median 1.6688
A | 75th 8.625
+ Max imumn 26.1688
o L W“‘d} ]
) 1 18 308 58 7@ 98 99

MO Jlis! Jogei g ol S (VYY) IS5
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Data File:

Histogram

Molybdenium

Statistics

—— N Total 41
N Hiz= a
8- N Used a1
] Mean .566
6. - Variance: Z.948
) Std. Dev: 1.717
3 - - % C.U, 383 .616
£ Skeuness: —-. 221
3 | o | | Kurtosis: 2.116
o 4,
v
£ Minimun -2.590
25th = -.563
2. Median .478
7?5th = 2.158
Max imum 3.262
a.
-6 -3 a.
LniMo> {pph)
Hormal FProkakility FPlot for LH{MoCOppkooOOo) . .
Data file: Spring.dat Statistics
N Total 41
- N Miss 8
.4 N Used 41
A
i Mean .566
-~ 2. i Variance: Z.948
g 4 Std. Dev: 1.717
2 Hf w C.J, o 383 .616
oo 1 Skeuness —.221
o . 4 Kurtosis: 2.116
3 +
E Minimum —2.598
¥ e 25th » -.563
. -z, Median .478
o+ ++ 75th » Z.158
Maxc imum 3.262
-4,
1 18 38 S8 78 9@ 99

Cumulative Percent

MO Lo Jlazol J5505 5 ol S (YY) U
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Histogram
Data File: Chlorine

Etati=z=tices

Cumulative Percent

s N Total 41
N Miss a
4. N Used a1
- Mean 1588 .356
. Variance: 15663298 .8688
) 5td. Dew: 3957 .687
b w GV, Z6Z.384
E Skeuness: 3.1684
g 20, Kurtosis: 11.572
o
o Minimum 14 .A88
25th = 42 588
1. Median 77.8008
Toth = 477 .758
Max imum 17816 .888
Bl T !_| T T
40606 . 8000 . 12808, 16006, 20008 .
Cl (ppmd
Hormal Prokakilitu Plot for ClOoppmOooO0O . .
Data file: Spring.dat ftatistics
H Total 41
28080a. H Mi== a8
N Used 41
+
16098, - Mean 1588 . 356
Variance: 15663296 .888
a Std. Deu: 3957 .687
g 12068@. WG, 262 .384
o Skewuness J.1684
£ Kurtosis: 11.572
& 7
5 ool Mininun 14.900
25th = 42 .588
Median 77 .888
1000, Toth = 477 758
e Maoc i mum 17A168 .86868
+ T
a. PRSPURPRTS ' PTUTE POTER FORTES o =
1 i8 38 S8 780 98 a9

Cl ! Jsg03 5 ol Fgimmn (YO-F) IS
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Histogram
Data File: Chlorin

Etatistics

Cumulative Percent

=] H Total 41
M Miss a
8. N Used a1
Mean 5.887
6 Variance: 3.845
) Std. Dew: 1.961
A o v C.V, 8.542
5 Skeuness ! 975
E | Kurtosis! J.838

o 4.

1]

o Minimum Z.639
Z5th 3.749
= - - Median 4,344
T5th = 6.152
Max imumn 9.742

a.

3. 6. 1z,
Ln(Cl) Cpomd
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19 Slogsl il Wls o ole S imme; dblaie wilis |, S 8 ogam 9> (VAAP) o], Sen o K

(Bingqui et al., 1986) wil olo,5 yao; Ll idu liebl Wlg co S o
bl 5l S a5 e Tobl plind o ' Sgaks adlate ,5 (VAAY) oL es 5 658y Slallas
Sligesy 5 ol eslanl T Sligas ) (S (Ko 3 1, HY polie cenl ;525 cnl 10 (alo S iman gy

(Bingqui etal., 1989) cuul 00,5 Lo (A-F) Jgoz & jaa dai jplao

(Binggiu et al., 1989) cul oo ools ;)lis e o> g Jlogil &g a5 olic 5 S polie (A-F) Jgo

Medium Hg (ppb)  As (ppm) Sb (ppm) Bi (ppm) B (ppm) No. of
samples

A B A B A B A B A B

Soil 28 149 4.2 38 0.3 3.6 0.2 1.1 40 51
Rock 7 91 0.5 23  0.04 046 005 2.0 1.6 75 11
Altered rock 38 1517 1.6 364 0.3 72 04 04 3.7 7.0 ]
Stream sediments 13 68 5.7 14.7 155
Water 587 203 11 437 1 25 7
Precipitates of hot 125 303 11 0.8 50 3
spring

A =background region; B=anomalous region.

il (A-F) Jgoo Spgar ()9 @l e i 4w )3 yolie (B polio g

(Binggiu etal., 1989) rr.> ol S o) dilaie 4w 1o olic Sy polie :(A-F) Jgux

Region Element No.of Hg As Sb Bi B Temp.

parameters' samples (pph) {ppm} (ppm) (ppm) (ppm) thermal

water { “C)

Xiaotangshan 1 an H4-700 10-225  0.7-1.8 0.5-0.7 30-50

2 194 12.6 0.8 0.6 32

3 7.2 2.3 2.5 2.0 1.6 4060
Tengchong 1 44 62-480 10->400 0.5-=30 05-5  30-60

2 149 38 3.6 1.1 40

3 5.4 9.3 12 5.5 3.8
Yanghajing 1 117 4-> 1600  30-98 1.1-243 1-2.1  100-1600

2 265 1056 16.7 1.4 704 140

3 14 6.5 21.8 2.8 19.4

“1=range of anomalous contents; 2 = anomalous average value; and 3 =anomaly contrast.

\- Tengchong
Y - Yunnan
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(Bingqui and Hui., 1995) 5 5° 3,20 ole,5 o) 3ble 8 pae yolic 51 SO
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OeSilee el 0ads 0 LBI il (nl )3 (e S e Bblie Bpae paie Ko (lyie 4 oger ool

:(Hooda, 2010) cwl oais 0351 3 Jgaz ;o calize slaS g Sow glgil o HY clale

(Hooda, 2010) S5 3 lacKiws 5l (B ;0 05a> 39a 5 ek 1V =F) Jgax

Rock or soil type Range of concentrations Mean
(mgkg™") concentration (mg kg~')

Crust/lithosphere 0.05-0.08

Granite 0.08

Basalt 0.01-0.12

Shale 0.18-0.50

Limestone 0.05-0.16

Sandstone 0.03-0.29

Coal 0.01-0.021

Podzols and sandy soils 0.01-0.95 0.06

Desert sands 0.008-0.32 0.06

Loamy soils 0.01-0.78 0.13

Soils developed on glacial tills 0.02-0.36 0.06

Forest soils 0.02-0.58 0.14

Paddy soils 0.02-1.00 0.30

Volcanic soils 0.03-0.10 0.08
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Abstract

Growing of the population increases the use of energy and therefore the use of renewable
energy as the best replacement for fossil fuel. On the other hand, due to running out of
fossil energy resources, natural and environmental hazards and high costs, switching to
clean energy seems logic. Different geological and exploration techniques are required to
be employed to locate the best targets for geothermal as the future energy resources.

According to the situation of Iran in geothermal belt, there are different geothermal
fields. This confirmed by previous studies of potential geothermal resources in some parts
of iran. The East Azerbaijan Province is considered as a target, according to the young

volcano and hot springs where the temperature will exceed 50 °C.

In this study, the geochemical behavior of some of elements such as REE, As, Cl, B, Ge,
Ga and Hg in water samples, soil and rock in geothermal areas has been investigated and
compared with that of other parts of the world. The Ghare Aghaj area can be considered
as an important geothermal potential with a large argillic alteration as the indication of
hydrothermal activities, in addition to high concentrations of Hg and As in soil samples
and As in water’s Manshage-Charoimagh. Kaleibar region is the next target due to high
concentrations of Mo and Ga in water sample of spring AbishAhmad and high
concentration of Hg in soil samples. Bostanabad and Lighavan areas can also be
important, due to the high concentrations of As, B, Sr and Ge at their spring water
samples, and Hg content in soil samples around their springs. Mianeh and Hashtrood area
show higher concentrations of more trace elements, that can be associated with deep
hydrothermal systems. Geothermometry studies revealed GhareAghaj as the hottest and

Kaleibar region as the lowest reservoirs in eastern Azerbijan province.

Key Word: Geothermal, East Azerbaijan, Trace Elements, Rare Earth Elements
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