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Abstract: Hot springs are evidence of geothermal filed, where the internal thermal of the
earth, resulted from volcanic activities and from geochemical reactions, is transferring to the
land surface. Ayub Peighambar and Shafa hot springs, with temperature of about 40 °C and
CaSO4 water type, are located in Northeast of Iran. These springs due to have high
temperature than other adjacent springs and are using for balneotherapy purposes, are very
important. According to geotermometery and stable isotope ('*O and “H) studies, depth of
Ayub Peighambar hot spring geothermal reservoir is about 4-5 kilometer and its temperature
is less than 150 °C.

1. INTRODUCTION

Several factors can generate hot springs including: 1- volcanic activities; 2- geothermal
gradient with deep circulation of water; 3- radioactive material (long-lived radioactive
isotope) and decay process that produced heat; 4- tectonic and fault movement/earthquake;
and 5-physicochemical reaction [1-6]. To estimate the temperature and the depth of
geothermal reservoir, the geothermometers tools (minerals, element and chemical
composition) can be applied [7].

2. METHODS

Samples were collected, each in polyethylene 25 ml bottle, from Ayub Peighambar and Shafa
hot springs. All samples were filtered using 0.45um membrane and the cation samples were
acidified with concentrated HNOjs acid. Samples were sent to Ottawa University
Geochemistry and G.G Hatch stable isotope laboratories for measuring anions, cations and
stable isotope (**O and *H) compositions. During field observation and sampling period, the
field parameters (T, EC, TDS, Ph, Eh and DO) were measured. In this paper, the temperature
and the depth of geothermal reservoir of Ayub Peighambar and Shafa hot springs were
estimated using Na-K geothermometer, methods developed Giggenbach [8] and by
Mohammadi [9], and stable isotope techniques.

3. RESULTS

Based on chemical composition, the temperature and depth of geothermal reservoir for Ayub
Peighambar and Shafa hot springs were calculated and the results were tabulated in Table 1.

The 5'%0 and 8°H contents of samples from Ayub Peighambar and Shafa hot springs indicate
origin of geothermal and meteoric waters (Figure 1). The average 5°H values of hot springs is
about -73 %o, therefore, the source of temperature/heat for Ayub Peighambar and Shafa hot
springs can’t be related to volcanic activities (with §°H values of -20 %o to -30 %o). The
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temperature/heat source and the origin of water for both hot springs are geothermal gradient
and meteoric waters. Meteoric water, by penetrating to the depth through existence deep
faults/fractures in the study area, get the heat of the earth and altering to geothermal waters,
then rising to the land surface. The depth of water circulation in Ayub Peighambar hot spring
calculated using isotopic composition and the results are tabulated in Table 2.

Table 1: Temperatures and depths of hydrothermal reservoir for Ayub Peighambar and Shafa
hot springs.

Ayub Peighambar hot spring Shafa hot spring

Sp8.1 Sp8.2 Sp83  Sp8.4  Sp85 Spl0.1  Spl0.2

Using Aq.QA hydrogeochemistry software

Temperature (Na-K) 150 > 150 > 150 > 150 > 150 > 150> 150>

Depth (km)* 5> 5> 5> 5> 5> 5> 5>

Depth (km)** 4.65 4.65 4.65 4.65 4.65 4.65 4.65
Using Mohammadi method’s [9]

Temperature (Na-K) 113 114 114.50  109.80 111 100.90  100.90

Depth (km)* 3.76 3.80 3.82 3.66 3.70 3.36 3.36

Depth (km)** 3.42 345 3.47 3.31 3.35 3.02 3.02
Using Giggenbach method’s [8]

Temperature (Na-K) 157 157 158 154 155 146.50  146.50

Depth (km)* 5.20 5.20 5.26 5.10 5.16 4.80 4.80

Depth (km)** 4.89 4.89 4.92 4.79 4.82 4.54 4.54

Note: *General law (0.03 °C/m) and ** Using Marques et al., method [10].

Table 2: Maximum depth of circulation of hot water in study area

Average amount in ~ Average amount in hot Difference (%o) Maximum depth of
cold spring (%o) spring (%o) circulation of water
(%o)
5"%0 5'H 5"%0 5'H 3"%0 5'H 5"%0 5'H
-9.29 -66.47 -9.97 -73 -0.68 -6.53 4.16 3.66

4. CONCLUSIONS

According to geological, hydrogeochemical and stable isotope studies of Ayub Peighambar
hot spring area, the main source for fairly high temperature of water (38 °C) in this spring is
the geothermal gradient and may be the underground alteration and partial melting (new deep
situated material). The origin of water is meteoric water which is penetrated to the depth
through existence deep fault in highly tectonized study area. According to geothermometry
and stable isotope studies, depth of Ayub Peighambar hot spring geothermal reservoir is
about 4-5 kilometer and its temperature is less than 150 °C.
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Figure 1: The range of 5'°0 and 8°H in various crustal rock and water type [11] and in
Ayub Peighambar hot spring and other cold water resources in the study area.

REFERENCES

[1] BARBIER, E, Nature and technology of geothermal energy: A review. Renewable
and sustainable energy reviews. 1 (1997) 1-69.

[2]  DILSIZ, C., MARQUES, J.M., CARREIRA, P.M.M., The impact of hydrological
changes on travertine deposits related to thermal springs in the Pamukkale area (SW
Turkey). Environ Geol 45 (2004) 808—817.

[3] BARUT, LF., EROGAN, N., BASAK, E., Hydrogeological evaluation of Western
Anatolian mineral waters. Environmental Geology, 45 (2004) 494-503.

[4] LAMBRAKIS, N., KALLERGIS, G., Contribution to the study of Greek thermal
springs: hydrogeological and hydrochemical characteristics and origin of thermal
waters. Hydrogeology Journal. 13 (2005) 506-521.

[5] VELLAYATI, S., Geography of waters. Mashhad. Iran. University Jahad press
(2009).

143



[6

[7]

[8]

[9]
[10]

[11]

HAILE, T., ABIYE, T.A., The interference of a deep thermal system with a shallow
aquifer: the case of Sodere and Gergedi thermal springs, Main Ethiopian Rift,
Ethiopia. Hydrogeology Journal. 20 (2012) 561-574.

ALLEN, D.M., GRASBY, S.E., VOORMEIJ, D.A., Determining the circulation
depth of thermal springs in the southern Rocky Mountain Trench, south-eastern
British Columbia, Canada using geothermometry and borehole temperature logs.
Hydrogeol J 14 (2004) 159-172.

MOHAMMADI, A., Investigation hydrogeochemical and balneotrapy of Ayub hot
spring (north Khorasan). Paper presented at the 15th symposium of Geological
Society of Iran. Tarbiat Moalem University, 14-15 December (2011).
GIGGENBACH, W., Geothermal solute equilibria. Derivation of Na—K—Mg—Ca
geoindicators. Geochim. Cosmochim. Acta 52 (1988) 2749-2756.

MARQUES, J., CARREIRA, P.M., MARQUES, J.E., CHAMINE, H.I., FONSECA,
P.E., MONTEIRO SANTOS, F.A., EGGENKAMP H.G.M., TEIXEIRA, J., The role
of geosciences in the assessment of low-temperature geothermal resources (N-
Portugal): a review. Geosciences Journal, 14 (2010) 423 —442.

CLARK, I.D., FRITZ, P., Environmental Isotopes in Hydrogeology. CRC Press LLC.
United States of America (1997).

144



