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Yayin Kurallan

Publication Rules

Maden Tetkik Ve Arama Dergist Yavim Kurallan

1. Yaym Amaclan

Tiirkrye de ve Ulnslararaz: alanda yverbilimlen konulannda bilimse] iletigimin saglanmasima katkida

bulunmalk,

Tirkiye'de verbilimleri konularmda vapilan aragtirmalann yabane: dlkelere duyurulmasina aract

almal,

MTA tarafindan verbilimleri komulannda vapilan bilimse] araghrma ve uyzulamalann kamuoyuna

duyurulmazim zaflamalk,

. Aims of Publication

e To announce and share researches in all fields of geoscientific studies 1n Turkey

with geoscientists worldwide.

e To announce scientific researches and practices on geoscientific surveys carried

out by the General Directorate of Mineral Research and Exploration (MTA) to the

public.

s To use the journal as an effective media for international publication exchange by

keeping the journal in high quality, scope and format.

* To contribute to the development of Turkish language as a scientific language.

2. Scope

At least one of the following qualifications is required for publishing the papers m the
Bulletin of Mineral Research and Exploration.

2.1. Research Articles

Dergivi nitelik, kapsam ve bigim agisindan yiksek dizeyde tutarak vluslararas: vayum degigiminde

ethili bir arag clarak kullanmalk,

® Tiirkge 'nin bilim dili olarak gelistinlmesi ve yvabane sfzeiklerden armdinlmasi cabalanna katlda

bulunmaltr.

Yazlarmn Maden Tetkik ve Arama Dergist nde yayimlanabilmeleri igin azafmidaks niteliklerden en az birini
tagimalan gerekdidir:

2.1 Aragtirma Makaleleri ve Derlemeler

.~ e e A - T Y a -

2.1.1. Original Scientific Researches

These articles cover and contribute to the main subjects of the earth sciences, the

original scientific researches and 1ts results related to all aspects of disciplines in
geoscience like exploration and evalvation of the underground sources and
environmental problems, and

The studies, which apply new aspects and methods for the solution of problems
about the earth sciences and researches, which apply new aspects and methods for

the solution of the problems, in the engineering sciences carried out in MTA.

2.1.2. Review Articles

These papers include comphrehensive scholarly review articles that summarize and
critically assess previous geoscientific researches with a new perspective and reveal
a new annraach.
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Bulletin of the Mineral Research and Exploration is a peer-
reviewed scientific journal which has been published since
1936 and is one of the longest publication time in the field
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Evaluation of hydrogeochemical and isotopic properties of the geothermal waters in the
east of Mount Sabalan, NW Iran
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Abstract: The Mount Sabalan district is regarded as the best place to investigate geothermal activities in northwest Iran. Since the last
episode of volcanic activity in the Plio-Quaternary time, hot springs and surficial steams as conspicuous manifestation of geothermal
activities have appeared around the slopes of Mount Sabalan. The hot fluids circulating in this geothermal field contains anions chiefly
of HCO, and CI'; however, SO,* content in some water samples is relatively high, imparting sulfate characteristics to such fluids.
Geothermometric studies provided compelling evidence for estimation of the reservoir temperature (~150 °C) in the study areas. Thus,
in this respect, the geothermal systems in the east of Mount Sabalan were categorized as high-temperature. The composition of stable
isotopes of oxygen (§"0) and hydrogen (8D) indicated that the waters involved in this geothermal field have mainly meteoric origin. On
the basis of ’H isotopes, only a few water samples exhibited a residence time of ~63 years, which can be grouped as old waters.

Key words: Mount Sabalan, geothermal field, geothermometry, stable isotopes, residence time
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Geothermometric studies provided compelling evidence for estimation of the reservoir temperature (~150 °C) in the study areas. Thus,
in this respect, the geothermal systems in the east of Mount Sabalan were categorized as high-temperature. The composition of stable
isotopes of oxygen (8'°0O) and hydrogen (D) indicated that the waters involved in this geothermal field have mainly meteoric origin. On
the basis of *H isotopes, only a few water samples exhibited a residence time of ~63 years, which can be grouped as old waters.

Key words: Mount Sabalan, geothermal field, geothermometry, stable isotopes, residence time

1. Introduction

Geothermal research is used to identify the origin of
geothermal fluids and to quantify the processes that
govern their compositions and the associated chemical
and mineralogical transformations of the rocks with
which the fluids interact. The variation in the chemistry
of geothermal fluids provides information regarding the
origins, mixing, and flow regimes of the systems (Smith
et al,, 2011). The subject has a strong applied component.
Geothermal chemistry constitutes an important tool for
the exploration of geothermal resources and in assessing
the production characteristics of drilled geothermal
reservoirs and their response to production. Geothermal
fluids are also of interest as analogues to ore-forming
fluids. Understanding chemical processes within active
geothermal systems has been advanced by thermodynamic
and kinetic experiments and numerical modeling of fluid
flow (Arnosson et al., 2007).

The Mount Sabalan district in the northwest of Iran
is a part of the Azarbaidjan block. From the geotectonic
point of view, this block is situated between the Arabian
and Eurasian plates (McKenzie, 1972; Dewey et al., 1973).
In fact, the Sabalan volcano is a part of a volcanic belt
stretching from the Caspian Sea in the east to the Black
Sea in the west (Neprochnov et al., 1970). The volcanic

* Correspondence: rahimmasumi@gmail.com

activities along this belt are observed in various parts of
Armenia, Anatolia, and western Alborz.

The geothermal gradient in the young volcanic regions
is normally higher and shows thermal anomalies. This was
noted by various researchers in the early twentieth century
and many countries having such anomalously high
geothermal gradients in potential areas took measures
to harness such endless thermal energies accumulated
beneath the surface.

The areas around the Mount Sabalan volcano in
northwest Iran were geothermally active during the Plio-
Quaternary period (Alberti et al., 1976) and have higher
surficial thermal anomalies relative to the other parts of
the country. Thus these areas were recognized to be very
important and hence were regarded as the first priority for
exploiting the geothermal energy. The primary appearance
of geothermal systems including hot springs and surficial
steams in many areas around the Mount Sabalan is
indicative of widespread young subsurface magmatic
activities in this region.

The main objective of this study involves consideration
of hydrogeologic characteristics, chemical composition,
and isotopic aspects of the hot springs in the east of Mount
Sabalan with emphasis on lithologic units hosting the
geothermal fluids in this district. Since the geothermal

441



2. Materials and methods

After implementing the primary geologic works like
identification of the lithologic units and determination of
tectonic occurrences in various areas, an accurate geologic
map of the district was prepared. Among the numerous
hot springs to the east of Mount Sabalan, those with higher
flow rate and temperature were chosen for sampling.
The temperature and electrical conductivity (EC) of the
water samples were directly measured in the field and
their HCO,  content was determined by titration. All
water samples were collected and kept in polypropylene
bottles and were used for laboratory experiments such
as quantitative analysis of cations, anions, rare elements,
and stable isotopes. The prepared samples were first
passed through 0.45-um filters and treated with 1% of
concentrated HNO, to prevent precipitation of cations and
rare elements.

In the present study, the chemical and stable isotope
(6"*Oand8D) analyses were carried outin G.G. Hatch stable
isotope laboratory (Gasbench + DeltaPlus XP isotope ratio
mass spectrometer, ThermoFinnigan, Germany) at Ottawa
University, Canada. The chemical analyses were done using
ICP-MS in ACME Analytical Laboratories Ltd, Canada.
Still some more samples were analyzed for §"*O and 8D
in the hydrogeologic labs at Berman University, Germany.
The precision of the measurements for §'*O was +0.2%o
and for 8D +1%o. The main cations including Mg, Ca, K,
Na, and Si were analyzed by ICP-OES (PerkinElmer) and
the main anions such as CI', F-, and SO, ** were measured
by ion chromatography using an IC-Plus Chromatograph
(Metrohm).

The *H values were measured in terms of tritium unit
(TU), where 1 TU = ([T]/[H]) x 10" (IAEA, 1979).

3. Results and discussion

The study district encompasses the eastern part of the
Mount Sabalan strato-volcano and its geology was
influenced by the Sabalan volcanic activities with calc-
alkaline nature. The volcanic rocks in this district

e s e A S e -

dlschargmg through these lithologic units. Around the hot
springs in the Sardabeh area massive silica (principally of
chalcedony and opal) accumulations (silica sinters) were
formed with thicknesses up to about 300 m. The south of
the district was covered by 15-m-thick porous limestone,
which was likely deposited in a freshwater lacustrine
environment. In addition, Quaternary alluvial sediments
were also observed in this part.

Tectonically, numerous faults and fractured zones
developed in this district. The major faults passed through
the Sarein and Sardabeh areas (with NW-SE trend) and
played a crucial role in the development of surficial hot
springs. In the southern part of the district, there are some
folded zones with an overall NE-SW trending. It appears
that these tectonic occurrences were influenced by the last
volcanic activities of Mount Sabalan and to some extent
control the geothermal systems in this district.

P D A Fil o) R T — R S A e R b ey ey

3.1. Hydrogeochemistry

Hydrogeochemistry is an indispensable unit of
hydrogeological studies because it aids in the determination
of chemical properties as well as the overall qualities of
groundwater, including their genesis and relationship with
surface and rain waters. Therefore, it is an important part
of geothermal research programs (Tarcan, 2002).

So far, little work on geothermal fluids has been carried
out to the east of Mount Sabalan, and most of the previous
studies were done on geothermal activities in other areas
around Mount Sabalan (Masoumi et al., 2016, 2017a,
2017b, 2017¢). Despite the lack of deep diamond drilling
data, the important subjects such as hydrogeochemical
characteristics of the fluids, isotopic issues, geologic
conditions governing the geothermal reservoirs, lithologic
compositions, and fluid-feeding localities in the study area
merit more detailed investigations.

Hydrogeochemical studies were reckoned to be the
most suitable method to consider the potential geothermal
characteristics of the district with the aim of approaching
to applicable geothermal energy. The data obtained from
chemical (major cations and anions, rare and heavy
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Figure 2. Ternary plot of HCO,-SO -Cl for the geothermal fluids to the east of Mount Sabalan.

Schoeller (1962) (Figure 3). According to this diagram
the concentration values of cations and anions in the hot
springs representing the three above-mentioned areas
are not similar and show different distribution patterns.
However, an overall trend for cations like Ca** > Na* >
K*> Mg**and for anions like SO,* > HCO, > CI" can be
observed (Figure 3)

Among the cations, Na* (240 mg/L) and Ca®* (198
mg/L) have the highest concentration values. The hot
springs in the Sarein area contain the highest Na* content.
The highest Ca** content belongs to the hot springs in
the Sardabeh and Yeddiboloug areas. The maximum
concentration values for K and Mg are 40 mg/L and 20
mg/L, respectively.
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Figure 7. Conceptual model of Eastern Sabalan geothermal field showing the lithological composition
of the reservoir, geothermal water types, and the reservoir thermal condition.



5. Conclusions
The most important results obtained from this study are
as follows:

1- Geological considerations east of Mount Sabalan
indicate that the calc-alkaline volcanic-sedimentary
units constitute the great volume of the geothermal
reservoir in the study district. The rocks that suffered
argillic alteration acted as cap rocks for this reservoir. In
some localities in the study district siliceous (chalcedony
and opal) sinters developed around the orifice of the hot
springs. Tectonically, the NW-SE trending faults played an
important role in the development of these hot springs.

2- The geothermal fluids in the study district, in terms
of physico-chemical parameters, have characteristics that

differ from those of other geothermal fields around
Mount Sabalan, particularly in the southern and
northwestern districts. These differences are: (a) the
measured pH values of the geothermal fluids range from
approximately 4.5 to 8.8, signifying a variation from
acidity to alkalinity; (b) the measured TDS values of
these waters, in comparison with the average TDS values
for most types of geothermal systems, are low and the
minimum values were recorded in the Viladara area; (c)
estimations of concentration values of anions and cations
in the selected spring water samples indicate that they
have chiefly chloride and bicarbonate anions; however,
samples from the Sardabeh area contain relatively high
sulfate (SO,*) content.
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3- The concentration values of trace elements in these
waters are notable. Selenium has the highest concentration
value (170 mg/L) among the rare elements, and considering
its similarities in geochemical behavior with sulfur and
besides volcanic activities are the principal source of
selenium, the high selenium content in these waters can be
justifiable. The maximum concentration values of boron
and arsenic were measured to be 7 mg/L and 10 mg/L,
respectively. The rest of the rare elements have relatively low
concentration values in the studied samples.

4- The calculation of solute-based geothermometrv was

Sabalan revealed that their 8D and §"O values vary from
-63.37%0 to -80.19%0 and from -9.96%o to -13.4%,
respectively. The bivariate plot of §"O versus 8D shows
that the data points mainly lie between lines GMWL and
NMWL, indicating that the great portion of these waters
have meteoric origin and the role of magmatic waters is
almost negligible.

6- Consideration of radioactive isotope of ‘H
delineated that the average *H content of these waters is 5.1
TU. Hlustration of diagrams of tritium-8"0O and tritium-
Cl showed that most of these waters are categorized as
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