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PREFACE

The work presented in this PhD research (Isotoped geochemical study of
geothermal fluids in Mongolia for geothermal exjplibon) was carried out at University of
Toyama, Japan under the Society for the PromotibrS@ence (JSPS, RONPAKU;
Dissertation PhD) Program from April 2012 to Ap2i015. The thesis was supervised by
Prof. Akira Ueda.

The thesis is organized into four chapters.

Chapter 1 is a general introduction to the studg presents a summary of the study
background, relevant literature and objectiveshefdtudy.

Chapter 2 is “Isotopic and chemical studies of &otl cold springs in western part of
Khangai Mountain region, Mongolia, for geothermapleration” which published in
Geothermicgournal.

Chapter 3 is “Chemical and isotopic characterizatocd hot and cold spring waters in
northeastern part of Khangai area”.

Chapter 4 is “Summarizes of the main conclusiortsrasommendations from this study.”



ABSTRACT
There are 42 hot springs in Mongolia and from th&nhot springs are located in the
Khangai area. In the Khangai mountain region, gewotial fields occur in five provinces
(Zavkhan, Bayankhongor, Uvurkhangai, Arkhangai a@agan). In this study were
determined chemical and isotopic compositions irhd6and cold spring waters (24 hot
springs, 5 cold springs and 17 river waters) of ke area. To identify changes of main
chemical composition of hot spring waters withirffetient times we were compared
present studies results with the previous studiesh@ spring waters results. The hot
waters were of NaHCO; and N&-SO,* type whereas cold springs and river waters were
characterized as a €aHCO; type water. The Ca+rMg®>* concentrations in the cold
spring and river waters are greatest in waters efitivated HC@. This shows that cold
spring and river waters are enriched in*CaMg® and HCQ due to dissolution of
carbonate rocks such as dolomite commonly obsanvée study area. In contrast, the hot
waters are enriched in Nand K and depleted in Gaby ion exchange with underlying
clay minerals. TheéD and 8'®0 values of hot water samples in the Khangai Mdunta
region vary from -87 to -126%. and -12 to -17%., mspvely and are in good agreement
with those of cold springs and river water in tlegions studied. The hot and cold spring
waters in the Zavkhan region and at high altitudeehmore negativéD and&*%0 values
than those of other regions. There is no evideridg®® shift. This means that all water
samples come from meteoric water minimal isotopeharge by interaction with
surrounding rocks. ThEC isotopic ratios in the study area thermal and edghters range
from -13 to -17%0. This means the carbon species@f@ hot springs is derived from
organic sources. Th&*S values vary from +4 to +19%.. TI&*S values vary within a
wide range independent of their sulfate contenéseB on the He/Ne anitC ratios, sulfur
in hot springs may be of sedimentary origin. We ehasalculated of underground
temperature were obtained using 3 different methsgggested by geothermometers,
mineral saturation state and mixing model. The ugpaind temperature in each reservoir
are estimated to be 120+£40 and indicating a low temperature geothermal resoir the
study area. These resources can be used for roatim¢p@nd production of electricity by a

binary system.
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Chapter 1

I ntroduction

1.1. Main objective

The main objectives of this study are to analytgebchemical and isotopic of thermal waters

in the Khangai mountain region, Mongolia and teeiptet the geochemical characteristics to apply

them for future geothermal exploration and heabtuweses in Mongolia.

1.1.1. Specific objectives

>

>

Determination of chemical composition in the hotlawold waters of the Khangai region in
Mongolia and based on the comparative study with ghevious research to evaluate their
property and type.

Determination of source in the hot springs by usitigble isotopes'§0, D, **C, **S and
He/Ne).

Calculation of underground temperature by usingedhrdifferent methods; chemical
geothermomters, water-rock equilibrium and mixingd®l of deep and surface waters.

Heat usage in the Khangai area.

1.1.2. Novelty of the present research

*

By studying of He/Ne isotopes content of the Khamggion's hot waters have determined
and the hot waters have radiogenic origin which meghese He and Ne gas come from the
decay of U-Th.

The first time have determinédC and®*S isotopes of the hot waters in the Khangai area. T
carbon species (HGQin hot springs is derived from organic sourcea sufur in hot springs
may be of sedimentary origin.

In the present research by using several geotherates methods have calculated of the
subsurface temperature of the hot waters in thenghiaarea and it ranges from 75 to 48
Results indicated that the geothermal fields in #tady area are classified into low
temperature resources.

We concluded that the hot waters in the Khangah drx&long to low temperature resources.

These resources can be used for room heating addgtion of electricity by a binary system.



1.2. Background of the study

Mongolia is situated in the northern part of Celnfsia, far from oceans, on high
plateau surrounded by mountain ranges. The nor8t-aed central parts of Mongolia are
high mountainous regions. Whereas the easterngartast plain steppe and the southern
part is a semi-desert. Mongolia has a centurieg-lmadition of using geothermal water
from natural springs for medical purposes. Obvigusle contribution of those facilities to
the overall geothermal energy utilization is smaéliere are also public recreational centers
where geothermal water is used for sanitary witkemegir swimming pools and to heat
small greenhouse using of storage hot water duhegsummer season. Mongolia has 42
hot springs (Pisarskii et al., 2003) but geothermotdization is not widely developed in
Mongolia. Geothermal energy, with its proven tedbgyg and abundant resources, can
make a very significant contribution towards redgcithe emission of greenhouse
worldwide (Fridleifsson, 1998). New technology opepossibilities for more extensive
use geothermal energy in Mongolia. The Khangai eaisgan area of extinct volcanism
(repeated eruptions but not recent), earthquakeésarextensive distribution of hot springs.
The 32 hot springs are located in the Khangai aheathe Khangai mountain area,
geothermal field occur in five provinces (ZavkhaBayankhongor, Uvurkhangai,
Arkhangai and Bulgan).

Knowledge of the origin of geothermal waters is artpnt in geothermal studies
because it helps to discriminate the chemical ptase of the thermal waters and the
source of their charge. Studies of stable isotqeg an important role in hydrogeological
investigations of both thermal and non-thermal weateecause the isotopes carry of fluid
origin and processes.

Detailed investigation on the thermal waters in Kgdp@ area has not been carried
out earlier to establish the reservoir temperaturBsis is important to plan deep
exploratory program to assess the power generatpgcity of the Khangai geothermal

area. Towards this aim, detailed geochemical aotbfsc investigations of these springs



have been carried out in order to understand tieachemical evolution and also estimate
the reservoir temperatures through chemical gewotberetry to apply them for future
geothermal exploration and heat resources in Maagol

1.3. Isotopic geochemistry of geother mal water

Chemical and isotopic geochemistry plays an importale in researching origins of
hot-spring fluids and temperature of geothermaémesir (Bergfeld et al., 2001). Isotope
techniques are indispensable tools in geothermadstigations. Because isotope ratios are
sensitive to temperature and natural physicochdmpracesses, such as water-rock
interaction, mixing, and steam separation, theylmefficiently used in tracing the origin of
geothermal fluids and the processes that the floalse undergone at subsurface. They are
also useful in an estimation of reservoir tempernf geothermal systems, as well as the
subsurface residence time of waters.

Isotopes are the atoms of an element which haveahe atomic humbdaut different
atomic mass Atoms consist of a nucleus, containing protonshwiositive charge and
neutrons with no charge, and the electron sheltsosnoding the nucleus and containing
negatively charged electrons. The number of proianthe nucleus is known a&tomic
Number (Z) and is equal to the number of electrons in araéatom. The sum of number of
protons (Z) and number of neutrons (N) gives Altemic Mass (A) (A=Z+N)In a chart of
nuclides (atoms), the notation is such that thenatawnumber is shown as subscript at the
lower left, and the atomic mass is shown as supptsat the upper left of the symbol
representing the concerned element. For exampleyriiéHe) isotopes with mass 3 and 4
are represented ByHe and*He where the subscript 2 is the atomic number of tement
Helium (Nilgun Guleg, 2013).

Isotopes are broadly classified into two groupRadioactive Isotopes and Stable Isotopes.

1.3.1. Radioactive isotopes

Radioactive isotopes are those atoms which aresfoamed, in time, into other
atoms through radioactive decay. The products dioective decay are callddadiogenic
Isotopeswhich can be radioactive or stable. In isotopediiere, radioactive isotope is also
termed adParent Isotopeand radiogenic isotope &aughter IsotopeVariations in natural

abundances of radioactive isotopes are governegdipactive decay which is defined by



the equation:

N=Noe" where;

N = amount of radioactive (parent) isotope at amett,

No = initial amount of radioactive (parent) isotopefdre the start of decay,
A = decay constant, t=time elapsed since théstaadioactive decay.

There are a number of decay mechanisms includinglecay, f-decay, electron
catchment, positron decay and nuclear fission.example, uranium (U) constitutes one of
the major radioactive elements of the Earth &ffd and®**U isotopes turn into lead (Pb)
isotopes by decay:
238U N 206Pb + 8
235U N 207Pb + 7
Wherea particle has 2 protons and 2 neutrons, identizdbHie isotope. Likewise, tritium
(*H) which is the radioactive isotope of the elemeydrogen (H) is transformed into stable

helium isotope;He byp-decay (electron emissior’td — *He +p’

1.3.2. Stable isotopes

Stable isotopes do not undergo radioactive decayiatfons in natural abundances of
stable isotopes are governed ibgtope fractionationwhich is the partitioning of isotopes
between two different phases during physicochemigabcess. Most common
physicochemical processes in geothermal systemBidi@cevaporation, condensation,
degassing (differentiation of a fluid into gas ares$idual liquid phases) and water-rock
interaction. Extent of isotope fractionation is podtional to the mass difference between the
isotopes Am/m) and is more prominent for isotopes with mass ithan 40.
Isotope Fractionations defined by the equation:
o = Ra/Rg
Where; o = fractionation factor
Ra = heavyl/light isotope ratio in substance A
Rs = heavy/light isotope ratio in substance B
For instance, for the isotope exchange reactiomwdst two gaseous substances, carbon
dioxide (CQ) and methane (CHi
12002 + 13CH4 - 13002 + 1ch4



Fractionation factor is defined as: o = (*C/*?C) co2/ (°CI**C) cra

Isotopic compositions of geologic materials areregped by notation as deviation of their
heavy/light isotope ratio from that of a referenseandard. For instance, isotopic
composition of carbon in CQOs denoted by:

813C (%) ={ [ (*°C/**C) co2/ (°CI*C) &d -1 } x 10°

Positive and negativé (delta) values point to the enrichment and demtetrespectively, of

the heavy isotope in geologic material relativéti® standard.

1.3.3. I sotope studies in geothermal systems
The most commonly used isotopes in geothermal systedies are those of oxygen

(O), hydrogen (H), Carbon (C) and Helium (He). Natly occurring stable isotopes of
hydrogen aréH (hydrogen) andH = D (deuterium), those of oxygen %0, 'O and*?0.
Carbon and Helium each has two stable isotogé8 @nd *°C, and *He and “He,
respectively). The relative abundances of thesmp&s in nature are given in Table 1.1.
Hydrogen and carbon each has one radioactive isdtéftritium) and*‘C, respectively,
which are not very common and are found in onlggramounts (Nilgun Guleg, 2013).

Table 1.1: Commonly used stable isotopes in studies of geotakesystems (Faure, 1986;

Rosman and Taylor, 1998; Gerardo-Abaya et al., 000

Element Stable isotopes Natural abundance (% atpm)
Hydrogen H 99.985

D 0.015

o 99.76
Oxygen 10 0.04

io 0.20

C 98.89

Carbon 13C 111
Helium jHe 0.000137

He 99.999863

Stable isotope studies performed on geothermalldlgas well as those on the other
geologic materials like groundwater, rocks and mal® are based on the use of isotope
ratios of the most abundant isotopes, namely, BI®*°0, °C/**C and®He/'He.

In geochemical applications, stable isotope comjpos of H, O and C are expressed
in terms of deviations of their heavy/light isotop&tios from the ratio(s) of reference
standard(s) (i.ed notations). The reference standard is 8t@ndardMean OceanWater

(SMOW) for H-and O-isotopes. For the C-isotope, thenposition of the fossiBBelemnite



from the Pee Dee Formation in South Carolina islesereference standard (POBzeDee
Belemnites) (Table.1.2).

Table 1.2. Parameters and standards relevant to the stalitgesof H, O and C.

Element Parameter Radio Reference standart
Hydrogen | 8D D/H SMOW

Oxygen §'%0 ¥o/%0 SMOW

Carbon 8" c Bciec PDB

SMOW: Standart Mean Ocean Water; PDB: Pee Deenates

Isotope geology is a discipline providing signifitaontribution to the studies related
to exploration, development and exploitation of theomal systems. This stands from the
fact that isotope fractionation is very sensitieetémperature and natural physicochemical
processes (such as water-rock interaction, hotcahdl water mixing, and degassing) that
they can be used as potential tracers of sourcegeathermal fluids and the subsurface
processes to which the fluids are subjected om ti@ulation paths. In this respect, isotopes
are used in the following studies:
I. determination of the origin of geothermal flujds

a) sources of fluids (meteoric, magmatic, metamiotetc.)

b) investigation of the factors and physicochempralkcesses affecting the fluid composition

(altitude, latitude, evaporation-condensation, wabek interaction, mixing)

c) sources of dissolved components in geothermaldl(dissolved solids, dissolved gases)

II. estimation of the age (subsurface residence)tiof geothermal fluid,

[ll. geothermometry applications (estimation of teeervoir temperature).
This course is mainly focused on the use of is@apethe determination of the origin of
geothermal fluids. Estimation of age and resertaiperature of geothermal systems is also

briefly mentioned (Nilgun Guleg, 2013).

1.3.4. Origin of Geothermal Fluids
The origin of geothermal fluids refers to both #wmurces of fluid and its dissolved

components, and the processes to which the fluglsubjected.



1.3.5. Hydrogen and oxygen isotopes

In geothermal studies, source of geothermal flingdicitly involves the source of the
(geothermal) water, as well as the source of digsblcomponents (dissolved solids,
dissolved gases) in the fluid. Hydrogen and oxygetopes are the isotopes pertinent to the
water molecule, and hence are used in an understpofithe source of geothermal water.

Geothermal waters have five possible sources: (U)fase water, including
groundwater, commonly referred tomgteoric wate(i.e. water forming under atmospheric
conditions), (2)seawatey (3) formation waters(also called as connate or fossil waters)
which are kept in deep sediments at the time of teemation, (4) metamorphic water
liberated during processes of metamorphism, andm@&ymatic water forming at great
depths.

Each of the above mentioned water sources has enrgpiopic compositions, and
define distinct fields on a a diagram 8D vs. §*%0 (Figure 1.1). Thes*®O and sD
compositions of precipitation throughout the wodrtke linearly correlated and distributed
along a line known as th@lobal Meteoric Water Line (GMWLylefined by the equation:
§D=85"%0+10...... (Craig, 1961)

L mow
-
1
Metamorphic
Waters
-40 |—
3D (permil
(p ) e éroo;st D/H decreases - Itgnd
Waters y iy (180 /160) decreases
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Fig.1.1. 8D vs 80 diagram showing isotopic Fig.1.2. Continental and altitude effect
compositions of different water types (meteoric on water composition.

water line is rom Craig, 1961; fields are from
Taylor, 1974and Sheppard, 1981).

Any "Local Meteoric Water Line" (LMWL), defined bgrecipitation collected from a
specific site or region usually has similar slogetae GMWL but may have a different
intercept. Seawater is enriched in heavy isotopespared to meteoric water. The isotopic

composition of magmatic water is estimated fromiotopic composition of igneous rocks



which generally falls in the range 8D and$'°O values of -50 to -85%. and +5.5 to +10%o
respectively (Taylor, 1974). Metamorphic waters én@otopic compositions controlled by
equilibration with oxygen and hydrogen bearing mate during metamorphism at
temperatures from 300 to 600C. According to Taylor (1974) such waters are
characterized byD and §'®%0 values of -20 to -65%0 and +5 to +25%.., respetyive
Formation waters may have been originally metewaters, but the reactions that they have

undergone give them different characters.

The position of local precipitations along meteowater line depends on several
factors such as temperature, amount of precipitatitistance from the coast (continental
effect), altitude and latitude. Most water vapothe atmosphere is derived from evaporation
of low-latitude oceans. Precipitation derived froine vapor is always enriched & and
8'%0. Progressive raining (i.e. increasing amount recipitation) results in more negative
8D and&™0 values. As clouds move from the coast towardsnih| being associated with
increasing altitude and decreasing temperature,igb@pic composition of precipitation
tends to have more negatigeD and§*%0 (continental effect) (Figure 1.2). The latitude
effect works in a similar way and increasing latgy being associated with progressive
rain-out and decreasing temperature, derives watenposition towards lower (more

negative)sD-3'%0 values (Figure.1.3).
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Fig.1.3. 8D vs 8*%0 diagram showing the altitude,
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Deviation from the meteoric water line can be dusdveral processes such as i) evaporation

and condensation, ii) water-rock interaction, ajdmixing with non-meteoric waters such



as formation (fossil) waters, metamorphic wateragmatic waters (Albu et al., 1997).

During evaporation lighter isotopes (ffO) preferentially partition into the vapour
phase, while the residual water phase is enricmedigavy isotopes (D*°0); during
condensation the first rain drops are enrichedgint lisotopes (H%0) (Figure 1.4). In other
words, the water'ssD-5'%0 composition evolves towards more positive valdesing
evaporation, while condensation shifts the compmsittowards more negative values
(Figure 1.5).

The water-rock interaction is particularly realizatdhigh temperatures and hence may
commonly occur in geothermal systems. Given thaksoare enriched in heavy oxygen
isotope, the water-rock interaction shifts the wateomposition towards more positig&0
values, whilesD values do not change as hydrogen is not oneeofrthjor constituents of
rocks (Figure 1.5).

Regarding the mixing process, the geothermal watkmixed origin are supposed to
plot on thesD vs. %0 diagram along lines converging from meteoric wéte towards the

areas representing isotopic compositions of magmiatetamorphic and fossil waters.
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Fig.1.4. Partitioning of hydrogen and oxygen Fig.1.5. 5D vs8'®0 diagram showing the effects
isotopes during evaporation and condensation. of natural processes on water composition.

Given the effects of several factors and processesater composition, hydrogen and
oxygen isotope compositions can be used in geothleenploration not only to determine
the source of geothermal water but also to iderhy possible recharge areas and trace the

flow directions. These isotopes can also be useahonitoring studies during geothermal



exploitation (Arnorrson ve D’Amore, 2000; Gerardbaya et al., 2000). For instance,
because drilling and withdrawal will cause a pressdecline in the fluid pressure of
geothermal reservoir, changes in deuterium @l of fluid may reflect recharge from
different aquifers into producing aquifers (at zerd depressurization). This may lead to
deterioration in geothermal reservoir charactasstparticularly in case of recharge from
cold aquifers which will decrease the enthalpy ydtem. Pressure drop may also enhance
boiling in geothermal system which, in turn, willhleance scaling. Scaling is the
precipitation of dissolved components (calcite,icail etc.) in the wellbore due to
oversaturation of water with respect to these carepts following steam separation during
boiling. Because evaporation will induce an incesimssD and5'°0 values of residual liquid,
any increase in these values during monitoring @iyt to a possible boiling and hence
scaling. Therefore, monitoring of isotope compositiof geothermal fluids during
exploitation can lead to determination of, and teelopment of necessary precautions
against decrease in enthalpy due to start of rgehfsom cold, shallow aquifers, or scaling

problems developed as a result of subsurface lgojMigun Guleg, 2013).

1.3.6. Carbon and helium isotopes

Carbon and helium isotopes are used for the inyasbin of the origin of dissolved
components in geothermal fluids. These isotopesgjcpéarly their combined use, are of
significant importance in the investigation of nohly the provenance of dissolved
components, but also in assessment of natural ggeseto which the fluids and deep

hydrothermal system might have been subjected.

There are two stable C-isotopes in natur® and *C (Table 1.1). C-isotopic
composition is expressed #°C (Table 1.2). Regarding the compounds relevant to
hydrological cycle, the major sources establishimg dissolved carbon content in natural
waters are : i) sedimentary organic carbét’G ~ -10 to -40%o) reflecting the biogenic
source, ii) marine carbonate$*C = 0%o), iii) mantle CQ (8*°C = -6.5%c), and iv)
atmospheric C® (8°C =~ 7-8%o) related to the global carbon cycle (Sha@)72 Mook,
2000) (Figure 1.6). He has two stable isotopee and*He (Table 1.1); the variations in

their ratio are greater than 3 geologic reservoirs leading to the identificatiof three
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major components, namely, radiogenic-He, tritiugede and Primordial-He.
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Fig.1.6. Major sources of carbon in natural waters (sifrgdifrom Sharp, 2007; Mook, 2000)

Two types of reactions are responsible for the &drom of radiogenic-He: iy-decay
of uranium (U) and Thorium (Th) which producise, and ii) the nuclear reacti6hi (n,a)

*H ®) ®He, which produce®He. Production rate of radiogeriide is very low compared to
“*He, and radiogenic-He is characterized biHa/He ratio of about 16-10® (Ozima and
Podosek, 1983; Andrews, 1985). Because U, Th aradd_all concentrated in crust, relative
to mantle, the term “radiogenic-He” is often takenimply “crustal-H” or vice versa.
Tritiugenic-He is the’He produced by the decay of tritiurfHj (Craig and Lupton, 1981).
Primordial-He is that component which was trappethe interior of the Earth at the time of
its accretion from solar nebula (Ozima and Podo&6R1), and is characterized fe/'He
ratio around 19. This primordial-He is released from the mantlsergoir of the Earth
essentially via magmatism. Mantle degassing oclaugely at ocean basins and - to a lesser
extend - in continental areas.

Atmosphere, crust and mantle are the three magarveirs from which He observed
in terrestrial materials is derived (Figure 1.7)mAspheric-He is characterized b§He/He
ratio of 1.39*1 (Ozima and Podosek, 1983). Because this ratiatiger constant over the
globe, ®*Hel'He ratios measured on geologic materials are ysealbressed relative to the
ratio in the atmosphere (RIR= CHelHe)ample/ CHelHe)m). Crustal-He has an RAR

range of 0.01-0.1 (Andrews, 1985). Mantle-He ftas/He ratio around 18 (R/Ra ~ 8-30)
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(Mamyrin and Tolstikhin, 1984; Farley and Nerod#®98), reflecting the dilution of

Primordial-He with that produced by radiogenic @eges in the mantle.

He-Component /
3He/4He He-Reservoir R/IRA

10 ——Primordial-He—100

5
3x10 30
Mantle-He
10 10 (8-10)

1‘4,(1()6 ——Atmospheric-He—

Crustal-He

(Radiogenic-He)
-8
10 0.01

Fig.1.7. Major He-components and He-reservoirs (Re"He)ampie Ra=(CHe'He)umospher (SOurces: Ozima
and Podosek, 1983; Andrews, 1985; Mamyrin and ikbist, 1984; Farley and Neroda, 1988).

Given the fact that carbon and helium have widdo@c and relative abundance
contrast between mantle and crustal reservoirbefHarth (Table 1.3), C- and He-isotopes
can be potential tracers of gas provenance. Theepoe of higiiHe/He ratios in volcanic
regions, for example, may be indicative of a yowwcanic heat source. C-isotope
compositions can give an idea about the possilderveir lithologies and/or the lithologies
on the circulation paths of fluids. Combined He-€ystematics can also be used to
determine the possible subsurface processes in lighpthermal system (e.g. degassing,
mineral dissolution/precipitation). Determinatioh smch processes makes use of solubility
of gases in water. Because solubility of He in wadower than that of C{) He partitions
preferentially into the gas phase during degaslgading to an increase in the @Be ratio
in the residual liquid phase. Likewise, becaushtligotopes more preferentially partitions
into steam phase during evaporation, degassingesath® residual liquid composition to
evolve towards highe’'C/**C and lowerHe/"He ratios. Mineral precipitation/dissolution
processes affect the water composition in a similay: mineral (e.g. calcite) dissolution

increases, while precipitation decreases3h€ value of the water as the heavy isotopes
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preferentially enters the solid phase.

Table 1.3. C- and He-isotope systematics pertinent to differeservoirs

Reservoir | R/R 8%Cwo | COxPHe
Crust 0.01-0.1 Oto-40| ib10™
Mantle 8-10 -6.5 2*19)

Crust: Andrews, 1985 (R}, O’Nions and Oxburgh, 1988 (GCHe); Sano and Marty, 1995'¢C).

Mantle: Farley and Neroda, 1998 (RJRMarty and Jambon, 1987 (GfHe ands'*C).

1.4. Geology of Mongolia

The Mongolian territory is located on the Centraiax folding belt, bordering with
the Siberian platform to the north, and the Nonh€hinese and Tarim platforms to the
South. Geological setting is complex, with mankdibgical and structural styles, relating
to plate collisions of Proterozoic to Permian dgad systems are formed at different times,
mostly in the Paleozoic period. Also older Pre-Caab and younger Mesozoic
movements formed fold zones, but these do not glagh an important role in the
geological setting (Marinov, et al., 1970). Theekit active tectonic period started in
Mongolia at the end of Mesozoic and the beginnih@bgocene, due to simultaneous
development of the south Siberian plate form (maumpart) and the Baikal Lake region.
At the time, intense tectonic development gave NMungolian mountains their present
appearance. A geophysical survey on the crystabished (affirmed) that accumulative
thermal sources (magma lumps) are located neasutiace under the Khangai Mountain
region (Batbayar, 2001). The tectonic developmeniogls of Mongolian land belong to the
periods of Lake Baikal Rift establishments of therdsian Plate (PREGA, Mongolia,
2005).

The data obtained during the last few years inditlaat climate changes in the Late
Cenozoic were determined to a significant extentobygenic processes in Central and
South Asia, which produced the vast Inner Asian maitn belt (Zonenshain, 1990) that

includes the Himalayan, Altai, Sayany, Baikal, Khaih and Khentii mountain systems.
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The total area occupied by this belt is estimated%@x 16 km?. Its formation likely
distributed atmospheric circulation in the Northélfemisphere and caused global climatic
changes. The climatic record derived from Lake Bb#ediments shows that these changes
with a cooling trend commenced approximately 3 ida é&Kuz’min, 2006).

In central Asia intraplate magmatism was most cmngus in the Cenozoic.
Numerous fields of volcanic rocks are found in Molig, Transbaikala and the Maritime
territory, northwestern China. Zoneshain and Kuz(@®83) proposed that this magmatism
was related to a mantle hot spot. These volcartksr@are widely distributed and usually
grouped within enclosed areas spatially separatad bther areas of the same age. The
nature of these areas is not yet resolved. We denshis problem this problem using the
example of a province of intraplate magmatic roicksvestern Mongolia. It includes the
Khangai upland and its eastern boundaries, andmedo the south to the southern frontier

of Mongolian (Yarmolyuk, 1991).

1.5. Heat flow of Mongolia

Geothermal studies in Mongolia started over 35 yesgo with investigation into
temperatures and thicknesses of permafrost by riegtute of Permafrost (Zabolotnik,
1969). The heat flow of the region varying betw&dnand 84 mW/rh(a mean of 62+10
mW/n") was first estimated in five 150-170 m deep botehin northern (Ardag, Erdenet),
central (Harchuluun, Ihhayrhan), and southern (daagSaburga) Mongolia (Shastkevich,
1971) (Fig.1). In 1980-1983, the Soviet-MongoliaesRarch Expedition run jointly by the
Science Academies of the two countries the studoeginued in Lake Khuvsgul (9 heat
flow stations) and in its surroundings (5 borehatesvo fields), in central (26 boreholes in
11 fields), and in southern Mongolia (15 borehateS fields), and at 10 hot springs, which
added 28 heat flow determinations (Lysak, 2003).

The available collection of local and regional datported in many papers

(Khutorskoi, 1986 and 1988; Dorofeeva, 1990; GoWd992) and books (Khutorskoi,
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1991; Golubev, 1995; Dorofeeva, 1995; Khutorsk&®94) is however, incomplete, as the
geothermal coverage is uneven, especially in thet Weuntry (Lysak, 2003).

The thermal state of the lithosphere in Mongolg.etsewhere, is represented by its
conductive component together with convective heasported by ground waters that
discharge in numerous hot spring along active $amltthe Hangayan (Khangai), Hentiyn,
and Khuvsgul uplifts (Pissarsky, 1983). Abundantadan the groundwater chemistry
(Pissarsky, 1982) allowed us to use £ia, K, and Ca chemical geothermometers for
deep temperature modeling and estimation of comesetind conductive heat components
in 16 field. High helium enrichment of thermal watéPinneker, 1995) made it possible to
estimate heat flows froffHe/"He ratios through special formulas (Parasolov, 1%&4yak,
1994 and 2000), and these estimates were obtaim&®fhot springs (Lysak, 1999). Lysak
(1999) investigated the geothermal field in Mongadn the basis of data from 141 heat
flow station, including 55 drilling sites, and 26ttsprings.

The heat flow distribution in Mongolia is contradldoy tectonomagmatic activity
associated with Mesozoic and Cenozoic rifting awctlva thermal faulting of the old
continental crust®He/He ratios show that the greatest portion of heaw fis of crustal
radiogenic origin on uplifts, especially in Easteind Central Mongolia, and the mantle
component is high in rift basins, large active fauland in provinces of Cenozoic
volcanism (Lysak, 2003). The territory of Mongokamprises different thermal activity
regions. Regions of high thermal activity (q > 60Wm?) involve narrow linear heat flow
anomalies in rifts (Lake Hovsgol and Onon graberg aones of hypothetical subsurface
magmatism (Kerulen uplift and Choibalsan basin)sgigly associated with mantle
diapirism (Khutorskoi, 1996; Zorin, 1982; Khutor$kd 989). In regions of moderate
thermal activity (g from 50 to 60 mW#Ax heat flows regularly decrease with ages of rocks
and crustal cooling (Khutorskoi, 1996). Regions lofv thermal activity (g < 50-40

mW/n") in oceanic crust subducted beneath Northern Eu¢iolInar, 1975).



100°

— State border
1. Hoat flow contour lines in (mW/m2) .=++" 3. Contour of fold areas:

P> Capmalcity I-Selenge Yablonevy (point 1-6),
Almag border ll-Mongolia-Trans-Baikal area (Point 7-10),
lii-Kherlen-Argun (Point 12, 22-32),
Aimag center IV-South Mongolia (Points 11, 13-19),
-k % 2. Heatflow ions: Heat flow value/ b V-Mongolian Altai (Points 20, 21)
| ———— of station (Measurement of -
M li ian expedition) A ‘,‘_J 4. B.Dorjderem, 1992-1994 (Khangai rift)

Fig.1.8. Heat flow map of Mongolia (based on informatioorfr Ministry of Agriculture and Industry of
Mongolia (1999) and Dorofeeva (1992) and maps gubli by the Geodesy and Cartographical Institute,
Mongolia (1980; 2000)

Western and Southern Mongolia was in the middlebQaiferous a zone of
subduction where regions are confirmed by anomajoasv heat flows. The predicted
deep temperatures indicate that the lithospheMoihern and Northeastern Mongolia is in
guasi-steady thermal state and is much hotter4 ithdine Western and Southern regions.
Heat flow is higher in depressions within high-eityi thermal regions and in uplifts within
regions of moderate and low thermal activity whirgher temperatures beneath uplifted
areas are associated with ongoing crustal uplife thermal evolution of the lithosphere in
Mongolia controlled its structural and compositibohanges, especially at shallow depths

(Lysak, 2003).

1.6. Geothermal study in Mongolia

Mongolia is rich in mineral waters and geothermabaurces with a various
properties including their applicability for healdimd energy source purposes (Figure 1.9).
The first systematical study of mineral waters adrigolia were performed by Smirnov et

al. during 1926-1927. Further more detailed ingzdton on the formation mineral water,
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their distribution and chemical composition weredstd by Marinov, Namnandorj etc. In
1963 and 1966 were published monographs on minear resources of Mongolia.
Mongolia and Soviet Union’s joint hydrochemical “Wlbsgul” research group was
performed research on complex study of hydromineeasburces of Mongolia during
1971-1974. The aim of the research was to deterpirysic-chemical and micrbiological
properties of the mineral resources (Pinnecer, 19B8&sed on all previous research were
created “The map of Mineral springs of Mongoliali883.

New edition of “The map of Mineral springs of Monigd were performed in 2004
(Pisarsky, 2004). This map is result of many yedrstudy on “Reserves of mineral springs
of Mongolia” carried out in collaboration betwedmetinternational teams consisting of
scientists of the Earth Crust Institute, Siberiaanich of Academy of Science, Russia and
Institute of Chemistry and Chemical Technology obridolian Academy Science, the
National Balneology Center of the Ministry of HémltMongolia. This map is rather
different from the schematic map developed previoby scientists N.A. Marinov, Popv,
V.N and Sh. Tseren and the variant created on tfteebasis by Pisarsky, Lkhanaasuren,
Ariya-Dagva, Speiser and Dorjsuren. New edited rcaptains newly discovered and
described mineral springs objects and were usecemaahalytical methods for compiling
borders of hydrogeologic provinces, districts arairdaries of various mineral spring
areas were corrected and clarified on the scierttdisis (Pisarsky, 2006).

In the results of many years of studies were estadd that Mongolia has about 250
mineral waters. Also Pisarsky and Ganchimeg haveedgas analysis for identify gas
composition of the Mongolian mineral springs antedained such as He, Ar,(N,, CH,,
H.S, CQduring 1983-2000. Mongolian mineral waters by thagtribution, temperature,
gas composition and geochemical characterizatiome we&/ide into four groups such as a
hot waters with nitrogen type and cold mineral wateith carbon dioxides (C{) cold
salty waters with methane and submineral waters different composition (B.l.Pisarsky,

B.Nambar, 2004). The gas analytical data reveatad Mongolian all hot springs are
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belong into nitrogen type by their gas compositiBrssarsky and Ganchimeg, 2007).

The hot waters mainly distributed in Khangay, Klegntaround the Khuvsgul Lake
and the Mongol Altay plate forms in Mongolia dueheir developments during the second
geodynamic Cenozoic age. Mongolia has 42 hot watefie hot springs are divided into

four areas based on their distribution and hydrtmggcal characteristics.
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Fig.1.9. Distribution of hot springs in Mongolia (Batbaya001)

I. The Mongol Altay area. It is located in the westpant of the Mongolia and there
are 5 hot springs which belong to sodium-bicarbengbe. The hot springs surface
temperatures are varied from 29°C to 33°C.

II. The Khuvsgul lake area. It is located in the nanthgart of the Mongolia and there
are 3 hot springs. Those hot springs are belosgdaim - sulphate, bicarbonate and
sodium —bicarbonate and sulphate types accordirigeio chemical composition.
The surface temperature of these hot springs rainges21°C to 59°C.

lll. The Khangay area. It is located in the central pMongolia and there are 32 hot
which belong to sodium-bicarbonate and sulphate.tyjne most of hot springs are
located in the central region of Mongolia (Khangaga). The surface temperature

ranged from 30°C and 92°C.
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IV. The Khentey area. It is located in the north-east gf the county and there are 4 hot
springs which belong to sodium — bicarbonate tyfiee surface temperatures are

varied from 34°C to 88°C.

1.7. Geology of the Khangai area, Mongolia

Tectonically Mongolia occupies a key position inetlCentral Asian Orogenic
Supercollage or Altaids, and is located between Siteerian craton on the north and
Katasia (Tarim and sino-Koreon cratons) to the lsolihe Khangai dome in west-central
Mongolia is the western end of Khangai Daurianaieer of the Mongol-Okhotsk orogenic
belt. The Khangai region consists of intensely defd Carboniferous and Devonian
sedimentary rocks (including carbonate rocks sscticdomite) intruded by huge bodies of
late Paleozoic and early Mesozoic granites and agtiomites. Numerous late Cenozoic,
high potassium alkaline basaltic provinces areritisted throughout the Khangai area
(Figure 1.10). The mantle plume beneath the regésulted in 4-5 stages of magmatic
events from late Paleozoic to late Cenozoic (Hatecepoch) (Igmr-transaction, 2008).

The Khangai region has been described as “domedihdW & Allen, 1993;
Gunningham, 2001). It is a mountainous region doger200 000 krh with numerous
flat-topped peaks over 3000 m (Gunningham, 200h)il@ basis of the presence of titled
sediments, uplift and doming began in the middig&lene (Devyatkin, 1975; Barsbold &
Dorjnamjaa, 1993), reaching a maximum uplift of & KDevyatkin, 1975). The Hangai
region represents an important kinetic link betwd#enBaikal rift province to the north and
the Altai transpressional ranges to the south aest WGunningham, 2001). Late Cenozoic
uplift of the southern part of Hangai appears tetefined to an area underlain by cratonic
basement, whereas the Altai region to the southvaest, including the Gobi Altai, is
underlain by mechanically weaker Palaeozoic arc acctetionary belts (Gunningham,
2001).

There is a number of normal NE and NW trending tRawlithin the Khangai

Mountain region (lgmr-transaction, 2008). Most o6t hsprings are controlled by
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intersections of these types of fractures, fauttd aontact breccias zones between Car-
boniferous or Devonian sedimentary rocks and Perfréassic granitic rocks. The
regional heat flow in the Khangai dome reaches G@a8V/nt (Khutorskoi and Yarmoluk,
1989). Of 42 hot springs with temperatures of 219t Mongolia, 32 hot springs are
located in the Khangai region. The geothermal nemtdtions, a consequence of uplift,
alkaline magmatism, high heat flow, lithospheriintiing, and neotectonic faulting are
characteristic signatures of the thermal areahénKhangai region. The Khangai region
has been described as ‘domed’ (Windley and Alled93l Cunningham, 2001). The
basement of the dome consists of a Pre- cambrainkbihat contains tonalitic and
trondhjemitic gneisses, potassic granitoids andouar high grade schists and gneisses
(Kepezhinskas, 1986). The geological interpretated the isotopic data Kovalenko
(1996) implies that blocks of the consolidated grghean crust were overthrust, during
the accretionary-collision formation of the foldtsglonto younger crustal complexes of sea
basins between these blocks (Igmr-transaction, 2008

In the central and southern Khangai region, bailobodies are widely exposed
(Figure 1.10). Late Paleozoic granitoids are Caifeoous to Permian periods and early
Mesozoic granitoids are Triassic to Jurassic bat#slThe granitoids batholitic bodies are
named the Khangai complex, the Sharus river complek the Egiin Davaa complex in
normal geological map sheets (Barsbold and Dorjpam]993). The two main units in
the study area have been ascribed to the Permiaandéh complex and the
Triassic-Jurassic Egiin Davaa complex. These umits predominantly granite and
granodiorites associations. The granitoids are wmdienriched in aluminum,
K-subalkaline and calc-alkaline series (Igmr-trantisen, 2008).

Five stages of high potassium alkaline basaltiovipes are distributed throughout
the Khangai region of the late Cenozoic age. Tgrti@avas occur in sequences exceeding
200 m in thickness that constitute plateaus andemgk much of the high mountainous

region, southeast of Chuluut Gol. Quaternary laases found as isolated lava fields in
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topographic lows, confined by valleys carved intee tpre-tertiary bedrock. Several
processes have been proposed for the tectonicnooigiCenozoic volcanism in central

Mongolia (also Central Asia).
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Fig.1.10. Geological map of the study area (after Barsboldl @2orjnamjaa, 1933)

The geochemical evidence such as trace elementsSait-Pb-Hf isotope data
indicates that the Mongolian basalts were generhyedmall degree partial melting with
the garnet stability (Bary et al., 2003).

Khangai doming began in the mid Oligocene, and w@gemporary with alkaline
volcanism throughout the Khangai Mountains (Ignargaction, 2008). The young
normal fault systems in the Khangai are perhapspanse to crustal uplift and doming in
the range (Cunningham, 2001). In addition, the tfawith the clearest evidence for
Holocene activity within the Khangai region occtr@atively high elevations suggesting

that these areas are extending. In contrast, tam Khangai dome region is dominated
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by Late Cenozoic normal faults that bound smalf gedbens (Cunningham, 2001).

Numerous small volcanic provinces are distributedughout the Hangai area, of
which the four most northerly ones are studied h€agiat, Hanui, Togo and Orhon. The
Tariat volcanic province has been the subject véis# detailed studies of mantle (PreB et
al, 1986; Stosch, 1986; lonov, 1998) and crustalpifova, 1995; Stosch, 1995) xenoliths.
Within Mongolia, the Tariat province is exceptiorfal its xenolith abundance. At this
locality, steeply incised river canyons cut throwsgiguences of flat-lying lavas (up to 20 m
thick); individual lavas within these sequences esexmonly ~8-12 m thick. Basement
rocks are exposed in the valley walls, and althotingiir age is unknown they are inferred
to be Precambrian to Carboniferous in age (Kemp88Y7).

The Khangai area in the central Mongolian parthef €Central Asian orogeny stands
out in the scale of Late Paleozoic graitoud magsnatiwith numerous plutonic complexes
in the southwestern end of Central Asia’s largeshlyblia-transbaikalia igneous province
of alkaline granitoids. The knowledge on the rodéksuneven and insufficient. Many
intrusions lack isotope, major- and trace-elemdraracteristics which are indispensable
for correlation of the Khangai magmatism with thatthe surrounding areas and for
understanding its tectonic setting and related hogny. The Khangai Upland occupying
a key geographic position in terms of geology aratiomal economy is one such
underexplored area. It is located in the hangayte IRaleozoic basin filled with thick
sequences of Devonian and Carboniferous terrigesedisnents (Orolmaa, 2008).

Diverse granotoids are key elements of the Khangeological framework.
According to their geological position and petrqarg they were divided into the Late
Paleozoic Tarbagatai §§; Shar Us Gol (B, Hangayn (B, and early Mesozoic Egiyn
Davfaa (&-J1)) complexes. The tectonic sitting of their formatibas been a point of
controversy being attributed either to the LateeBabic orogeny (Federova, 1977; Marinov,
1973; Pavlenko, 1974) or to accretion of contineatast during closure of the Paleotethys

(Kovalenko and Yarmolyuk, 1990; Kovalenko, 1996riMalyuk, 2002). A later idea is that
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Late Paleozoic magmatism in Central Asia, includ®gntral Mongolia, may have been

driven by a mantle hotspot (Yarmolyuk and Kovalenk@03).

1.8. Current geothermal usage and possibilities of using geothermal
energy in Mongolia

1.8.1 Direct use of geothermal energy around the world

Geothermal utilization is commonly divided into dawcategories (i.e., electric
production and direct application). The minimumduwotion temperatures in a geothermal
field generally required for the different types ude are shown in Figure 1.11 (Lindal,
1973). The boundaries, however, serve only as 4oneke Conventional electric power
production is limited to fluid temperatures abou$0°C, but considerably lower
temperatures can be used with the application ofri fluids (outlet temperatures
commonly at 108C). The idial inlet temperatures into house for cgpdeating using
radiators is about 8C; but, by using radiators of floor heating, ordpplying heat pumps
or auxiliary boilers, thermal waters with temperati only a few degrees above the
ambient can be used beneficially.

Geothermal energy has been produced commercialhyefarly a century, and on scale
of hundreds of MW for over four decades both farcélicity generation and direct use. At
present, there are records of geothermal utilinaticd6 countries in the world (Stefansson,
1998). The electricity generated in these counigetout 44 TWh/a, and the direct use to
about 37 TWh/a. Geothermal electricity generat®aqually common in industrialized and
developing countries, but plays more important ioléhe latter. The world distribution of
direct utilization is different. With the exceptiai China, the direct utilization is serious
business mainly in the industrialized, and cerdral eastern Europian countries. This is to
some extent understandable, as most of these oemirttave cold winters where a
significant share of the overall energy budgetekated to space heating. Direct use of
geothermal is very limited in Africa, Central andush America, as well as the Asian

countries apart from China and Japan (Ingvar, 1998)
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Geothermal energy has been produced commercialhyefarly a century, and on scale

of hundreds of MW for over four decades both farcélicity generation and direct use. At

present, there are records of geothermal utilipato6 countries in the world (Stefansson,

1998). The electricity generated in these counigesout 44 TWh/a, and the direct use to

about 37 TWh/a. Geothermal electricity generatgaqually common in industrialized and

developing countries, but plays more important ioléhe latter.
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Fig.1.11. The Lindal diagram

The world distribution of direct utilization is dérent. With the exception of China,

the direct utilization is serious business mainlyhie industrialized, and central and eastern

European countries. This is to some extent undadstale, as most of these countries have

cold winters where a significant share of the olesaergy budget is related to space

heating. Direct use of geothermal is very limitadAfrica, Central and South America, as

well as the Asian countries apart from China arghdgIngvar, 1998).
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Lund (1996) has recently written a comprehensivarsary on the various types of
direct use of geothermal energy. Space heatingeisibominant type (33%) of direct use in
the world; but, other common types are bathingrswing/ balneology (19%), greenhouse
(14%), heat pumps for air cooling and heating (1,2fi6ph farming (11%), and industry
(10%). Table 1.4 shows the types of direct useeditlgermal in the top four countries in
direct utilization in the world-all of which haveveell-developed tradition for direct use.
Iceland is the leader in space heating. In facbual85% of all house in the country are
heated with geothermal (Ragnarsson, 1995).

Lund (1996) has recently written a comprehensivaraary on the various types of
direct use of geothermal energy. Space heatingeisiominant type (33%) of direct use in
the world; but, other common types are bathingrswing/ balneology (19%), greenhouse
(14%), heat pumps for air cooling and heating (1,2fi6ph farming (11%), and industry
(10%). Table 1.4 shows the types of direct useemtigermal in the top four countries in
direct utilization in the world-all of which haveveell-developed tradition for direct use.
Iceland is the leader in space heating. In facoual85% of all house in the country are
heated with geothermal (Ragnarsson, 1995).

The growth rate of geothermal development hasenptist been significantly affected
by the prices of the competing fuels, especiallyanid natural gas, on the world market
(Fridleifsson, 1994). As long as the oil and gasqw stay at the present low levels, it is
rather unlikely that we will see again the veryhignnual growth rates for geothermal
electricity of 17% as was the case during oil eigé 1978-1985. The growth rate is,
however, quite high due to the fact that geotheremedrgy is one of the cleanest energy
sources available on the market. The type of cawerused depends on the state of the
fluid (whether steam or water) and its temperatlifteere are three geothermal power plant
technologies being used to convert hydrothermaldd$luo electricity. The conversion
technologies are dry steam, flash, and binary c{fetedleifsson, 1998). Bymsson, et al.

(1998) maintains that if the development of hydral ayeothermal energy is vigorously



pursued, these resources could fulfill a very ingoatr bridging function during the next
few decades until clean fuels technology and thatleer renewables have matured enough

to provide a meaningful share of the world enengypdy.

Table 1.4. Types of direct use in the World and the top foamrttries

World Japan I celand China USA
Space heating 33 21 77 17 10
Heat pumps
(heating/cooling) 12 0 0 0 59
Bathing /Swimming/ 19 73 4 21 11
balneology
Greenhouse 14 2 4 7 5
Fish farming 11 2 3 46 10
Industry 10 0 10 9 4
Snow melting 1 2 2 0 1
100 100 100 100 100

In most countries, a significant percentage ofe@hergy usage is at temperatures of
50-100C, which are common in low-enthalpy geothermal suédost of this energy is
supplied by the burning of oil, coal or gas at maajher temperatures with the associated
release of sulphur, carbon dioxide and other greesd gases. The scope for using
geothermal resources alone as well as in combmatith other local sources of energy is,
therefore, very large. The application of the gmbgource heat pump opens a new
dimension in the scope for using the earth’s haatheat pumps can be used basically
everywhere and are not as site-specific as conwaaitigeothermal resources. Geothermal
energy, with its proven technology and abundanbusses, can make a very significant

contribution towards reducing the emission of gherrse worldwide (Fridleifsson, 1998).

1.8.2 Current geothermal usage in Mongolia

Mongolia has a centuries-long tradition of usingthermal water from natural
springs for medical purposes. Obviously, the cootion of those facilities to the overall
geothermal energy utilization is small (PREGA, Moha, 2005). There are also public
recreational centers where geothermal water is tmesganitary with open-air swimming

pools and to heat small greenhouse using of stanagevater during the summer season
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(Figure 1.12). Only Khujirt and Shivert spa res@nts working during 4 seasons for bathing.
In the Jargaljuut village of Bayankhongor aimag $®teating is by using geothermal hot
spring (T=95C, Q=251/s) since 1960. It is one of the best exasmpf geothermal energy
use for heating in Mongolia (Batbayar, 2001). Ampled comprehensive studies on
geothermal resources and their potential uses hatveeen carried out in Mongolia. Some
general and studies on regional geology, tectorgesphysics, geology, hydro-geology,

study of hot springs and chemical analysis caroieid

1. Hot spring
T=36°C 2. Storage pond 4. House
3. Greenhouse heating
——— . I8 ————t——————m <\ "
=[][R] R W prm— W) 5. Bathing
\Tu':<-qj-m i ;:—_::;—,u,éj E u’ﬁf | Waste
Gravity flow A —
—— Grvityflow " T

Fig.1.12. Examples of geothermal hot spring use in Mongimban the Tsenkher geothermal field (Batbayar,
2001)

1.8.3 Possihility of using geothermal energy in Mongolia and requirements

The Mongolian Khangai area is rich in geothermabreces. New technology opens
possibilities for more extensive use geothermakrgnén Mongolia. Total hydrothermal
resources and the utilization reserves of the gprin the Orkhon-taats take 62% of the
Khangai Range Resources. Based on the reports eofgémlogical, geophysical and
geochemical surveys and exploration, contactethenkthangai Range, it is estimated the
geothermal resources in the depth of 500-5000 reawh hot spring area. The geothermal

energy (depth) resources of thesystems Ider-Tarvagatai, Central Khangai and



Orkhon-Taats are 817 Gcal/h, 1729 Gcal/h, respelgtiviotal resources of the Khangai
Range is 2746 Gcal/h can be used in the economy.

In Mongolian rural areas, small users such as anSoenter (small town), “Bag”
center (smallest town), rest houses, and tourispsaare located far from each other. All of
them are did not connected with general electit Igres and heating connection (Batbayar,
2001). Summarizing the results of the geologicatl&s in Mongolia, we have considered
that the Khangai Range is a promising area fortggratal direct energy utilization. From
the above, we are concentrating on the Orkhon-Tagssems, which is located three
province centers (Tsetserleg of Arkhangai provika®aikheer of Uvurkhangai province,
Bayankhongor of Bayankhongor province). The TsenKledd is near to the Tsetserleg
town, the Taragt field — to the Arvaikheer of Uvhahgai province, the Taragt field — to the
Arvaikheer and the Shargalzuut area — to the Bayamgor town. The numbers of
population and families, living in the province ¢ers, are comparatively higher than other
relevant nearest settlements and there are there&asonable heat demands in these
centers.

The heating systems are currently operating in gh@®vince centers around the
Khangai area are very inefficient and not sustdyahd reliably supply present and future
demands. They are using coal that has to be tralesplong distances by truck, and their
combustion are not controlled. The government ohlywia introduced to the public drafts
of Renewable Energy and Energy Conservation Lawes&hlaws will create an
environmental to develop the energy efficient amtewable technology in the wide scale in
Mongolia. The National Action Plan for Renewableekyy (June 2005), adopted by the
IKH KHURAL (the parliament), has the objective taild favorable investment and
financial environment for renewable energy develepmIin 1999, The Ministry of Food
and Agriculture of Mongolia has planned to devéelGgotherm” sub-program within the
“Mineral Resource” Program. The investigating amdearch works are started in the

Institute of Geology. Recently a “Sanatorium Depshent National Program 2003-2010"
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was asserted by the 251st resolution of Mongol@reghment on 13 December 2002. The
future developments of geothermal use will basedhentotal exploitation of the existing
geothermal wells in the first phase, and completetizermal field development by means

of newly drilled wells as the next step (PREGA, Moha, 2005).

1.8.4 Future possibility of geothermal development in Mongolia

The Promotion of renewable Energy, Energy Effideendand Greenhouse Gas
Abatement (PREGA, Mongolia, 2005) had done “Hydeothal heat supply of province
center” project in Mongolia (Figure 1.13). By tipsoject they were done pre-feasibility
study on the geothermal district heating systenprovince center around the Khangai
Range of Mongolia. In the level of the province tegnn the Mongolia, the geothermal
district heating is more applicable compare toitttbvidual geothermal heat pumps. It is
advisable in all geothermal direct use systemsstdate the geothermal fluid from the
building heating system it serves. Though the G& Mg contents in the fluid in the hot
springs of the Khagai Range are comparatively sntli$ strategy greatly reduces the
extent of geothermal fluid chemistry induced coiwasand scaling in the user’s system. It
is considered that the district heating indirectegns, which are economically reasonable
against direct heating system, are more suitablthenMongolian rural towns. By this
report (PREGA, Mongolia, 2005) they consider thevding the space heating and
domestic hot water to the customers and asumedtiigadomestic hot water will be
isolated from the district water with a heat exayem

The units of a geothermal district heating system geothermal water production,
re-injection, heat exchanger, plant, transmissiwh @istribution piping systems and pumps
(Figure 1.13). The optional equipment is peakingacity, which can be used the coal fired
heat only boilers. The temperature of the heat @xghr plant will be used 85-4D and in
turn, the temperatures in two ends of the custoroers will be 80-88C and 35-48C. The
result showed that the future developments of geathl use will be based on the total

exploitation of the existing geothermal wells iretfirst phase, and complete geothermal
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field development by means of newly drilled welks the next step. The development of
geothermal applications in the economy of Mong@iaatly depends on the economic
interest to be shown by private entities and gowemt supports. Because the initial
investments in geothermal heating are higher thancbnventional heating systems,
simulative measures by the Government would be omeéc Nearly all (99%) of
commercial electricity and heat is produced in Maray from coal. By decreasing or
offsetting the amount of energy have proven neddedspace and water heating, the
province economies will save the coal resources=&Tare safe and clean because there
are no combustion flames, no flues, and no odo; gafe, reliable operation year after

year (PREGA, Mongolia, 2005).
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Fig.1.13. Indirect geothermal district heating system in phevince center
In this report they were conclude that the dires¢ of geothermal energy is more
acceptable in the first cases toward the successdgtering on the geothermal utilization
in the areas with low temperature hydrothermalweses in Mongolia. The Khangai Range
iIs more benefit promissing area on the geothermaigy utilization. The indirect district
heating system with a central heat exchanger psamiore attractive on the heat supply of
the rural towns in Mongolia. It is more efficiengaanst to the schemes with distributed

customer heat exchanger system.
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Chapter 2

| sotopic and chemical studies of hot and cold springsin western part

of Khangai mountain region, Mongolia, for geother mal exploration

2.1. Introduction

Knowledge of the origin of geothermal watersngortant in geothermal studies it
helps to discriminate the chemical properties ef ttrermal waters and the source of their
recharge. Studies of stable isotopes play an impbrtrole in hydrogeological
investigations of both thermal and non-thermal wsateecause the isotopes carry a record
of fluid origin and processes. There are 42 hangg in Mongolia (Pisarskii et al., 2003)
but geothermal utilization is not widely developddday, the hot springs are used for
bathing, health resorts (balneology) and a smalbwarh of greenhouses and building
heating. Currently Mongolia has no geothermal pogeneration and there are few rivers
suitable for hydroelectric power generation. In thestern part of Khangai mountain
region, hydro-geothermal resources is one of thetmpuomising energy prospects (surface
temperature of the hot spring is up to 95°C) (Batbmiet al., 2011).

The aim of this study is to geochemically examime quality and fluid sources of hot
springs in the western part of the Khangai mountagion and their potential use for space
heating and greenhouse cultivation. In the wesgmrt of Khangai mountain region,
geothermal fields occur in three provinces (ZavkHgayankhongor and Uvurkhangai). In
1977, 1978 and 2005 fifteen hot water samples wellected and analyzed at the Institute
of Chemistry and Chemical Technology (Oyuntsets§)9) and 29 hot and cold water
samples were collected in July and August 2012.2frig he elevation of the hot and cold
water sources in the study area ranges from 16424%® m above sea level. The hot
springs are characterized by the high pH, low tdissolved solids, very low magnesium

concentration and sodium as the dominant catiorth \Mispect to the high pH of these
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waters, bicarbonate and sulfate are the dominaahan

2.2. Sample collection and analytical procedures

Twenty-nine water samples (15 hot spring waterspl spring waters and 10 river
waters) were collected in July-August, 2012 frora hangai area in Mongolia (Figure
2.1 and Table 2.1). At the sampling site, watergerature, pH and EC were measured by

a digital thermometer, a pH meter (Shindengen, B} and an EC meter (Horiba, B-173),

respectively.

97°00’ 100°00’ 103°00’

48°00 48000’

47900 1 7°00’

@ Hot water

& River waters

[ Cold springs

— Province’s border

— Soum'’s border
¢ Province’'s Center

46500’ 46000’
97°00’ 10000’ 103°00’

Fig.2.1. Location of sampling points in the western partkdfangai area. Numbers in the sample locality
correspont to those in tables 1-4.

Water samples were collected into two plastic bst{ltO0 ml and 250 ml volume for
isotope and chemical analysis, respectively). Watanples were filtered through a 0.45

pum filter and collected into polyethylene bottles §ubsequent chemical analyses in the

laboratory.

Dissolved ion concentrations were determined at @eochemical Laboratory,
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University of Toyama. The major anions Cl| and ;SO filtered water samples were

analyzed for with anion chromatograph (761 Comp@ctMetrohm) using an lonPac As22

column.

Table 2.1. Sample locality in the western part of Khangai area

Ne  Sample type Locality Sampling date Latitude Longitude litude (m) Temperatureo(:) pH EC (mS/m)

1 Hotsprings Khuijirt 712212012 46%5402 102%46'02 1643 41 9.2 39
Khuijirt 2005 46’5402 102%46'02 1643 55 8.7

2 Mogoit 7/22/2012 4644 4¢ 102°13'5¢ 1862 74 8.9 37
Mogoit 1977 4644 4¢ 102%13'5¢ 1862 72 8.6

3 Khuremt 7/24/2012  426%16'1¢ 10%28'1¢ 1945 54 9.1 40
Khuremt 2005 46°16'1¢ 10%28'1¢ 1945 56 8.7

4 Khaluun turuu 712412012 45°53'3¢ 101°40'2¢ 1970 23 8.7 43
Khaluun turuu 1979 30 8.5

5 Taats 7/25/2012  46%7'3¢ 101°36'1¢ 1959 55 9 45
Taats 1977 55 8.8

6 Baga shargaljuut 7/25/2012 46”1357 10f09'10 2049 57 8.8 39
Baga shargaljuut 2005 46°13'57 10°°9'1¢ 2049 59 8.7

7 Ikh shargaljuut 7/25/2012  46°19'5¢ 101%13'3; 2132 95 8.7 38
Ikh shargaljuut 2007 46°19'5¢ 101%13'3; 2132 92 8.8

8 Ukheg 7/26/2012 46°47'5¢ 10%25'51 2374 58 9 51
Ukheg 1977 57 8.9

9 Teel 7/27/2012 46°51'3¢ 10%6'57 2094 32 9.2 29
Teel 1977 32 9.7

10 Urguut 712712012 47%1'5¢ 10061 2472 42 8.4 44
Urguut 1977 42 8.6

11 Ulaanhaalga 7/30/2012  47%56'0¢ 09716'2¢ 2265 46 8.7 78
Ulaanhaalga 1977 37 8.5

12 Khojuul 7/31/2012 48°19'4¢ 9e%18'2( 2263 44 9.8 29
Khojuul 1978 45 9.5

13 Khaluun us 713172012  4g14'51 9e%22'42 2200 34 8.7 51
Khaluun us 1978 35 9.1

14 Zart 7/31/2012 482002 9e%47'0¢ 2059 45 8.8 40
Zart 2005 482002 9e%47'0¢ 2059 44 8.9

15 Tsetsuukh 8/1/2012 48%23'51 9¢02'3¢ 2024 34 9.2 48
Tsetsuukh 2005 482351  9c%2'36' 2024 36 9.2

16 Cold springs Khuijrt 7/22/2012  46°%52'4¢ 10247'0¢ 1662 4 6.7 31

17 Mogoit 7/23/2012 46%44'5¢ 102%13'42 1838 6 6.4 11

18 lkham 7/25/2012 46°19'5¢ 101°13'3; 2136 14 7.5 41

19 Khojuulin ehnii bulag 7/30/2012 481158 9’1820 2258 8 8 41

20 River waters Khuren tolgoi 712412012 4=P53:4¢ 101%40'31 1968 13 7.9 31

21 Taats 7/25/2012  46%7'1¢ 101°36'0¢ 1957 12 7.9 31

22 Nariin gol 7/25/2012 46°13'4; 101°09'1¢ 2045 15 7.3 17

23 Shargaljuut gol 7125/2012  46%0'01 101°13'32 2133 19 7.3 12

24 Ukheg 7/26/2012 46°48'07 10¢%25'4¢ 2373 16 7.5 10

25 Tsagaan turuu 712712012 46°51'4¢ 10c%0770c 2092 12 7.2 5.4

26 Urguut 7/27/2012  47%2'1: 100608 2471 10 7.3 11

27 Ulaanhaalga 71302012 47°49'0¢ 097°16'3r 2263 14 7.3 7.6

28 Baruun hojuul 71312012 4¢°150; 9e%22'1¢ 2198 12 7.1 12

29 Khaluun us 8/1/2012 481955 984717 2049 17 7.1 7

Alkalinity was determined using a standard titratwith HCI. Cations were analyzed
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with the ion chromatograph (761 Compact IC, Metrphmsing a Dionex DX-320J.
Dissolved silica was determined by a molybdenum loyel method using a
spectrophotometer (UV-VIS Recording SpectrophotemetShimadzu). The charge
balances of the results obtained were within £5%d #re analytical uncertainties for

dissolved ion concentrations were also within 5%.

Samples were prepared for the mass spectrometeyndie@tion of6*%0 by the CQ
equilibration method (Epstein and Mayeda, 1953) #mat of 6D by using the Zn
reduction method (Coleman et al., 1982), and therdenations carried out in a mass
spectrometer (VG Micromass Ltd., Optima) at the Kieal Center, Mitsubishi Materials
Techno Corporation in Japan and reported relatwveViSMOW with an analytical

precision of 0.%o. and koo, respectively.

2.3. Results and discussion
2.3.1. I sotopic compositions

The results of isotope analysis of water sampl@s saitmmarized in Table 2.2 and
Figure 2.2. ThesD and&*0 values for hot spring samples vary from -87 864, and
-12 to -1%0, respectively. ThéD and&*®0 values of cold springs and river water samples
vary from -78 to -12%. and -11 to -1%. respectively and are similar to those for hot
spring water samples. Almost all hot and cold wsatee plotted along the global meteoric
water line (solid line in Fig. 3&D = 85*%0 + 10; Craig, 1961). Two river waters (sample
numbers 22, Taats and 27, Urguut) plot far frors time. This may be due to evaporation
because the water flow rates are lower than otliers. There is no evidence of isotope
shift in §'°0 values of hot springs from the meteoric watee ({Rigure 2.2a). This means
that all water samples derived from meteoric watgh minimal isotope exchange with

reservoir rock.
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Fig. 2.2. 3D vs 6'®0 of water samples in the western part of Khange@.a(a)sD vs §'%0 and (b) Altitude vs
3'®0. The solid line in this figure shows the localtewic water line §D=8 5'%0+10). Tie lines in (b) shows

water samples from the same areas

Fig. 2.2b shows th&'®0 values for water samples plotted against theuelki of the
sampling points. Lawrence and White (1991) repotheeffects of altitude on isotope

ratios between 500 and 2000 mé&B and §*%0 to be -1.5 ~ -542./100 m and -0.2 ~
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-0.6 %0/100 m, respectively. In the study area, thereoistnong correlation among tis®
and&'®0 values and altitude. It is noted that the hoingpsrlocated in the Zavkhan region
in the study area (northern part of Mongolia) hevae negativééD and&*®0 values than
those of the other area. In contrast, cold sprarg$river waters in the northern part have
almost the saméD and 6*°0 values for water samples in the southern part ared
independent of the altitude of the sample localifggure 2.2b also shows the
relationship of the5*®0 values of water samples in the same sample tpcé#liis noted
that the5'®0 values for hot spring waters are dodower than those for river waters. This
is also shown in 8 hot and cold water samples ct@tk in December 2008 in the
Arkhangay province in the Khangay area (Dolgorja009), where thésD and 620
values are -108 to -162 and -14.3 to -13d%. for hot springs and -102 to -@5and -13.5

to -12.6e0 for cold water and river waters, respectively. the Xining basin and the
surrounding area, northeastern Tibetan PlateawyaCfua. 1000 km south of the present
study area and 1622 to 4300 m in altitude), Tamle(2012) reported th&D and &0
values of geothermal waters (up to 92 °C) to bete855%. and -12.1 to -7 %. which are
almost the same to those of river water in the ngnbasin. They concluded that the
geothermal waters originate in the local meteoratess. In general, river waters are a
mixture of meteoric waters originating from diffate elevation and groundwater.
Therefore, thesD and 50 values can be taken as those for the averageasitiop of
precipitation in the study area. In the presentigtthere is a large variability in th&D
and 6*%0 values between hot springs and river waters (feigi2b). The depletion in D
and *®0 in the hot spring waters may be due to a differsource associated with

precipitation falling at higher altitude than iretetudy area.

2.3.2. Chemical compositions
The chemical composition of 29 water samples issshim Table 2.2 and Figures.
2.3-2.5. In the study area, the water temperatfifreob spring water ranges from 23 to

95°C and the pH values range from 8.4 to 9.8, mtthg alkaline characteristics. The total
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dissolved solids (TDS) are between 228 and 529 mig/tontrast, the water temperatures

of cold spring and river waters are ranging fronmo4l9°C and the pH values range from

6.4 to 7.5. Their total dissolved solids (TDS) cemication is between 50 and 375 mg/L

higher than that of the hot springs.

Table 2.2. Chemical composition of hot and cold springs amdrrivaters in the western part

of Khangai area.

Ne Sample type Locality Sampling date Na K Ca Mg Cl SOy HCO; NOs; SiO, §¥ 0D
mg/L %o

1 Hot springs  Khuijirt 7/22/2012 96 2.6 6.8 0.2 22 33 121 4.8 91 -13 -100
Khuijirt 2005 98 3.9 1.6 0.1 7.2 32 120 - 104 - -

2 Mogoit 7/22/2012 87 1.7 6.4 0.2 2.7 29 128 0.4 84 -15 -109
Mogoit 1977 92 2.9 13 0.1 1.9 28 95 - 104 - -

3 Khuremt 7/24/2012 92 14 2.9 0.2 8.6 41 125 0.2 75 -12 -91
Khuremt 2005 93 2.2 1.3 0.1 8.5 43 135 - 98 - -

4 Khaluun turuu 7/24/2012 99 25 13 0.2 18 27 148 0.2 60 12 1 -9
Khaluun turuu 1979 117 3.6 4.6 0.6 20 27 206 - 7 - -

5 Taats 7/25/2012 97 1.4 4.6 0.1 24 54 97 0.2 68 -13 -98
Taats 1977 103 2.8 2.6 0.07 21 60 92 - 91 - -

6 Baga shargaljuut 7/25/2012 103 21 5.4 0.2 13 56 97 0.2 62 3 -1-95
Baga shargaljuut 2005 91 2.8 2.8 0.03 6.2 59 66 - 83 -

7 Ikh shargaljuut 7/25/2012 85 1.9 8.4 0.2 5.6 55 98 0.2 83 -13-95
Ikh shargaljuut 2007 86 3.5 2.2 0.1 3.1 59 97 - 109 - -

8 Ukheg 7/26/2012 112 29 8 0.1 5.9 124 85 0.2 71 -15 -105
Ukheg 1977 112 5.4 3.6 0.3 2.2 124 78 - 78

9 Teel 7/27/2012 61 0.8 11 0.3 4.8 20 87 0.2 36 -12 -87
Teel 1977 65 0.6 3.6 0.3 4.4 23 67 - 46 - -

10 Urguut 7/27/2012 105 15 7.1 0.2 13 39 164 1.0 61 -14 -100
Urguut 1977 112 2.7 2.9 0.1 9 42 167 - 78 - -

11 Ulaanhaalga 7/30/2012 150 37 17 0.5 15 214 97 0.2 73 -16 6 -11
Ulaanhaalga 1977 148 55 8.2 0.8 16 205 70 - 75 - -

12 Khojuul 7/31/2012 65 22 5.8 0.2 33 34 110 12 90 -17 -125
Khojuul 1978 60 31 14 0.06 8.7 33 115 - 102 - -

13 Khaluun us 7/31/2012 107 2 12 0.2 11 158 137 1.2 57 -17 -126
Khaluun us 1978 91 3 7.4 0.6 4.7 31 174 - 72 - -

14 Zart 7/31/2012 78 1.2 13 0.3 31 103 71 0.2 52 -17 -125
Zart 2005 81 1.9 6.2 0.2 4.2 103 80 - 60 - -

15 Tsetsuukh 8/1/2012 107 25 52 0.2 9.3 115 95 0.2 75 -16 -119
Tsetsuukh 2005 98 3.2 34 0.4 6.2 112 80 - 108 - -

16 Cold spring  Khuijirt 7/22/2012 12 0.7 56 8.4 13 13 181 4.3 15 -13 -97

17 Mogoit 7/22/2012 8.6 11 10 1.6 0.9 5.4 50 2.2 16 -14 -101

18 lkham 7/25/2012 51 1.2 47 54 9.2 38 171 8.7 44 -12 -88

19 Khojuulin ehnii bulag  7/31/2012 3.7 1 20 5.5 0.6 6.2 74 92 16 -17 -127

20 River water  Khuren tolgoi 712412012 26 2 46 8.3 19 22 142 4 1 33 -11 -79

21 Taats 7/25/2012 10 2 62 8.1 6.3 23 155 3.2 13 -12 -87

22 Nariingol 7/25/2012 5.4 13 25 5 25 7 85 19 9.3 -12 -78

23 Shargaljuut gol 7/25/2012 3.6 1.3 18 34 1.7 5.9 57 1.7 8.912 -87

24 Ukheg 7/26/2012 2.7 0.5 18 1.9 11 4.1 85 0.7 8.3 -13 -91

25 Tsagaan turuu 7/27/2012 3.6 0.9 16 24 11 4.3 49 2 6.9 -1286 -

26 Urguut 7/27/2012 21 0.5 8.2 18 0.6 2.6 24 1.7 8.1 -13 -87

27 Ulaanhaalga 7/30/2012 2.6 0.9 12 19 0.6 4.2 33 0.9 9.9 -14100 -

28 Baruun hojuul 7/28/2012 2.4 0.5 19 3.2 0.7 11 48 2.1 12 -16 119 -

29 Khaluun us 8/1/2012 2.6 0.5 9.7 1.3 0.5 7.2 27 1.5 9.8 -16112 -

The sodium concentration is up to 108 mg/L and rotlaion concentrations such as those

of K*, C&" and Md" are very low (below the detection limit of ICPtime case of MY).

The highest silica concentrations are found inhibiesprings, reaching values as high as 91
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mg/L. Total alkalinity values (HC%) is the dominant anion (up to 164 mg/L) and clderi
concentrations are always below 33 mg/L (Table.2.2)

In comparison with the previously obtained chemimaiposition of water samples
collected in 1977, 1978 (Ariyadagva et al., 1988J 2005 (Ganchimeg et al., 2007) at
the same localities, the NaK* and SiQ concentrations of hot springs in this study were
slightly lower and C& concentrations are higher than the previous oRégute 2.4).
Although there are several possibilities to explaim observed differences in previous and
present data due to the change of chemical compasitin the hot springs, the

analytical uncertainty and so on, we could not d¢ode the reason, so far.
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Fig.2.3. Spatial distribution of the geochemical chardstis of water samples in the western part of Kjzan
area. Numbers in the sample locality corresporttidee in Tables 2.1-2.4.

The spatial distribution of the geochemical chagastics and a Piper diagram
for the water samples in the study area are showhigs. 2.3 and 2.4, respectively.
The chemical composition of the hot springs inghely area is characterized by two types.

Most of the hot springs located in the southerrt pathe study area (sample Nos. 1-10;
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Bayankhongor and Uvurkhangay provinces) are ofNReHCOs™ type except for one hot
spring (N&-SO* type; sample No. 8) (Fig. 2.3). The hot springsttir northern part
(Zavkhan province) are of the N8O type. In this province, one hot spring water
(sample No. 12) is of the N&CO; type (Figure 2.4). All river waters are of the
C&*-HCO; type. The cold spring and river waters are of @' -HCO; type except for

sample No. 19 (Na+-HCOtype).

OHot springs (2012)
CatME o Hot springs (1977-2005)
ARiver waters

OCold springs

Fig.2.4. Piper diagram for water samples in the westerhgfakhangai area.

The HCQ', C&" and Md" are likely to originate in the weathering of doltenand
their constituent CGa-Mg** silicates (chiefly calcite, plagioclase, gypsund deldspar).
The relationship between €a+r Mg?* and HCO3concentrations is shown in Figure 2.5b,
where the broken line corresponds to the ion exghasf CA"+ Mg®" with Na" + K*
following the reaction with clay minerals after dolite dissolution. This result implies
that the cold springs are enriched ifG&g** and HCQ due to dissolution of carbonate
rocks (such as dolomite), whereas all hot springshelow the broken line in Figure 2.5a.

Sodium and potassium concentrations in hot spriatgks in the study area are greater than



those in cold springs (Figure 2.5b). Figure 2.5avahthe relation between Na K™ and
ca&* + Mg?*-HCOs'. A possible explanation for the observed resuthi the hot springs
are enriched in Naand K and depleted in Gaand Md" because of ion exchange with

clay minerals in the soil resulting a higher pHrthiaat of the cold spring.
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2.3.3. Geothermometry

Several different chemical geothermometers werdep chemical analyses of hot
waters collected in this study, with results sumeeat in Table 2.3. As stated above, the
temperatures obtained by applying the geothermamdiased on silica concentrations
may be reliable and appropriate in these geothesystems considering the variations in

silica speciation with pH and temperature. Howesgérce their use relies completely on
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the concentrations of just one element, the existenf any processes that could have

modified its reservoir water concentrations mustfbe ruled out.

Table 2.3 Underground temperature estimated from applicaticsolute geothermometry

Ne Locality Sampling date Tmeans Techal (1) Techal @ T otz TNak@  TNak@E  TNak-ca(s)
(oC) (oC) (oC) (oC) (oC) (oC) (oC)

1 Khuijirt 7/22/2012 116 104 103 132 91 146 119
2005 132 113 111 139 117 168 146

2 Mogoit 7122/2012 105 100 99 127 71 128 104
1977 126 113 111 139 102 156 137

3 Khuremt 7/24/2012 97 94 94 122 57 115 100
2005 117 109 108 136 84 140 125

4 Khaluun turuu 7/24/2012 102 81 82 110 87 142 112
1979 116 95 95 123 99 153 130

5 Taats 7/25/2012 93 88 88 116 56 114 97
1977 117 105 104 132 91 146 126

6 Baga shargaljuut 7/25/2012 99 83 84 112 74 130 109
2005 118 99 99 127 99 153 129

7 Ikh shargaljuut 7/25/2012 108 99 99 127 80 135 108
2007 134 116 114 142 119 170 143

8 Ukheg 7/26/2012 109 90 90 119 90 144 119
1977 130 96 95 124 131 181 151

9 Teel 7127/2012 73 56 59 87 49 107 82
1977 72 68 69 98 32 91 77

10 Urguut 7/27/2012 90 82 82 111 55 113 94
1977 110 96 95 124 84 140 122

11 Ulaanhaalga 7/30/2012 108 92 92 121 86 141 115
1977 120 93 93 122 112 164 137

12 Khojuul 7/31/2012 121 104 103 132 106 159 124
1978 110 52 54 83 136 185 152

13 Khaluun us 7/31/2012 94 78 79 108 70 126 102
1978 115 91 91 120 104 157 126

14 Zart 7/31/2012 86 74 75 104 57 115 89
2005 101 81 82 111 83 138 111

15 Tsetsuukh 8/1/2012 108 94 93 122 83 138 116
2005 127 115 113 142 104 157 132

Tmeans Averaged values of calculated temperatures

(2),(3): Fournier (1977), (2),(4):Arnérsson et(&P83), (5): Giggenbach (1988), (6): Fournier andesdell (1973)

Re-equilibrium processes affecting quartz or chadcey do not easily occur in

this type of low-temperature geothermal systemsnhyadue to kinetic reasons

(Rimstidt and Barnes, 1980; Michard et al., 1986¢iard, 1990). However, as seen

above, some of the waters studied are mixturet@frial and cold waters, which cause

considerable dilution to their silica concentradiiable 2.2). Therefore, in the case of the

geothermometers based on the SiQuartz and Si@chalcedony equilibria, results

obtained for the thermal waters (Table 2.3) willdmnsidered to determine the minimum

reservoir temperature.
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Two chalcedony geothermometers according to thdsdé-aurnier (1977) and
Arnorsson et al. (1983) give the reservoir tempeetin the range 56-104°C and
59-103°C, respectively, for all hot springs in #tady area. The calculated temperatures
using the previous data are in the range 52-11@@Qurnier, 1977) and 54-114°C
(Arnorsson et al., 1983). This difference is withire uncertainty of the geothermometer
(x20°C) (e.g. Fournier, 1991). These results shuat the temperature of the reservoir for
each hot spring varies from 50°C to a maximum ofld®°C in the study area.

The quartz geothermometer (Fournier, 1977) givesréservoir temperature in the
range 87-132°C and the calculated temperatureshimprevious data are in the range
83-142°C. The temperatures obtained by the,$ji@rtz geothermometers are 26-31°C
higher than those calculated for equilibrium withakcedony for the hot springs in the
study area. The chalcedony temperatures are thestowhese differences gradually
become smaller as the silica content in the waieeases.

Temperatures are calculated for the hot springedas the Na-K data and using
two different calibrates (Table 2.3). The Na-K demsmometers of Arnorsson et al.

(1983) and Giggenbach (1988) give the reservoimpaature in the range 49-106°C
and 107-159°C, respectively. The previous databstsews a range of 32-136°C
(Arnorsson et al., 1983) and 91-185°C (Giggenbd®&88). It is obvious that the Na-K
geothermometer by Giggenbach (1988) vyields relbtivegh values for all samples
compared to the calibration of Arnorsson et al.830 The temperatures calculated
(Table 2.3) using the Na-K-Ca geothermomet@gx @/3) are similar, in the range
89-119°C (Fournier and Truesdell, 1973). The teajees calculated for the previous
data are in the range 77-152°C. These the casdl bbtasprings, with an anomalous
Na/K ratio and a higher calculated temperature|ctbe the result of additional chemical
reactions after mixing, including possible catioxclegange reactions (e.g. Fournier,
1977; D'Amore et al., 1987; Druschel and Rosenb&@Q1). These inconsistent

results with the geothermometers may be relatedsecondary processes (e.g.
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temperature-dependent clay or aluminosilicate wghbgation reactions) affecting
dissolved calcium during the rising of the therwalers (Giggenbach, 1988; Druschel
and Rosenberg, 2001).

The average temperatures calculated from chemieathgrmometers are in the
range 73-134°C, indicating low temperature geotlarnesources in the study area,
suggesting that these resources can be used for meating and production of electricity

by a binary system.

2.3.4. Saturation index for scale components

It is crucial to know and take measures againsbgiote problems such as corrosion
and scaling in the pipes and pumps used in theugtmh of water from hot springs. To
find out whether to expect the precipitation oflsgamaterials such as calcite and silica,
the saturation states of chemical components ilmdheprings were examined in this study.
The saturation index (Sl) of a given mineral is wledi in Eq. (1) as:

S.I. (Saturation Index) = Log (Q/K) (1)

where Q and K are activity and solubility produaté minerals such as calcite,
(C&M(CO5%), respectively. The chemical code used for theutation in this study is
PHREEQC (Parkhurst and Appelo, 1999). An index §&igller than zero indicates that the
water is undersaturated with respect to a partianiaeral. Such a value could reflect the
character of water from a formation with insufficieamount of the mineral or solution or
short residence time. An index (Sl), greater thamoz specifies that the water is
oversaturated with respect to the particular min@tease and therefore incapable of
dissolving more of the mineral. Nonetheless, ouerséion can also be produced by other
factors that include incongruent dissolution, common effect and evaporation, rapid
increase in temperature and £&xsolution (Langmuir, 1997).

The saturation indices of anhydrite, aragonitegcital chalcedony, dolomite and
quartz were calculated for the water samples irsthdy area and the results are shown in

Table 2.4. All the samples of hot and cold wataleated are undersaturated with respect
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to anhydrite. The hot waters sampled in this stady oversaturated with respect to

aragonite, calcite, chalcedony, dolomite and quavtereas the saturation index for water

samples analyzed previously are calculated inghidy and are found to be saturated or

oversaturated with respect to calcite (Table 2.4 Rigure 2.6).

The saturation indices for water samples are pliotigainst pH as shown in

Figure 2.6. The saturation indices for calcite aludomite increase with increasing

pH and above pH 7.9 the hot springs are saturatddrespect to these minerals.

Table 2.4 Saturation indices for minerals in water samples.

Ne Locality Sampling date pH Tmean: Anhydride  Argonite Calcite Calcedony Dolomite Quartz
(9]
1 Khuijirt 7/22/2012 9.2 116 -2.09 0.94 1.09 -0.56 2.24 -0.35
Khuijirt 2005 8.7 132 -2.7 0.48 0.62 -0.38 1.79 -0.18
2 Mogoit 7/22/2012 8.9 105 -2.44 1.07 1.22 -0.31 2.62 -0.1
Mogoit 1977 8.6 126 -2.81 0.24 0.39 -0.29 1.36 -0.09
3 Khuremt 712412012 9.1 96 -2.58 0.88 1.03 -0.35 2.36 -0.14
Khuremt 2005 8.7 117 -2.87 0.29 0.44 -0.28 1.47 -0.07
4 Khaluun turuu 712412012 8.7 102 -2.27 1.27 141 -0.35 2.75 -0.13
Khaluun turuu 1979 8.5 116 -2.56 0.82 0.97 -0.31 2.83 -0.1
5 Taats 7/25/2012 9.0 93 -2.4 0.84 0.99 -0.31 1.86 -0.09
Taats 1977 8.8 117 2.4 0.54 0.69 -0.35 1.44 -0.14
6 Baga shargaljuut  7/25/2012 8.8 98 -2.13 0.9 1.05 -0.32 121 -011
Baga shargaljuut 2005 8.7 118 -2.26 0.44 0.59 -0.36 0.76  15-0.
7 Ikh shargaljuut 7/25/2012 8.7 108 -1.92 1.01 1.15 -0.26 23 2. -0.05
Ikh shargaljuut 2007 8.8 134 -2.29 0.62 0.76 -0.42 1.81 2-0.2
8 Ukheg 7/26/2012 9.0 108 -1.67 1.13 1.28 -0.76 2.07 -0.55
Ukheg 1977 8.9 130 -1.85 0.76 0.91 -0.59 2.2 -0.39
9 Teel 712712012 9.2 73 -2.73 1.19 1.33 -0.4 2.72 -0.17
Teel 1977 9.7 72 -3.35 0.68 0.83 -0.58 2.33 -0.34
10 Urguut 7/27/2012 8.4 89 -2.35 0.84 0.98 -0.14 1.95 -0.08
Urguut 1977 8.6 110 -2.65 0.6 2.74 -0.28 1.75 -0.07
11 Ulaanhaalga 7/30/2012 8.7 108 -1.09 1.25 1.4 -0.33 252 .12-0
Ulaanhaalga 1977 8.5 120 -1.36 0.78 0.92 -0.36 2.14 -0.15
12 Khojuul 7/31/2012 9.8 121 -2.7 1.34 1.49 -1.1 3.45 -0.89
Khojuul 1978 9.5 110 -3.42 0.5 0.65 -0.65 1.91 -0.44
13 Khaluun us 7/31/2012 8.7 94 -1.73 1.12 1.26 -0.29 2.22 07-0.
Khaluun us 1978 9.1 115 -2.34 11 1.25 -0.59 3.21 -0.38
14 Zart 7/31/2012 8.8 86 -1.65 0.96 1.1 -0.27 1.96 -0.04
Zart 2005 8.9 101 -1.9 0.54 0.69 -0.41 1.36 -0.2
15 Tsetsuukh 8/1/2012 9.2 107 -2.41 1.08 1.22 -0.55 2.71 3-0.3
Tsetsuukh 2005 9.2 127 -2.1 0.84 0.99 -0.6 2.68 -0.4

Tmeans: Averaged values of calculated temperatures

Hot springs in the present study are particulangrsaturated with respires to

calcite due to their high Gaand HCQ concentrations. The cold waters and low pH

values (<7.9) are clearly undersaturated with resp@ these minerals. These results
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imply that groundwater essentially derived from envwaters infiltrating into
underground and enriched in €and HCQ due to dissolution of carbonate minerals
such as calcite and dolomite which are commonlyeobsd in the study area. The
hydrolysis and dissolution reactions of limestoned adolomite to form dissolved
bicarbonate, calcium and magnesium ions can beritbescas follows; (e.g., Appelo
and Postma, 2005):

CaCQ + H,0 = C&* + HCO; + OH (2)

CaMg(CQ), + 2H,0 = C&* + Mg* + 2HCQ, + 20H (3)

CO, + HO = HCQ + H' (4)
Under the system of G{addition from air and/or decomposition of orgamiatter, the equations are;

CaCQ + H,0 +CQ, = C&* + 2HCQ, (5)

CaMg(CQ), + H,0 +CQ, = C&* + Mg®* + 2HCQy (6)

The hot spring waters are characterized by a highapd HCQ concentration

compared to those of the cold spring waters as astnated by field measurements.

A 2 E’ 3
V = °
= ® £ o
k) ‘ 0.0g s 3 @) °
8 1 .@ .O.. =) : ®
S 8 o 'c o 00 %o O
S Q © © 5 ? 88
v 0 %
3} :j 0Q0p
=
£ ! o
=
S S
N -
§-1 g
= 43 -1 @Hot springs (2012)
77] ® Hot springs (2012) wn OHot springs (1977-2005)
Hot springs (1977-2005) -2
-2 ; . , ] 7 8 9 10
1
pH pH

Fig.2.6. Saturation indexes of calcite (a) and dolomite gbyater samples in the study area.

2.3.5. Characteristics of hot springs and the geothermal resourcesin the
study area
The characteristics of hot springs in the studyaaaee summarized; (1) thD
and 6'%0 values for water samples indicate that the hal anld springs are of

meteoric origin without isotope exchange with ro€¢R) the hot springs were of the
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Na'-HCO; and N&-SOs* type whereas all river waters were characterizedthe
Ca*-HCOs type, (3) the ion concentrations of hot springgevkigher than those in
the cold springs and river waters, and (4) the wgubaind temperatures in each
reservoir for hot springs vary from 75 to 140°Cdicating a low temperature
resource.

The average temperatures calculated from seve@hgemometers are in the
range 75-140C confirming that the geothermal resources in thely area are low
temperature. Thus these resources can produceieiBcby a binary system and the

spent hot water can be applied to space heatingptrat uses.

2.4.Conclusions

Hot springs, cold springs and river waters in thestern part of the Khangai
Mountain region of Central Mongolia were examinedr ftheir stable isotope
composition and chemical characteristics. The hod &old spring waters in the
Zavkhan province and at high altitude have moreatieg 6D and 6'°0 values than
those of other provinces. There is no evideénfO shift which means that the
geothermal water is meteoric water in which litilater-rock isotope exchange has
taken place. The hot spring waters are of the'-N&O; and N&-SO,* types,
although all ion concentrations in the hot springters were higher than those in the
cold spring and river waters. River waters are ahtarized as of the €& HCOy
water type. The cold springs are enriched if'CRIg** and HCQ due to dissolution
of carbonate rocks such as dolomite. The hot sgrang enriched in Naand K and
depleted in C& by ion exchange with underlying clay minerals @mtome more
alkaline (higher pH) than the cold springs. Thecaédted equilibrium temperature is
in the range 75-140°C, indicating that the geottaraprings should be classified as

low temperature springs.
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Chapter 3

Chemical and isotopic characterization of hot and cold spring waters
in northeastern part of Khangai area

3.1. Introduction

Chemical and isotopic geochemistry plays an impontale in researching origins of
hot spring fluids and temperature of geothermatmesr. Studies of stable isotopes play an
important role in hydrogeological investigations lafth thermal and non-thermal waters
because the isotopes carry of fluid origin and psses (Bergfeld et al., 2001). Mongolia is
rich in mineral waters and geothermal resourceb witvarious properties including their
applicability for health and energy source purpo3ée first systematical study of mineral
waters of Mongolia was performed by Smirnov etdaring 1926-1927. Further more
detailed investigation on the formation mineral evattheir distribution and chemical
composition were studied by Marinov, Namnandorj &ic1973 and 1966 were published
monographs on mineral water resources of Mongdiangolia and Soviet Union’s joint
hydrochemical “Khubsgul” research group was perfatmesearch on complex study of
hydromineral resources of Mongolia during 1976-198Be aim of the research was to
determine physic-chemical, gas and microbiologimalperties of the mineral resources
(Pinnecer, 1980). In the results of many yeardudiss were established that Mongolia has
about 250 hot and cold mineral waters. Based oprallious researches were created “The
map of Mineral springs of Mongolia” in 2003 (Piddrs 2003). At present, the thermal
wasters are being used for balneological and sipeagng purposes in Mongolia.

Mongolia has 42 hot springs and mainly distributed&hangai, Khentii, around the
Khuvsgul Lake and the Mongol Altai plate forms d@athperature ranges from 21-to 95°C.
The 32 hot springs are located in the Khangai aheathe Khangai mountain area,
geothermal field occur in five provinces (ZavkhaBayankhongor, Uvurkhangai,

Arkhangai and Bulgan).
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The north-eastern part of Khangai area, geothefialls occur in two provinces
(Arkhangai and Bulgan). The elevation of the hal anld waters sources in the study area
ranges from 1424 to 2285 m above sea level. Ddtaileestigation on the thermal waters
in the north-eastern part of Khangai area has eenlrarried out earlier to establish the
reservoir temperatures. This is important to plaeplexploratory program to assess the
power generating capacity of the Khangai geotherareh. Towards this aim, detailed
geochemical and isotopic investigations of thesangp have been carried out in order to
understand their geochemical evolution and alsomest the reservoir temperatures
through chemical geothermometry to apply them @iburfe geothermal exploration and heat
resources in Mongolia.

Previous studies have determined only chemical omitipn in hot springs of
north-eastern part of Khangai area (Ariyadagva0i@anchimeg, 2007) and did not carry
isotopic study. At the present study first time nsve determined isotopic characterization
such as a He, N&C, **s,%0 and D. To identify changes of main chemical cosifjien of
hot spring waters within different times we werengared present studies results with the

previous studies 9 hot spring waters results.

3.2. Geology of study area

The Mongolian territory is located on the Centraiax folding belt, bordering with
the Siberian platform to the north, and the Nonh€hinese and Tarim platforms to the
South. Geological setting is complex, with mankdibgical and structural styles, relating
to plate collisions of Proterozoic to Permian dgm@d systems are formed at different times,
mostly in the Paleozoic period. Also older Pre-Caaib and younger Mesozoic
movements formed fold zones, but these do not glagh an important role in the
geological setting (Marinov, et al., 1970).

The Khangai region has been described as “domedindy & Allen, 1993;
Gunningham, 2001). It is a mountainous region doger200 000 km2 with numerous

flat-topped peaks over 3000 m (Gunningham, 2001)tl@ basis of the presence of titled
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sediments, uplift and doming began in the middleg&@ene (Devyatkin, 1975;
Barsbold&Dorjnamjaa, 1993), reaching a maximumftipli 2 km (Devyatkin, 1975). The
Khangai region represents an important kinetic lo&kween the Baikal rift zone to the

north and the Altai transpressional ranges to tithsand west (Gunningham, 2001).
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Fig.3.1. Geological map of the northeastern part of Khagea (after Barsbold and Dorjnamjaa, 1933)

Numerous small volcanic provinces are distributedughout the Khangai area, of which
the four most northerly ones are studied here:ataHanui, Togo and Orhon. The Tariat
volcanic province has been the subject of sevestdileéd studies of mantle (PreB et al,
1986; Stosch, 1986; lonov, 1998) and crustal (Kopgl 1995; Stosch, 1995) xenoliths.

Within Mongolia, the Tariat zone is exceptional fsrxenolith abundance. At this locality,
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steeply incised river canyons cut through sequentdst-lying lavas (up to 20 m thick);
individual lavas within these sequences are comyneBt12 m thick. Basement rocks are
exposed in the valley walls, and although their egenknown they are inferred to be
Precambrian to Carboniferous in age (Kempton, 1987)

The Khangai region consists of intenselgeformed Devonian-Carboniferous and
not wide distributed Permian-Triassic sedimentary rocks intruded by Id®aleozoic and
early Mesozoic granites and granodioritdsuge bodies. Late Cenozoic numerous high
potassium alkaline basaltic provinces are distributed thraughthe Khangai area
(Figure 3.1). They are covered by unconsolidate@&t@uary sediments. According to
existing data, mantle plumebeneath the region resulted in developing of 4&get of
magmatic processes from late Paleozoic to Late Z®oo (Holocene epoch) in this
region. It shows still active longlivingmantle plume manipulating geothermal gradient in
the crust. Therefore, India-Asian collision streé®m the southwest (Algay
transpressional belt) and Baikal extensional stmest from the north are playing an
important role for neotectonic faulting and perhdgstiary magmatic activation in the
Khangai dome. There are numbesf NE and NW-trending normal faults within the
Khangai mountain region. Most of hot springs coliebby intersections of such kind of
fractures, faults and contactbrecciated zones between Permian, Carboniferous and
Devonian sedimentary rocks and Permian-Triassinitica rocks. The regional heat flow
in the Khangai dome reache$0-70 mW/nf (Khutorskoi and Yarmoluk, 1989). The high
heat flow in the north-eastern part of Khangajome is reflected in localization of 9 hot
and warm springs from 32 known in whole Khangai mountain aatterritory with
temperatures of 34-88°C. Uplift, alkaline magmatigngh heat flow, asthenosphere
upwelling and neotectonic faulting are showing that characteristic signatures of
geothermal ability in Khangai region (Ganbat, 2010)

Five stages of high potassium alkaline basaltivipaes are distributed throughout

the Khangai region of the late Cenozoic age. Tigrti@avas occur in sequences exceeding
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200 m in thickness that constitute plateaus andemgk much of the high mountainous
region, southeast of Chuluut Gol. Quaternary laaees found as isolated lava fields in
topographic lows, confined by valleys carved intte tpre-tertiary bedrock. Several
processes have been proposed for the tectonicnooifyiCenozoic volcanism in central
Mongolia (also Central Asia). The geochemical emntke such as trace elements and

Sr-Nd-Pb-Hf isotope data indicates that the Morggolbasalts were generated by small

degree partial melting with the garnet stabilitya(@ et al., 2003).

3.3. Sample collection and analytical procedures
For this study, seventeen water samples (9 hatgpvaters, 1 cold spring waters and

7 river waters) were collected in June-July, 2003rf the northeastern part in the Khangai

area (Figure 3.2 and Table 3.1).
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Fig.3.2. Location of sampling points in the northeasterrt paAKhangai area. Number and names in the
sample locality correspond to those in Tables 1-3.

At the sampling site, water temperature, pH, EC @RP were measured by a digital

thermometer, a pH meter (TOA, HM-30P), an EC méi&A, CM-31P) and an ORP

meter (TOA, RM-30P), respectively. All the samplegre collected in high density

polyethylene bottles for subsequent chemical aealya the laboratory. 100ml samples
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were collected for oxygen, hydrogen and carbonops®tanalyses. 250 ml samples were

collected for cation and anion analyses. Also 508arhples were collected for sulfur

isotope analyses. Gas samples were collected Bpldement method in water using a 50

ml lead glass container with vacuum valves at lsotlls. Spring waters were sampled in

copper tubes (about 20 &hwhen care was taken to avoid air contaminatiomibypubbles

attaching themselves to the inner wall of the tubése tube was sealed at both ends

using stainless-steel pinch clamps.

Table 3.1. Sample locality in the northeastern part of Kharagea.

Ne  Sample type Locality Sampling date Latitude Longitude ltitude (m)  Temperature pH EC ORP
o) (msim)  (mv)

1 Hotsprings Tsagaan sum 7/7/2013 47%04'0;  102%055¢ 1700 67 9.2 45 -311
2000 69 9.3 -18
1977 69 8.8 10

2 Bor tal 7/7/2013 47*11'1¢ 101%35'2¢ 1773 45 9.5 43 -156
712212005 52 9.6
1977 46 9.0 65

3 Gyalgar 7/7/2013 47°120¢  101°%30'1c 1796 39 9.4 37 -172
7/26/2005 52 9.4
1977 52 9.0 80

4 Tsenkher 7/7/2013 47%1901  101%390; 1797 88 9.0 54 -136
Dec-08 84 9.4 -112
7/25/2005 84 8.9 -275
1977 86 8.8 70

5 Shivert 7/8/2013 47°38'4:  101%31'3: 1644 56 9.3 60 6
Dec-08 62 9.0 -270
2000 57 9.5 -12
1977 48 8.8 160

6 Chuluut 7/8/2013 47%452:  10%14'3; 1971 48 9.3 46 -35
8/8/2002 a4 9.3 243
1977 45 8.8 -45

7 Noyon khangai 6/18/2013 47%44'3;  9%24'5; 2285 36 9.0 31
8/17/2002 37 9.3 -145
1978 38 9.5 310

8 Saikhan khulj (spring) ~ 7/9/2013 48%154¢ 1005816 1421 34 8.1 34 144

9 Saikhan khulj (wel) ~ 7/9/2013 46155. 100817 1413 52 8.8 116 105
7/22/2002 57 8.8 -350
1977 53 8.8 140

10 Cold spring Khuree nutag 7/9/2013  47%36'3; 101%304¢ 1761 3.0 7.0 12 2.9

11 River waters Tsagaan sum 7/7/2013 47%35¢ 1020607 1707 8.3 7.9 36 72

12 Tsetserleg 7/7/2013 47°12'21  101°%35'2; 1766 14 7.3 13 131

13 Gyalgar 7/7/2013 47%12'15°  101°%30'1; 1785 12 7.6 7.1 234

14 Tsenkher 7/8/2013 47°190: 101%385¢ 1735 8.6 7.9 26 231

15 Chuluut 7/8/2013 aPana: 1001312 1995 16 7.8 11 186

16 Noyon khangai 6/18/2013  47%4'3;  9%24'4s 2274 14 7.2 45

17 40 km east from 7/10/2013 475930 10%51'43 1572 15 8.6 55 225

Saikhan khu

Out of these, one river water (sample Nol7) is teddar (about 40 km) from the hot

spring (sample No8) and the cold spring (samplead located far (about 1 km) from

hot spring (sample No5). All other cold groundwagampling sites were selected from the
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nearest possible location (<100 m) to the samptedprings (Figure 3.2).

The*He/He and*HeF’Ne ratios of the samples were measured by a nasiemgss
spectrometer at the University of Tokyo. THE€ and>*S isotopes of the samples were
measured by mass spectrometry at the Kyuden Cdopedanited. The samples were
prepared for the mass spectrometry determinati@i®ef by the CQ equilibration method
(Epstein and Mayeda, 1953) and thatbfby using the Zn reduction method (Coleman et
al., 1982), and the determinations carried out mass spectrometer (VG Micromass Ltd.,
Optima) at the Analytical Center, Mitsubishi Matdsi Techno Corporation in Japan and

reported relative to V-SMOW with an analytical pgeean of 0.1%. and 1%., respectively.

Dissolved ion concentrations were determined at @&eochemical Laboratory,
University of Toyama. The major anions Cl and S filtered water samples were
analyzed with ion chromatograph (761 Compact ICtrbten) using an lonPac As22
column. Cations (Na, K, Ca, Mg) were analyzed whit ion chromatograph (761 Compact
IC, Metrohm) using a Dionex DX-320J. Alkalinity wdgetermined using standard titration
with HCI. Dissolved silica was determined by a nimlgnum yellow method using a
spectrophotometer (UV-VIS Recording SpectrophotemetShimadzu). The charge
balances of the results obtained were within £5% #me analytical uncertainties for

dissolved ion concentrations were also within 5%.

3.4. Results and discussion
3.4.1. Chemical compositions

Descriptions of sampling locations and geochenmesillts of hot and cold waters are
listed in Tables 3.1 and 3.2. The discharge tenmpexaf hot springs varied from 32 to
88°C while their pH varied from 8.4 to 9.6, indicatiatkaline characteristics. The electric
conductivity (EC) of hot springs varied from 31 ma®/to 116 mS/cm. In contrast, the
water temperatures of cold spring and river waseesranging from 3 to 16°C and the pH
values range from 7 to 8.6. The electric conduistiiEC) of cold spring and river waters
varied from 4.5 mS/cm to 55 mS/cm (Table 3.1). Thiicates a low mineralization of hot,

cold springs and river waters.
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Table3.2. Chemical and isotope composition of the hot and spkings and river waters
in the northeastern part of Khangai area

Na K Ca Mg Cl SQ HCO, SO, oD %0 Bc  §%s

Ne  Sample type Locality Sampling date
mg/L %0

1 Hot springs Tsagaan Sum 2013/717 80 2.3 0.1 0.1 6.8 47 105 80 -109  -15 -14 19
2000 72 1.9 3.2 0.2 25 29 80 83
1977 97 3.2 2 0 75 48 97 106

2 Bortol 20137717 83 1.2 0.1 0.1 19 42 109 72 -113  -16 -14 8.8
2005/7/22 76 14 24 0.1 27 37 60 61
1977 97 1.6 25 0.1 19 39 84 94

3 Gyalgar 20137717 75 21 0.1 0.1 15 37 114 85 -117  -16 -14 6.0
2005/7/26 71 21 3.6 0.2 18 30 78 76
1977 87 2.8 1.9 0.1 15 46 94 112

4 Tsenkher 20137717 94 31 0.1 0.1 18 48 108 114 -108  -15 -14 9.1
2008 84 2.9 2.2 0.5 18 45 76 114 -108  -14
2005/7/25 86 3.0 24 0.1 20 40 73 112
1977 107 4.2 2.1 0 18 49 105 133

5 Shivert (well) 2013/7/8 100 44 0.4 0.1 16 89 98 96 -109  -15 -13 9.3
2008 96 3.8 2.4 0.1 18 84 88 93 -106 -14
2000 96 4.1 3.2 1.2 20 77 71 87
1977 123 6.0 24 0.1 16 73 86 106

6 Chuluut 2013/7/8 92 2.9 0.5 0.1 12 50 116 88 -109  -15 -13 18
2002/8/8 93 2.6 24 0.1 15 14 124 63
1977 105 3.9 19 0.1 12 51 112 92

7 Noyon khangai 2013/6/18 65 13 0.3 0.1 59 42 99 66 -111 -15 -16 7.6
2002/8/17 61 0.9 1.6 0.4 6.7 19 94 81
1978 63 1.3 2 0.5 59 40 107 94

8 Saihan Khulj (spring)
2013/7/9 190 6.5 45 0.4 43 440 53 63 -100 -14 4.4

9 Saihan Khulj (well) 2013/7/9 190 4.9 40 0.1 41 420 27 63 -101 -13— 5.5
2002/7/22 198 43 44 0.2 45 415 29 65
1977 215 5.9 42 2.2 43 431 22 64

10 Cold spring Khuree Nutag 2013/7/9 4.3 0.9 15 2.9 08 461 6 14 -105  -15 -16.5 —

11 River waters Tsagaan Sum 20137717 14 1.2 44 10 1.6 6.7 228 9.9 -92 -12 .4 -13-

12 Tsetserleg 2013/717 3.6 11 13 5.2 0.8 6.5 72 10 -101 -14  1-13—

13 Gyalgar 20137717 3.9 0.9 6.8 19 08 37 37 9.2 -102  -15— —

14 Tsenkher 2013/7/8 7.1 1.0 32 7.5 06 58 159 11 -99 -13 -13:7

15 Chuluut 2013/7/8 4.4 15 12 2.7 1.2 46 52 41 -97 -14— —

16 Noyon khangai 2013/6/18 15 0.6 9.3 11 07 4 32 9.4 -86 -12

17 lilr?:jmeastofSaihansmlo 44 6.0 39 32 6.4 13 369 4.8 -113 -12 —

We compared the results of the present study ormsririgs with the previous results
(hot spring samples collected in 1977, 1978 (Ariggela et al., 1980) and 2000, 2002,
2005 (Ganchimeg et al., 2007) and cold water ddiectwlocated at the same area and
showed by the Figure 3.3 and Table 3.2. Thesetseatd no significant difference in the
chemical compositions of water samples collecteti9r7 and 2005 and the present study
at the same localities. The sodium concentratiomobfsprings Xe1,2,3,4,6,7) in Arkhangai
province are dominant cation range from 61 mg/L 1107 mg/L and other cation
concentrations such as those df K&* and Md* are very low (below the detection limit
of ICP in the case of Mg). Total alkalinity values (HC®) is the dominant anion (up to
124 mg/L), chloride concentrations are always beR¥vmg/L and sulfate concentrations

are range from 19 mg/L to 50 mg/L except for on¢ Well in the Arkhangai province

63



(sampleNe5: dominant cation Na up to 123 mg/L and dominamb@ HCG; up to 98 mg/L
and SQ up to 89 mg/L). The total dissolved silica contehtot springs ranged from 63
mg/L to 114 mg/L and from 4.1 mg/L to 14 mg/L fald waters. The bicarbonate (Hg)O
concentration of cold waters at the same localiie=ma dominant cation range from 32
mg/L to 228 mg/L and dominant anion“Cés range from 9.3 mg/L to 44 mg/L.

The sodium (Na) concentration of hot spring and \@&i8,9) in Bulgan province
are dominant cation range from 190 mg/L to 215 nagid C&" concentration are up to 45
mg/L than higher that other hot springs (Arkhangaivince). Sulfate concentration (50
is the dominant anion (up to 440 mg/L), bicarbor{(&€0;) concentrations are range from
27 mg/L to 53 mg/L and chloride concentration updi8®mg/L. The total dissolved silica
content of hot spring and well is ranged from 63Il0tg 65 mg/L and up to 4.8 mg/L for
river waters. The bicarbonate (HgQoncentration of cold waters at the same loealiti
area dominant cation up to 369 mg/L and dominaitraNa is 44 mg/L, Cd 39 mg/L and

Mg 32 mg/L, receptivity.

@ Hot springs (2013)
Ca+Mg OHot springs (1977-2008)
ARiver waters
B Cold springs

Fig.3.3. Piper diagram for water samples in the northeagiart of Khangai area.

In comparison with the previously obtained chemmainposition of water samples

collected in 1977, 1978 (Ariyadagva et al., 198089 2000, 2002, 2005 (Ganchimeg et
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al., 2007) at the same localities, the Ca and 8@ centrations of hot springs in this study
were slightly lower (Table 3.2). Although there aeveral possibilities to explain the
observed differences in previous and present data w the change of chemical
compositions in the hot springs. The main ionshaf hot springs were HGONa and
silica and concentrations of Ca and Mg were nelgliégin the hot springs. The reason for
this behavior is related with high content of sadiand siliceous compounds in the granite
massive which contains the hot springs were unuemteak tectonically region and high
temperature. Those factors were influenced to tissgranite massive into hot water and
it increased content of sodium and silica in thevisater. (Lkhagva, 1975).

Piper diagram for the water samples in the studaaare shown in Figure 3.3.
The chemical composition of the hot springs inghely area is characterized by two types.
Most of the hot springs located in the southerrt pathe study area (sample Nos. 1-7,
Arkhangai province) belongs to N&ICOs type except for one hot spring (NHCO;,
SO type; sampleé\e.5). The hot springs in the north-eastern part gBaolprovince) in the

study area belong to K&O,* type. All cold waters are of the €aHCO; type.

9
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Fig.3.4. Relationship between NaK*, C&*, Mg**, and HCQ. (a) C&", Mg** vs HCQ concentration, (b)
Na“, K* vs (C&*, Mg?) - HCO; for water samples in the study area. The brokee in the (a) means
dolomite dissolution. The broken line in the (bpeis the ion exchange of EaMg®* with Na', K* by the
reaction with clay minerals after dolomite dissalnt

The relationship between €a+ Mg?* and HCQ@ concentrations is shown in Figure
3.4(a), where the broken line is dolomite dissoluti This result implies that the cold
springs are enriched in €aMg?* and HCQ due to dissolution of carbonate rocks (such

as dolomite), whereas all hot springs plot beloelthoken line except for sample No8 and



9 in Figure 3.4a. Fig. 3.4b shows the relation leevNa + K* and (C&" + Mg?)-HCOy
and the broken line corresponds to the ion exchaf@"* + Mg?* with Na" + K* by the
reaction with clay minerals after dolomite dissaat The water chemical types evolve to
Na—-SQ for long residence time and long period of evantiand also water—rock
interactions and the TDS content increases, théeobof Nd, C&* and S@Q* increases
correspondingly. These types of waters are inclydiamples from Saikhan hulj (sample
No8 and 9) in Bulgan province. Due to strong wateck interactions to increase the
cation exchange under high temperature, the sapipie of all other hot springs locate in
Arkhangai province. A possible explanation for thteserved result is that the hot springs
are enriched in Naand K and depleted in Gaand Md" because of ion exchange with

clay minerals in the soil resulting a higher pHrtlihat of the cold spring.

3.4.2. | sotopic compositions

Isotope techniques are indispensable tools in geothl investigations. Because
isotope ratios are sensitive to temperature andralaphysicochemical processes, such as
water-rock interaction, mixing, and steam separmatithey can be efficiently used in
tracing the origin of geothermal fluids and thegesses that the fluids have undergone
at subsurface. The most commonly used isotopesathgrmal system studies are those of
oxygen (O), hydrogen (H), Carbon (C) and Helium Hg2uring exploration, O and H
isotope studies are utilized in determining therseuof geothermal water, identifying
possible recharge areas and flow directions, afichating age and reservoir temperature
of the system, while C- and He-isotopes are paktricers of volatile provenance which
in turn can be used in assessing the possible doeate and reservoir lithology (Nilgun

Giileg, 2013).

3.4.2.1. Oxygen and hydrogen isotope ratios
Results of the5*®0 andsD ratios of water samples are presented in TalfleaBd

Figure 3.5 (a, b). Th&'®0 ratio of hot springs ranges from -13 to -16%. &mat of cold
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waters is between -12 and -15%.. Deuterium valueshfi and cold waters are -100 to
-117%0 and -86 to -113%. respectively. Most of thé bod cold waters (located in the
Arkhangai province) are plotted on the Global MeiedVater Line (Figure 3.5&D =
85'%0 + 10; Craig, 1961) and some the hot (sample NwB% and river waters close to
the Local Meteoric Water Line (LMWL) which has agression equatiofD= 7.9%%0 +
4.19. A local meteoric water line has been propdee@€entral Mongolian basin (Dubinina
et al, 2007). These hot and cold waters are inglieatommon meteoric origin and out of
these, one river water (Saikhan hulj river, sanptel7) plot far from these lines. The
unusual position of the Saikhan hulj river watethadn*®0 shift about 2o units from the
hot springs (sample No8 and 9, located in the Bulgavince) at the same localities is
explained by water-rock interaction which has reslilin an increase @0 content of
this water (Figure 3.5 (a.b)). In comparison wikte t4 hot spring samples collected in
August 1987 at the same localities (Pinneker. F295), where théD and$*®0 values are
-75 to -10% and -12 to -1%. for hot spring and thes&D and$'°O and ratios of hot
springs are slightly higher than those for thesprg study. This is also shown in 29 hot
and cold water samples collected in July 2012 efvtlestern part in the Khangai mountain
area, Mongolia (D.Oyuntsetseg et al, 2015), whaesD and §'°0 values are -87 to
-126%0 and -12 to -17 % for hot springs and -78 to <42@nd -11 to -1%. for cold and
river waters, respectively. These are almost tineest those of hot and cold waters in the
western part of Khangai area. They concluded thatall water samples derived from
meteoric water with minimal isotope exchange wekearvoir rock. Figure 3.5b shows the
5'%0 values for water samples plotted against théudki of the sampling points. In the
study areadD and&*®0 ratios of cold waters are slightly higher thaast of hot springs.
Enrichments for D and®0 are about 4 to 25 and 1 to 4. respectively. This may
indicate that thermal waters are recharged fronffardnt source probably from a higher

elevation.
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3.4.2.2. Helium and neon isotope ratios

He has two stable isotope$je and’He the variations in their ratio are greater than
10° in geologic reservoirs leading to the identificatiof three major components, namely,
radiogenic-He, tritiugenic-He and Primordial-He I@Nin Guleg, 2013). Atmosphere, crust
and mantle are the three major reservoirs from lwkie observed in terrestrial materials is
derived (Figure 3.6). Atmospheric-He is characetiby a®He/He ratio of 1.39*18
(Ozima and Podosek, 1983). Because this ratiotieraonstant over the glob#je/He
ratios measured on geologic materials are usuaipyessed relative to the ratio in the

atmosphere (R/IR = (CHe/He)kampd(CHe'He)m). Crustal-He has an R/Rrange of
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0.01-0.1 (Andrews, 1985). Mantle-He hade/He ratio around 10 (R/Rs @ 8-30)
(Mamyrin and Tolstikhin, 1984; Farley and Nerod#®98), reflecting the dilution of
Primordial-He with that produced by radiogenic msses in the mantle.

In 1980-83, the Soviet-Mongolian Research Expedlition jointly by the Science
Academies of the two countries the studies contnure Lake Khovsgol (9 heat flow
stations) and in its surroundings (5 boreholesio tields), in central (26 boreholes in 11
fields), and in southern Mongolia (15 boreholesifields), and at 10 hot springs, which
added 28 heat flow determinations. The high helanmchment of thermal waters made it
possible to estimate heat flows frofe/He ratios, and these estimates were obtained for
22 hot springs (Pinneker et al. 1995, Lysak anddPgky 1999). Thus, they investigated
the geothermal field in Mongolia on the basis aladaom 141 heat flow station, including
55 drilling sites, and 26 hot springs. The 12 hwirgs are located in the Khangai area,
where *He/*He radios range from 4.9*10to 36*10° respectively. They concluded that
®He/'He ratios show that the greatest portion of heat fls of crustal radiogenic origin on
uplifts, especially in Eastern and Central Mongoleand large active faults, and in

provinces of Cenozoic volcanism (Lysak, 2003).
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Fig.3.6. Relationship betweetHe/'He and*He°Ne ratios in the northeastern part of Khangai area.

The relationship betweettie/He and*Hef°Ne ratios is given in Figure 3.6. In the

study area®He/'He ratios are range R{Rrom 0.007 to 0.009 (0.069*10to 0.15*10°



and“Hef Ne ratios are range from 450 to 672 respectivelycdmparison with the 2 hot
spring samples collected in July 1989 and July 1&9the same localities (Pinneker. E.I,
1995), where théHe/*He ratios are 0.12*10to 0.14*10° which are almost the same to
those for the present study. In summary, two sasnipéee been analyzed so far and plotted
below radiogenic origin (Figure 3.6) which meanssin He and Ne gas come from the
decay of U-Th. This means no volcanic contributiorthe Mongolian geothermal waters

and the heat source is derived from the radiogemé

3.4.2.3. Carbon isotope ratios

Carbon isotope is used for the investigation ofdhgin of dissolved component in
geothermal fluids. Regarding the compounds relevanhydrological cycle, the major
sources establishing the dissolved carbon contemtatural waters are : 1) sedimentary
organic carbond3C = -10 to -4G.) reflecting the biogenic source, Il) marine carbias
(8"3C = 0%o), Ill) mantle CQ (8*°C = -6.5%.), and 1V) atmospheric COGC = 7-8%.)

related to the global carbon cycle (Sharp, 20070k1@000).
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Fig.3.7. Relationship between HG@nds'*C ratios in the northeastern part of Khangai area.
Numbers in the sample point correspond to thoSealrles 1-4.

The major sources of carbon contributing to DIGhe waters are CQderived from
the decay of organic matter in soils and from tlesalution of carbonate, while in general

the contribution of atmospheric G@& negligibly small.
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The 8*3C values of total dissolved inorganic carbon arettptl versus alkalinity
(expressed as HGDIn Figure 3.7. The isotopic ratios in dissolvednganic carbon (DIC)
in the study area thermal waters range from -1 6m.. The5'*C values of cold springs
and river water samples vary from -13 toxk{Table 3.2). These values are corresponding
to sedimentary organic carbof™C =~ -10 to -4@) (Sharp, 2007; Mook, 2000). This
means the carbon species (H{LOf the hot springs in the study area is derivesmf

organic sources.

4.2.3. Sulfur isotope ratios

Sulfur is present in nearly all nature environmeagsa minor component in ingneous
and metamorphic rocks, mostly as sulfides; in tlesghere and related organic substances,
like crude oil and coal; in ocean water as sultatd in marine sediments as both sulfide
and sulfate. It may be a major component: in orpodis, where it is the dominant
nonmetal, and as sulfates in evaporates. Theseareaces cover the whole temperature
range of geologic interest. Sulfur is bound in gas oxidation states, from sulfides to
elemental sulfur, to sulfates. From these facts ifjuite clear that sulfur is of special
interest in stable isotope geochemistry (Hoefs,7)198he distribution of sulphur isotopes
in a number of natural materials is shown by Thetdal. (1949) and Trofimov (1949). For

a schematic diagram, see Figure 3.8.
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The source of sulfate in thermal waters is highdyiable. It could be derived from
dissolution of sulfate minerals (e.g., gypsum antyarate), oxidation of sulfides (e.g.,

pyrite) and biological activity.
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Fig.3.9. Relationship between $@nds%S ratios in the northeastern part of Khangai area

In Figure 3.95%*S values of waters are plotted versus, 8@ntents in the study area.
The 5**S values of thermal waters range from +4.4 to +1i@8%he study area (Table 3.2).
Compared with the figure.10, tB&'S values vary within a wide range independent eirth
sulfate contents. Therefore, based on the He/Né>ghthtios, sulfur in hot springs may be

of sedimentary origin.

3.4.3. Geothermometers

In the last few decades, various geothermometene weroduced to calculate
reservoir temperatures of geothermal waters basdgteochemical constituents (Arnorsson,
1983; Fournier, 1977; Giggenbach, 1988; Fournier Bruesdell, 1973). Among these, the
silica (quartz, chalcedony, amorphous silica edad alkali geothermometers (Na—K, Na—
K—Ca etc.) are the most commonly applied. Thesepésature equations, based on
empirical or semi-empirical laws, rely on specifiquaibrium constants that refer to
specific mineral-solution reactions in geothermasergoirs. Silica-quartz/chalcedony-
based geothermometers are widely applied to cakule temperature of low enthalpy

reservoirs (Fournier, 1977, 1979; Giggenbach, 1988esdell and Fournier, 1973). Most
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of these geothermometers were based on water—opgkbeium in geothermal reservoirs
in volcanic geothermal terrains. The Na/K ratio &a-K—Ca geothermometers proposed
by Giggenbach (1988) can also be used to calcthiatpossible equilibrium temperatures.

The results of chemical geothermometers appliedh® thermal waters in the
northeastern part of Khangai area are given in€l@B. These estimates were obtained
using methods suggested by Fournier (1977), Arnoorgd983), Fournier and Truesdell
(1973) and Giggenbach (1988).

The silica quartz geothermometer of Fournier, (39iélded the highest reservoir
temperatures that range from 21 (Bortal) to 158C (Tsenkher) for all geothermal
springs in the study area and higher than thosrileéd for equilibrium with chalcedony.
For comparison, the silica—chalcedony temperatw@ ¢quation proposed by Fournier
(1977) and Arnorsson, (1983) gave reservoir tempegaanges from &€ (Saikhanhulj)
to 129°C (Tsenkher). It is obvious that the chalcedonytigemnometer by Fournier (1977)
yields relatively almost similar values for all gales compared to the calibration of
Arnorsson et al. (1983). The calculated temperatusing the previous data (1977, 1978)
are higher than other previous and present datach hot spring in the study area. The
solubility of silica in thermal waters increasestwan increase in temperature (Fournier,
1977 and Arnorsson, 1983).

Temperatures are calculated for the hot springedas the Na-K data and using two
different calibrates (Table 3.3). The Na-K geothemmeters of Arnorsson et al. (1983)
and Giggenbach (1988) give the reservoir tempesaiar the range 62-308°C and
120-315°C, respectively. It is obvious that the Wa-geothermometer by
Giggenbach(1988) vyields relatively high values falt samples compared to the
calibration of Arnorsson et al. (1983) except fample No8 (Saikhanhulj hot spring

(2013) 368C by Arnorsson et al. (1983) and 385by Giggenbach (1988)).
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Table 3.3. Underground temperature estimated from applicatiosolute geothermometry.

Ne Locality Sampling date T, ....(°C) Teha@)y Tena@  Toz@E Tnak@  Tnak@E  Tnakca)
(°C) (°C) (’c) (’C) (’c) (C)
1 Tsagaan Sum 7/7/2013 120 97 97 125 99 152 149
2000 109 99 99 127 76 133 118
1977 115 114 112 140 65 123 135
2 Bortol 7/7/2013 101 91 91 120 62 120 120
7/22/2005 97 82 83 111 71 128 106
1977 108 107 105 134 71 128 106
3 Gyalgar 7/7/2013 121 101 100 128 98 152 147
7/26/2005 115 94 94 122 102 156 122
1977 118 118 116 144 71 127 134
4 Tsenkher 7/7/2013 122 119 116 144 70 127 159
2008 124 119 117 145 86 142 135
7/25/2005 134 118 116 144 121 172 135
1977 130 129 126 154 84 140 145
5 Shivert (well) 7/8/2013 120 108 106 135 77 133 163
2008 116 106 105 133 78 134 143
2000 115 102 101 130 78 134 144
1977 143 114 112 140 144 191 156
6 Chuluut 7/8/2013 158 102 102 130 220 252 143
8/8/2002 106 84 84 113 86 141 126
1977 188 105 104 133 321 324 143
7 Noyon khangai  6/18/2013 132 86 86 115 168 211 122
8/17/2002 164 98 97 126 274 201 98
1978 180 107 105 134 307 314 111
8 Saihan Khulj 7/9/2013 189 84 85 113 368 355 125
9 Saihan Khulj (well) 7/9/2013 156 84 84 113 259 280 114
7/22/2002 169 86 86 114 306 314 108
1977 171 85 85 114 308 315 118

Tmeans averaged values of calculated temperatures.
(2),(3): Fournier (1977), (2), (4): Amoérsson et(@983), (5): Giggenbach (1988), (6): Fournier dingesdell (1973)

The temperatures calculated (Table 3) using th&KMNza geothermometef€ 4/3)
are similar, in the range 98-163°C (Fournier andebdell, 1973). These the case of all
hot springs, with an anomalous Na/K ratio and déigcalculated temperature, could be
the result of additional chemical reactions afteixing, including possible cation
exchange reactions (e.g., Fournier, 1977; D‘Amore at, 1987;Druschel and

Rosenberg, 2001).

The result shows that averaged values of calculategerature ranges from {1

(Bortal) 156°C (Saikhan hulj) among the studied hot springs.
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3.4.4. Mineral saturation states

Mineral saturation indices for the hot spring water the eastern part of Khangai
area were calculated using the computer programREEQC” (Parkhurst and Appelo,
1999). In this study the “PHREEQC” (Parkhurst angpélo, 1999) program was used to
calculate the log (Q/K) for the temperature ran@el80C. The speciation technique was
only applied of water samples on 2013. The caledlaaturation index (Sl=logQ/logK) vs.
temperature for hot water from springs are showrigure 3.10.

Based on a subset of selected chemical analysdicomponent geothermometry
coupled with numerical optimization has been apphe hot springs to estimate the extent
of dilution and degassing processes, to evaluatengal mineralogical assemblage
controlling the fluid chemistry at depth, and pbssidefine the equilibrium temperature of
the reservoir. The results of this approach aresisee to the minerals considered in the
calculations. The minerals albite low, aragonitehalrite, calcite, K-feldspar, laumontite,
montmorillonite-Na, muscovite, chalcedony and quasere selected to calculate the
equilibrium state.

Best results were obtained by selecting a minexsgmblage consisting of K-feldspatr,
montmorillonite-Na and quartz. Also some cases wargined by selecting a mineral
assemblage consisting of albite low, muscovite @mcedony at the low temperature. The
minerals calcite and aragonite are within the usaeiration zone and other minerals were

cuttings equilibrium line.
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Anhydrite was also considered but not found to telysexcept for Saikhan hulj and
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as well as the other minerals. The minerals antgydand aragonite are in equilibrium
(S1=0) at 166C of the Saikhan hulj. The calculated equilibriuemperatures range from
70 to 90C of the hot springs in the study area. The chalogdemperature estimates

(Table 3.3) lie within (or close to) the subsurfaemperature range estimates from the Sl.

3.4.5. The silica-enthalpy mixing model

The silica-enthalpy mixing model proposed by FoerrfL977) may be used as an aid
to evaluate subsurface temperatures. The silidaaggy mixing model may be used to
determine the temperature of the hot water componerovided the silica has not
precipitated before or after mixing, and there bhasn no conductive cooling of the water

(Truesdell and Fournier, 1977).
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Fig.3.11. The silica-enthalpy mixing model for samples frtm northeastern part of Khangai area

Figure 3.11 depicts the silica-enthalpy mixing nmidaesed on chalcedony solubility.
The cold groundwater sample was assumed to beseexl by the available data for the
chemical composition of cold springs in the arelae Blue line between the cold water and
the mixed thermal water intersects the chalcedohybdity curve where enthalpy is equal,
from 600 to 780kJ/kg, and corresponds to the esticheeservoir temperature from 143 to
184°C. Subsurface temperature estimates usingrtéibod are higher than those obtained
using the chalcedony geothermometer, indicatingriwst of the hot waters have probably

mixed with cooler water in the reservoir or thahdactive cooling probably took place



during the up flow of the hot water.

In summary, these estimates of underground temperawvere obtained using 3

different methods suggested by geothermometerseralirsaturation state and mixing

model. The result shows that calculated geothermensiéemperature ranges from 2a1-

156°C, calculated equilibrium temperatures range frobntd@ 90C and mixing model

temperature between 143 and 184°C respectively. [Binge range of convergence

temperature is probably mixed with shallow cold afekep thermal groundwater. The

underground temperature in each reservoir is et be 126-:40°C and indicating a

low temperature geothermal resource in the studs.ar

3.5.

Summary and conclusions

Characteristics of hot springs and the geothernesbiurces of the north eastern part in the

Khangai area, Mongolia

>

The hot springs belong to the NEHCO; and N&-SO,* type whereas all river
waters were characterized as thé'@4COs type.

The hot springs are enriched in"Nand K" and depleted in Gaby ion exchange
with underlying clay minerals and become more afiea(higher pH) than the cold
springs.

The ion concentrations of hot springs were highantthose in the cold springs and
river waters

ThedD ands™®0 values for water samples indicate that the hdtamid springs are
of meteoric origin without isotope exchange witkcko

The heat source is derived from the radiogenickd@é@nd Ne gas come from the
decay of U-Th.

The carbon species is derived from organic sources.

The underground temperatures in each reservoiestimated to be 120+40,
indicating a low temperature resource.

The hot waters in the Khangai area belong to lanpierature resources. These
resources can be used for room heating and praatuctielectricity by a binary

system.
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Chapter 4

Summarizes of the main conclusions and recommendations

from this study

The geology of hot springs in the Khangai area aisep Devonian sedimentary
units, Upper Carboniferous granite and quartz-tepwhich are covered by unconsolidated
Quaternary sediments. Upper Carboniferous granitoks are common, and intrude the
older sedimentary unit. Intrusive rocks include cecratic biotite-hornblende granite,
quartz-diorite and granodiorite (Lhagva, 1975).

There are 42 hot springs in Mongolia and from tt&hot springs are located in
the Khangai area. In the Khangai mountain regioeotigermal fields occur in five

provinces (Zavkhan, Bayankhongor, Uvurkhangai, Aridai and Bulgan).
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Fig.4.1. Location of sampling points in the Khangai area.
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In this study were determined chemical and isotammpositions in 46 hot and
cold spring waters (24 hot springs, 5 cold spriagd 17 river waters) of Khangai area
(Figure 4.1). To identify changes of main chemmainposition of hot spring waters within
different times we were compared present studissltewith the previous studies 25 hot
spring waters results.

The 8D and &0 values of hot water samples in the Khangai Mdnntegion vary
from -87 to -126%. and -12 to -17%o, respectivelyeBD and5'°O values of cold springs
and river waters vary from -78 to 127%0 and -111@%., respectively and are similar to
those for hot spring water samples. The hot andl spring waters in the Zavkhan
province and at high altitude have more negadi®eand 'O values than those of other
provinces. There is no evidence &fO shift which means that geothermal water is
meteoric water in which little water-rock isotopecbange has taken place. In the study
area, 8D and §'%0 ratios of cold waters are slightly higher thawsth of hot springs.
Enrichments for D antfO are about 4 to 25 and 1 to 4., respectively. The depletion in
D and *®0 in the hot spring waters may be due to a diffesmurce associated with
precipitation falling at higher altitude than iretetudy area.

®He/'He ratios are range R/RA from 0.007 to 0.009 (0*269 to 0.15*10°) and
“Hef’Ne ratios are range from 450 to 672 respectivehe Fe and Ne gas come from the
decay of U-Th. The heat source is derived fromrttiogenic of hot waters in the study
area. Theé"C isotopic ratios in the study area thermal andl eehters range from -13 to
-17%o. This means the carbon species (HC@ hot springs is derived from organic
sources. Thé%*'S values vary from +4 to +19 %.. TB&'S values vary within a wide range
independent of their sulfate contents. Based onHé#Ne and-C ratios, sulfur in hot
springs may be of sedimentary origin.

The water temperature of hot spring water ranges1f23 to 95 °C and the pH

values range from 8.1 to 9.8, indicating alkalilmaracteristics. The total dissolved solids
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(TDS) are between 214 and 778 mg/L. In contrast,wiater temperatures of cold spring
and river waters are ranging from 3 to 19°C andpiHevalues range from 6.4 to 8.6. Their
total dissolved solids (TDS) concentration is beawd0 and 509 mg/L lower than that of

the hot springs.

@Hot springs (2012-2013)
Ca+Mg ¢ Hot springs (1977-2005)
ARiver waters

OCold springs

Fig.4.2. Piper diagram for water samples in the Khangaa are

The chemical composition of the hot springs inklikangai area is characterized by
two types (Figure 4.2.). Most of the hot springsai®d in the southern and central part in
the study area (Chapter II; sample Nos. 1-10 oatkEdt in the Bayankhongor and
Uvurkhangai provinces and Chapter Ill; sample Nb&. or located in the Arkhangai
province) are of the NaHCO; type except for one hot spring (N8O, type; sample No.

8 of Chapter IlI). The hot springs in the west nerthand east northern part (Chapter II;
sample Nos 11-15 or located in the Zavkhan provarug Chapter Ill; sample No 8 and 9
or located in the Bulgan province) are of the 16£,> type except for one hot spring water
(Chapter II; sample No. 12 or located in the Zavkpaovince) is of the NaHCOs type.

The cold springs and river waters are of thé"@&#CO; type except for sample No. 19 of
Chapter Il (Na+-HC® type). The C& concentration of hot springs and well (Chapter II;

sample No 11-15 and Chapter Ill; sample No 8 and $h Zavkhan and Bulgan provinces



are up to 45 mg/L than higher that hot springshie dther provinces (Chapter II; sample
No 1-10, Bayankhongor, Uvurkhangai and Chapter $&mple No 1-7, Arkhangay
province). The cold spring and river waters ardctred in C4", Mg* and HCQ due to
dissolution of carbonate rocks such as dolomiternonly observed in the study area. In
contrast, the hot waters are enriched ifi Biad K and depleted in Gaby ion exchange

with underlying clay minerals.

We have calculated of underground temperature wbetained using 3 different
methods suggested by geothermometers, mineralasaturstate and mixing model. The
result shows that calculated geothermometers teatyer ranges from 7@ — 156C,
calculated equilibrium temperatures range from&@@®C and mixing model temperature
between 117 and 184°C respectively (Figure 4.3)e Téwrge range of convergence
temperature is probably mixed with shallow cold atwkp thermal groundwater. The
underground temperature in each reservoir are atgito be 126 40°C and indicating a

low temperature geothermal resource in the stueg.ar
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Fig.4.3. Silica-enthalpy mixing model for hot spring in tKeangai area, Mongolia
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We concluded that the hot waters in the Khangaa &&long to low temperature
resources. These resources can be used for roainghaad production of electricity by a
binary system. It is advisable in all geothermaédi use systems to isolate the geothermal
fluid from the building heating system it servetiotigh the Ca and Mg contents in the hot
springs of the Khagai area are comparatively srfal, strategy greatly reduces the extent
of geothermal fluid chemistry induced corrosion awaling in the user’s system. It is
considered that the district heating indirect systewhich are economically reasonable

against direct heating system, are more suitabllearMongolian rural towns.
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