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Alasehir graben is located in the southern edge of the Gediz graben, which is an important graben for
geothermal activity. Thermal waters are hosted by Menderes massif metamorphic rocks, which are
made of gneisses, schists and marbles. Impermeable clayey units of the neogene sediments are cap
rocks of the geothermal system. Presence of geothermal waters is closely related to normal fault
systems and graben tectonic. Meteoric waters recharging the reservoir rocks are heated at depth with
geothermal gradient. The AK-2 and KG-1 wells have the third and fourth highest temperatures of Turkey,
respectively. Reservoir temperatures of the geothermal system are estimated to vary between 125 and
225°C by mineral equilibria geothermometer, vary between 160 and 240°C by Giggenbach triangular
diagram and vary between 150 and 250°C by silica enthalpy-mixture model. Cold water contributions to
thermal waters vary from 75 to 95%. Na-HCO; water type is dominant for thermal water. Major reaction
of the thermal water to change facies is softening reaction. The temperatures obtained from silica
enthalpy model, mineral equalibria geothermometers, Na/K, Na/Li geothermometers are more useful
than others in the study area. Scaling tendencies of the thermal water are examined. The major
environmental problem in the groundwater is high boron concentration which is harmful for agricultural

irrigation.

Key words: Alasehir, geothermal systems, hydrogeochemistry, saturation index, geothermometer.

INTRODUCTION

Alasehir-Kavaklidere area is one of the most important
geothermal fields of Turkey (Figures 1, 2 and 3) that is
located in southern part of the Gediz graben in western
Turkey. Because of faults, Alasehir had some important
earthquakes. Its climate is arid and dry in summers.
Annual mean precipitation is approximately 500 mm/year.
Stock-breeding, grapery, olive growing, fruit growing,
cotton and tobacco growing, many factories and
greenhouses, support economic activity. Avsar dam, the
nearest dam to the county, is important for irrigation in the
region. The groundwater of the plain has some
qualification problems for utilization. There are many
wells in alluvium, but some of them are not suitable for

*Corresponding author. E-mail: abulbul@pau.edu.tr. Tel: +90
258 296 34 01. Fax: +90 258 296 33 82.

irrigation or drinking because of high boron and sodium
concentrations (Bulbdil, 2009). The study area is famous
for agricultural soils, archaeological sites and natural
beauties. Grape production of the area is significant in
Turkey (Figures 1 and 2). This paper focuses on
geothermometer applications and conceptual geothermal
model in the study area, scaling tendencies of the
thermal waters and high boron concentration in the
thermal water.

MATERIALS AND METHODS

Water samples of springs and wells were collected in September
2007. Conductivity (EC), pH and temperature were measured in the
field using standard hand-held calibrated field meters. Water
samples were analyzed for their chemical (major ion) compositions
by inductively coupled plasma—mass spectrometer (ICP-MS) in the
ACME Laboratories in Canada. Total alkalinity was measured by
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Figure 1. A view of Alasehir plain.
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Figure 2. Location of study area and water samples map.

titration with Nitric acid to a final pH of 4.2. SO4 was analyzed by Eylul University. AQUACHEM (Calmbach, 1997) and PhreeqC-2.11
means of gravimetric precipitation method in Geochemistry (Parkhurst and Appelo, 1999) software were used to plot the
Laboratories from Department of Geological Engineering in Dokuz diagrams and calculate the saturation index. Also EXCEL-2003
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Figure 3. Geological map and water

was used to estimate reservoir temperature by means of
geothermometer formulas.

Geological settings

The Alasehir graben is situated in the Western Anatolian
extensional province (Dewey and Sengor, 1979). Both the southern
and northern margins of the Alasehir graben are dominated by non-
marine sediments that show marked lateral and vertical facies
variation (Purvis and Robertson, 2005). The graben fill is composed
of four sedimentary units. The first sedimentary unit is the
lowermost part of the graben fill. The formation unconformably
overlies the metamorphic basement south of the town of Alasehir
and its base is comprised of very angular boulder conglomerates
containing schists, metagranites, porphyritic gneisses and mylonitic
augen gneisses. The formation continues with alternating yellowish
sandstone and mudstone. The overall sedimentary sequence of the

samples (Seyitoglu et al., 2002).

lower part of the Alasehir formation exhibits a fining-upwards
character within a short vertical distance of nearly 50 m. Intervals of
1.5 m thick, very angular boulder conglomerate are common in the
fine-grained lacustrine sediments. The uppermost part of the
formation is composed of dominantly organic-rich, very well-lithified,
laminated mudstone which gradually passes upwards into
sandstones with limestone layers and conglomerates. The Alasehir
formation is conformably overlain by the second sedimentary unit.
The second sedimentary unit has a dominant red colour (Seyitoglu
and Scott, 1996a). Its lowermost part is a dark red angular
conglomerate. Upper levels, however, are composed of alternating
light red- and grey-coloured conglomerate and sandstone.

The lower to middle Miocene first and second sedimentary units
are unconformably overlain by the third sedimentary unit that
consists of light yellow semi-lithified conglomerates and sandstones
(Seyitoglu and Scott, 1996a) of Pliocene age. The fourth
sedimentary unit comprises recent alluvium deposits (Figure 3)
(Seyitoglu et al., 2002).



17226 Afr. J. Biotechnol.

RESULTS
Hydrogeological settings and geothermal system

Alluvium aquifer is determined as the 4th sedimentary
sequence. It is unconfined and hosts cold groundwater.
Therefore there are many irrigation wells with variable
depths in the alluvium aquifer. Also there is a confined
aquifer, which is metamorphic basement hosting thermal
water. General flow path of groundwater is from south to
north. Alasehir stream derives surface water to Gediz
river. Thermal waters are hosted by marbles and
fractured Menderes massif rocks that consist of gneiss,
schist and quartz. Cap rock of the geothermal system is
an impermeable clayey level of neogene sediments.
Thermal waters have meteoric origin. There are thermal
waters that are heated at depth due to geothermal
gradient (Figure 4). So there are many thermal spas and
thermal drills. They are Horzumsazdere thermal Spa
(number 2), (Figure 5), Horzumsazdere mineral water
Spa (number 30) and Acidere Turtle Spa (number 17).
There are four thermal deep drills in the area. The AK-2
(213°C) and KG-1 (182°C) (Figure 6) thermal drills were
drilled by MTA. These wells have the third and fourth
highest downhole temperatures of Turkey. KG-1 (number
5) and AK-2 (number 38) have 1447 and 1501 m depths,
respectively (MTA, 2005). The production quantity of KG-
1 well is tested as 12 I/s (Karahan et all, 2003). In
addition, AK1 (number 4, 63°C downhole temperature)
(Figure 7) drill and number 109 well (greenhouse drill)
have depths of 750 and 700 m, respectively KG-1 drill
has an electrical conductivity of 5690 uS/cm which is the
maximum value among all of the wells (Table 1).

Number 42 is a cold water Spa ascending in the
recharge area with high topographic elevation (1400 m)
and it is used as cold water recharge point for silica
enthalpy diagrams and silica mixing models. Also there
are many wells (number 7, 21 and 22) for irrigation
whose waters are mixed with thermal waters by means of
graben fault in alluvium aquifer.

Hydrogeochemistry and geothermometers

Na-HCO; water type is dominant for thermal water. Also
Na-Mg-HCO;, Ca-Na-HCO; water types occur in the
study area and thermal waters have very high boron
concentration (max: 124 ppm). Source of boron can be
evaporites and carbonates due to the high correlation
between B-Na, B-Cl, B-HCO; and B-SiO, in the
correlation matrix table (Table 2, Figure 10a, b, ¢ and €),
Boron in thermal waters is also probably controlled by the
contribution of B by degassing of magma intrusives. Also
Sericite, lllite and Tourmaline minerals, which are
abundant in Menderes Massif rocks, are considered to be
main reason for the high boron concentration (Gemici
and Tarcan, 2002). CI-EC diagram (Figure 10h) and

correlation matrix EC-HCO;, EC-B (Table 2) show that all
thermal waters have deep circulation and meteoric origin.
In addition, isotope data show that thermal waters are
older than 50 years so Alasehir-Kavaklidere geothermal
system has a deep circulation system and all of the
waters have meteoric origin (Bulbll, 2009). The thermal
waters have high B/CI ratios so Kavaklidere-Alasehir
geothermal system is a young system (Bulbil, 2009).
Giggenbach diagram shows that water rock interaction
has not finished and most of the waters are immature
waters. Three of them are partially equilibrated waters
(Figure 8). In order to estimate the reservoir temperature
many geothermometers were applicated (Tables 3, 4 and
5). Reservoir temperatures of the geothermal systems
are estimated to vary between 160 and 240°C by
Giggenbach triangular diagram (Figure 8). The
temperature estimated by silica mixing model varies
between 150 and 250°C (Figure 12). Cold water
contribution to thermal water varies from 75 to 95%. The
reservoir rock temperature is estimated as 232°C by
silica enthalpy model (Figure 11). The silica enthalpy
model, the mineral equilibria geothermometers and Na/K
and Na/Li geothermometers are more useful than other
geothermometers in the study area. Also saturation index
conductive cooling mineral equilibria diagrams are used
to estimate the temperature of reservoir rocks. When the
most of the minerals have intersection point near Sl = 0
line, the point shows the temperature of geothermal
system (Reed and Spycher, 1984). So reservoir
temperatures of the geothermal systems are estimated to
vary between 125 and 225°C by mineral equilibria
geothermometer (Figure 13).

Cold waters generally have Ca-HCO; Ca-Mg-HCO;
water facies because of dissolution of carbonates (Tables
1 and 2; Figure 10d and g). Clayey levels of schists at the
flow path of thermal waters cause natural softening
reaction during the geochemical evolution of groundwater
because of Ca and Mg ions exchange with Na and K
ions. So Ca-Mg-HCO3 and Ca-HCO3 water types
convert to Na-HCO3 and Na-Ca-HCOS3 water types.
Softening reaction is one of the most important reactions
for evolution of thermal waters (Figure 9). Because of
degassing magma intrusives, AK-1 has high SO, (280
mg/l) and H,S (2.5 mg/l) concentrations (Bulbul, 2009).

Saturation index and scaling tendencies

Saturation index (Sl), which is the degree of saturation of
a particular mineral in an aqueous solution, can be
obtained from its solubility product and its reaction
quotient (activity product):

Sl =log Q - log K = log (Q/K)

Where Q is the calculated activity product and K is
equilibrium constant (Gokgdz, 1998). It indicates scaling
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Figure 7. A view of AK -1 drill (Sample 4).

and solubility tendencies of any mineral in any fluid at
outlet temperatures.

Tendencies of the thermal water are examined. At the
outlet temperature, aragonite, k-feldspar, k-mica, quartz,
amorphous silica, dolomite, calcite, barite, gibbsite,
goethite, hematite and talc have precipitation tendencies.
Alunite, anorthite, anhydrite, gypsum, manganite,
rhodocrosite, sepiolite, siderite, strontionite and witherite
tend to solve. Some of the minerals might have scaling

problems in the well and pipes. They are calcite,
aragonite, dolomite, quartz and amorphous silica (Table
6, Figures 13 and 14).

DISCUSSION AND CONCLUSION

Thermal waters are hosted by Menderes Massif
metamorphic rocks which consist of gneisses, schists and
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Table 1. Physical measurements and chemical analyses of the water samples from Alasehir and Kavaklidere geotermal areas. T (°C): Values are measured as outlet temperatures (deep well
temperatures; 63°C, 183°C and 213°C). pH: standard unit at 25°C , EC: electrical conductivity (uS/cm).

2 4 5 7 17 2 22 30 38 42
Site Horzum Sazdere spa AK-1 (MTA KG-1 (MTA deep Koseali town Acidere spa Well (at The well between Horzum AK-2 (MTA deep Culhakaya Hill
deep drill) drill) well Kavaklidere) Kavaklidere Koseali Sazdere spa drill) spa
Date 16-02-2007 02-03-2007 02-03-2007 22-02-2007 08-05-2005  02-03-2007 02-03-2007 08-05-2005 08-05-2005 08-05-2005
pH 6.58 8.14 6.38 7.34 6.06 6.54 6 8.34 7.99 7.94
Eh (mV) 170 0 22 22 42 14 27 90 -72 -68
T(°C) 30.6 21 23" 24.4 29.1 28 31 16.7 45™ 244
EC(uS/cm) 3720 4450 5480 720 1735 1445 1655 2240 3150 203
Na 715.0 1289.7 1718.4 79.8 186.1 201.3 236.4 307.3 926.0 19.3
K 66.9 17.6 58.9 6.2 1.9 6.8 8.3 43.3 103.5 38
Ca 116.6 5.0 1.9 424 191.2 97.7 130.4 39.5 10.8 25.7
Mg 65.3 1.8 22 19.1 30.5 48.8 47.0 118.9 1.4 10.3
HCOs 2563 2929 4424 330 1210 992 1007 917 2055 78
Cl 169 342 174 33 22 28 38 86 224 8
SO 25 280 31 51 6 42 51 138 48 21
SiO2 181.7 89.7 201.2 31.2 88.3 58.8 47.8 55.4 491.9 16.5
B 110.56 15.00 107.59 1.01 8.19 3.45 217 41.58 124.14 0.31
Fe 0.000 10.39 68.57 0.06 245 0.14 0.07 0.00 1.07 0.34
Li 6.34 0.63 3.70 0.07 0.33 0.09 0.06 215 7.72 0.01
Al 0.05 0.53 0.14 0.03 0.03 0.01 0.00 0.00 0.43 0.33
As 0 0.26 0 0.005 0.001 0.002 0.001 0.011 0.79 0.004
Mn 0.28 0.04 1.20 0.006 0.58 1.21 0.26 0.00 0.02 0.022
Water type  Na-HCOs3 Na-HCO; Na-HCO;3 Na-Ca-Mg-HCOs Ca-Na-HCO; Na-Ca-MgHCO;  Na-Ca-HCOs Na-Mg-HCO3 Na-HCO;3 Ca-Mg-Na-HCOs;

Presence of geothermal waters is closely related
to normal fault systems and graben tectonic. As
the aquifer system hosting the geothermal fluids is
confined, the geothermal fluids ascend throughout
the detachment fault that is located in the south of
the graben. Meteoric waters recharging the
reservoir rocks are heated at depth with
geothermal gradient (Figure 4). Cold waters
generally have Ca-HCOj; Ca-Mg-HCO; water
facies because of dissolution of carbonates.
Clayey levels of schists at the evolution path of

thermal water causes natural softening reaction.
So Ca and Mg ion exchanges Na and K ions.
Softening is one of the most important reactions in
the evolution of thermal waters. The temperatures
obtained from silica enthalpy model, mineral
equalibria  geothermometers, Na/K, Na/Li
geothermometers are more useful than others in
the study area. High boron concentration in
thermal water and groundwater in alluvium aquifer
is caused by the contribution of thermal water to
cold groundwater. So groundwater loses

qualification for utilizing in irrigation and drinking.
Calcite, aragonite, dolomite, quartz and
amorphous silica have scaling tendencies. In
order to prevent scaling in pipes and wells, some
kinds of inhibitors can be used. In order to keep
the temperature of the system and to recharge the
system, reenjection of thermal water is necessary
during the operation of the system. So,
environmental harmful impact of thermal water
can be prevented. Also re-injection temperatures
can be determined by means of
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Table 2. Correlation matrix of some chemical and physical parameters for thermal waters in the study area.

NA CA MG CL SO, Li HCO; SiOo, B As Br Ba Sr Mn K Cond T (Wa)

NA 1.0 -05 -04 08 04 0.2 1.0 05 06 07 0.7 0.6 0.3 0.2 0.6 1.0 0.2
CA i0 03 -05 -05 -01 -03 -03 -03 -04 -05 -04 0.5 0.2 -03 -0.3 0.1
MG 1.0 -0.3 0.0 0.1 -0.3 -0.3 -0.1 -04 -0.3 -05 0.3 -0.1 0.0 -0.2 -0.2
CL 1.0 06 05 0.7 05 05 04 1.0 0.7 0.0 -0.1 05 0.8 0.0
S04 1.0 -0.1 0.3 -01 -02 03 0.6 0.1 -0.3 -04 -041 0.4 -0.1
Li 1.0 0.2 0.8 08 04 05 0.7 0.2 -0.3 0.9 0.3 0.4
HCO; 1.0 05 06 06 07 0.5 0.5 0.4 0.5 1.0 0.2
SiO» 10 08 0.7 0.5 1.0 0.1 0.0 0.9 0.5 0.5
B 1.0 03 0.5 0.7 0.4 0.1 0.9 0.6 0.1
As 1.0 0.3 0.6 0.0 -03 05 0.6 0.9
Br 1.0 0.7 0.1 -0.1 05 0.8 0.0
Ba 1.0 0.0 -0.1 0.8 0.5 0.4
Sr 1.0 04 0.3 0.5 0.1
Mn 1.0 -0.1 0.2 -0.1
K 1.0 0.6 0.3
Cond 1.0 0.2
T(Wa) 1.0

Na/1000
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30 Hog 33
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K/100 [0 20 30 40 50 60 70 80 90 SQR(Mg
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Figure 8. Distribution of the thermal waters from study area in the Na-
K-Mg'”? triangular diagram (Giggenbach, 1988).

conductive cooling-mineral saturation index graphics. Re-
injection temperature is suggested to be approximately
50 to 75°C (Figure 13). The estimated reservoir rock
temperature is higher than 150°C, thus, according to
Lindal diagram, Alasehir-Kavaklidere geothermal system
is suitable for applications that use conventional power
and for the purpose of space heating (buildings and
greenhouses), Alumina via Bayers process, food caning,

evaporation in sugar refining, drying of fish meal and
timber, refrigeration, drying and curing of light aggregate
cement slabs, mushroom growing and drying farm
products (Figure 15).

In addition, this geothermal system is suitable for the
production of dry ice from liquid carbondioxide
economically. Two of the thermal waters in the study area
[number 2 (Horzum Sazdere spa), number 5 (KG-1 well)]



Table 3. Chemical geothermometers formulas and references.
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S/No Geothermometers Formulas References

1 SiO; (Amorphous silica) t= 731/(4.52 - log SiOy) - 273.15 Fournier (1977).

2 SiO; (o Christobalite) t=1000/ (4.78 - log SiOy) - 273.15 Fournier (1977).

3 SiO2 (BChristobalite) t= 781/(4.51-log SiOy) - 273.15 Fournier (1977).

4 SiO; (Chalcedony) t=1032/(4.69 - log SiOy) - 273.15 Fournier (1977).

5 SiO2 (Quartz) t=1309/(5.19 - log SiOy) - 273.15 Fournier (1977).

6 SiO; (Quartz-steam loss) t=1522/(5.75 - log SiOy) - 273.15 Fournier (1977).

7 Na/K t = 933/(0.933 + log Na/K) - 273.15 Arndrsson et al. (1983).

8 Na/K t= 1319/(1.699 + log Na/K) - 273.15 Arndrsson et al. (1983).

9 Na/K t= 777/(0.70 + log Na/K) - 273.15 Arnorsson et al. (1983).

10 Na/K t = 856/(0.857 + log Na/K) - 273.15 Truesdell (1976).

11 K/Mg t = 4410/(13.95-log K&Mg) - 273.15 Giggenbach et al. (1983).

12 Na-K-Ca (mmol) t =1647/(logNa/K+Blogva/Na+2.24)- 273.15 Fournier and Truesdell (1973).
13 Na-K-Ca (R) (Mg correction) R = (Mg/Mg+Ca+K) x 100 Fournier and Potter (1979).
14 Li/Mg t = 2200/(5.470-log (Li/Mg®®)) - 273.15 Kharaka and Mariner (1989).
15 Na/Li t = 1590/(0.779+log (Na/Li)) - 273.15 Kharaka et al. (1982).

16 Na/Li (mmol) Cl < 0.3 t = 1000/(0.389+log (Na/Li)) - 273.15 Fouillac and Michard (1981).
17 Na-Li (mmol) Cl > 0.3 t = 1195/(0.130+log (Na/Li>?)) - 273.15 Fouillac and Michard (1981).

Table 4. Estimated temperatures by various geothermometers.

Sample Temperature SiO; S_iOz o S_iOz B-_ SiO; SiO; SiO; quartz-
(°C) amorphous christobalite christobalite chalcedony quartz steam loss
2 30.6 45 123 74 151 173 163
4 63 7 80 32 104 131 128
5 183 52 131 81 159 180 168
17 291 6 80 31 103 130 127
21 28 -11 59 12 80 109 109
22 31 -20 49 3 70 100 101
30 16.7 -14 56 9 77 107 107
38 213 121 206 156 243 251 224
109 57 32 109 59 135 159 151
Table 5. Estimated temperatures by various geothermometers.
Sample Temperature (7) (8) (9) (10) (11)  (12) Na-K-  (13) Na-K- (14)_ (15)_ (16)_ (17)_
(°C) Na/K Na/K Na/K Na/K K/Mg Ca Ca-Mg Mg/Li Na/Li Na/Li Na/Li
2 30.6 176 181 231 211 42 187 29 125 289 183 169
4 63 30 41 99 90 21 129 92 108 116 17 29
5 183 86 96 152 140 13 169 143 172 188 83 87
17 291 137 144 198 182 51 142 83 52 183 78 83
21 28 85 95 151 139 62 120 29 18 114 15 27
22 31 87 97 153 141 60 122 42 10 92 -4 9
30 16.7 228 228 273 248 52 205 80 269 163 153
38 213 197 200 249 227 5 227 209 220 283 178 165
109 57 76 86 143 132 41 143 34 81 146 44 53
were investigated by Tarcan (2004) in point of scaling study, scaling tendencies and geothermometer

tendencies and geothermometer applications. In this

applications of 10 waters in the study area were
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Figure 9. Distribution of thermal waters from the study area in a Piper diagram.
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evaluated. Also very high boron concentrations were determined in thermal waters of Horzumsazdere spa and
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Figure 13. Changes in the state of calcite saturation in waters from selected geothermal wells

(number 2, 4, 5, 7,17, 22, 38 and 109) in the study area upon conductive cooling.
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Table 6. Saturation index of thermal waters from spa and wells at outlet temperature for various mineral phases.

()
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oversaturated and (-):

undersaturated.
Saturation index according to sample numbers

Phas Formula .

2 4 5 7 17 21 22 30 38 42 109 An. m. SI
Albite NaAlSisOs 27 36 38 -03 06 02 -09 07 42 -07 19 157 14 +
Alunite KAI3(SO4)2(OH)s 04 -24 36 -34 00 -12 -03 -89 -68 -47 -83 -319 -29 -
Anhydrite CaSO04 -26 -30 -36 -23 -29 -23 -21 -23 -33 -28 -21 -292 -27 -
Anorthite CaAl;Six0Os -02 02 -06 -20 -17 -23 -38 -31 12 -06 03 -125 -11 -
Aragonite CaCOs3 02 02 -09 -02 -03 -02 -06 10 06 -03 1.5 1.1 0.1 +
Barite BaSO4 01 14 04 02 -07 00 04 03 08 -05 03 27 02 =+
Calcite CaCOg3 04 04 -08 00 -02 00 -04 11 08 -02 16 26 02 =+
Celestite SrSO4 -26 -21 -26 -24 -30 -25 -25 -20 -27 -31 -21 -276 -25 -
Chalcedony SiO2 i0 08 11 03 07 05 04 06 12 00 06 7.1 0.6 +
Chlorite(14A)  MgsAl2SizO19(OH)s -37 02 -138 -28 -114 -72 -128 63 45 23 103 -281 -26 -
Chrysotile MgsSizOs5(OH)4 -6.0 -34 -127 -47 -106 -76 -10.7 28 -02 -23 34 -520 -47 -
CO2(g) CO2 -02 -18 02 -18 00 -06 00 -25 -16 -31 -14 -127 -12 -
Dolomite CaMg(COs)2 09 06 -20 00 -07 00 -09 30 12 -04 35 52 05 =+
Gibbsite Al(OH)3 19 18 26 13 18 14 11 -02 08 83 68 275 25 +
Goethite FeOOH 33 100 72 73 53 56 37 62 76 -26 -21 515 47 +
Gypsum CaS04:2H:0 -24 -28 -34 -21 -27 -21 -19 -20 -3.2 -239 -238 -702 -64 -
Hausmannite  Mn3Os4 -17.3 -11.3 -194 -165 -202 -155 -21.1 -149 -7.3 186 17.8 -107.0 -9.7 -
Hematite FexO3 9.0 21.7 162 16.6 13.0 133 9.8 139 186 05 42 136.7 124 +
illite K0.6Mg0.25Al,.3Si3.5010(OH), 69 69 83 32 47 35 19 26 68 37 35 520 47 +
K-feldspar KAISi3Os 39 42 47 09 17 10 -01 23 53 09 24 273 25 +
K-mica KAI3SizO10(OH) 133 134 155 91 1.0 93 78 75 126 99 88 1182 10.7 +
Kaolinite Al2Si2Os5(OH)4 73 69 91 48 67 54 46 26 57 51 34 615 56 =+
Manganite MnOOH -77 -44 -78 -67 -87 -69 -92 -51 50 -42 -45 -702 -64 -
Quartz SiO; 14 12 16 07 11 09 08 11 16 04 09 1.7 11 +
Rhodochrosite  MnCO3 -0 00 03 -15 -04 03 -08 -17 -02 -09 05 -45 -04 -
Sepiolite Mg2Sis07.50H:3H:0 -28 -10 -68 -29 63 45 -69 30 11 -17 20 -270 -25 -
Siderite FeCOs -28 09 18 -11 00 -08 -16 -3.7 -16 -19 -23 -133 -12 -
SiO2(a) SiO; 02 -014 03 -06 -02 -03 -04 -03 05 -09 -02 -19 -02 -
Strontianite SrCOs -1+ -02 -13 -15 -18 -17 -23 00 -02 -20 02 -120 -11 -
Talc MgsSisO1o(OH)2 -03 18 -68 -05 -55 -28 62 76 63 14 87 36 03 =+
Witherite BaCOs -24 -08 -23 -30 -34 -33 -34 -20 -05 -34 -11 -255 -23 -
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MEAN SATURATION OF THERMAL WATERS IN THE STUDY AREA
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Figure 14. Stick diagram of mean saturation index for various minerals in the study area.

AK-2 well. In the study area a conceptual geothermal model was proposed (Figure-4).
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Direct-use applications for geothermal resources

T(*C)

saturated steam

Digestion in paper pulp (Kraft); Evaporation of highly concentrated solutions;
Relrigeration by ammonia absorption

Heavy water via hydrogen sulphide process; Drying of diatomaceous earth

Drying of fish meal and timber
Alumina via Bayers process

Drying farm products; Food canning

Evaporation in sugar refining; Extraction of salts by evaporation & crystallisation;
Fresh water by distillation

Concentration of saline solution; Refrigeration (medium lemperalure)

Drying and curing of light aggregate cement slabs

Drying of organic materials eg: seaweed, grass, vegetables elc;
Washing and drying of wool

Drying of stock fish; Intense de-icing operations

Space heating (buildings + greenhouses)

Refrigeration (lower temperature limit)

60 . Animal husbandry; Greenhouses by combined space

50 — Mushroom growing, Balneclogy/ therapeutic hot springs

40 — Soil warming; Swimming pools; Biodegradation; Fermentations

30 — Warm water for year-round mining in cold climates; De-icing; Fish farming

Courtesv of Geoscience Australia - Bridael Avlinal@aa.aov.au faffer Lindal. 1973)

Figure 15. Modified Lindal diagram (1973).
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