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Abstract

Hydrothermal alteration zones have been investigated by X-ray diffraction, mineral ogical—petrographical techniques, and
geochemical analysis. Examination of cores and cuttings from two drill sites, obtained from a depth of about 814—-1020 m,
show that the hydrothermal minerals occuring in the rock include: K-feldspar, abite, chlorite, alunite, kaolinite, smectite,
illite, and opague minerals.

In the studied area, silicified, smectite, illite, alunite, and opal zones have been recognized. These alteration minera
assemblages indicate that there are geothermal fluids, which have temperatures of 150—220°C in the reservoir.

The distribution of the hydrotherma minerals shows changes in the chemical composition of the hydrothermal fluid,
which are probably due not only to interaction with host rock, but also to dilution of the Na—K—Cl-rich hydrothermal fluid
of the deep reservoir by cold sea water at shallow levels. Geochemical analyses of the solid and liquid phases indicate that
the hydrothermal fluids of the Tuzla geothermal system are in equilibrium with ateration products.

The tectonic structure of the studied area is caused by NW—-SE and NE—-SW directional forces. The volcanic rocks where
hydrothermal zones are observed in the studied area are of Lower—Middle Miocene age comprise latite, andesite, dacite,
rhyolite-type lavas, tuff, and ignimbrites. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction Gevrek et al. (1986). Two wells (with a depth range

of 814-1020 m below ground level) have been

Canakkale-Tuzla is an active geothermal area in
northwest Turkey hosted by rhyolite lavas and pyro-
clastic deposits (Fig. 1). The genera characteristics
of the geothermal system have been described by
Samilgil (1966, 1983), Gevrek and Sener (1985), and

* Corresponding author.

drilled; one of which is potentially productive. The
study of hydrothermal alteration in geothermal areas
can provide useful information on the processes of
interaction between geothermal fluids and the host
rock (Browne, 1978; Browne et a., 1992; Reyes,
1990).

Hydrotherma mineral assemblages such as smec-
tite, illite, kaolinite, epidote, and adularia can give
some indications of reservoir temperatures — the
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Fig. 1. Location map of the Tuzla hydrothermal system.

potential for scales and for corrosion in geothermal
pipelines, fluid chemistry, and permeability — and
can guide field hydrology (Browne, 1984).

The aim of this paper is to identify hydrothermal
alteration minerals and geochemical changes in the
lithostratigraphic units, develop a hydrogeological
model, and determine the temperatures of geothermal

fluids in reservoir rocks in the Tuzla hydrothermal
system (Fig. 1). Geochemical and petrographical
analyses have been carried out on 10 core samples of
two drillholes and 52 outcrop samples. In an attempt
to resolve the nature of the hydrothermal ateration,
62 samples have been analysed using optical mi-
croscopy, X-ray diffraction (XRD), and atomic ab-
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sorbtion spectrometry (a.a.s) analysis (Table 1, Fig.
7.

2. Geological setting

Studies of surface geology from the system have
shown that the basement of the region is formed of
Paleozoic metamorphic rocks (Fig. 2). This basement
is overlain a an angular unconformity by recrys-
tallised limestone of Paleozoic age. This formation is
overlain at an angular unconformity by rhyolithic
tuff and agglomerate of Miocene age. The intrusive
Kestanbol granite of 28 Ma age intrudes the overly-
ing older rocks (Fytikas et a., 1976).

The upper part of the stratigraphic sequence con-
sists of rhyalitic tuffs, ignimbrite, latitic lavas, and

Table 1
Chemical composition of ateration types
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rhyalitic lavas, the products of calcic volcanism of
Miocene age.

The tectonic structure of the area under investiga-
tion trends in NW—-SE, SW-NE directions; zones of
hydrothermal alteration occur at diagona fissures
which depend on E-W strike—dlipe faults.

3. Analytic methods

The mineralogical composition of about 62 sam-
ples, collected from outcrops and drillcores, was
determined by XRD analysis at Genera Directorate
of Mineral Research and Exploration of Turkey
(MTA). Clay minerals were identified from three

Sample Minerds CaO MgO FeO Na,0 K,0 SO, Al,O;, Fe,0; TiO, MnO SO, AK. Alterationtype
TK5  Illite, 161 039 068 342 49 672 143 27 034 003 0 3.38 Sericitic
TK12 feldspar, 085 036 004 32 58 677 146 26 03 009 003 25

A27  quartz, 105 04 001 28 58 673 166 19 03 033 0 53

TK14  keolinite 028 01 014 306 542 716 145 15 04 001 003 35

TK15 035 022 026 29 61 715 152 11 04 002 008 22

Al 065 044 034 143 477 732 137 19 03 001 O 5

TK36 035 043 032 276 675 675 163 3 04 004 008 25

TK6 215 08 026 32 42 66 147 17 054 013 0 48

T1-2 275 043 044 211 945 60 164 472 07 01 O 35

T1-3 131 059 012 138 78 65 14 557 06 01 O 42

T1-4 7 221 07 216 474 579 116 413 05 01 O 87

T2-3 10 07 166 032 725 56 116 376 06 01 O 6.9

A36 205 093 027 319 515 66 145 41 077 001 O 34

2 14 001 179 21 43 755 131 002

TK3 11 038 035 335 538 72 15 2 036 004 O 13

25 042 046 032 121 619 715 142 2 05 003 05 4

A22  Smectit, 12 083 024 08 328 705 127 26 07 003 0 6  Arillic
A1l  feldspar, 04 064 079 025 44 773 83 46 034 003 O 25

A19  quartz, 063 109 038 068 615 699 155 25 042 001 O 42

T2-4  cdcite 92 142 178 115 35 59 10 223 06 01 0O 97

TK35 144 092 031 291 414 64 159 27 05 002 008 76

A42 195 11 0 205 5 642 15 5 062 145 0 53

TK21 073 013 005 096 09 69 131 59 07 001 002 9

7 332 06 1 23 31 685 155 224

8 32 09 258 2 32 67 1475 114

19 35 001 107 23 4 6815 151 24

20 209 001 03 194 446 7063 1602 125

TK7 113 141 009 123 105 655 148 21 05 001 008 127

TK8 113 105 009 096 09 66 16 17 05 002 015 121
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Sample Minerds CaO MgO FeO Na,0O K,0 SO, Al,O; Fe,0; TiO, MnO SO; AK. Alterationtype
A51 Kaolinite, 019 054 011 232 355 695 27 43 053 001 O 4.1  Advanced argillic
A28 quartz, 215 13 0 205 121 566 194 3 037 047 O 8.8
TK33  feldspar, 081 087 033 283 145 605 182 34 05 001 003 121
TK11  haite 19 21 007 291 157 531 185 36 06 001 003 158
A26 03 1 042 018 413 575 17 72 088 002 O 10.4
TK38 058 12 015 233 27 641 156 25 05 001 O 10.6
TK42 1 116 008 216 145 589 151 36 06 001 003 149
A47 063 111 057 039 292 489 144 87 08 011 O 226
A48 056 028 068 015 155 161 6.4 52 027 001 O 24.9
A29 146 106 O 032 04 497 3 36 015 035 © 10.8
TK28 161 03 008 041 067 66 16.2 53 08 002 038 9
A7 242 088 109 246 12 381 8.7 76 02 O 0 15
A66 15 46 O 044 226 56.7 187 67 088 008 O 121
A25 04 064 055 368 515 639 181 45 102 002 O 4.7 Undtered
T1-1 525 076 02 055 904 56 14.8 778 07 02 O 51
T2-1 244 11 004 252 584 581 152 615 08 01 O 6.2
T2-2 444 198 099 145 625 568 142 47 08 1 0 7
A38 06 103 031 096 62 641 195 36 065 005 O 9.4
A4d6 012 041 038 39 415 639 174 52 068 002 O 55
A21 035 09 006 09 55 60 12 82 07 001 O 105
1 16 11 014 21 6.95 56 195 8.45

2 41 15 057 21 42 6337 152 5.02

3 352 035 022 32 545 585 205 5.86

4 34 11 093 28 475 635 175 4.22

5 225 072 072 28 505 6175 17.2 5.2

6 5 001 093 31 357 6125 1951 4.67

9 32 2 036 28 487 63 17.3 4.3

10 39 1 057 27 43 59 19.15 5.92

11 43 26 079 28 505 60 16.7 5.43

12 355 065 058 28 535 628 205 2.36

13 51 195 165 27 31 6107 18 3.27

14 72 15 308 27 265 575 1865 3.28

15 41 37 072 32 53 565 187 5.4

16 52 12 107 27 465 58 18.15 5.37

17 322 001 043 31 47 625 196 3.88

18 165 07 036 25 557 638 183 3.55

X-ray diffractograms (air-dried at 25°C, ethylenegly-
colated and heated at 490°C for 4 h) of the clay-size
fractions (< 2 wm) extracted by standard sedimenta-
tion technique in deionized water.

4. Petrology of volcanic rocks

The mgjority of volcanic rocks studied were sam-
pled from the lava flows and the pyroclastics from

outcrops and cores in the area of the T1 and T2
drillholes shown in Fig. 1.

The lava flows are highly jointed with a pro-
nounced vesicular texture. Microscope studies reveal
porphyritic and hyalopilitic texture, with a phe-
nocryst assemblage of feldspar + plagioclase +
biotite + hornblende in a matrix of glass and clay
minerals. Opagque minerals are pyrite and marcasite,
together with calcite, and generally quartz. Kaolin-
ization and sericitization of feldspar are the typical
ateration products associated with the samples from
the lavas.
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Fig. 2. Stratigraphic section of the Tuzla hydrothermal system.

The pyroclastics consist of tuffs, agglomerates
and volcanic breccias. They are grayish white in
color and show thick bedding in the studied area.
Microscope studies reveal plagioclase (andesin—
bytownite) + biotite + hornblende + volcanic rock
fragments (vitrophir, spilite, andesite, porphrite, and
dioritporphirite) in an acidic glass matrix. Agglomer-
ates and volcanic breccias are intercalated with tuffs.
They consist of moderately sorted rock clasts, be-
tween 10 and 50 cm in size, in a tuffaceous matrix.

Microscopic studies indicated that rock clasts were
derived from lavas.

Chemica analyses of various field samples are
presented in Table 1. In the volcanic rocks and
atered zones, oxide compositions have shown that
some elements have the same distinct anomalies. For
example, SIO, content is 56—64.1% for the unaltered
volcanics, 16.1-69.5% for the advanced argillic zone,
59-71.5% for the argillic zone, 56—75.5% for the
sericitic zone, and up to 90% for the silicified zone.
These values confirm that both the volcanics and
pyroclastics units are rich in silica

K,O and Na,O contents in the unaltered rocks
range from 3.1% to 9.04% K ,O, and from 0.55% to
3.68% Na,O. K,0 and Na,O contents in the ad-
vanced argillic and argillic zone are similar, but the
advanced argillic zone has a relatively higher amount
of K,O and Na,O. The sericitic zone has higher
K,O and Na,O than the other zones and unaltered
rocks.

Al,0; and Fe,O, contents in the unaltered rocks
range from 12% to 20.5% Al,O,, and from 2.4% to
8.45% Fe,0,. Al ,0; and Fe, O, contents are low in
al zones except in the advanced argillic zone.

It has been shown that from the advanced argillic
to the sericitic zone in the volcanics, the contents of
K,0O, Na,0, and SiO, increase but that of Al,O,
and Fe,O; decrease (Fig. 3). Fig. 3 shows that
unaltered rocks are geochemically distinct from those
of the alteration zones.

5. Distribution of hydrothermal minerals

The formation of hydrothermal minerals is depen-
dent on temperature, permeability, pressure, fluid
composition, initial composition of the rock system
(important only at less than 200°C for most rocks
except, perhaps, limestone), duration of activity, and
number of hydrothermal regimes (Reyes, 1990).

Two different hydrothermal regimes are evident
in the Tuzla hydrotherma system. The currently
active therma regime is associated with Late
Miocene volcanism and/or hydrothermal activity in
the Tuzla, Kocakdy, Kestanbol, and Kestanelik fields.
The older (fossil) hydrotherma activity in some
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Fig. 3. (Na,0 + K,0)/(Al, 05 + Fe,0;) vs. SIO,/(Al,O5 + Fe,05) in the unaltered, advanced argillic, argillic, and sericitic alteration

types at the Tuzla geothermal area.

geothermal areas began during the Early Miocene;
examples are in the Kosedere, Naldoken, Tagho§az
and Ahmetlerobasi regions (Fig. 1).

Active and fossil alteration assemblages have
classified repeatedly observed ateration assemblages
into groups. This has been necessary since a very
wide range of hydrothermal alteration minerals can
be formed (Hedenquist, 1987). Eight areas of hy-
drothermal dteration drillcore from drillholes (T1-
T2) have been evaluated in the Tuzla hydrothermal
system. In the following subsections, different hy-
drothermal alteration zones that have been recog-
nized are discussed.

5.1. Alteration of Tuzla

Fig. 4 and Table 1 summarize the alteration zones
and diagnostic minerals in the Tuzla field. Four

active hydrothermal alteration zones can be ex-
plained further as follows:

(1) Silicified zone: Silica shows a net gain (65—
95%), with the most pronounced enrichment in the
silicified zone of the Tuzla lava dome at Tuzlatepe
(Fig. 4).

(2) Smectite zone: This zone occurs in Ayvacik
lava and ignimbritic tuffs at SE of Tuzlatepe. There
are smectite and smectite—illite mixed layer clay
minerals in this zone.

(3) lllite zone: This zone has illite, kaolinite,
halite, and quartz mineral assemblages, and underlies
the smectite zone closed to Tuzlatepe (halite oc-
curred as a recent evaporation).

(4) Alunite zone: This zone is produced in Ay-
vacik lava by the effect of hydrothermal solution,
which is sulfate-rich. The mineral assemblages in
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Fig. 4. Block diagram of hydrothermal alteration zones in the Tuzla hydrothermal system.

this zone include alunite, cristbalite, halite, and al-
bite.

5.2. Alteration of Kocakdy

The hydrothermal ateration is controlled by tec-
tonic activity in the Kocakoy field (Fig. 5a). The
active hydrothermal alteration zone is an Opal zone
that contains only opal, which has been deposited
from supersaturated thermal fluids.

From inside to outside, the hydrothermal ater-
ation zones in this field are either a smectite zone or
an illite zone (Fig. 5b).

5.3. Alterations of Kestanbol and Kestanelik

The Kestanbol and Kestanelik fields have illite,
smectite, and silicified + halite alteration zones simi-
lar to other fields (halite is present due to evapora
tion). All of these fields have active hydrothermal
alteration zones (Fig. 5b).

5.4. Alterations of Kdsedere, Naldoken, Tasbogaz
and Ahmetlerobasi

The Kosedere, Naldoken, Tasbogaz, and Ah-
metlerobasi fields have passive hydrothermal alter-
ation zones. These zones are gypsum, montmoril-
lonite, and illite zones (Fig. 5¢, Table 1). Figs. 6 and
7 summarize the ateration types in the T1 and T2
wells. Three active hydrothermal alteration types
(advanced argillic, argillic, and sericitic) in T2, and
only a sericitic zone in T1, are discussed below.

According to Karamanderesi (1986) the mineral
distribution of the well Tuzla 2 is as shown in Fig. 7.
From this figure, it is evident that calcite, quartz
number, and secondary iron oxide minerals are pre-
sent at al depths. Kaolinite is the common mineral
in the ranges 0—100, 400—600, and 700—800 m. Illite
is only found between 200 and 600 m. Smectite and
mixed layer clay minerals are the most prominent
clay minerals that occurs from bottom to top of the
well. The mixed layer clays are between smectite
and illite in the upper part, and also smectite and
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chlorite in the lower part. Chlorite is only found
within the metamorphic rocks below 600-m depth.
Within the metamorphic basement rocks, high-tem-

perature hydrothermal mineralization is found, in-
cluding epidote, sphene, magnetite, garnet, actinolite,
diopsite, and prehnite. These minerals occur at a
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depth of 583 m and below 725-m depth. It appears
that this assemblage is related to contact metamor-
phism (e.g., garnet, magnetite, and diopsite) near the
margin of the granodiorite and monzonite intrusions.

In the Tuzla 1 well, the metamorphic basement
rock showed no evidence of the high temperature
assemblages present in the Tuzla 2 well. Apatite was
found in some thin sections, and may be a primary
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mineral. Barite occurs as a vein minera with calcite
and quartz. Gypsum was observed in only one sam-
ple at about 590-m depth.

6. Fluid chemistry and alteration products

The water samples were analysed within a month
of sampling. The results of the chemical analyses are
presented in Table 2, together with the in situ tem-
perature and pH measurements. It appears from Table
2 that al the waters are neutral in character with pH
values ranging from 7 to 8.04. The dominant cation
in the samples is sodium and the dominant anion is
chlorine. From the piper diagram in Fig. 8, we can
say that the Na*+ K* content is bigger than Ca* +
Mg* and that the CI~+ SO, content is bigger than
HCO; + CO; for water samples from the Tuzla
active geothermal area. The dominant waters in Tu-
zla have NaCl, Na,SO,, KCI, and up to 50% alkalin-
ity.

Reyes (1990) pointed out that certain minerals are
characteristic of neutral pH, whereas others indicate
acid conditions. From these alteration mineral studies
and the fluid chemistry of the Tuzla hydrothermal
system, we can say that there are two water types
present resulting in neutral pH and acid alteration
(Table 1).

The action of hydrothermal fluids on the lavas,
pyroclastic deposits and the metamorphic rocks
causes irreversible changes to the minerals and to the
chemical composition of the fluid. To investigate the
equilibrium between the secondary minerals and the
hydrothermal fluids, we have drawn phase diagrams

Table 2
Hydrochemical composition of geothermal waters
A B C D Tuzlal

pH 7.82 8.04 7.72 7.8 7
T (O 102 72 73 40 173
(o 3069 3110 931 753 5715
K* 1912 1904 451 405 2125
SO*~ 155 166.2 210 174 176
HCO3 98 122 111 90 100
SO, 100 98 96 88 123
Mg?™* 90.4 80.8 88 57 101
Cl~ 33855 36159 13116 10989.5 44140
Na* 17260 18740 7148 6032 22250

at 40, 72, 73, 102, and 173°C for the pH that ranges
from 7 to 8.04 (Table 2), at vapour saturation pres-
sure and in the presence of quartz. The free energies
of the mineral phases and of the dilute anions in the
water have been calculated according to thermody-
namic data given by Helgeson (1969), Helgeson and
Kirkham (1974a,b) and Helgeson et al. (1978,1981).
The activity coefficient v of the dilute anions in the
Tuzla geothermal waters and hot springs were calcu-
lated from the Debye—Hiickel equation.

The minera stabilities as a function of log
;Na' /*H™*, log®Mg?* /®H™, log *Ca* /*H™, and
log ®°K* /®H™" areillustrated in Fig. 9. From Fig. 9,
we can say that the hydrothermal fluid is in equilib-
rium with abite, kaolinite, and K-feldspar in the
Tuzla 1 drillhole; chlorite, abite, and K-feldspar in
Spring A (102°C); albite, chlorite, and K-feldspar in
Spring B (72°C); and kaolinite in Springs C (73°C)
and D (40°C).

7. Discussion and conclusion

The Tuzla hydrothermal system is hosted by faults
and fractures associated with NW—-SE and SW-NE
trending zone that was mapped on the surface. The
geothermal system is recharged by seawater and has
measured temperatures approaching 170°C. Relict
mineral geothermometry indicates formerly higher
temperature of more than 220°C. Hydrothermal alter-
ation has developed a mineral zonation, which is
similar to that of other high temperature geothermal
systems. The interaction of the geothermal fluids
with the wall rock along fractures has produced
quartz (silicified zone) that is a good indicator of
permesbility in active geothermal fields (Browne,
1978). Besides these ateration minerals, halite has
been produced by recent evaporation because of the
high content of chloride and sodium in ground water.

Severa authors have suggested that the distribu-
tion of clay minerals in geothermal areas depends on
the therma structure of the field and on its fluid
chemistry (Steiner, 1968; Kristmannsdottir, 1975; El-
ders et a., 1984; Harvey and Browne, 1991). Fluid
temperatures can be inferred from the presence of
temperature-dependent hydrothermal clay minerals
(Steiner, 1968; Browne, 1978). Smectite is stable at
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Fig. 8. Piper diagram of geothermal waters taken from the Tuzla geothermal field.

140°C, and illite, above 220°C in active systems
(Browne, 1984). Interstratified illite—smectite is sta-
ble between these two temperatures with variations
in the proportions of illite and smectite being a
function of the temperature of deposition. Chlorite at
the base of the profile suggests temperatures of
220°C (Kristmannsdottir, 1975). The extensive kaoli-
nite over-printing suggests a later, cooler (120°C)
fluid (Browne, 1978).

Fluid /rock interaction a Tuzla has produced a
suite of hydrothermal minerals that reflect the hydro-
logy and lithology of the reservoir. These mineralog-
ical changes are also evident in chemical changes
that the rocks have undergone. Constituents such as

SiO,, Al,O;, Na,0, K,0, CaO, and H,O were
redistributed as a result of mineralogical changes, but
others (MnO and P,O;) are largely immobile.

From the results of petrographical and XRD anal-
yses, and measurements of temperature of well water
and spring water, we can say that the hydrothermal
ateration minerals of the Tuzla active geotherma
field were derived from plagioclase converted to
sericite, chlorite, and clay minerals (at 150-165°C),
sericite and chlorite (at 165—200°C), and sericite (at
200°C).

The Tuzla hydrothermal system was formerly hot-
ter (more than 220°C) while the temperatures in the
pluton were even higher (based on the alteration
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Fig. 9. Activity diagrams of geothermal waters taken from the Tuzla geothermal field.

minerals). Subsequently, the system has cooled to
170°C, but the relict alteration mineralogy still re-
mains.

Acknowledgements

This research was supported by the General Di-
rectorate of Mineral Research and Exploration of
Turkey. Thanks are due to Dr. M. Ziya Gozler

(General Director) and Y. Ziya Cosar (Head of
Energy Department). We are also grateful for first
comments and improvements to this manuscript by
Dr. Colin Harvey (Indiana University), and Dr. Li-
onel Wilson (Lancaster University).

References

Browne, P.R.L., 1978. Hydrothermal alteration in active geother-
mal systems. Annu. Rev. Earth Planet. Sci. 6, 229-250.

227



228 M. Sener, A.l. Gevrek / Journal of Volcanology and Geothermal Research 96 (2000) 215-228

Browne, P.R.L., 1984. Lectures on geotherma geology and
petrology. UNU Geothermal Training Programme, Report No:
2, Reykjavik, Iceland.

Browne, P.RL., Graham, I.J., Parker, R.J., Wood, C.P., 1992.
Subsurface andesite lavas and plutonic rocks in the Rotokawa
and Ngatomariki geothermal systems, Taupo Volcanic Zone,
New Zedland. J. Volcanol. Geotherm. Res. 51, 199-215.

Elders, W.A., Bird, D.K., Williams, A.E., Schiffman, P., 1984.
Hydrothermal flow regime and magmatic heat research of the
Cerro Prieto geotherma system, Baja Cadlifornia, Mexico.
Geothermics 13, 27-47.

Fytikas, M., Gidiani, O., Innocenti, F., Marinelli, G., Mazzuoli,
R., 1976. Geochronologica data on recent magmatism of the
Aegean Sea. Tectonophysics 31, T29-T34.

Gevrek, A.l.,, Sener, M., 1985. Canakkale-Tuzla jeotermal sa-
hasinin hidrotermal alterasyon ettidil (Turkish), MTA Raporu,
No: 7948.

Gevrek, A.l., Sener, M., Ercan, T., 1986. Canakkale—Tuzla jeoter-
mal sahasynyn hidrotermal alterasyon etlidll ve volkanik
kayaclaryn petrolojisi (Turkish). Bull. Miner. Res. Explor.
Inst. Turk. 103—104, 55-81.

Harvey, C.C., Browne, P.R.L., 1991. Mixed-layer clay geother-
mometry in the Wairakei geotherma field, New Zealand.
Clays Clay Miner. 39, 614—621.

Hedenquist, JW., 1987. In: Epithermal Gold: a short course on
theory and practical application. Bondung, p. 299.

Helgeson, H.C., 1969. Thermodynamics of hydrothermal systems
a elevated temperatures and pressures. Am. J. Sci. 267,
729-804.

Helgeson, H.C., Delany, JM., Neshitt, H.W., Bird, D.K., 1978.
Summary and critique of the thermodynamic properties of
rock forming minerals. Am. J. Sci. 278A, 1-229.

Helgeson, H.C., Kirkham, D.H., 1974a. Theoretical prediction of
the thermodynamic behavior of agueous electrolytes at high
pressures and temperatures: |l. Summary of the thermody-
namic/electrostatic properties of the solvent. Am. J. Sci. 274,
1189-1198.

Helgeson, H.C., Kirkham, D.H., 1974b. Theoretical prediction of
the thermodynamic behavior of agueous electrolytes at high
pressures and temperatures: |1. Debye—Huickel parameters for
activity coefficients and relative partial molar properties. Am.
J. Sci. 274, 1199-1261.

Helgeson, H.C., Kirkham, D.H., Flowers, G., 1981. Theoretical
prediction of the thermodynamic behavior of aqueous elec-
trolytes at high pressures and temperatures: 1V. Calculation of
activity coefficients, osmotic cefficients, and apparent partial
molal and standard relative partial molal properties to 600°C
and 5 kb. Am. J. Sci. 281, 1249-1516.

Karamanderesi, H., 1986. Hydrothermal alteration in well Tuzla
T-2, Canakkale-Turkey. Geothermal Training Programme
Reykjavik, Iceland. Report 3, 36 p.

Kristmannsdottir, H., 1975. Hydrothermal alteration basaltic rocks
in Icelandic geothermal areas. In: Proc. 2nd UN Symp. De-
velop. Use Geothermal Resources, San Francisco, CA, 20—29
May. pp. 441-445.

Samilgil, E., 1966. Canakkalenin Tuzla ve Kestanbol sicak su
havzalarinda jeotermal enerji aragtirmasi yontinden hidrojeolo-
jik etlt. (Turkish). MTA Raporu. No: 4274, Ankara.

Samilgil, E., 1983. Canakkale jeotermal alanlari ve Tuzla sonda-
jlari (Turkish). Geologic Bulletin of Turkey 4, 147-158.

Steiner, A., 1968. Clay minerals in hydrothermal altered rocks at
Wairakel, New Zealand. Clay Miner. 16, 193-213.



