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Abslrnct 

TilL' chl·mkul .:nmposit i11n~ of n total of 120 thermal wutcr smnples from four different tcctonknlly distinct regions 
(Central. Norlh. I ~ast and Wl'\t t\natoliul ur Turkey arc pn:scntrd and assessed in tenns of gcnthcrmul energy potenlinl of 
each rcgiunthmugh thl· nsl' of dwmical gcothl'l'flllmtctcrs. Nn Ca···HCO, type waters are the dominant wutet·types in all the 
regions except thnt Na Cl tyjw wut~·r~ ar~ tyjltt·al l'lw the cmtstul arcus of West Anatoliu and fm a few inland areas of West 
und Ccntrul i\natnliu wlwrt· {b·p water drculution ~xists. The tlis~hurge tempcruturc of the springs ranges up to l00°C, and 
the hnttum-hnk• tt'lliJWntturt'> in tlrilkll wd\s up to :L\2''('. Gcothcnnometry applirutions yield reservoir temperatures of 
ahout 125''(' rnr ( \·ntml i\nutolia, I HIT fnr North Anutolla. l36"C for East Anutolia and 251 uc for West AnatoJia, the latter 
ngrccing with smm· nl thl' hutlllm hole tcmpenllures measured in drilled wells. The results reveal thnt the highest geothermal 
energy pnll'lltinl in Tmkt•y I> ussodatl·d with the West Anutolian extcnskmal u:ctnnics which provides a regional, 
tlllCp-~cutcd hem MlUt'l'l' and a wtdc11prcad gmhcn sy~tcm allowing deep circulation of wmcrs. The Nmth Anatolian region, 
bnundcd to the MHtth hy the dt•.>.nal Nnrlh Anatolian Ftmll uhmg: which must of the geothermal sites arc located, has the 
h.lWt~sll'!lcrgy pot~:tllial, ptohothly due to the n.•slt'ktion of the hcut source to lncul mngmalic activities confined to pull-npm'l 
bttsin~. Tht• East Auatoli;m 1q:ion (ttndl·rgoin~-t t:ontcmpmm·y compression) uml the Centml Anmolian region (where t.he 
cmnprl'ssiunal r<:gillll' in thl' t•ast is convcrtl·d In the cxllmsimml regime in the west) hnvc moderate energy potcntiuL 
Although tht· ll't'l'ntly m·tt\l' vnk;lllllt'' MIJ.!J.tt'sl the prcst~!IL'C, at depth. or still cooling magnut duunbcr~> thai nrc potential 
heat snurccs, tlw lal'k ol wdltk•l'l'lll!Wd fault syMem~ is prohahly responsible for the comparatively low energy potcnlinl nf 
these reginns. Alllltlsl all till' thermal wutl'ts of Turkey arc smurutcd with rcspca:t tu calcite and, hem·c, have u significant 
enid!~· st?alinj.! pt>tcntiul \lhidt is parlit:ulat·ly high for Wcsl i\nutoliun waters. (\ry 1998 Elsevier Science B.V. All rights 
re:wrvcd. 

l, lntrodu<.·tlon 

Turkey, owing ln its lw:ation in the tectoni~:ully 
ncti vc Alpitll!···llimalayan bdl. i~ dutnt~~\~Jrit.ed hy u 
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wide~preud geothermal activity manifesting itself in 
the form of numerous hot springs. fumaroles und 
rcct~nt mineralization. The gcodymunic history of 
Turkey hns been governed, since the Mesozoic, by 
the relative movement of the European and the 
Afro-Arabian plates and the associated episodes of 
separation. collision, rotation and deformation of the 
small cnntincntalr)Jates in the intervening areas. The 
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borders of these small plates constitute seismic belts 
marked by young volcanics and active faults, the 
latter allowing circulation of waters as well as heat. 
The distribution of hot springs in Turkey roughly 
parallels the distribution of the fault systems and the 
Tertiary-Quaternary volcanics (Fig. 1 ). The presence 
of more than 500 hot springs, with discharge temper­
atures up to I 00°C, points to an important geother-
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mal potential in Turkey that has been confirmed by 
drilling studies implemented by the General Direc­
torate of the Turkish Mineral Research and Explo­
ration (MTA) since the 1960s. By 1997, MTA had 
drilled 250 geothermal wells and 45 gradient wells. 
The main utilization of geothermal energy in Turkey 
is in domestic heating, greenhouses, and in spas and 
thermal resorts installed for balneological purposes. 

Geothermal Fields 

I R'k ((I Neogene - Quaternary Volcanics 

@ Major Recent Volcanoes 

~ Strike - Slip Fault 

/' Normal Fault 
( ticks on the down thrown side l 

~ Suture Zone 

~Subduction Zone 

K J KariJova Junction 

Fig. I. Distribution of geothermal areas in Turkey in connection with the major tectonic and volcunic features (modified from MTA, 1993). 
Inset map is from ~engor et al. (1985} and shows the major neotectonic provinces of Turkey. (1) Aksaray, (2) Ankara. (3) K1r~chir, (4) 
Yozgal, (5) Nigde, (6) Nev§ehir, (7) Eski§ehir, (8) Konya, (9) Sivas, (10) Amasya, ( ll) <;orum, (12) Ordu, (13) Rize, (14) Tokm, (15) 
Samsun, (16) <;onkll'l, (17) Erzincan, (18) Sakmyn, (19) Bolu, (20) Bilecik, (21) Yalova, (22) Bursa, (23) Erzurum, (24) Agn, (25) Tunccli, 
(26) Bingo!, (27) Bitlis, (28) Mu§, (29) Van, (30) Diyarbaktr, (31) Siirt, (32} Urfa, (33) Hakkari, (34) izmir, (35) Klltahya, (36) Denizli. (37) 
Manisa, (38} Mugla, (39) <;anakkale, (40) Aydm, (41) Myon, (42) Bahkesir. 
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Additionally, electricity is prmluced from gcothl:rmal 
energy in the first and only pow~:r plant installed in 
the Krztldere field (West Anatolia); the plant has 
been in operution since I tJX4 with a cupudty of 20 
Mwe. 

This study is concerned with the presentation of 
the chemical compositions of thermal waters in 
Turkey, compiled from previous studies, tmd their 
overall evaluation: determination of the water types, 
comparison between waters of tectonically different 
regions (grouped into l'mu· here us Central, North, 
East and West Anatolian waters), and usscssment of 
more promising areas frmn the viewpt)int or geothcl'· 
mal energy potential. The interest for such u study 
arises from the increasing demund ror the milizatiun 
of geothermal energy in various rields in Turkey. 
The assessment of the geothermal potential is essen­
tially bused on estimution of the rescl'voil' tempera­
tures through the use of chemicul geothermometl.~rs. 

2. Geologic and tectonic outline 

Geologically Turkey consists of several mkrocon­
tinents or small continental plates separated from 
each other by suture zones or vadous ages. The 
pre-Mesozoic mewmorphic basement (Mcnderes, 
Uludag, Kazdag and Kozak Massifs in West, Bitlis 
Massif in East, and Krr~chir Mnssif in Central Analo· 
lia) is tectonically overlain by Mesozoic nphiolitk 
rocks representing rcmmmts of Tethyan m:can lloor. 
Cenozoic is marked by both un intense mugmmk 
activity, characterized by numerous granitoid intm­
sions nnu widespread volcanic products nmging in 
age up to hiHlOrica[ times, and the fmmution of 
extensive sedimcnt<try basins containing marine and 
terrestrial sediments, reaching, in pltlces, up to thou­
sands of meter in thickness. 

The tectonic evolution or Turkey muy he di vidcd 
into two phases, nunu.:ly the 1mlcotet:tonic and the 
neotectonic pcrious. The pulcotet:tonic period covers 
the tectonic events governed by the convergence 
between the Afro-Arabian und the Eurnsian plutcs 
until about the midulc Miocene when the two plate~ 
collided along the Billis Suture Zone (BSZ) (Fig. 1 ). 
The neotectonic period is linked to the 110S!«colli­
sional convergence between the respective plutcs and 
has resulted in the formation of several neotectonic 

pmvinces uhnmeterized by dbtinctive structures (Fig. 
t ). Among these structures, the BSZ is the mnnifcs­
tlllion of the collision between the Afro-Arabian and 
the Eurasian Plutcs whkh occurred in about the 
mitlule Miocene (Dewey und ~cnglir, 1979). The 
di!Tuse seismic activity throughout eastern Turkey 
(Me Kenzie, 1972; Rotstein nnd Knfka, 19R2) ami 
the folding uml thrusting of recent sediments onto 
the Amhiun plutform suggest that the uonvergence is 
still in pmgress (~engtir and Cunltez, 19X2; Jackson 
and Me Kenzie, 1984). The No1·th Anatolian unci the 
East Anatoliun faults (NAF and EAF, respectively) 
are strikc~·slip faults (with right- unu lcft-lnter:ll 
liCiliic, respectively) originated in rcHponsc to the 
northward movement of the Ambian Plate. The faults 
are not single mpturcs hut are nun·ow zones consist­
ing of small faults of en-echelon gcomctl'y. Starting 
fhun lbe Kurhovn junction in the east, the EAF 
extends southwestward where it is connected to the 
Dead Seu Fault (Arpnt and ~uroglu, 1972, 1975 ), 
wbercns the NAF extends weslwurds and, to the west 
of 31 longitude, is split into Hevcml branuhcs charac­
tcl'izcd by dominant normal faulting component along 
with strike··slip component (Cmutez and O~er. 1967; 
Me Kenzie, 1972: Dewey and ~engiir, 1979). 
Bounded by these faults, four major neotectonie 
provinces are recognized in Turkey CSeng1\r et al., 
19S5) Onset nmp of Fig. 1 ): (I) the East Anatolian 
contrautionul province, located cast of Knrhova junc­
tion where lhe NAF and EAI:.,' meet, nnd churautcr­
izcd by N~S shortening due to the still continuing 
convergence ulong the BSZ: (2) the North Turkish 
province, situated north of the NAF and character­
ized hy limited H··W shortening: (3) the West Anuto­
lian extensional province, charucteriz.ed by N-S ex­
tension resulted !'rom the west southwestward escape 
ol' the Anatolian plutc along the NAF and EAF: and 
(4) the Central Anutolim1 'ova' province, chm·autel'­
h:ed by NE·-SW shortening and NW -SE t:xtcnsion, 
and by the presence or !urge, terrestrial sediment 
fillcu husins {'twas'). 

3. Smnpllng und nnalysis 

Wutcr stunples used in the present study were 
collected in different ycurs by a number or workers. 
Most of the collected samples were analyzed at the 



Table l 
Chemical 

Sample no.• 

Cenrral An.atolia 
Aksaray area 

1 (s) 

2 (s) 

3(w) 
Ankara area 
4(w) 

5 (s) 

6 ls) 

7(w) 

8 (w) 

9(w) 
K.t£¥hir area 

W(w) 

II (wl 

12 (s) 

13 (s) 

Yozgatarea 

14 (w) 

15(w) 

l6(w) 

17 (w) 

Nilide area 
18 (s) 

19 (w) 

Nev¥hir area 
20(w) 

E~kisebir area 

Ihsll 
Zig a 
Actgiil-Soful:rr MTA-2 

K.tz;kahamarn MTA-1 

Sey 

Ay"'i 

Haymana H-3 
Melik~ah MHI-A 
Mlirtet well MT-1 

Savctll-Buyilkoba SB-2 
Tenne T-7 

t;i~ekda~-Mahmutlu 

Karakurt 

Sorgun YS-2 

Bogazlayan-Baha.r 

BB-2 

Bogazlayan-UzunJu 
UB-:2 
Yerkoy-Giivem YK-1 

Kemerhisar miTL water 

«;"ifiehan <;'F-1 

Kozakh SSK-1 

2 I (s) E~k:lsehir 

22 (w) Sancakaya SK-3 

31 
48 
65 

73.8 

42.5 

30 

44 
39 
28 

34.5 

45 

70 
5fl 

75 

46 

30 

47 

12 

44.5 

93 

40 
55 

23 (sl 
Kcrnya area 

Slvrlhisar Hamamkrhsr. 35 

24 (w) 

25 (w) 

26 (s} 

Sivas area 
27 (w) 

llgw I-I 
Beyjehir KB-1 
Ciltanbeyli-Yapah 

35 
35 

45 

7.66 
7.17 

8.6! 

6.90 

6.40 

8.32 

6.70 
8.84 
8.80 

9.63 
6.70 

6.50 
6.74 

7.84 

6.40 

7.37 

7.40 

6.82 

8.:25 

6.83 

8.59 
6.4fl 

7.45 

6.80 
7,60 
6.60 

6.10 

19 
16 

184 

60 

24 

28 

7 

5.85 
2.2 

l! 

40 
9 

16 

ll 

10.8 

60 

39 

7.8 

21 

2.9 
!6.8 

10 
!.6 

29 

38 

47 
1220 

550 

760 

240 

128 

36 
49 

36.5 

Jll6 
160 

1026 
69 

480 

410 

99 

2!00 

1580 

385 

440 

18 
320 

44 

62 
40 

355 

200 

28 
360 

20 

48 

Ill 

71 

144 
67.5 
40.8 

308 
1&8 

120 

289 

128 

821 

192 

214 

208 

73 
40 

55 

118 
216 
703 

360 

12.2 :.144 
58 1305 

158 958 

9.7 1474 

27 830 

58 622 

40 634 
17.4 }.1.5 

W.9 206 

0.~ 61 
37 864 

55.9 393 
17 451 

0.48 24 

63 848 

35 586 

6! 55 

229 2112 

24 12 

22 427 

28 
170 

18 

37 

45 

209 

97 

329 
1647 

281 

561 

189 
1087 

1903 

0 16 
0 43 

18 198 

0 194 

0 143 

6 13-t 

0 33 
11 49 
6 32.9 

12 45 
0 94 

0 1234 
0 225 

0 327 

0 294 

0 78 

0 428 

0 395 

0 839 

0 486 

0 

0 

0 

0 

24 
87.8 

48 

12:5 
604 

1704 

50 

30 
1950 

872 

272 

20 

6! 

5.7 
10.5 
26.9 

78 

235 

1202 
54 

730 

576 

101 

4418 

1950 

398 

632 

16 
63.8 

38 

25 
67 

539 

193 

!29 
49 

170 

79 

32 

122 

27 
52 
10 

51 
37 

79 
44 

75 

30 

37 

30 

77 

44 

87 

26 
ll8 

20 

30 
32 
47 

0.57 2.46 
21 0.70 

24 2.75 

7.5 2.56 

L5 4.64 

0.9 1.04 

0..14 4.21 
0.54 1.75 
0.12 4.59 

n.a. :L:f> 
0.8 0.82 

n.a. 0.32 
0.13 1.54 

6.15 1.95 

0.3 1.97 

0.14 0.78 

6.6 1.63 

29 0.14 

3.2 1.20 

u.a 4.61 

0.1 
4.4 

0.5 

1.98 
0.47 

3.63 

0.87 252 
0.2 3.81 

n.a. 0.0! 

24.6 2.8 2.77 

not analyzedJ 

Watert:ype 

526 HC03-Na 
5029 CI-Na 
3!59 HCO,-Na 

2905 HCO,-Ka 
1429 HC0 3-l'<a 

!231 HC03-Na 

92S HCO,-Ca 
608 HC01-Ca 
372 HCO:~-Ca 

359 CI-Ka 
1681 HCO,-Ca 

4338 SO.-!'la 
1057 Hco1-ca 

1808 CI-Na 

:2522 HCO:~;-Na 

7981 CI-Na 

6606 HCO,-Na 

1927 S04 -Na 

2323 Cl-Na 

523 HCO,-Ca 
2468 HCOrNa 

!lo-1U1!u~ unpublished dal<:l 
Mmlu, unpublished datil 

Akb~b ( 1992) 

Gille<; (1994 J 
Glile~ (1994} 

Ozeke and <;eriner 0987) 

Ozeke{1987) 
Keskin (1976) 
Kesk:ln (1974) 

Tekin and Tekin (!98oJ 

Giindtiz et aJ. (I 99.5- J 

Canik (198!) 

Didik el al {1994) 

Ozmu!l!f (1988) 

Ozmutaf and Yuce (1987 J 

Ozgu• 0993 l 

Glindllz and Oztan { 1994 J 

Mudu. unpublisbed data 

Didik {1991) 

Hamut et al. ( t 992J 

Olmez et al. (! 986) 
t:ze1 (!988) 

507 HC01-Ca Ok"tu 1!986) 

969 HC01-Ca 

1195 so.-ea 
~673 so.-ca 

Ok"til et a!. 0992) 
Tekin and «;etiner (1988) 
Canik (1988) 

:!868 HCO,-Ca BUytik 0982) 



North .4nawlia 

Ama'iya area 

28 (wJ 

29 (s) 

30 (w} 

c;orum area 

31 (w) 

32 (w) 

Ordu area 

33 (w) 

Rize area 

34 Is) 

35 (s) 

Tokat area 

36 (w) 

37 (w) 

Samsun area 
38 (w) 

39 (w) 

t;:ankm area 

40 (s) 

41 (s) 

42 (s) 

43 (s) 

Erzincan area 

44 (s) 

Sakaiya area 

45(w) 

46 (s) 

47 (sJ 
48 (s) 

49(w) 
50 (s) 

51 (s) 

52 (s) 

Bilecik area 

53 (s) 
Yalova area 
54 (s) 

Bursaar~ 

55 (sl 

56 (s) 

57 (s) 

Arkutbe~- H-1 

TerzikO}• 

Gozlek GS-1 

Hamamh~ay c;H-1 

Figani F-2 

(amhhe~in-Ayder 

Andon i~rnesi 

Reiadiye RHS-1 

Anova-SuJusaray AS-3 

Ladik HH-1 

Ha\'Za SH-3 

(erke~-Bedil Koyii 
Kur§unlu-~vundur 

~abanozii-Karaka§ 

Eskipazar min. water 

Enincan 

Akyazt-Kuzuluk K-3 
Kuzuluk mineral waler 

Tarakh-Kil 
Tarakh-ACJSU 
Bolu area 

Hamamc;aym Ht;:-1 
Bolu 
Diizce-Derdin 

Mudumu 

Termal 

c;ekirge-Horhor 

inegol-Oylat 

Armutlu 

a{w) =Well. (s) =Spring. 

4~.5 

37 

40.5 

30 

37 

50 

33 

14 

46.5 

53.5 

38 

53 

26.5 
30 

24.5 

20 

31 

82 
20.5 
40 

18.5 

46 
45 
32 

35 

38 

66 

39 

40 

77 

7.05 
S.JQ 

9.07 

6.65 

6.30 

7.70 

8.6~ 

6.45 

6.54 

8.78 

8.20 

8.60 

6.91 
7.00 

9.72 
6.90 

6.80 

8.06 
6.50 

6.60 
7.60 

7.32 
7.30 
8.65 

6.60 

6.43 

7.60 

7.22 

7.26 

7.30 

4.15 

3.6 

3.~ 

4.2 

1.6 

0.8 

26.8 

40 

2.5 

8.4 

71 
248 

1.94 
96 

13 

45 

65 

12 

17.5 

16.8 
46.5 

4.7 

28 

4.6 

3.7 

4.3 

60 

35 

86 

60 

46 

200 

57 

788 

840 

880 

33 

146 

718 
2600 

55.2 
700 

630 

780 
1625 

35 
600 

59 
49.3 

2164 

18.5 

323 

248 

32 
73 

16 

55 

32.8 

7 

311 

415 

108 

20 

8.4 

333 
25.7 

4.9 
212 

146 

141 
98 

127 

352 

379 
364 

49.1 

!57 

54 

163 

23.5 86 

17.9 129 

410 ~58 

20 
34 

31 

18 

87.5 

107 

12.1 

37 

4.6 

55 
13.7 

93 
130 

599 

17 
36 
27 

396 

65.2 
61.5 
73.7 

50 

55 

244 
458 

224 

'275 

::!81 

122 

12.2 

2270 

2386 

647 

268 

348 

2989 
6521 

427 
3124 

3560 

1891 
3746 

555 
1178 

864 
854 

3583 

763 

1172 

45 

24.4 307 

194 

42 476 

blf not otherwise specified discharge temperarures for springs. well-head remperatures for wells. 

0 

0 

12 

a 
0 

0 

18 

0 

0 

18 

0 

6 

0 
a 

104 
0 

0 

10 
0 

0 
0 

0 
0 

75 

0 

30 
28.4 

89 

21 

303 

92 

814 

175 

747 

30 

44 

4.3 
113 

35 
35 

54 

46 
11 

23 
2716 

553 
619 

1545 

35 

0 114 

0 831 

0 95.5 

0 215 

832 

45 

12.7 

14 

56 

9.4 

57 

13.4 

251 

837 

617 

13 

4.9 

191 
769 

17.3 
199 

844 

411 

702 

1l 
127 

8.25 
34.5 

363 

5.9 

36 

93.2 

7.6 

8 

238 

26 < 0.1 0.12 

18A 0.38 2.3-1-

20 

13 

26 

49 

46 

54 

96 

17 

34 

22.5 

29.5 

14.4 
53 

176 

135 
24 

32 
17 

34 
20 
70 

37 

27 

44.5 

23 

22 

48 

0.4 0.08 

0.2 0.30 

< 0.1 0.84 

0.5 

n.a. 

28 

9.7 

0.26 

<0.1 

20.8 
63.8 

51 
16 

25 

24 
20 

0.2 
1.2 

n.a 

< 0.1 
50.6 

0.15 

3.++ 

2.73 

2.99 

0.54 

1.44 

1.41 

2.79 

0.25 
3.62 

6.10 
3.02 

0.61 

0.42 
0.78 
1.65 
1.85 

2.63 
3.79 
0.06 

1.99 

4.1 1.39 

1.03 3.8.9 

n.a. 1.25 

n.a. 0.15 

n.a. 4.45 

458 HCO,-...-a Erzenoglu (!989l 

664 HC0 3-Ca Kana! (J974aJ 

41~ HCO}-~a Demirel and 6zgiir (]990J 

582 HCO:--~~a Ozmutafand islamoglu U993J 

4.38 HC03-~a Ozmutaf et at (1988) 

73& 504 -!...::a Erzenog1u and Tamgafi ( 1986) 

250 

4594 

-+884 

3168 

421 

60-l 

4405 

10384 

804 
4566 

6047 

3502 
6329 

815 
5400 

1980 
2019 
8020 

1071 

S04-:>~a 

HC03-Na 

HCO,-Na 

504-~a 

HCOJ-Na 
HC0 1-Na 

t;:etiner and Bilyiik ( l987l 

Olmez (1979 J 

Erzenoglu and Cadoglu ( 19901 

Oktti et aL (1986} 

Keskin (1987) 

Ergun and Keskin (1990} 

HC03-Na Koo;ak fl974a) 
HCO,-Na Koo;ak ( 1974b) 

HCO,-Mg Ungar (1973) 

HCO,-Na 

HCO,-Na 
HCO,-Na 
HC0 3-Ca 
S04-Na 

HC03-Ca 
HCO,-Ca 
HC03-Na 

HC0 3-ca 

Yiicel and Hakyemez (1991) 

Ozmutaf and Can (1985J 

Yticel and Aydogdu (1994} 
Didik and Dilernre 0992} 
Didik and Dilernre (!992} 
Didik and Dilemre 0992) 

Canik ( 1972} 
Yiicel et al. (1994) 
Canik (1972) 

~enttirk and Didik (1985) 

1831 HCO,-Na Ozmutaf(I991) 

14.3!S04-~a Kartal (!974bl 

571 HCO,-Ca istanbul Unh·ersitesi 
Ttp Faktiltesi (1975) 

597 504-Ca istanbul Universitesi 
Ttp Fakliltesi (1975 J 

2329 50.;-!\:'a Olmez (1982) 



Table~ 

Chemi~;:1i 

Sample no. a 

East Anmolia 
Erzurum area 

58 !s) 

59 (wJ 

Agn area 
60 (s) 

T unceli area 
61 (s) 

Bingii1 area 
62 (s} 

63 (sl 
64 (<) 

Bltlis area 
65 (sl 
66 (s) 

Mu~ area 
67 (s) 

Vanare"a 
68 (s) 

69 (s) 

70 (s) 

71 (s) 

Diyarbaktr area 

72 (w) 

Siin area 

73 (s) 

74 (sl 

75 (s) 

Urfa area 
76 (,) 

Hakkari area 

77 (s) 

u.rest Anarolia 

izmir area 
78 (wl 

79(w) 

80 [W) 

81 (w) 

82 (s) 

83 (w) 

Enurum 

Pasinler PS-2 

Kiiprii 

Hozavit 

KOs 
Hactyan 
Ko1an 

Simek 

l;'ukur 

B:uikan 

Nemrut Dagt 
MurOOiye~ 

Def!ezin 

Erci~-Zilan­

Ha.sanaptal 

Erci~-Zi!an­
Ganisip.i 

~ennik t;ER-1 

Billurus 
Hista <;ermigi 
Germiab 

53 

48 

43.5 
62 

45 

40 
40 

~I) 

37 

65 

78 

51 

63 
.. HJ 

Yardimc1-Karaali 295 

KiUogon 41 

Agamemnun AG-1 100 

Seferihisar- lSU' 
Cumah SH-2 
Do~anbe~­

Tuzlru.l DT-1 

<;~me c;~-1 

Aliaga~ 

Iltcaburun 
Bergama­

Dlibek D-1 

100 

56 
56 

60 

6.60 

7.56 

7.00 

6.60 

6.60 

7.20 

6.60 

7.90 

7.50 

7.80 

6.90 

6.60 

6.40 

6.40 

7.60 

6.73 

no 
7_-10 

6.50 

6.90 

8.70 

6.61 

n.a. 

7.40 

6.10 

S.70 

4!1 
1~ 

58 

18.8 

:<5.2 
24.2 

91.5 

9.8 

14.7 

30.3 

11.6 

15.2 

88 

22H 

14.8 

6U 

29 
577 

680 

388 

220 

3.6 

1715 
920 

173 

1491 

310 
707 

234 

78.5 

489 

251 

850 

750 

205 

153 

70 

&73 

40 

1057 

380 

6300 

7100 

10075 
6350 

360 

51 
69.3 

208 

30 

200 
54 

142 

7 

80 

J23 

!50 

160 

36 

300 

356 

151 

50 

167 

ll.8 
760 

740 

!55! 
741 

!6 

Total dissolved solid content. C.B. 

HCO, CO, S04 

47 1892 
]1)4 !391 

71 1141 

I S.S 2233 

19.5 
23 

99 

9.7 

79 

12.2 

53.5 

12 

13 

7:! 

54 

26.4 

ll77 
1251 

1366 

146 

1610 

139! 

909 
763 

1000 

875 

512 

400 

201 

647 

18 195 

7!.7 2196 

:!40 

009 

no 

L2 

567 
256 

223 

153 
830 

370 

0 

0 

0 

0 
0 

0 

0 
u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 
(I 

0 

5 

1-14 

785 

227 
375 

85.5 

55.8 

29 

25 

17.6 
7{1.6 

203 

624 

10!3 
1674 

115 

268 

174 
528 

0 6:!3 

0 2981 

0 !290 

18 ~6 

1776 
1059 

99 20 0.54 ~641 HCO,-Na c~n Cl al. (1987) 
169 6.!5 1.05 3799 HCO,-Na Ulu~ahin and &duran 0992) 

!51 n.a. n.a. l .41 I'Mii HCO,-Ca Kunman and B~kan (19781 

542 99.6 n.a. ll.ll 5115 HCO,-Na Kurtman and Bajkan (]978) 

103 36 
257 74 

171 33 

44.4 15 

70 74 

51.3 86 

42.4 36 

16.S 40 

950 

750 

107 

198 

93 

Jl5 

691 

192 

11159 

12500 

20431 

12000 

35 

80 

90 

62 

26 

llO 

20 

12 

75 

145 

24 

90 

47 
-!5 

!00 

6.7 
n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

40 

34 

1.4 

0.1 

0.3 

n.a. 

].79 

0.53 

6.09 

0.10 

5.16 

O.H4 

322 
1.37 

0.29 

4.17 

2.46 

528 
2.:!1 

0.53 

2115 HCO.~-Na 

2765 HCO,-Na 
2322 HCO,-Ca 

366 HCO,-Na 
2-146 HC03-Na 

!397 HCOrNa 
I 162 HC0 3-Ka 

3377 

3275 

977 

1792 

1920 

356S 

HC03-Na 

so.-ca 
SO,-Ca 

SO,-Nn 

Enenog'lu and Didit ( l9S9) 

Kurtman and Bajkan I !978) 

Kurtman and Ba~kan I 1978) 

Kurtmun and Bajkan \ )q78J 

Kurunan and Bajkan I 1978) 

Kunman and B~kan I 197ol 

Kurtman and Bajkan (] 97:5) 

Kortman and Ba~kan (!978) 

Olmoz and Giiner (1989) 

Olmez and Giiner ( 1989) 

Erzenoglu and Ozekc ( 1990) 

Can and Cnlii 09R2J 

Yiieel (1989) 

Kurtmun and Bajkan 0978) 

0.1 0.72 444 HC0 3-Ca Uzel :md Kalkan il992) 

n.a. 0.16 4552 HCO,-Na Kurtman and Bajkan0978) 

2.8 0.31 
12.4 1.83 

1516 HCO,-Nu 
19811 CI-Na 

1.9 1.80 22198 CI-Na 

5A 5.37 36240 CI-Na 
14 O.I3 12213 C1-Na 

n.a. 0.90 1350 SO~-Na 

~a:milgil fJ964) 
Ejdec eta!. 0 983) 

Ejder et al. C !988) 

otmez fl976bl 
E:;deret a!. U99!l 

Y•lmazer{!986) 



8~ (s) 

85 (,) 

86 (w) 

Kiitahya area 
87(\\) 

88lw) 

89 (w) 

90 (>) 

91 b) 

92 (s) 

93 (w) 

DenizH area 
94 (w) 

95 (w) 

96(w) 

97 (s) 

98 (sl 

99 (s) 

100 (s) 

Manisa area 
101 (w) 

102 (s) 

Mugla area 
!03 (s) 

(anakkale area 

IW(w) 
105 (w) 

Aydm area 
106 (w) 

107 (w) 

!OS (w) 

109 (s) 

Afyon area 

!!0 (w) 

Ill (w) 

Dikih­

Kaynarca 
Dikili­
Ko.:-aoba 
Bal~ova B-1 

Sim:n·-Eynal 

EY-3 

Simav-c;itgOI 

<;-3 
Sirn;n:-~aop 

N-1 

Gediz-.4 bide 
Reson 
Hisarctk­
Karandcre 

Emet-Ye~il 

Reson 

Yoncah 
YON-2 

Kmldere KD-6 
Kutldere KD-1 
Tekehamam1 
TK-1 

Pamukl:ale 

KIZtldere­
Sar.J:ykO}· 

Buldan-Kamara 
<;ardak-Bey1erli 

Salihli-Kur~unlu 

SK-2 

Salihli-Ki:ipriib~i 

KOycegiz 

Kestanbo1 K-1 
Tuzla T-1 

Germencik­

OB-1 
Gerrnencik-

6B-! 
Gennendk­

OB-3 

Omerbeyli 

Omer-Gccek 

.4F-4 

6n11:r-Gecek 

R-260 

80 

70 

110' 

75 

83 

43.5 

74 

38 

42.5 

41.5 

:!01' 

200' 
78 

59 

100 

57 

40 

96 

51 

~I 

76 
171' 

61 

92 

87 

7.90 

8.65 

7.90 

9.61 

7.00 

7.60 

7.50 

6.72 

7.44 

7.12 

9.42 
9.57 
6.30 

7.70 

8.00 

6.70 
6.97 

7.90 

7.20 

6.83 

6.00 

7.40 

7.23 

9.11 

8.70 

6.98 

6.70 

7.10 

35 

11 

16.8 

39 

7 

3.9 

0.7 

2.4 

145 
135 

M 

22 
112 

86 

50 

108 

:!90 

630 

1280 

81 

210 

172 

93 

158 

151 

5-tO 

16.6 

480 

340 

126 

MO 

1!.2 

II 

20 

1264 
1280 

530 

130 

1300 

580 
95 

1020 

8840 

5100 

16640 

1625 

1801 

1770 

1243 

1750 

1700 

25 

118 

81.4 

34 

56 

96 

365 

~ 

120 

3.1 
25 

2!0 

530 

13 

290 

266 

18 

60 

962 

800 
2920 

3.6 

1.6 

48 

78.8 

106 

6.1 

< 1 

5.3 

13 

63 

53.5 

24 

~1 

0.1 
0.2 

53 

JJO 

1.2 

42 
84 

8.5 

24 

888 

54 
71 

2.2 

0.5 

<I 

540 

150 

507 

~09 

573 

500 

790 

342 

275 

400 

2126 

1860 
1090 

1415 

2196 

1830 
366 

1251 

2471 

317 

317 
84 

1263 

1598 

4.4 2135 

lO 1294 

19 1350 

0 705 

18 790 

0 

0 

0 

0 

0 

a 

258 
318 

0 

0 

0 

(I 

0 

0 

102 

376 

82 

990 

828 

115 

160 

705 
770 

1070 

830 

812 

720 
787 

70 

397 

0 2748 

0 170 
0 150 

45 

96 51 

204 72 

a 35 

0 537 

0 51~ 

71 175 

43 80 

3().7 n.a. 

71 

57 

15 

97 

9.5 

12 

98 
117 

90 

35 

Ill 

51 
86 

74 

127 

1MOO 

9700 
33600 

!714 

1848 

1819 

!059 

1862 

1842 

97 

!51 

28 

71 

28 

32 

43a 
325 
190 

43 

236 

120 

33 

138 

150 

30 

86 
94 

205 

450 

220 

230 

198 

170 

5.5 0.63 2100 SO.:-Na YI1mazer(1986) 

0.4 1.39 Ydmazer ( 1986) 

!.5 1.83 837 HCO_;-Ca Yilmazerand Siinger(1989} 

4.5 0.96 

4.:! 2.15 

2 4.07 

7.6 ~.64 

0.65 0.12 

< 0.1 ~.11 

< 0.1 0.76 

~8.8 !.74 
26.2 0.99 
n.a. 3.84 

2.7 0.3~ 

22.4 3.51 

5.7 1.16 

0.1 a.71 

3.3 7.49 

11 0.26 

4 

II 
.22.8 

63 

69 

68 

l.l7 

0.03 

2.38 

1.!5 

0.67 

0.11 

1675 SO.r!'a 

1585 

829 

2l-i36 

1638 

550 

785 

5059 
~838 

3297 

3118 
48().1 

3725 
1722 

2056 

4370 

so.-ca 

HC03-Ca 

HCO,-Ca 

HCO,-Na 
HC0 3-Na 
HC03-Na 

HCO,-Ca 

HC0 3-Na 

HC0 3-Na 

SO.-Ca 

30479 CI-Na 

16868 C1-Na 
54884 C1-Na 

5008 Cl-Na 

6132 CI-Na 

5678 CI-Na 

Eri~en et a1. (1989) 

Eri~ and Yddmm (1986) 

GU\·en and T~km (I lJS5} 

Ulupbin and Tamga<; (199-ll 

Didik 0994) 

Ulu~ahin (1993aJ 

Oktii and Tam sa~ ( 1990) 

Alpan 0975) 
Ellis and Mahon (1977) 
U ysalh and Keskin ( 1971) 

~im~k(!9~) 

~im~k (1984) 

~im><k 0984) 
Errenog1u (1987) 

Ulupbin ll993b) 

Gtiner ( 1993) 

~entlirk and Tamga'i" (I 992) 

01mez (1976a) 

Union Oi1. unpublished data 

Karamanderesi et a!. (1982) 

Kararnanderesi et al. 0 982) 

Karamandere!ti et al. (] 982) 

69 5.14 4916 HC0 3-Na Ytiksel 0971) 

10.0 0.01 5899 CI-Na Mut1u (1996) 

9.6 0.01 5869 CI-Na Mut1u (1996) 



Table 1 (continued} 

Sample no. a Region j area T PH~ae K Na Ca Mg HCO, co, so, Cl Si02 BT C.B. TDS Water type Reference 

\Vest Anarvlia 
Afyon area 
112 {w) Gazhgol G-3 64 7.05 88 1088 40 15.6 193'1 0 15.8 157 61 14.8 0.02 Hl6 HC0 3-l';a Mutlu 0996) 
113 (w) Sandtkl! SND-l 69 6.85 35 222 168 3!.3 555 0 486 12~ 71 0.6 2.65 1692 HC0 3-Ka Mut!u 0996) 
l14(w) Heybeli HYW-1 56 6.40 58.7 500 3'17 68.8 1525 0 848 195 43 3 2.03 3589 HCO,-Na Mullu (1996) 
115 (w) c;'ay-Karaburun 38 6.20 31.3 240 194 41.6 1238 0 166 61 36 0.9 2.25 2009 HCO)-Na Mutlu(l996J 

KRW 
Bal!kesir area 
116(w) Edremit-GUre 40 9.12 6.9 212 31 18 ]98 12 479 60 31 I.5 0.94 I !09 S04 -:-<a ErzenoJllu 0985) 

Gtire-1 

117 (s) Manyas~ 50 6.85 16.8 160 133 10 476 108 213 50 n.a. 3.92 1167 HCO,-Na Ohnez and Erzenoglu (1995) 
Kt:nkkOy 

I 18 (v;} GOnen G-4 82 7.30 24 460 46 2.2 354 (I 473 262 6S 7.6 0.09 1697 S04-Na Erzenoglu and Ulu,ahin ( 199()) 

1!9 (w) Susurluk BK-1 64 9.00 1i 580 44 22 390 18 151 709 36 o.so !976 Cl-~a Oz~elik and Ozbayrak (1985 J 

120 (w) Pamuk~u P-2 58 8.15 16 361 26 72 444 242 !02 14 0.54 1279 SO,-Na Olmez and Okut (1989) 

•(w) =Well. (s) ~Spring. 
•If not O!herwise specified discharge 1emperatures for spring<. well-bead tempernrures for wells. 

'Bottom-hole temperntures. 
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MTA laboratories. Na and K concentrations were 
determined by flame photometry tmd atomic absorp­
tion spectrometry. Titration methods were used for 
Ca, Mg, Cl, HC03 and C03 analyses. S04 was 
analyzed either by a gravimetric method or by ion 
chromutogmphy. Si02 was analyzed by atomic ab­
sorption spectrometry. Finally, B concentrations were 
obtained by colour spectrophotometry. 

From a number of published or unpublished data 
reporting the chemical composition of a single 
geothermal site, the one with the lowest charge-bal­
ance error was selected as the most reliable composi­
tion. Churge-balnncc error or the waters, except for 
u few :mmples, is less than SlYo which is within the 
limits of acceptability. A total of 120 water samples 
from 42 different geothermal areas were selected. 
Based on their distribution with respect to the tecton­
ically different regions of Turkey, the waters nrc 
grouped into four as Central Anatolian, North Anato­
lian, East Anatolian and West Anatolian waters. 

4. Chemistry 

The results or chemical analysis of the water 
samples are given in Tables I and 2 together with 
laboratory pH measurements and the in situ tempera­
tures (discharge temperutures for springs and well­
head or bottom-hole temperatures for well waters). 
The distribution of the geothermal areas referred to 
in Tuhles I and 2 is shown in Fig. I. The chemical 
compositions are assessed through the use of Cl­
SOcHCO, ternary diagram introduced in Fig. 2. 

4.1. Central Anatolian waters 

Neogene thick volcanosedimcntury series overly­
ing the Mesozoic carbonates and the pre-Mesozoic 
metamorphics, and the young volcanoes with histori­
cal eruptions, are the clmructeristic geologic feature!-> 
of Central Anatolia where the compressionul regime 
in East Anatolia is transferred into the extensional 
regime in West Anatoliu. The major reservoir rocks 
of Central Anatolia are comprised by the Neogene 
volcnnoscdimcntary rocks (e.g., Ktzdcahamam­
Ankara area), the pre-Mesozoic metamorphics of the 
K1r~ehir Massif (e.g., Tcrmc-Ktr~ehir areu) and the 
Mesozoic carbonates (e.g., <;ermik-Sivas area). The 

tuffs and the impermeable sedimentary rm:ks (clays­
tone, marl) of the volcanosedimentary series act as 
cap rocks of the geothermal system (~im§ek and 
Demir, 1991; Eri§en et al., 1996). The chemical 
compositions of a total of 27 water samples from 
Central Anatolia 07 samples from drilled wells and 
the rest from natural springs) are shown in Tuble !. 
The tempemture of waters ranges from 2H to lJ3°C, 
the latter being recorded as a well-head temperature 
in the Kozukh-Nev§ehir ureu. The waters have pH 
values ranging fmm 6. lO to 9.63 and TDS value!> 
ranging from 359 to 7982 ppm. They are dominantly 
Ca-HC03 , Na-HC03 and, to a certain extent, Na-CI 
type waters, although a few display N<l- und Cu-S0,1 

rich characteristics. The bicarbonnte-l'ich waters plot 
in the peripheral waters field or the Cl-S04-HCO:l 
ternary diagram (Fig. 2). These waters probably 
acquire their composition in the presence of high 
Pcm (with the C02 rising from the deep levels and 
inducing the bicarbonate nature) through the dissolu­
tion-at shallower depths-of Na 1 -Cu21 ions from 
the silicic rocks through which they circulate. Chlo­
ride-rich waters are generally bigh-temperuture wn­
ters, of which the ones from Yerkt)y-Yozgat and 
Ziga-Aksaray areas plot in the mature waters field 
(Fig. 2) suggesting the presence of connate fossil 
waters in the lithologies through which the deep hot 
waters circulate. The sulphate-rich waters, on the 
other hand, plot in the field of steam-heated or 
volcanic waters. The fact that Central Anat()Jiu is a 
region where the volcanic emptions continued even 
in historicul limes appears. at a first sight, to support 
a steam-heated nature for the~e gmup of waters 
which owe their nature probably to H 2 S emanations 
from a still cooling magma chamber, with the oxida­
tion nf H2 S resulting in the !'ormation of elcmentul 
sulphur and subsequently in the formation or so<!. 
llowevcr, un cxmnlnation of the data in Table I 
reveals that these sulphate-rich waters have IJ con­
centrutions consiclerubly below those expected from 
a volcanic origin. Therefore, some of these wutcrs 
owe their nature probably to an interaction with 
sulphmc-bem·ing (gypsum) layers the presence of 
which i:; reported from Cihanbeyli area (Canik, 
I 988). In fact, the Ca and S04 concentrations re­
ported for sample uo. 26 (Cihanbeyli-Yapul1-Konya) 
show n stoichiometric proportion supporting lhe idea 
or leaching from a gyp:;um stratum. On the other 
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hand, for Ca-SO~ water of Bey~ehir (sample no. 25) 
and Na-S04 waters of Klr§ehir and Nigde areas 
(sample nos. 12 and 19, respectively), oxidation of 
H2 S of organic origin can be suspected. 

4.2. North Anatolian waters 

The important geothermal areas of North Anatolia 
are located along one ot' the major neotectonic struc~ 
tures (seismi~;ally active zones) of Turkey, namely 
the NAF. Mesozok aged recrystallized limestones 
and pre-Mesozoic rnetnmorphics form the majtH' 
reservoir ro~;ks of the region, accompanied in places 
by Mesozoic to Cenozoic granitic rocks (e.g., Rize 
area) and Neogene volcanics (e.g., Yalova area). The 
hot spring~> emerge from the fault and fracture zones 
developed in relation to the movement along the 
NAF. The chemical compositions of a total of 30 
water samples from North Anatolia (II samples 
from drilled wells and the rest from natural springs) 
are given in Table 1. The highest temperature 
recorded in a drilled well On the Sakarya area) is 
82°C. The pH values range from 6.30 to 9.72, sug~ 
gesting a neutral to alkaline character. The TDS 
content is within the range of 250 to 10384 ppm. The 
waters are dominantly Na- and Ca-HC03 waters, 
although some display Na- and Ca-S04 rich nature, 
plotting in the pe1·ipheral waters und steam-heated 
fields ol' the ternary CI-SOcHCOJ diagram (Fig. 
2). The young volcanism confined to the pull-apart 
basins associated with the NAF is probably responsi­
ble for the steam emanations that heat the shallow 
circulating waters of the region, as well as for the 
rise of CO" and I-1 2S gases that gave the bicarbonate 
and sulphate rich character to the waters in which 
they dissolve. This can in fact be the case For the 
areas located along the NAF (e.g., Tokat, <;unkm, 
Erzincan, DUzce-Bolu) where high B concentrations 
( > l 0 ppm) accompany the S0,1 or HCO.l enrich­
ment. Although the B datu are lacking, the S04 

enrichment in the waters of Bursa urea is also likely 
to have a volc~mic origin as the area is locnted at the 
western extension of the NAF. The S04-rich nature 
of <;mnhhmn~in-Rize and Fatsa-Ordu areas (which 
are rather far from the NAF), on the other hand, may 
be the result of oxidation of massive sulphide de­
posits widespread along the coast of the eastern half 
of the North Anatolian region (e.g., Aslaner, 1977: 

<;agatay, 1977, 1980). Where not associated with 
high B contents, the bicarbonate-rich nature of the 
waters is likely to be derived from the dissolution of 
the carbonate rocks which act as reservoirs fol' most 
of the waters. 

4.3. East Anatolian waters 

East Anatolian contractional province is character~ 
izecl by E-W-trending folds, manifestation of the 
N-S shortening, and n widespread volca11ism with 
several young volcanoes emitting gasses and aligned 
in NE-SW direction. The important geothermal m·­
eas of the region are concentrated mound these 
young volcanoes (e.g., M~n, Van, Mu~. Billis areas) 
or close to the Karhova junction (e.g., Bingm urea). 
The pre-Mesozoic metamorphics (gneisses, schists 
and marbles), Mesozoic-Cenozoic limestones and 
the basalts of the young volcanics arc the main 
reservoir rocks of the geothermal systems. The 
chemical compositions of a total of 20 water samples 
from the region (only two being from drilled wells) 
are presented in Table I. The temperature of the 
waters ranges from 29.5 to 78°C, the pH values from 
6.40 to 7.90, ancl the TDS values from 366 to .5641 
ppm. Except the Na-Ca-S04 type waters of the Siirt 
area, all the waters are Nu-Ca-HCOJ type shallow 
circulating peripheral waters (Fig. 2) acquired their 
composition from the deep rising C02 gas. The C02 
could have been derived either from the metmnor­
phic processes in the pre-Mesozoic basement, or the 
dissolution of carbonate rocks, or from the volcan­
ism~relnted emanations. The Siirt waters, being 
somewhat remote From the volcanoes, probably 
gained their S0,1-rich nature thmugh the leaching of 
this ion from the gypsum layers present in the Ceno­
zoic sedimentary units of the area (Eri~cn et al., 
1996). 

4.4. West Anatolian waters 

West Anatolian extensional province is character­
ized by a series of grabens, widespread volcanics of 
Neogene age (Quaternary volcanism being restricted 
only to a small areu around Kula), crustal thinning 
(Me Kenzie, 1978; Makris, 1985) nnd high heat flow 
values above the world avemge (Cermac nnd Hurtig, 
1979; Tezcan, 1979). The hot springs are all aligned 
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Table 3 
Geothennotnetry results Cor th~ thermal w;Hcrs rrom Turkey 

Region 

Centrul Anatolia 

Sample Disc. Na-K" 
nn. T ("C) 

2 
3 
4 
5 
6 
7 
X 
9 

10 
I I 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 

31 375 
4il 110 
65 351 
73.H 214 
42.5 232 
30 304 
44 202 
39 247 
28 195 
34.5 95 
45 204 
70 167 
50 254 
75 15!\ 
46 145 
30 239 
47 149 
12 141 
44.5 13! 
93 179 
40 273 
55 186 
35 201 
42 274 
35 16!1 
35 217 
45 289 

North Anatolia 28 42.5 121 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3H 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

37 246 
40.5 171 
30 187 
37 225 
50 88 
33 113 
14 159 
46.5 179 
53.5 163 
38 211 
53 192 
2o.5 231 
30 229 
24.5 161 
20 259 
31 131 
82 192 
20.5 168 
40 262 
18.5 130 
46 337 
45 354 

106 
7H 

2!18 
lil4 
IOJ 
110 

3H 
49 
30 
58 
54 

113 
46 
92 
60 
61 

112 
130 
55 
88 
22 

117 
34 
56 

70 
87 
20 
36 
69 
39 
53 
64 
38 
94 

102 
130 
45 

120 
129 
230 

69 
156 
H4 

135 
158 
32 
62 
50 
48 

Nu-K-Ca K-Mg" 
Mg 

79 
n.u. 
n.u. 
112 
92 

lUI. 

ll.f.l. 

n.a. 
n.n. 
n.u. 
n.a. 

94 
n.n. 

7H 
11.11. 

n.u. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
lUI. 

n.a. 
n.a. 
n.n. 
n.a. 
n.a. 
n.a. 
11.<1. 

n.a. 
n.u. 
n.a. 
n.u. 
90 
88 

1/() 

n.a. 
oo 
96 

140 
n.a. 
45 

n.a. 

108 
70 

n.a. 
n.u. 
n.u. 
ll.U. 

80 
58 

106 
114 

76 
71 
45 
50 
35 
60 
55 
80 
5tJ 

120 
50 
55 
ill) 

63 
109 
76 
32 
48 
36 
53 
17 
57 
72 
16 
36 
51 
32 
43 
53 
39 
65 
72 
94 
26 
72 
95 

155 
14 
91 
31 
()8 

9!! 
42 
33 
59 
59 

152 
J(JI 

170 
125 

!!3 
14\J 

7(1 

104 
3H 

103 
89 

125 
96 

122 
HO 
89 
80 

123 
96 

130 
74 

147 
64 
xo 
ll3 
90 
72 
74 
60 
64 
47 
74 
\)(l 

101 
98 

106 
135 
57 
85 
68 
79 
51 

1(}5 

172 
155 
71 
83 
57 
85 
64 

127 
71 

146 
96 
51 

123 
44 
74 

7 
73 
57 
96 
66 
93 
48 
57 
48 
95 
66 

102 
42 

121 
31 
48 
51 
69 
40 
42 
28 
31 
15 
42 
66 
71 
6K 
76 

108 
25 
54 
36 
47 
19 
75 

149 
130 
39 
51 
25 
54 
31 

Cristobalite' Amorphous 

101 
50 

II \J 
74 
32 
\JH 
25 
53 

52 
38 
74 
46 
71 
30 
38 
30 
72 
46 
79 
24 
96 
14 

30 
32 
49 
22 
24 
11 
14 

24 
46 
50 
48 
55 
M 

9 
35 
19 
29 

3 
54 

121 
104 

21 
32 

9 
35 
14 

silk a' 

30 

46 
6 

27 

6 

4 

10 

25 

15 



Table 3 (continued) 

no. 

52 
53 
54 
55 
56 
57 

East Anatolin 58 
59 
60 
61 
62. 
63 
64 
65 
66 
67 
6H 
69 
70 
71 
72 
T:l 
74 
75 
76 
77 

Wcsl Anatolia 78 
79 
HO 
HI 
H2 
HJ 
H4 
H5 
H6 
H7 
HH 
H9 
90 
lJI 
92 
93 
94 
95 
96 

97 
9H 
99 
100 
I 0 I 
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T ("C') 

35 320 
3H 221 
66 126 
39 271 
40 314 
77 196 
3H IJX 
42 216 
53 352 
48 IOH 
43.5 243 
62 159 
45 371 
40 251 
40 152 
34 248 
60 1 (i I 
37 243 
65 235 
7H 225 
51 241 
33 23() 
63 344 
40 206 
29.5 210 
41 141 

100 212 
150 225 
100 229 
56 166 
5(l 160 
60 98 
HO 200 
70 I (i I 

110 524 
75 21(! 
H3 254 
4.1.5 189 
74 251 
3H 356 
42.5 lt)l) 

41.5 247 
201 244 
200 237 

78 248 
51,) 27!1 

100 221 
57 266 
40 I 86 
l)(, 249 

22 
IJ() 
42 
27 
22 
HH 

139 
IH6 
114 
115 
{()3 
135 
133 
123 
99 

107 
104 
H9 

166 
150 
126 
5!\ 
59 

149 
:15 

112 
IH6 
210 
199 
164 
157 
H4 

173 
75 

265 
207 
166 
67 

172 
2 

11 
251 
247 
133 
57 

!9J 
13!1 
2H 

200 

Na-K-Ca K-Mg" 
Mg 
.:nrwction' 

n.a. 
n.n. 
n.a. 
n.n. 
ll.tl. 

n.n. 
11.!1. 

n.n. 
n.u. 
77 
68 

lUI. 

65 
66 

n.a. 
n.a. 
n.a. 

84 
n.u. 
136 
140 
76 

n.a. 
ll.ll. 

\J!I 
n.a. 
70 
74 
99 
84 
59 

n.u. 
lUI. 

1.14 
n.a. 
n.n. 
171 
/19 
n.a. 
46 

n.n. 
n.n. 
n.u. 
217 
239 

!12 
n.a. 
189 
102 
lUI. 

92 

HO 
35 
71 
76 
37 
53 
72 
!12 
H7 
!16 
77 
()() 

78 
94 
67 
53 
68 
69 
5B 

123 
121 
84 
54 
66 

101 
36 
67 
99 

139 
140 
!OH 
91 
6H 

116 
75 
57 

136 
114 
57 
% 
31 
9 

25 
238 
217 
92 
58 

171 
/04 
31 

Ill 

Ill! 
!19 
76 
97 
(il) 

(l7 
)()() 

137 
169 

* 
137 
88 

121 
84 
53 

121 
129 
88 
92 

!25 
132 
112 
74 

143 
64 
44 

122 
159 
71 

132 
99 
97 

137 
172 
125 

* 
136 
lti2 
77 

119 
71 
77 
83 

242 
217 
177 
95 

!92 
148 
H4 

!56 

Chalcedony' Cristobulite' Amurphous 
silicil" 

90 
57 
44 
66 
37 
35 
70 

110 
146 

* 
110 
56 
93 
52 
21 
93 

101 
56 
61 
97 

104 
83 
42 

116 
31 
13 
93 

135 
39 

104 
69 
67 

110 
149 
97 

109 
138 
45 
90 
39 
45 
51 

229 
201 
155 
64 

172 
122 
52 

132 

68 
3X 
25 
46 
19 
18 
50 
86 

119 

H(i 
'!.7 
70 
33 
4 

70 
78 
37 
42 
74 
81 
62 
24 
92 
14 

7I 
109 
21 
Ill 
4!i 
47 
117 

121 
74 

85 
Ill 
27 
68 
21 
27 
32 

193 
16H 
127 
45 

142 
97 
33 

f()(J 

16 
46 

* 
17 

J 

(i 

12 

22 

3 
37 

12 

17 
48 

6 

* 
15 
:w 

114 
91 
53 

34 
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Tublc ) kuminucd) 

Region Sample Disc. Na--K" Na-K--Ca K-Mg" Chukedony •· Crislobalite'' Amorphous 
no. T("C) Mg silica" 

corredinn" 

102 51 237 20K 9() IIX H1l 137 Ill .w 
10.1 41 157 l5K n.u. 95 KO 4K 30 
l 04 71> 250 224 17K 164 129 101 7K !0 
105 171 212 205 /<){) IK7 134 107 ~D 14 
JO(l 203 IX2 200 1!12 14K IX2 161 132 5K 
107 21K 245 2(l(l Jl.ll. 217 2-ln 2.'14 197 IIX 
!OK 232 230 255 251 192 lH7 166 137 6:1 
J(Jl) hi WI 193 161 141 190 170 140 6(l 

110 92 224 20(1 155 f..l5 nm /511 DO 56 
Ill X7 226 204 12'l IJ4 170 146 119 46 
112 M 216 197 94 119 112 X2 61 
ID 69 271 lO.i I.J7 114 119 ()(} 6H 
114 .'\(1 245 115 I) I 87 <J5 M 45 
115 .iK 254 'J7 !)(J 77 Nil 56 37 
116 40 142 8H 'I' '~ 53 81 49 31 
117 50 23fl 7<J n.u. 80 102 72 51 
llH K2 IK5 133 Jl.!L (()l) 117 HH 6(l 

119 64 !50 12.1 63 71 XX 56 37 
120 5K 175 12H Jl.ll. 109 I :IX 112 XX IX 

"Giggcnbuch ( JfJH8); !>Fournier and Truesdell (I 1!73); 'Fournier and Poucr ( 197tJl; "Fournier and Potter ( !9H2); ,. Fournier ( 1977); Jl.i\. nol 

applicable; ·- computed gemhcrnmmclcr is less tlum zero: no ~i!ica analysis. ltalk: characters: consistent estimates fnr the rc,spcctivc 
sample (sec tcxl for funhcr explanation). 

along the faults bordering the major grabens. The 
reservoir rm:ks of the region are pre-Mesozoic aged 
mctmnorphics (marbles, genisses and quartzites) or 
the Mendercs and Kuzdag Massif:'>, Mesozoic lime­
stones, and the Neogene voleanoscdimentury units. 
The chemical compositions of a total of 43 water 
samples from West Anatolia arc reported in Table 2; 
29 nf these samples arc from drilled wells. The 
temperuturc of the spdng waters reaches up to I OO.,C; 
the highest bottom-hole temperature recorded in 
tlriHed wells is 2.32°C (Omcrheyli-Gennencik-Aydm 
area). The waters arc weakly acidic to alkaline with 
pH values ranging from 6.10 to 9.61, and have TDS 
contents between 550 and 54884 ppm. The nu~jority 
of waters arc either Nu-HC03 or Nu-CI in nature, 
although S0.1-type waters arc also present. The chlo­
ride-rich waters are characteristic for the coastal 
areas (Ge§me, Seferihisar, Dogunbey-izmir; 
Kestanbol, Tuzlu-c;anakkale; Koycegiz-Mugla) and 
their compositions (with Cl/Na ratio similar to that 
of seawater in Fig. 2) suggest a possible seawater 
intrusion into the reservoii·. It is important to note at 
this stage that some of the waters from the inland 

areas, sueh as Bnltkesir and Afyon, also have Na-CI 
nature which can not be attributed to seawater intru­
sion but probably results from the invo!v~.:mcnt of 
connate fossil waters. The two most important 
geothennul areas or West Anatolia, namely the 
Ktzildcrc-Dcnizli und ()mcrbeyli-Germendk-Ayum, 
are characterized by Na-HC01 und Na-CI-HC01 

enrichment, respeetively (Table 2). Considering the 
distance from the coast, the Cl-cnrichment in the 
()merbeyli-Germencik-Aydm arcu is probubly due to 
the presence of connute fossil waters in the rocks. 
The HC03 nature of the KIZlldcrc-Dcnizli area is a 
consequence of nn internetion between waters and 
carbonate rocks inside the geothermal reservoir. 
However, the Na- (instead orCa-) signature of the 
waters requires a geothermal system churacteriz.cd by 
the presence of C02 that produces alteration ol' 
siliceous material in the system in order to acquire 
Na. Cu-HC03 nature is characteristic of waters from 
the Pamukkatc-Dcnizli area famous for its spectacu­
lar travertine deposits. S04-rich waters of Dikili­
izmir, Simav-Ki.itahya, Gediz-Klitahya and Baltkesir 
(Table 2) owe their eompositions probably to the 
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oxidation of pyrite common in the hydrothermal 
mineralization observed in these areas (Erler and 
Larson, 1992; Lmson and Erler, 1993). 

5. Gcothcrmometry 

In order to assess the more promising areas from 
the viewpoint of geothermal energy potential, reser­
voir temperatures of the respective areas are assessed 
through the use of chemical (silica and cation) 
geothcrmometers. The silica gcothermometers ap­
plied to the waters include quartz (Fournier and 
Potter, l 9H2), and crh:tobalite, chalcedony and amor­
plums silica (Fournier, 1977) geothennometers. The 
cation geothermometers include Na-K (Giggenbaeh, 
198H), Na-K-Ca (Fournier and Truesdell, 1973), 
Mg-corrected Nu-K-Ca (Fournier and Potter, 1979) 
and K-Mg (Giggenbach, 19H8) geothermometers. 
The results or gcothennometry applications are pre­
sented in Table :1. 

Regarding the silica gcothcrmomcters, amorphous 
silica and crislobalite (controlling the silica solubility 
ut low temperatures below 150°C; Fournier, 1977) 
yield temperutures which arc below the mea.sured 
temperatures for most waters suggesting that these 
geolhermometers arc not applicable to the geother­
mal systems in Turkey. The quartz and chalcedony 
geothcrmometers (applicable to systems with higher 
temperatures above 150"C; Fournier, 1977) give re­
sults differing from each other in the range of about 
± 30°C, with the estimates obtained from the Iutter 
being always lower than that obtained from the 
former. Considering the fact that the temperatures of' 
the springs arc oncn much lower than l00°C sug­
gesting dilution, and that the process of dilution can 
seriously affect the silku geothermomctcrs, the esti­
mates obtained here can not be regarded as reliable. 
However, since the measured bottom-hole tempera­
tures reach 232"C, and since quartz is the phusc 
controlling silica solubility ut temperatures uhove 
1 t!(tC (Fournier, 1991 ), quartl. geothcrmometry 
seems to be applicable tn the West Anatolian region. 
although it should be used with caution especially 
for spring waters with temperatures below 100°C. 

or the cation geothermmnetcrs applied to thermal 
waters. Nu- K gcothermnmetcr gives, for most of the 
waters, unexpectedly high temperatures ranging up 

to about 400°C (sample no. l) to 500"C (sample no. 
86). Although the use of rutios, rather than absolute 
abundances of the ions, makes the Na-K gcother­
mometer less sensitive to the secondary processes 
(e.g., mixing and boiling) that may ehangr; the origi­
nal reservoir chmacteristics of waters, this geother~ 
mmneter may yield erroneous results when applied 
to low temperature spl'ing waters. This is because at 
low temperatures Na/K ratio of waters is governed 
by leaching ruther tlum chemical equilibrium. ln fact, 
most of the anomalously high temperatures in Tuble 
3 belong to the spring waters with low temperatures. 
The wnters from the deep drilled wells (with higher 
tempemtures mme representative of reservoir condi­
tions) yield generally more rcasonuble temperatures 
usually around 200-250°C (e.g., sample nos. 94, 95, 
105, 106 and 107 fmm West Anatolia), except sam­
ple no. 86 (from Bal<;ova-izmir-West Anutolia) which 
has a bollom-hole tempemtme of l10°C and a Na-K 
tempen1turc of 524°C. The unomnlously high Na-K 
temperature of this sample appears to have resulted 
from its high Ca content (Tuble 2) as the Na-K 
geothcnnometer is reported to yield unreasonably 
high temperature estimates for wutet·s having high 
Ca contents (Fournier and Truesdell, 1973). 

Na-K-Cu geothennometer, developed to elimi­
nate the effects of high Ca (Fournier and Truesdell, 
1973), yields tcmperuture estimates lower thnn those 
obtained by Na-K geothermometcr. However, for 
some samples (e.g., sample nos. 25, 91, 92, 93), 
Na-K-Ca tempemtures are anomalously low (iowet· 
than discharge temperatures) suggesting that these 
estimates rcflecL the high C!t/Namtio of the leachate 
(as the solubility of Cu increases with decreasing 
temperature}, rather than the equilibrium conditions 
at depth. 

Mg-em·rccted Na-K-Ca geothemmmcter (pro­
posed by Fournier ami Potter ( 1979) for waters with 
high Mg contents) is not applicable lo most of the 
wutcrs as Lhe correction factor is beyond the limits of 
calibration suggesting that the Mg contents of water!! 
are not likely to af'l'ect the Nu-K-Ce~ temperatures. 

K-Mg geothermometer gives low temperatures 
which ~1re similar to and in some cases lower than 
that of the discharge. This is probably due to the 
increasing ~olubi!ity of Mg with decreasing tempera­
ture and its leuching fmm rocks during the ascent of 
waters to the surface; the Mg contents higher than 
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those at reservoir conditions thus result in underesti­
mated temperatures as the geothermometry equation 
is based on the use of K/ JMg ratios. In other words, 
since Mg reflects equilibrium at shallower levels, 
K-Mg geothermometer is not a good indicator of 
deep temperatures. A combination of Na-K and 
K-Mg geothennometet·s, proposed by Giggenbach 
(1988} as Na/1000-KjiOO-JMg ternary diagram, 
is presented in Fig. 3 and works better for a more 
reliable estimate of reservoir temperatures. The ma­
ture waters plotling in the partially equilibrated field 
or close to the full equilibrium line in Fig. 3 suggest 
a maximum of about 250°C for the reservoir temper­
atures. 

Overall, it is not possible to select a single 
geothermometer as the best representnti ve of the 

reservoir temperature for a specific region. There­
fore, the assessment of possible rc~>ervoir tempera­
tures is made here considering only the samples for 
which consistent results are obtained from at least 
three geothermometers {italic chamcters in Table 3). 
In this respect, taking the maximum values of the 
ranges yielded by the so-selected geothermometers, 
the likely reservoir temperatures for the regions are 
estimated us follows: Centrnl Anatolia, 125°C; North 
Anatolin, ll0°C; East Anatolia, 136°C; and West 
Anatolia, 25 I oe, The fact that the highest reservoir 
temperature is obtained from West Anatolia may 
suggest that the waters in this region are less affected 
by the secondary processes (e.g., mixing and boiling) 
which is in fact rellected in the Na/1000-K/100-
y'Mg termtry diagram (Fig. 3) of Giggcnbach (1988) 

Na/1000 

K/100 

• Central Anatolian waters 

• North Anatolian waters 

+ East Anatolian waters 

* West Anatolian waters 

Fig. 3. Na/1000-K/100-JMg tern~ry diagram (Giggenbach, 1988) fm the thermal waters (in mg/kg}. 
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where most of the West Anatolian waters plot in the 
partially equilibrated waters field, even some sam­
ples plotting close to the full equilibrium line (sam­
ple no. 94). Regarding the other regions, on the other 
hand, except a few plotting in the partially equili­
brated waters field, almost all the samples are imma­
ture waters. ln this respect, cation geothermometers 
should be used with caution particularly for Central, 
North and East Anatolian regions. This caution also 
applies to any spring of moderate or low tempern­
ture. 

6. Scaling problems for utilization 

Calcite scaling is a serious problem in the utiliza­
tion of thermal waters especially for those with high 
C02 as the loss of C02 is the cause of the water 

becoming supersaturated, In this section, the calcite 
scaling potential in Turkey is numerically evaluated. 
Saturation states of thermal waters with respect to 
calcite at their discharge temperatures are shown in 
Fig. 4. Saturation calculations were performed 
through the use of W ATSPEC computer programme 
(Wigley, 1977). As is shown in Fig. 4, most of the 
thermal waters of Turkey are likely to precipitate 
calcite and there is a general tendency for the satura­
tion index to increase with salinity which is ex­
pressed in terms of ionic strength. In this respect, 
since they have high temperatures, all the West 
Anatolian waters are supersaturated with respect to 
calcite. Especially the waters from Denizli, Aydm 
and izmir areas of this region show lhe highest 
supersaturation states for calcite, as is also revealed 
by the widespread occurrences of travertine deposits 
at the discharge sites. Rather than keeping the C02 
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in solution by high well head pressures, the use of 
ferrophos inhibitors and down-hole heaL exchangers 
is the widely used technique in preventing calcite 
scaling in Turkish geothermal t1elds. 

7. Conclusions 

The thermal waters of Turkey are located along 
the tectonically active structures (North Anatolian 
Fault and the grabens of West Anatolian extensional 
province) and/or around the recently active volca­
noes (in Central and East Anatolia). The waters are 
dominuntly alkali-bicarbonate and alkali-chloride, 
and occasionally sulphate type. The bicm·bonate type 
waters probably acquired their nature through the 
met~unoqJhic processes in the pre-Mesozoic base· 
ment, or the dissolution of carbonate lithologies, or 
the volcanisnH·elated C02 emanations. The chloride 
type waters owe their nature either to sea water 
intrusion into the aquifers (e.g., coastal areas of West 
Anatolia), or to fossil connate waters (e.g., inland 
areas in West and Central Anatolia). The sulphate 
rich waters are likely to arise from (I) H 2S emana­
tions from probably still cooling magma chambers 
(e.g., some of the North Anatolian waters); (2) oxi· 
dation of sulphide minerals common in the mineral­
izations spatially associated with the hot springs 
(e.g., the massive sulphide deposits in the eastern 
North Anatolian region); (3) leaching of gypsum 
layers (e.g .. some waters in East and Central Anato­
liu); and (4) H 2S emanations possibly from decom­
position of organic matter (e.g .. some of the Central 
Anatolian waters). 

The geothennometry applications reveal that West 
Anatolia is the most promising region in terms of 
geothermal energy potential, followed in sequence 
by East, Central and North Anatolia. The distribution 
of the geothermal potential appears to be controlled 
by the neotectonic features such that the highest 
potential is associated with the extensional tectonics 
(West Anatolia), being driven by the supply of heat 
from a deep-seated source (upwelling mantle mate­
rial due to the release of lithostatic pressure) and 
deep circulation of waters along the faults of the 
graben systems. The regions with strike-slip tecton­
ics (North Anatolian Fault), however, are not very 
promising from geothermal energy view point. AI-

though strike-slip faults arc supposed to be more 
deep-seated, allowing deeper water circulation, the 
lack of a regional heat source undemcath (e.g., an 
upwelling mantle material as in the case of exten­
sional terrains) and its restriction to local magmatic 
activities (confined to pull-apart basins) are probably 
responsible for the comparatively low geothermal 
potential associated with strike-slip tectonics. The 
East Anatolian region experiencing compressional 
regime, and the Central Anatolian region transferring 
the compression in the east to extension in the west, 
have recently active volcanoes but moderate geother­
mal energy potential. Despite the availability of a 
potential heat sout·ce (still cooling magma chambers) 
at depth, the rather moderate geothermal energy 
potential can be attributed to the lack of well devel­
oped fault systems (and hence deep hydrothermal 
circulation) in these regions. 

The thermal waters of Turkey have significant 
calcite scaling potential which is more pronounced in 
the West Anatolian waters. 
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