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The Golcuk area in cenlral Analollll represents a post tectonic Pliocene 
.olcllnislII upon a MesoIoic paleorirl in the entire Taurides .ar!ln. In thill 
connection the tectonic structures of the region result frail the lIain alpine 
Onllenic phases of the Helleno-Tlluric belt. The study area consists of 
aediRntary and volcanic rocks. As allochthonous. the Trillssic throu!,:h Upper 
Cretaceous Akdag-lillestone and the Upper Cretaceous to Lower Tertiary volcano
aecii.enlary series constitute the baS('lIIent rocks. The)' are transgressively 
Il'erlain by aarine clastic series of Eocene and conglollerate of Oligocene a.l!"e. 
Jbe .olcanlc rockJl are tephriphonolite (stage i), pyroclllstic series represented 
bJ friable tufr, ignillbrite, and pUllice tuff (stllge iil, and trachYlUldesite with 
'\rachJte (slage ii i J as vents, dikes, and volean ic dOlles. They i nd i cate a sod ic 
alk~line charllcter. 

Aa '-bearing lIineral8, the volclUlics consist of pyroxene, hornblende, biotite, 
lluorapatite, and extrelle slIall tloodte crystals. Additionally, the glassy 
l!"Oundllu8 can be added to the F-carriers. The F-contents in the volcanic rocks 

'Show a close correlation with P20s and are generally controlled by fluorapatite 
conaequently. This a9susption can be established by the predollinance of high REE 
contents. Moreover, it is a novelty that the F-contents display a rellarkable 
ltepletion troll basic toward~ the acidic rocks which lIight be attributed to 
dlacharging of the F portions during tu.arclic activity. 

The GOlcllk area, situated in the S)I part of the province capital Isparta tFig. 
~~, represents a post tectonic Pliocene volcanic_ field upon a MesoIoic paleorHt 
11 the welltern Taurides (POISSON et 0.1. 1984), the ao called !sparta angle 
~tween Llcian and Hadill-Hoyran-Beysehir nappea (I:SZGOR et al. 1990). The 

·\lctoalc atructures of the region results troll the Nin alpine orogenic phases 
01 the Helleno-Tauric belt (KISSEL et al. 1989). Froll Paleocene through 
_ternary, an extensive volcanic activity took place in central Anatolia 
ttalCDTl et 0.1. 1975; ERCAM 1986) which is related to the Afro-Arabian plate 
..lAC 8ubducted under the Euro-Asiatic plate. The volcanic rocks ot the GOlcilk 
.,.. belong to a PI iocene sequence. 
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Fig. 1: Location .ap of the GOlciik area, Iaparta, SW Turkey 

Due to high fluorine contents in shallow aqueous sy.te-s as drinking water of 
the GOlcuk area up to 6 1Ig/l "e investigated the "hole rock serie•• especiallJ 
the volcanic rocluJ (OZCOR et al. 1990; FEKOEG[R et aI. 1990, 1992). The aia or 
this I)flper is to elucidate the origin of the high fluorine contents iD c tilt 
volcanic rocks and the evolution of volcanic activity in the Gi::i1ciik area, 
because the shaJ 10" aqueous lOysteas in the area is characteri.lejj by unusuallr 
high f1u~dne contents. t· 

" 

GEOLOGIC SETTING 

In the study area, the base.ent rocks are the Triassic through Upper Cretac~ 

Akdag-li.e:slollt> and the Upper Cretaceous lo Lower Tertiary volcano-6edi-.entan 
series which are considered as allochthonous. Stratigraphical1y, they &l'f 

transgressive I)' o,'erlain by aarine clastic series of Eocene and con,Ioaerale of 
01 iJ;ocene 8,e. The volcanic rocks in lhe area belong to Lower PI iOoerle ....eql.l..~! 

froa 4.07 :!: 0.20 to 4.70 :!: 0.50 Ha (LEFEVRE et al. 1983). 

The volcanic rocks consist of lava flows and P1rocl~tic seC'~as. rhe .la~a n<Jll' 
are lephriphonolite, lrach)'andesile, and trachyte, as indica~ed by -ore th~ 6J 
rock analyses IPEKDEGER et ~1,. 199.2; Fig. 2; Tab. I). The outcrops 91 
otc'phriphonol ite around the caldera now occupied by GOlciik lake con8otitut.~ ~ 

first volcanic atsge. The second stage is !Itrongly characterized by volcanic 
explosions around lhe center of the rect:nt Gillciik, caJdera. As third ~volcall.!f 

slage, trachyandesil.eB and trachytes occur as different extrus\ons ill "she uf 
shape of ' vents, dikes, and volcanic do.es. M 

~ 

The second \"olcanic staJ;e is represented by s Jlyroclutic lleQuence consUt,ut 
b)' friable luff 1150 _). Igniabrite (20 aI, and pu.ice deposit (10 al exhibitilf 
a coapos i tjoll rang 1nl( f rOa trachyandes i tes ~o trachytes (F i,. 2). The, ~ 

believed lo bP. source of the high fluorine contents in the shallow ~ 

S)'ste.s in this srea IPEKOEGER et al. 1992). The friable tuft is the .rea.. 
parl of the p)OroclllStic series and contains leveltl rich in lapilUs aDd ~ 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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Fig. 2; Discrhlnatlon of the GOlcUk lava flows ® and pyroclaslic series tlti 
according to the claSllification scheae of LE MAITRE (19841. SI: trachybasalt.; 
52: benrnoreite (Na) or shoshonite (K). 

Moreover, the Akdag-liaeslone, the clastic aateriah of serpenlinite and 
radiolari te, and reI icts of tephrlphonoll te and xenol I ths a8 deep-sealed rocks 
are incorporaled in friable turf. In coapad.on lo friable turf, the Igniabrl te 
distinguishes by its coarlle and unsorted occurrence. The pyroxenitlc xenoliths 
occur only in pyroclfUl;tic Iledes sporarlically and cons lilt of pyroxene with 
inclusions of fluorapatite, orthoclase, olivlne, anorthite, nepheline, il.enlte, 
arid ugneti te. 

Generally, the volcanic rocks consist priaarll'1' of varying constituents of K 
(Ha)-aanidine, oligoclase, pyroxene, biotlte, hornblende, pyroxenitic xenoliths, 
IIlusy ground.ass, and ainor quanlitiea of fluorapaUle, Cluorite, and sphene 
coaaon I)'. Moreover, the tephr Iphonol I te conta 1n aug Ite and nephe I Ine 
additionally. As an i.portant F-tracer in the volcanic rocks, fluorapatite can 
be observ~d .icroscopicallJ (Fig. 3), which shows geoche.ically a depletion of 
fluorine contents froa the baste towards to the acidic rocks generally. 

8MPLllO A!fD AMALYTICAL BTHOO8 

For the rock analyses, 217 s..ples have been obtained froa the GOlciik-lake area 
and Its eny Irons (PEKDEGER et al. t 992). The rock s..p ling has been taken p I ace 
according to the principle representative saapte of each rock ror.ation. Major 
and soae trace eleaents (Ba, Sr, Rb, Cl', Co, Ni, lr, and Th) were deter.ined by 
I-ray fluorescence spectro.elry at the Institut fUr Che.ie, Freie Universitiit 
Berlin, with a routine precision better than .t 5 1 for .est eleaents (Tab. 1). 

Rare earth ele.ents (La, ee, S., Eu, Tb, Yb, and tu) were deler.ined by 
inltru.ental neutron activation at lhe Hahn-JI(eitner (nstilut fur Kernforschung, 
Berlin, with a routine precision better than .t 9 % for .ost eleaenls (DUL5KI and 
MOLLER 1975) using GSP-I of V.S. Gt'Qlogiclll Survey a.s the reference standard. 
Cu, Pb, and Zn were deteralned by ato.ic absorption, and F by ion-sensitive 
electrode at the Institut fur Gt'Qlogle, GeophYllik und Geoinfor.atik, Freie 
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Universitat Berlin, with a precision better than t 5 X. For all analyses, BCR~1 

and GSP-l rock standards have been used (PEKDEGER et al 1992; Tab. 1). 

The statistical parameter of these determined major and trace ele.ents in the 
volcanic rocks of the Golclik area are presented in Tab. 1. Moreover, we refer to 
aZGOR et al. (1990) and PEKDEGER et al. (1992) due to REE analyses and their 
interpretations additionally. 

Tracbyandesit. Tradlyt. 

..,. ..,. ;;n raDII· aiD i 8 a D ....... aiD 8 a
 

11 '.35 51 .... '5." 13.17 2.35 13.188i02 ~ 11 '.29 50.83 5'.9Z 53.11 2.20 52.73 
11 2.15 1'.05 11.00 17.18 0.12 1'.88.1.1203 ~ 11 2.72 15.33 18.05 1'.'2 0.83 1'.23 

11 1.35 5.09 '.44 5.13 0.48 5.15 11 3.57 1.18 4.73 2.18 1.02 2.55r.Z03 ~ 

11 2.72 2.44 5.18 3.70 0.71 3.40 11 2.05 O.M 2.31 1.27 0.70 1.0lIItIlO ~ 

11 3.90 5.43 1.33 •• 17 1.28 '.'1 11 2.81 1.'5 4.48 2.81 1.04 2.81ceo ~ 

11 3.12 2.83 5.15 3 .... 0.12 3.17 11 2.13 4.31 •• 52 5.21 0.51 5.MMaZO ~ ....1(20 ~ 11 2.13 4.03 5.32 0.74 5.3011 3.3' 2.41 5.77 4.81 1.11 4.88 
29 1.85 0.40 2.25 0.88 0.40 0.77 21 1.04 0.28 1.30 0.51 0.22 0.53Ti02 ~ 

29 0.10 0.01 0.11 0.0lI 0.03 0.0lI 21 0.01 0.01 0.10 0.04 0.03 0.04lIDO ~ 

11 0.21 0.0lI 0.35 0.22 0.01 0.2311 0.43 0.44 0.87 0.88 0.14 0.88P205 ~ ...29 2"0 240 3200 1415 1358 21 2275 150 2425 193 555 895r 
y 11 65 lOll 171 135 20 127 11 50 30 88 58 21 50 
Cr_ 28 318 10 408 18 lOll 55 21 244 I 250 38 44 25Co_-

8 31 I 40 11 I 17 8 48 1 41 15 17 I 
JU_ 21 182 4 1.. 41 41 30 21 232 2 2M 32 43 22Cu_ 

29 71 1 80 sa 21 35 21 13 4 17 23 15 18za_ ..21 954 42 IH 120 171 87 21 18 .23 121 24 15 
11 1M 71 213 130 35 121 11 lOll 101 207 141 32 138D_ 

.. 8r_ 11 2800 3000 5800 4427 187 4200 11 3200 1200 4400 2718 M4 2.00 
Ir_ 11 400 220 120 3M 107 28111 186 288 454 377 53 S80 

11 1300 2300 :MOO 3045 488 3000 11 1.00 900 2500 2018 431 2000 .. 11 244 I 250 55 51 32Pb_ 8 429 1 430 49 71 Mrh _ 
11 81 35 52 11 47 11 15 21 ... 50 18 41 

T.phripbooolit.. Pyroclaat.ic seri•• 

5 2.19 50.81 53.55 52.30 0." 52.11 23 13.81 52.54 ".40 57.71 3.13 57.458i02 ~ 

23 4.30 14.80 11.10 11.52 0.'3 11.235 1.15 15.51 17.21 11.48 0.83 18.18A1Z03 ~ 

5 1.08 5.51 I .... 1.27 0.41 I.M 23 5.31 1.57 8." 4.40 1.20 4.15r.Z03 ~ 

5 0.98 3.01 4.04 3.31 0.44 3.0lI 23 4.73 0.15 4.88 2.20 0." 2.12ItIlO ~ 

cao ~ 5 1.11 1.71 8.32 7.35 0.78 '.78 23 8.02 0.57 8.51 4.41 1.15 4.50 
23 4.51 1.11 5.17 3.17 0.'" 3.175 1.29 3.85 5.14 4.17 0.41 4.73Na20 ~ 

23 1.12 3.'" 10.86 5.58 1.31 5.411(20 ~ 5 0.81 5.37 5.18 5.15 0.21 5.41 
15 1.17 0.70 1.87 0.11 0.28 0.81 17 1.27 0.05 1.32 0.51 0.20 0.57Ti02 ~ 

17 2.'" 0.01 2.'" 0.11 0.35 0.0715 0.10 0.01 0.18 0.01 0.03 0.08lIDO ~ 

5 0.47 0.58 1.05 0.71 0.18 0.17 23 0.70 0.05 0.75 0.31 0.11 0.38PZ05 ~ 

2317 33 2150 1030 484 172r  15 512 1258 1820 1111 157 1135 .. 
y 23 140 20 110 85 40 78er_ 5 11 113 174 135 25 111 

17 2... I 210 51 43 40Co_ 15 330 10 MO 53 81 25 ..4 11 10 21 11 8 Zl 18 1 .7 24 20 13 
JU_eu_ 15 51 10 24 15 18.. 17 174 4 178 37 38 28 

17 2" 5 301 41 31 4015 78 20 18 83 21 ...za_ 
17 241 11 215 43 83..15 70 81 151 lOll 20 17 

23 170 ... 2&4 1... 35 1135 22 18 120 111 11 ..
U1_ 

..  23 ...00 200 MOO ....8 1582 43008r_ 5 1500 4700 1200 5860 154 1000 
Ir_ 23 524 74 518 384 17 3875 253 382 535 412 70 405 

23 4000 500 4500 2830 1000 21005 800 2800 saoo 3380 335 MOO 
67 415 5 470 88 70 5215 60 2 62 35 18 2.Pb_ 
22 71 18 17 12 1. 625 11 6 17 55 33 48Yh_ 

Tab. 1: Statistical parameter of the major and trace elements in various 
volcanic rocks of the Golclik area. For locations see PEKDEGER et al. (1992). n: 
number of samples; x: mean; 0: standard deviation; m: median. 
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Fig. 3: Idioworphic fluorapatite crystal in the basic tephriphonolite. Crossed 
nicols. 

P!TBOCIIDII STKY OF VOLCANI C ROCKS 

The volcanic lava flows as well as the pyroclastic series indicate an Na
alkaline affinity (tlZGtiR et a1. 1990; PEKDEGER et a1. 1992) which plays an 
ilportant role for the high fluorine contents in the aqueous systems. The 
diagraJI (Fig. 4a) shows that the major element oxides Ti02 and Fe203 (as total 
Feo) versus Si02 exhibit a negative correlation whereas A1203 represents a rough 
positive correlation. In Fig. 4b, /linO, MgO, and CaO display a negative cor
relation with Si02. NA20, K20, Ba, and Sr versus 5i02 show variations which are 
identical with the magmatic diffel'entiation process (Figs. 5a, bl. This 
assumption establish that the volcanic activity is caused by a maJmatic 
differentiation obviously. On the other hand, F and P20S versus 5i02 in the same 
diagralls indicate a depletion from basic towards the acidic rocks and 
distinguish by a negative LorrelatLcn which is contradictory to a common 
.aglatic differentiation. 

PLOOIlINE IN VOLCANIC ROCIS 

Generally, the volcanic rocks differ by their high F-contents from the 
sedilentary rocks. They have fluorine contents in a range of 30 to 3200 ppm and 
a background value of 1000 PPIII (Fig. 6). Due to their rare occurrence, the 
pyroxenitic xenoliths with their unusually high F-contents ranging from 1710 to 
6750 pp. are without relevance for hydrogeochemical problems (OZGUR et al. 1990; 
PEKDEGERet a1. 1992). These high fluorine contents in the basic pyroxenites 
depend upon the intensity of the mineral phase of fluorapatite, as observed 
licro8copically (PEKDEGER et al. 1992). 

~contents in tephriphonolite (volcanic stage il range from 1260 to 1820 ppm and 
indicate a .ean value of 1635 ppm, which is identical with a range of the 
utaline phonolite of the African rift systems (Kokubu 1956). They can be linked 
to the .iner-al phases of fluorapatite, biotite, hornblende, and pyroxene. The 
PJroelaatic series (volcanic stage ii I have F-contents in a range of 30 to 2650 
.. aDd a background 'value of 1030 ?pm. This background value' is generally 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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Fig. 4: Plot of Si02 versus Ti02, All 03, and Fe203 (a) as well as MnO, 
MgO, and F (b) in the Golcuk volcanic rocks 

identical with the mean value of 1000 ppm of the alkaline pyroclastics (KOKUOO 
1956). The F-bearing minerals in the pyroclastic series are F-apatite, biotite, 
hornblende, pyroxene, fluori te, and glassy groundllass. In comparison to other 
volcanic rocks, an important portion of fluorine in the pyroclastic series .Q 
also be attributed to the glassy groundmass (FLUHLER et al. 1982), because these 
rocks contain up to 90 % glassy groundmass. 

During F-contents in trachyandesite (volcanic stage iii) distinguish by a range 
of 240 to 3200 ppm and a background value of 1415 ppm trachyte (volcanic stage 
iii) show fluorine contents in a range of 150 to 2425 ppa and· a background value 
of 933 ppm. These high F-contents can be attributed to the various aineral 
phases, i.e. F-apatite, biotite, hornblende, and pyroxene. 

Generally, there is a close correlation between F and P20S in the volcanic roc~ 
which could indicate the geochemical role of fluorapatite as one or tile: 
important F-carriers (Fig. 7). Furthermore, this diagrlUt displays a depletioti 01 
fluorine from basic toward the acidic rocks as a novelty or our inve8ti,.ti~ 

which is contradictory to a COIIIBon magaatic differentiation process. It ailbt1M 
interpreted by an inci"easing discharge of fluorine. during ruaarolic mUltI 
subsequent to the volcanic eruptions indicating 8 degasaing of an opeD mJ~ 
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Fig. 5: Plot of Si02 versus Na20, K20,"and P20S (a) as well as Ba, Sr, 
and F (b) in the GolcUk volcanic rocks 

Moreover, the volcanic rocks are distinguished by extremely high RE:E contents 
with a maximum of 0.15 % of REE which can be derived from the occurrence of F
apatite (~ZGOR et al. 1990; PEKDEGER et al. 1992). The remarkable similarity of 
the REE patterns of the volcanic rocks suggests a common petrogenic origin for 
the whole rock spectrum of the volcanic sequence (CAPALDI et al. 1972). 

PLIOCKNE VOLCANISM 

The volcanic activity in the Golciik area has been divided into three stages 
(tlZGOR et al. 1990; Fig. 8). The basic tephriphonoli te emplaced in the area of 
GOlciik lake, and were accompanied by local eruptions like a ring dike (stage i). 
Subsequently, the tephriphonolite lavas have been strongly affected by volcanic 
gases and dust explosions around the center of Golciik intensively which marks 
the start of the second volcanic stage (stage ii). Products of this stage are 
great masses of friable tuffs, ignimbri tes, and pumice tuffs dominating the 
recent landscape which reveals a series of strong explosion forming the recent 
caldera. The coarse-grained pyroclastic components, like bombs and lapillis, 
consist of sedimentary rocks, basic xenoliths, and tephriphonolite. They contain 
neither trachyandesites nor trachytes. Isolated extrusions of trachyandesites Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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and trachytes have taken place at various localities in the center &Dd 
surrounding area of the Golcuk caldera (stage iii). They are preserved as vents, 
dikes, and volcanic domes proving that the trachytes are always the latest 
volcanic event. 
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~1.-8: Sche.atic record of the volcanic rocks in the G6lcijk area. Not to scale. Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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D1SC\lSSJOfII Am OONCLUSIONS 

The volcanic activity in central Anatolia see.s to have developed in relation to 
the plate tectonic evolution of this region. As a result of for.atio!l of the 
plate tectonic event which is connected with the Afro-Arabian plate being 
subducted under the Eure-Asiatic plate (DEWEY et al. 1973), the volcanis. began 
at least as early Paleocene continuing to Quaternary consequently (INNOCENTI et 
al. 1975, 1982; ERCAN 1982). 

The volcanic activity in the GOlci.ik area is of Pliocene age (LEFEVRE et al. 
1983) and shows a Na-alkaline character (PEKDEGER et 801. 1992). The volcanic 
rocks in the area are one of the youngest eventa in central Anatol ia. The 
unaabiguously origin of the volcanic rocks and of the .etaaorphic overprinted 
xenoliths as deep-seated rocks is debatable, it will be reported by detailed 
investigations of 8'Sr/U Sr and 14JNd/ lH Hd in a separate paper. The pyroxenitic 
xenoliths originate probably fro. the frag.ents of the oceanic crust which have 
been taken place in the ti.e of ophiolitic activity. 

In the Golci.ik area, the ,·olcanics start with the basic tephriphonolite lavaa 
(stage i), succeeded by the pyroclastic series represented by friable tuff, 
igni.brite, and pu.ice turf (stage ii), and finally ending "ith trachyandesite 
and trachyte (stage iii). 

The volcanic rocks in the area are characterized by high fluorine contents. They 
can be attributed to different .ineral phases as essential F-carrier, Le. F
apatite, biotiLe, hornblende, fluorite, and glassy ground.ass. Moreover, the 
.ineral phase pyroxene can contain F-contents ranging fro. 100 to 340 ppll 
(KOKUBU 1956; GREEN 1982). F-apatite is also an ubiquitous .ineral. F versul 
P20S displays a close correlation which shows resarkable relative depletion of 
fluorine conlents fro. the basic towards the acidic volcanic rocks as a novelty 
of Lhls investiglltion. J t can be interpreted that an bporlant portion of F 
.Ight be discharged during fusarolic activity and through Interaction of 
hydrother.al water ... ith the volcanic rocks. f"urther.ore, the s.all variability 
of the REE patterns indicates a close petrogenic relationship of the different 
volcanic stages (OZGOR et a1. 1990). They are differentiation p'roducts of • 
cosson sagsa cha.her. 

Support of the project by Deutsche Forschungagc.einachaft (contract Pe 362/3-1) 
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