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GENEL JEOLOJI OTURUMU

Emirler - Cavuslu (Mersin) yoresinin jeolojisi
The geology of the Emirler - Cavuglu (Mersin) area

Hidayet TAGA Mersin Universitesi. Jeoloji Mithendisligi Bolimii, Mersin.
Cavit DEMIRKOL Cukurova Universitesi. Jeoloji Miihendisligi Bolimii, Adana.
0z

Orta Toroslar'da, Emirler - Cavuglu (Mersin) civarinda yer alan inceleme alaninda Mesozoyik ve Senozo-
yik'e ait yedi litostratigrali birimi yiizcylemcktedir.

Caligma alaninda temeli olusturan Findik melanji (Maestrihtiyen) iizerine agisal uyumsuzlukla si3 denizel
nitelikli ¢akiltagr, ¢akillt kiregtagi, kumlu - killi kiregtagt ile temsil edilen Kaplankaya fmmasyonu (Ust Burdi-
galiyen - Langiyen) gelmektedir. Kaplankaya formasyonu ile yatay ve diigey yonde gegis sunan resifal kiregtag-
larindan olugan Kmmsall formasyonunu (Ust Burdigaliyen - Langiyen) ile marn ve geyllerden olugan Giiveng
formasyonu (Langiyen - Serravaliyen) iizerlemcktedir. Sildi kumtagt ve kumtaglarindan olugan Kuzgun for-
masyonu (Tortoniyen) iizerinde agisal uyumsuzlukla kalig ve aliivyonlar yer almaktadir.

ABSTRACT

Seven lithostratigraphic units are distinguished from the Mesozoic to Cenezoic succession exposed within the
vicinity of the Towns of Emirler and Cavuslu, Mersin, Middle Taurids, Southern Turkey. The Findik ophiolotic
melange (Maestrichtian) forms the basement of the succession. The marine conglomerates, gravelly limestones,
sandy - clayey limestones of the Kaplunkaya Formation (Upper Burdigalian - Lan ghian) overlies the basement
with an an ﬂulm unconformiry reefal Karaisali Formation (Burdi oallan - Langhian), which shows lateral and
vertical gradation with the Kaplankaya, is overlain by Giiveng Formation (Langhian - Serravalian) comprising
marls and shales which, in turn, is succeded by silty to sandy clastics of the Kuzgun Formation (Tortonnian). Fi-
naly, Quaternary formations comprising caliche and alluvial deposits overlie the succession with an angular un-

conformiry.

Menderes Masifi'nin giineydogu kanadinmin

(Usak - Denizli) jeolojisi ve petrografisi
Geology and petrograpy of the south - eastern Menderes Massive (Usak - Denizli)

Yasar KIBICI Siileyman Demirel Universitesi, Jeoloji Miihendisligi Bslimii, Isparta.

0z
Caligmada alam1 Menderes Masili'nin giineydogu kanadinin yakin gevresinde, Bekilli (Denizli), Karahally

(Usak) ilgeleri yoresinde yer almaktadir. Cesitli tipte diigiik 1sidaki yesilgist fasiyesi kayaglariyla, degisik
renklerdeki mermerler yaklagik 400 km*1ik bir alant kaplamaktadr.

Inceleme alaninm en yagh litolojik birimi Paleozoyik yagh bagkalagim kayaglaridir. Degisik yapidaki bu
baskalagim kayaglari igerdikleri indcks minerallere gore aywtlanmiglardir. Barrow tipi yesilsist fasiyesinin
B.1.1 ve B.1.2 alt fasiyesindeki bu kayaglar; epidotsist - biyotitsist - kloritsist - grafitgist - kuvarsit ve kalkgist
olarak isimlendirilmistir. Genellikle, epidotsist - biyotitsist - kloritsist ve kalksistler Paleozoyik yasglt mermer-
ler tarafindan 6rtiilmektedir. Egsme Formasyonu'na ait bu mermerler, gri - beyaz - agik ve koyu yesil renklerde
olmak iizere dort ayn renkte yiizeylenmektedir. Sistlerle mermerlerin gegigleri tedricidir. Literatiirde "Musadag:
Mermerleri” olarak bilinen bu yore mermerleri baglica; kalsit, biyotit, amfibol (hornblend), aktinolit, piemontit,
pistasit. az miktarda sckonder kuvars ve kalsit dolgusu igerir.

Ulubey Formasyonu. Egme Formasyonu iizerine diskordan olarak oturur. Inceleme alaninda bu formasyona

1



49. TURKIYE JEOLOJi KURULTAYI 1996 BILDIRI OZLERI

ait kayaglar Plivosen yaghdir, Golsel karakterli olan bu sedimaniar oldukga genis bir alanda yayihirlar. Bunlar
tabanda. konglomera - kumtagl. tavanda isc, beyaz - acik sart ve krem renkli marn ve kiregtagt bilesimindedir.
Golsel kiregtaglart, kalsit ve sckonder silikat nodiilleriyle doldurulmug bosluklar icerir.

Asartepe Formasyonu Kuvaterner vaghdir, Bu formasyon, altere olmug kiregtagt kumitagt - konglomeradan
olusur. Bu altere kayaglar, gencllikle, kirmiza ve turuncu renklerdedir. Orta kahinlikta yataklanmis olan bu bi-
rimlerin ¢imentosu, gevsek kireg. kildir. Tlaveten, bu birim, konglomera - kumtagt ardalanmast scklinde olup
kiigiik boyutta marn ve kiregtagt mercekleri ve seviveleri igerir.

Galisma alaninin en geng birimlert terra - rossa ve aliivyondur. Terra - rossa kirmiz renktedir. Aliivyonlar,
gevsek tutturulmuy kil kum. ¢akil ve siltlerden olusmaktadir.

ABSTRACT

The study area is in the South - Eastern part of the nearby Menderes Massive and cropped out in the borders
of Bekilli (Denizli) and Karahalli (Usak) town. These metamorphic which includes various type of low grade
greenschist facies rocks and different colowred marbles, over an area of approximately 400 square kilometers.

The oldest rock unit in the investigated area is Paleozoic aged metamorphic rocks. The different tvpe of these
metamorpliic rocks have been distinguished by their index minerals. These rocks represent the B.1.1 and B.1.2
subtacies of the "Barrow type Greenschist Facies”. These metamorphic rocks are named epidoteschist - biotites-
chist - chloriteschist - graphiteschist - quartzschist and caleschist. Especially, biotiteschist - chloriteschist and
caleschist are overlain by the marbles of Paleozoic in age. These marbles in the Esme Formation are four dif-
ferent coloured in gray - white - dark green - light green. The passage is gradual among the schist and marbles.
They are known as "Musadag Mables™ in the literature and consist mainly of calcite, biotite, amphibol (horn-
blende) actinolite, piemontite, pistasite and small amount of and calcite secondary quartz.

The Ulubey Formation overiles unconformably the Esme Formation. The sedimantery rocks of these forma-
tion in the study area is Pliocene in age. The lacustrinal deposites, exposed in the widespread area. They consist
mainly of white, light yellow and cream coloured lacustrinal limestone at the top and conglomerate - sandstone
at the bottom. The lacustrine limestone contains cavities filled by calcite and silica nodules.

The Asartepe Formation is Quaternary aged. The formation composed mainly of alterating conglomerate
and sandstone. These rocks are in varving colours, generally, red and orange. The medium to thick bedded con-
glomerates and sandstones with a loose, lime - clay cement. In addition they also include minor marl and lime-
stone lenses and lavers.

The youngest units in the study arca are terra rossa and recent alluviums. The terra rossa is in the red - col-
oured. The recent alluviunms composed mainly of loose clay, sand, gravel, pebbles and silty loam.

Bolu ¢evresinin jeolojisi ve jeotektonik konumu
Geology and geotectonic position of the Bolu Area

Meral DOGAN ' Hacettepe Universitesi Jeoloji Mithendisligi Boliimii, Ankara.
Umran DOGAN Ankara Universitesi Jeoloji Mithendisligi Bolimii, Ankara.
0z

Bolu gevresinde yiizeylenen kayag topluluklart; Alp - Himalaya Orojenik sisteminin siitur zonu i¢indeki Ku-
zcy Anadolu Fay'inm (KAF) bati ucunda yer alinaktadur. Bu siitur zonunda farkli plakalari birbirlerinden ayirdi-
&1 diigtintilen KAF'nin baglica kollart ile birbirinden ayrilmig. 3 farkl stratigrafik istif hazulanmig ve karsi-
lagtindmigtur. Bu karsilagtirmalarda mineralojik - petrografik ve yapisal ¢alismalarm yant sira, daha onceki
¢alismalar da baz alinarak, KAF'inm bat ucunun jeotcktonik konumu ile ilgili problemlerin ¢dziimlenmesi
amaglanmig ve bazi 6neriler sunulmugtur, Devam eden ve bir 6n ¢alisma olan bu incclemede, KAF'm ¢zellikle
bati kisminin orojenik bir kugagin pargast olarak geligimi ve Tetis'in yok olmasiyla ilgili, belkide en dnemlisi
Avrasya - Alrika bulmacasmin bir pargast olarak DoZu Akdenizin geligimi ile ilgili ip uglart ¢ikarilmaya cali-
stlmigtir.
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ABSTRACT

The rocks of the swrrounding area of Bolu are located at the most western extension of the North Anatolian
Fault zone (NAF) within the Alpine - Himalayan orogenic system. Three contrastign straphic assemblages divid-
ed h\' strands of the NAF and corresponding geological columns such as the "northern” “central” and "south-
ern" asemblages and their geologic histories were established. Northern assemblages. Rewiev of fossil content,
previouswork, mineralogical - petrogiaphical and structural studies have been utilized inorder to correlate
these three zones. Geotectonic position and related problems tried to be solved and some solutions have been
suggested. As orogenic suture zone NAF is an imporiant tectonic element, because, knowledge of its original
tectonic setting and genesis are fundamental o understanding the Mesozoic - Cenozoic evolution of this area as
a micro plate.

Mersin Ofiyoliti'nin jeolojisi - jeokimyasi ve dogu

Akdeniz tektonigindeki yeri
Geology - geochemistry 0/‘ the Mersin Ophiolite and its tectonic significance in the

Eastern M edzm ranedi

Osman PARLAK Universite de Geneve, Dept. de Mineralogie, Geneve - Isvigre.,

Michel DELALOYE Universite de Geneve, Dept. de Mineralogie, Geneve - Isvigre.

Ergiizer BINGOL Cukurova Universitesi, Jeoloji Muhcndlslwn Boliimi. Adana.
0z

Mersin oliyoliti, Orta Toroslarm giiney yamacinda yer alan Kretase yagh masillerden birisi olup, doguda sol
yanal aumli Ecemis Fayi. kuzeyde Bolkardagi metamorfikleri ile tcktonik dokanaklt, bat ve giineyde ise Miyo-
sen yagh karbonatlar ile ortiilidir. Yaklagik 6 km kalinhifinda bir okyanus kabugunu temsil etmcekie olup. ta-
bandan tavana dogru. metamor(ik bir dilimi, harzburjitleri, ultramafik ve malik kiimiilatlari, bazalt ve derin de-
niz sedimanlarint igermektedir. Tiim bu birimler ofiyolitik melanj tizerine tektonik dokanakla gelmektedirler.

Ofiyolitik melanj; kuta kenart sedimanlari, riltlesmeye iligkin sedimanlar, platform karbonatlari, serpantini-
ze harzburjitler ve metamorfik dilime it unitelerinden olugmaktadir. Metamorlik kayalar ise, harzburjitik tekto-
nitlerin tabanmda ince bir dilim (= 50 - 70 m) olarak g()/]cnmcklc olup. genellikle amfibolit, am[libolit gist, mi-
kagist, mermer ve kalkgistleri kapsamaktadir. Bu metamorfik birimler, (92 - 96 my 40Ar / 39Ar hornblend)
oldukga deforme olup, post melamorfik diyabaz dayklart (89 - 86 my) tarafindan kesilmislerdir. Major ve iz ele-
ment kimyast, bu metamorfik kayalarn okyanus adast bazaltlarindan tiredigini gostermektedir. Yaklagik 3 km
kalinigindaki ultramafik ve mafik kiimiilatlar: tabanda dunit, verlit ve piroksenitler ile baslamakta, daha sonra
gabrolara gegmektedir. Genellikle adkiimiilat ve mezokiimiilat dokusu sunan bu birimler dénemsel sedimantas-
yon. dereceli tabakalanma, gibi sedimanter yaprlar sunmaktadirlar. Plajioklaz (An95 - 91), olivin (Fo91 - 80) ve
klinopiroksen (Mg 93-77) mineral kimyasi, kiimiilis ve interkiimiiliis minerallerde herhangi bir zonlanma goriil-
memesi, klinopiroksenin plajioklazdan dnce-kristallenmesi, magma odasmdaki kristallenmenin yiiksck basing
alunda meydana geldigini gostermekiedir. Mersin oliyolitindeki bazaltik kayalarin jeokimyast, alkalen ve tole-
yitik olmak iizere, iki farklt volkanizmanin varligini gostermektedir. Alkalen bazaltik kayalar, Ust Jura - Alt
Kretase yaglh olup. okyanus adast bazaltlar karakterindedirler. Buna mukabil, toleyitik bazaltlar Ust Kretase
yaslt olup, ada yayr karakterindedirler. Gerek metamorfik birimin igindeki yapisal veriler, gerekse biiyiik 6lgek-
Ii fay ve asimetrik kivrimlarm yond. Mersin oliyolitinin giineyden kuzeye dogru aktif kita iizerine bindirdigini

gostermekiedir.

Tiim bu verilerin 15131 alunda. Mersin ofiyolitinin, giiney Tetis okyanusunda, Ust Kretase'deki yay olusu-
muna bagh olarak gelistigini ve Toros ak(if kita kenarina bindirdigini sdyleyebiliriz.

ABSTRACT
The Mersin ophiolite, which is one of the Cretaceous ophiolitic massifs situated on the southern flank of the
Tauride belt in southern Turkey, is bounded tectonicaly by the sinistral Ecemis fault to the east, the Bolkardag
metamorphics (o the north and covered by Miocene carbonates to the south and west. The Mersin ophiolite hav-
ing approximately 6 km thick oceanic crustal section presents, from bottom to top, following units: Subophiolitic
metamorphics, mantle tectonites, ultramafic and mafic cumulates, basaltic lavas and associated deep marine
sediments. All this units rest tectonicaly on the ophiolitic melange.
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Ophiolitic melange in the study area comprises continental margin units, rift - related sediments, plaiform
carbonates, serpantinized harzburgites and fragments of subophiolitic metamorphic rocks. Subophiolitic meta-
morphic rocks observed benearh the mantle tectonites as a thin slica (>100 m) consist mainly of amphibolite,
amphibolitic schist, micaschist, marble, caleschist. These metamorphic rocks yielding on age range between 92
and 96 Ma (40Ar | 40Ar) are deformed and cut by post metamorphic diabase dikes which give slightly younger
ages (89 - 86 Ma fron 40Ar | 40Ar). Major and trace element analyses indicate that ocean island or. seamount
basaltic rocks are possible rock assemblages from which subophiolitic metamorphics were derived. Cumulative
rocks having over 3 kmi thickness siart with dunite, wherlite and clinopyroxenite at the bottom and pass into gab-
broic rocks. The cumulates exhibiting adcumulate and mesocunmulate texture show some accumulation features
such as cyclic sedimentation, size grading, graded layering, and igneous lamination in the magma chamer. Lim-
ited cryptic variation in plagioclase (An95-91) olivine (Fo91 - 80) clinopyroxene (Mg93 - 77), absence of evi-
dence of zoning in intercumulus and cumulus minerals, crystallization of clinopyroxene before plagioclase all
indicate that high pressure fractionation was present in the Mersin ophiolite magma chamber. Volcanic suites in
the study area are characterized by alkaline (Upper Jurassic - Early Cretaceous) and tholeiitic (Late Creta-
ceous ?) basaltic rocks in terms of major, tracé element and mineral chemistry. Alkali basalls show the features
of ocean island | seamount basalis whereas the tholeiitic basalts are characterized by island arc basalts.

Not only structural data observed in the subophiolitic metamorphic rocks but vergence of large scale faulis
and asymetric folding also show that the Mersin Ophiolite obducted onto the active continental margin of the
Taurides from southern branch of the Neotethys in southern Turkey.



49. TURKIYE JEOLOJi KURULTAYI 1996 BILDIRI OZLERI

DOGAL AFETLER VE CEVRE JEOLOJIiSi
OTURUMU

1 Ekim 1995 Dinar Depremi
The Dinar Earthquake of I October 1995, Southwestern Turkey

Ramazan DEMIRTAS Afct Igleri Genel Midiirliigii, Deprem Aragtirma Dairesi Bagkanligi, Ankara
Salih KARAKISA Alet Isleri Genel Mudu11u0u. Deprem Aragtirma Dairesi Bagkanligr, Ankara
Mustafa, DEMIR Alet Isleri Genel Mudmlu"u. Deprem Aragtirma Dairesi Bagkanhgi. Ankara
Yildiz IRAVUL Afct Isleri Genel Mudunlu«fu, Deprem Arastirma Dairesi Bagkanligi, Ankara
Belgink BARAN Alct blul Genel Mudm]uuu. Deprem Aragtirma Dairesi Bagkanligi, Ankara
Giinruh BAGCI Alet Igleri Genel Miidiirlijgij, Dcprem Aragtirma Dairesi Bagkanhgi, Ankara
Ayscl YATMAN Alet Igleri Genel Miidiirliigii, Deprem Aragtirma Dairesi Bagkanligi, Ankara
Sami ZUNBUL Alet Igleri Genel Miidiirliigi, Deprem Aragtirma Dairesi Bagkanligi, Ankara
Ruchan YILMAZ Alct Igleri Genel Midiirliigi, Deprem Aragtirma Dairesi Bagkanligi, Ankara
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1 Ekim 1995 tarihinde yerel saat 17:57'de, Afyon ili Dinar ilgesinde orta biiyiikliikte bir deprem meydana
geldi. 12 Ekim 1995 tarihindcki bilgilere gore deprem, 90 kiginin 6lmesine ve 200 den fazla kiginin yaralanma-
sma neden olmugtur. Depremde 4340 bina agir hasar gorerek oturulamaz hale gelmistir. 3712 bina orta derece-
de ve 6104 halif derecede hasar gérmiistiir. Bu olayda 10 trilyon TL den daha fazla maddi hasarin meydana gel-
digi tahmin edilmektedir. Dcplcm Aragtirma Dairesi taralindan depremin magnitiidii, 5.9 olarak bclulenmlgu
Slsmlk moment ise 1.58 x 10> dynes/cm olarak saptanmustir. Depremden hcmcn sonra kurtarma iglerine basla-
nilmagtir. Depremde 15 kigi yarali olarak kurtartdmigtr. Anagoktan 6nce magnitidi 3.0'in iizerinde 6ncii gok-
larin olmasi nedeniyle halk disartda yagamaya baglamig ve bunun sonucu olarak can kaybi az olmustur.

Dinar'daki yagami saglayan hayati sistemlerinin hepsi depremden etkilenmigtir. Depremden hemen sonra
elektrikler kesilmig, su sistemi etkileninig ve hepsinden de 6nemlisi de PTT binast hasar gérerek iletigim siste-
mi kisa siirc i¢in olsa bile kesilmigtir.

Deprem, 55 km uzunlukta KB - GD dogrultusunda uzanan Kegiborlu - Dinar - Civril fay hattinin Dinar -
Civril arasinda kalan 10 km'lik bir kismunt kurmugtur. Deprem ana kiridr her iki ucunda catallanma gostermistir.
Yiizey {aylanmast, sag yonli dogrultu aim bilesenli normal faylanma 6zelligi gostermektedir. Yiizey faylanma-
s1, sag yonli dogrultu atim bile§enli normal faylanma 6zelligi gostermektedir. Deprem kirig1, fay boyunca orta-
lama 20 - 50 cm arasinda diigey ve 5 - 10 cm arasinda sag yonlii dogrultu atimlar meydana getirmigtir. Deprem
ana kirigmin baglangi¢ ve bitis noktalart ile hiposantr noktasi c’eometn]\ ve mekanik olarak denetlenmigtir. B.
Menderes nchri boyunca kiiciik 6l¢ekte birkag kum volkani geli§mi§tir.

Deprem sonrasinda, Dinar'm 3 km kuzeyinde kuidin GD ucu yakminda bir hendek (trench) ag¢ilmigtir. Bu
trench duvarlarinda sadece 1 Ekim 1995 Dinar deprem kindmin izi gézlenmigtir. Bu fay izi boyunca trench du-
varlarinda yer alan birikinti yclpazesinin yatay tabakali birimleri, 20 cm diigey olarak Gtelenmiglerdir. Trench
duvarlarinda ne 1925 ne de 1875 de Dinar - Civril arasinda meydana gelen depremlerin izleri gdzlenilimemistir.

Anagokdan énce magnitiidleri 2.0 ile 4.7 arasinda de8igen 17 tane dncii gok kaydedilmigtir. Depremin dig-
merkezi (cpisantrt), yiizey kiriklart ve hasar dagilimma gore Dinar'in hemen 2 - 3 km kuzeyinde olduZu tahmin
edilmektedir. Depremin aletsel koordinatr isc, 38.18 K - 30.02 D olarak belirlenmistir. Depremin odak derinligi
24 km olarak hesaplanmugtir. 1.10.1995 ile 15.11.1995 tarihleri arasinda yaklagik 1500 civarinda artgr deplem
kaydedilmigtir. Bu artg1 depremlerden M1 2 3.0 olan deprem sayisi, yaklagik 350 civarindadir ve bu depremler
ana kurik boyunca yogunlagmislardir. Deprem ki1, muhtemelen igmerkezden (hiposantrdan) KB'ya dogru tek
yonde ilerlemigtir. Anagokun ve magnitiidii 4.0'dan bilyiik oncii ve art¢1 soklarin odak mekanizmas, saé yonlii
dogrultu atim bilegenli normal faylanmalar vermistir.

Deprem Aragtirma Dairesi. Deprem Miihendisligi Sube Miidiirliigii tarafindan igletilen ve Dinar Meteoroloji
Ismsyonundq kurulu kuvvetli yer harcketi kay1dmdan K - G yonde 7% 29 gal, D - B yoniinde 294.01 gal ve dii-
sey yonde ise 111.10 gal maksimum ivime degerleri elde edilmisgtir. Kuvvetli yer hareketinin siiresi 25 saniye

olarak tahmin c<11]1ni.5li1‘.
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Art¢r sarsiularin yogunlagma yerleri. hasac dagiiimlart ve (rench duvarlarindaki laylanma izi, bu deprem

kingmm listrik bir faylanma modeline (patern) sahip oldugunu gostermektedir.
ABSTRACT

One moderate carthquake took place in Dinar, the province of Afyon, southwestern Turkey, at 5:57 p.ni. lo-
cal time on 1 October 1995. As of 12 the October 1995 the earthquake resulted in 90 people deatl and more
than 200 injured. In this carthquake 4340 buildings heavily, 3712 moderately and 6104 slightly were damaged.
According to local government the cost of property damage is estimated to be more than 500.000.000 US dol-
lars. Earthquake magnitude was assigned 5.9 (M) by ERD (Earthquake Research Deparment). Seismic moment
was determined 1.58 x 10* dynesicm. Just after the earthquake emergency aid and rescue of injured people
were started. 15 injured people were rescued from the ruins. Before main shock several foreshocks (greater than
3.0) occurred and most of the people were living out. For this reason, loss of life became very limited.

The earthquake affected all the vital systems such as electrical and water systems. For example, PTT build-
ing damaged heavily. Thus, the communication system was interrupted just after the earthquale for a short time
span.

The distribution of aftershocks and observed surface cracks showed that a rupture of 10 - 15 km occurred in
this earthquake. The ground rupture constitutes a segment of NW - SE trending Dinar - Civril fault of 55 kniin
length. Main rupture extends between Dinar and Yapagili villuge. The main surface crack bifurcates at the both
ends. The cracks show normal faulting (SW side down) with right lateral component. The earthquake formed
vertical displacement ranging from 20 cni and 50 cm as well as right lateral displacement of S cni to 10 em. The
initiation and termination of the main rupture were controlled by mechanical and geometrilcal features of the
region. A few small - scale sand voleanoes were observed.

After mapping of the surfuce cracks, a trench was excavated near the southeastern end of the rupture, 3 km
far from Dinar. Trench walls show only fault traces of the Dinar earthquake of 1 October 1995. Vertical dis-
placements of 20 cnt were observed in horizontal units that formed an alluvial cone from top to bottom of the
trench walls. Fault traces of neither the 1876 nor the 1925 earthquakes were seen.

17 foreshocks with magnitudes ranging from 2.0 to 4.7 were recorded before the occurrence of the main
shock. Based on distribution of surfuce cracks and damages, the epicenter location were estimated to be about 3
km N - NE of Dinar, near the southeastern end of rupture. On the other hand, the instrumentally determined epi-
center is 38.18 N and 30.02 E as given by TURKNET run by ERD. Focal depth of the earthquake is about 24
km. More than 1500 aftershocks with magnitudes ranging from 0.5 to 5.2 were recorded by an array having 5
temporarily installed stations by the ERD. The number of aftershocks with magnitudes of equal to and greater
than 3.0 is around 350. These aftershocks concentrated along the rupture. According to the distribution of slip
amounts and aftershocks, rupture propagated in one direction to the northwest. Fault plane solutions of main
shock, foreshock and aftershock with magnitudes of greater 4.0 gave a normal faulting with right lateral conipo-
nent. '

Ground motion record nearest o the epicenter was obtained at Dinar station belonging to Strong Ground
Motion Network of ERD. Peak ground accelerations at Dinar Station were 275.29 gal in the north - south direc-
tion, 294.01 gal in the east - west direction and 111.10 gal in the vertical direction; duration of strong shaking
was 25 sec.

All data related to distribution of surface cracks, aftershocks, damages and features-of faulting in the trench
walls indicate the rupture has a kind of listric faulting pattern.

Sivas kenti zeminlerinin jeo - mithendislik ozellikleri
Geo - engineering properties of the grounds in the city of Sivas

Ergun KARACAN Cumburivet Universitesi. Jeoloji Miihendisligi Bolimii, Sivas.
Ahmet Turan ARSLAN Cumhurivet Universitesi, Jeoloji Miihendisligi Bolimi, Sivas.
Remzi KILICDAGI MTA Bolge Miidiirliig, Sivas.
Omer KESKIN MTA Bolge Miidiirligii, Sivas.
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Bu calismada Sivas kenti siurlart igerisindeki kayag ve toprak zeminlerin jeo - mithendislik ¢zelliklerinin
belirlenmesi; elde edilen verilerin miibendislik jeolojisi agisindan dederlendirilerek bu zeminlerin kullanimu ile
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ilgili kisi ve kuruluglarin yararlanmalarina sunumu amaglanmistir. Caligma kapsaminda kent sinrlart icerisin-
deki ana litolojik birimlerden alinan érneklerin dency sonuglarina ve saha gozlemlerine gére yorenin 1/10.000
olgekli zeminlerin (emel olma kogullarmi belirten mithendislik jeolojisi haritast hazirlanmuigtir. Ayrica kentin
tagkin, sev duraylih@r, oturma gibi bazi sorunlarmada agikhik getirilmistir,

Birlestirilmis Toprak Siniflamasima gére aliivyonlar genelde CH - MH grubunda yer alirken, marnlar MH -
ML grubunda yer almaktadir. Aliivyonlar genigleme (gisme) bakimindan genelde "orta - diisiik genigleme” po-
tansiycline sahipken marnlar "orta - yiiksck genigleme” potansiyeline sahip zeminler grubuna girmektedir. Kent
igerisindeki kayag zeminler ise, genelde kiriklt ve gatlakls bir yaptya sahip olup tek eksenli sikisma dayanimina
gore jipsler "zayil™, traverten ve kumlu kiregtaglar: ise "saglam kayag" grubunda yer almaktadirar.

ABSTRACT

This study has been aimed to determine the engineering properties of the geological units within the munici-
pal boundaries of the city Sivas, It is also aimed to contribute information spreading and easy communication
about these characteristics between the related disciplines. Geological map of the area at a scale 1/10.000 car-
ried oul. Lithological units have been classifed according to their engineering characieristics based upon labor-
atory works and field studies. Potential stability problems accompanied with the contruction works have been
searched.

Alluviums are described as CII - MH. The soil derived from marl formation has MI - ML characteristics.
Rock units include intersely dissected und weak to moderately strong properties.

Senirkent moloz - camur akmasi miihendislik jeolojisi
Engineering geology of debris - mud flow in Senirkent

Remzi KARAGUZEL Stileyman Demirel Universitesi. Jeoloji Mithendisligi Boliimii, Isparta.

Mustafa BOZCU Stileyman Demirel Universitesi. Jeoloji Miihendisligi Boliimii, Isparta.

Ali YALCIN Siileyman Demirel Universitesi. Jeoloji Mihendisligi Boliimii, Isparta.

Kamil YILMAZ Stileyman Demirel Universitesi. Jeoloji Mithendisligi Boliimii, Isparta.
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Ulkemizde sik stk meydana gelen deprem, scl baskin, heyelan ¢18 v.b. dogal olaylar sonucunda, can ve mal
kaybinda son yillarda artig gézlenmekiedir. Bu durum, dogal fakiorlerin yaninda, hizli kentlesmede yanlis yer
se¢imi, ortama uygun olmayan yapilagma, alt yapr yeltersizligi. ekolojik dengenin bozulmas: ve koruyucu dn-
Iemlerin almmamast gibi insan faktorierinden de kaynaklanmaktadir.

13 Temmuz 1995 giinti Senirkent'te asurr yagiglar sonucu moloz - camur akmast seklinde bir kitle harekeli
yasanmugtir. Olayda 74 kigi hayaunt kaybederken 180 ev yikilmig, 212 ev de agir hasar gormiistiir. Ayrica
yerlesim biriminin su. kanalizasyon. elcktrik, telefon vb. alt yapisi biyiik ¢lgiide hasar gérmiistiir.

Bu galigmada, Senirkent faciasinm olusunu ve hasarin derecesini denetleyen jeolojik, jeomorfolojik, hidro-
lojik ve insan fakiorleri ayrinuldr olarak aragtillmigor, Malzeme akma tehlikesinin hala devam ettigi havzalarda
ve yerlegim biriminde alinmasi gercken mihendislik nlemleri tartigiimigtur.

ABSTRACT

Recently, economic lost and number of people who died in natural disasters such as earthquake, landslides,
water flooding ete. are tend to increase in our Country. It is resulted from rapid urbanisation, unsuitable site se-
lection, changing ecological balance, insufficient preventation works as well as the natural factors.

A mass movement in the form of debris flow was observed in Senirkent town of 13 Th. July 1995. This disast-
er has caused to die 74 people, in addition to completely demolished 180 houses and damaged 212 houses.
Moreover, telephone, sewerage, drinking water and eletrical power systems have been damaged in a very large
scale.

In this study, the geological, the geomorphological, the hydrological and man factors which can control de-
gree of damage in Senirkent disasier have been investigated in detail. In addition to, the necessary engineering
prevention works, in urban and in the potential mass movement areas, were discussed.
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Bentonit ile 1slah edilmis dogal zeolitin kat1 atik

sahalarinda astar malzemesi olarak kullanilabilirligi
Usability of bentonit amended natural zeolite at solid waste sites
as liner material

Kamil KAYABALI Ankara Universitesi, Jeoloji Miihendisligi Bolimii, Ankara.
Mustafa ALBAYRAK MTA Genel Miidiirliigii, Maden Analizleri ve Teknoloji Dairesi. Ankara.
Kenji OKABE MTA Genel Miidiirliigii. Maden Analizleri ve Teknoloji Dairesi. Ankara.
Engin TERZI MTA Genel Miidiirliigii, Maden Analizleri ve Teknoloji Dairesi. Ankara.
Gulay GURPINAR MTA Genel Miidiirliigii, Maden Analizleri ve Teknoloji Dairesi, Ankara.
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Bu cahismada katt atik depolanma sahalarmda gegirimsiz astar gorevi yapacak olan yeni bir karigimm ¢zel-
likleri arastrilmistir. Kangimda Gordes scolithi—tiifi ile toz halindeki ticari bentonit kullanilrhigtir. Degisik
karisim oranlarmdan meydana gelen materval dizerinde kompaksiyon, hidrolik iletkenlik, katyon de8isme kapa-
sitesi (KDK) deneyleri yapilmigtir. Kompaksiyon deneylerinde B/Z karigimlariin maksimum yogunlugunun
1.16 ilc 1.26 Mg / m* arasinda. optimum su muhtevalarmmn ise 633 ile %42 arasinda degistigi gézlenmigtir.
Hidrolik iletkenlik ise 5x(10?) ile 1.2x(107) cm/s degerleri arasinda degigmektedir. Gordes zeolitli (iiflerinin
KDK degeri 85 ile 120 meq/100 g; bentonitinki ise 55 - 60 meq/100 g arasindadir. Astar dizaynt i¢in gerekli
olan diisiik permeabilite sartimin B/Z oranmin 0.1 ile 0.2 arasmda tutulmast ile saglanacag: sonucuna varilmig-
tir.

ABSTRACT

This study aims at investigating ceriain features of a novel material proposed to serve as impervious liner for
the construction of sanitary landfills. The natural zeolites of Gordes area and the commercial powdered benton-
ite were used for the proposed liner material. Laboratory tests such as compaction, permeability, and cation ex-
change capacity (CEC) were conducted on the mixtures of various bentonite | zeolite (B/Z) ratios. Maximum
densities and optimun water contents of the mixtures range between 1.16 to 1.26 Mg / ni’ and 0.33 to 0.42, re-
spectively. Hydraulic conductivity values range from 5\(109) to 1.2x(107) cmis. 700/1fe has CECs from 85 to
120 meq/l()O o while it is around 55 10 60 meq/100 g for bentonite. It is concluded that a ratio of B // between
0.1100.2 would vield the desired low permeability for the construction of impervious liner.
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KONFERANSLAR OTURUMU

Bati Tiirkiye'nin Geg¢ Paleozoyik'ten giiniimiize tektonik
evrimi
Late Palaeozoic - Recent tectonic evolution of Western Turkey.
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1970 sonlart ile 1980'lerde GB Tiirkiye'nin Antalya boliimiiniin Mesozoyll\ Erken Tersiyer arasi tektonik
evrimine iligkin Edinburgh'da yapilan ¢aligmalarin ardindan, son 5 yil siiresince, yeni bir grup, Tiirk ve ulusla-
rarasi ¢aligmacilarin yaptlklarl en son ¢aligmalart da tamamlayict nitelikte olmak {izere Bati Tiirkiye'nin jeolo-
jisine genel bir bakig saglayan tektonik - sedimanter g¢alismalani yiiriitmiigtiic. Onceki caligmalar esas olarak
Gondwana'ya (yani, K.Afrika) yakin bulunan Neotetis birimlerini konu almigti. Bununla birlikte Avrasya'nin
giiney kenar1 boyunca Tetis'in (yani, Paleotetls) kuzey kenarimn erken tarihgesi halen tartismalidir ve bu yiiz-
den biz, K. Turluye nin Orta Pontid'lerinde en iyi yiizeyleyen dilimi ¢aligmaya karar verdik (T. Ustadmer). Aym
zamanda kiy1 Ege sinin Paleotetis Karakaya tip sahasint da inceledik (E. Pickett). Kuzey Neotetis okyanus hav-
zasun (yani, "i¢ Torid okyanusu") tarihgesi Menderes metamorfik masifinin giincyinde yer alan Likya napla-
rinda yapilan yeni bir ¢aligmayla aydinlanmistir (A. Collins). Yine daha giineyde, ¢alismalarimizi esas olarak
Isparta Biikliimii'niin Neojen ile glincel arasi tarihgesi iizerinde yogunlagtirdik (R. Flecker ve C. Glover). Elde
ettigimiz baslica sonuglar §unlard1r;

Orta Pontidlerde, ¢ok sayida D - B gidigli tektonik fasiyes kugaklart Avrasya'nin giiney kenart boyunca dal-
ma batma - eklenme ve kitasal biiyiime olaylarinin bir tarihgesini tagir. Paleozoyik - Orta Jura sirasinda, Tetis,
okyanusal yay geligimiyle birlikte Geg Paleozoy1k te kuzeye dalmig (Cangaldag Karmagi31) ve bir kita pargasi-
nin (Istanbul ve Devrekani) riftlesmesi ise transform ve/veya aktif kita kenarinda gelisen olaylarla ilgili olarak
en Geg Paleozoyik en Erken Triyas'ta bir yay gerisi havza sistemi (Kire Karmagi81 ve esdegerleri) olu§turmus-
tur. Bu olay: Erken Triyas'ta Avrasya levhasinin aktif kenariyla bir denizalti daginin (Kargi Karmagi$1) garpis-
mas1 ve bunun ardindan eklenen malzeme ve ofiyolitlerin altina, derine Qomulmecl izlemigtir. Bu garpigmanin
Erken - Orta Triyas'ta Kiire yay gerisi havzasinn ¢okmesine neden olmus olmas: miimkiindiir. Kiire Hav-
za'sinn giineye dogru kapanmasi Geg Jura'ya kadar tiim tektonik y1§min Avrasya'nin giiney kenarma eklenme-
sine yol agarak "Kimmeriyen orojenezine” neden olmugtur. Geg Jura - Erken Kretase sirasinda Tetis'in kuzeye
dogru yenilenen dalma - batmas: nedeniyle en son olugan dag sistemi durayli hale gelmis, daha sonra da ¢ok-
miigtiir; bu dénemde karbonath platform ¢tkelimi egemen olmugtur Erken Kretase'de, yenilenen aktif kita ke-
nar1 i¢inde tiirbiditler, moloz akintilart ve ohstolnlerm biriktigi yarim grabenlerin geligmesiyle kabuksal genig-
lemeye ugramistir. Daha da ilerleyen genigleme daha sonra Bati Karademz havzasinin ortaya ¢ikmasina ve
olasilikla da Orta Pontidlerde yiiksck dereceli metamorfiklerin yiizeylemesine neden olmugtur. Geg Kretase s1-
rasinda, Bati Karadeniz havzasi deniz dibi yayilmasiyla geniglemeye devam ederken, giiney kenar ise giineyden
itibaren ofiyolit ve ofiyolitli melanj yerlegimiyle iligkili olarak hizla ¢Skmiigtiir. Erken Tersiyer'de, Pontidler
Anatolidlerle ¢arpigarak bu sahada Tetis'in tiimiiyle tikenmesine yol agmugtir. Bu carpigma ozellikle giiney
Pontid sahalarinda giineye dogru yeniden dilimler halinde iist iiste bindirmeye, Kara deniz kiyisinda ise kuzey
yonlii sikigmalara neden olmugtur.

Ban Tiirkiye'de, Paleotetis'in Ozellikle Geg Paleozoyik - Erken Mesozoyik yagh Karakaya Karmagiginin
tektonik konumuna iligkin tartisma da siirmektedir. Onceleri, bu kuzeye dalma batmayla iligkili bir dalma bat-
ma - eklenme karmagi1 olarak ya da Tetis'in glineye dovru kapanmasiyla iliskili bir yay gerisi havzasi olarak
yorumlanmigtir. Caligmamiz Ege bolgesinde yuzeyleyen Karakaya Karmagigi tip sahasmda yogunlagmagtir.
Bu sahada, Karakaya Karmagig1 farkl tektonostratigrafik birimlerden olugan ve tarafimizca Paleotetis eklenim
karmagig1 olarak yorumlanan GD - dalimlt bir yi8in olugturan deforme olmug diisiik dereceli okyanus birimle-
ri toplulugunu igermektedir. Bu birimlerden, Niliifer Birimi altere bazaltlar (levha - i¢i tipi), volkanoklastikler ve
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kiregtaglarini icermckte olup birlikie denizaltr dag dizilimi olarak yorumlanir. Bunlarin lizerinde bazalt - ¢ért -
tiirbidit birimlerini (MORB tipi bazaltlarla birlikie) iceren Ortaoba Birimi yer almakia olup, bunlar hendek tipi
cklenme bolgesine cklenmis okyanus kabudu olarak yorumlanir. Sonraki birim Kalabak Birimi olup olasilikla
eklenmis abisal seri olarak disiinilir. Scrinin en istinde Cal Birimi yer alir. Bu birim kitasal temel iistiinde yer
alan Permiyen yagh karbonat platform birimleriyle birlikie volkanik malzeme ve Kireglagmea zengin moloz,
akmtilarindan olugmakta olup riftlegmis karbonal platformu olarak yorumlanir. Bunlarm {izerine uyumsuz ola-
rak yay onii havzast serileri gelir. Avrica, Bati Biga Yarmmadast (Denizgéren ofiyoliti) ve Lesbos. adast meta -
oliyolitleri ultramafik dilimlerle (dalma - batma iistii zon tipi). Permiyen yasgh karbonat platform birimlceri tizeri-
ne yerlesmis metamorfik (cmellerden olusur. Palcomanyetik veriler gbz ¢niine alindi@inda. sahanm yapisal je-
olojisi hem Karakaya Karmagigi hem de ofiyolit birimlerinin kuzeye dogru bindirdi8ini gdsterir. Sonug olarak
Karakaya Karmagigint Paleotetis okyanus kabugunun giineye dalmastyla iligkili bir dalma batma cklenme kar-
magid1 olarak yorumluyoruz. Asil Palcotetis dalma - batmastmin kuzeye dogru (yani Pontidlerde) oldugu, fakat
daha ¢nemsiz olan giineye dogru dalma - batmanm da Gondwana smiria yakin aktif oldugu sonucuna vardik.
Bununla birlikte, Kimmeriyen orojenezi sirasida Palcotetis'in tamamen kapandi@mi gésteren bulgu yoktur;
onun yerine geliserck Mesozoyik okyanusu haline gelmis (yani kuzey Neotelis) ve nihayet ancak Erken Tersi-
yer'de kapanmiglir.

Biz ayni zamanda GB Anadolu'da Likya Naplari'nin kokenini ve yerlegimini de arastirdik. Bunlar dnceden
kokleri Menderes metamorfik masifinin kuzeyinde va da giineyinde olan bir dizi klasik bindirmeli naplar olarak
diigtiniilmiigtiir. Bununla birlikte. son ¢aligmalarimiz Likya naplarmm timiiyle yerlesiminin, esas olarak Men-
deres masifinin KB'sinda yer alan Neotetis okyanusunun kapanmasiyla iligkili dalma - batma - e¢klenme iglem-
leri acisindan ve daha kiiglik bir platlorm i¢i rift havzasmmn kapanmasiyla ilgili olarak yorumlanabilecegini g6s-
termektedir. Sahada alttan iste dogru 5 bilyiik yapisal birim vardir; 1) Beydaglart  / Mendceres otoktonu,
platform i¢i havza ile ayrilmig; 2) Likya eklenim karmagign, 3) Likya naplars. 4) lyi korunmus metamorfik te-
meli ile birlikte dalma batma zon istii tipli peridotit bindirme dilimi ve 5) Ustte uyumsuz olarak veralan ¢okel-
ler. Bu birimlerin olugumuna iligkin tcktonik ortamlar sunlardir; 1) Geg Paleozoyik - Erken Senczoyik kita ici
denizi; 2) Kuzeye dalma batma ile iliskili Mesozoyik yaslt okyanus i¢i eklenim kamast; 3) Mesozoyik'te pasif
kita kenarina doniismiis geg Paleozoyik yash kita igi rift sistemi; 4) 100 my yagh dalma batma zon Gstii okya-
nus kabugu; 5) Paleojen yasl kita i¢i denizi. Neotetis'in bu kismmimn kapanmast Ust Kretase'de Likya Ofiyoliti
iizerledigi zaman olmugtur. Bunula birlikte kalinti Neotetis Okyanus Havzast Erken Tersiyer'e kadar varhigim
siirdiirmiis ve Izmir - Ankara sutiir zonu igerisinde melanj birimleri geklinde korunmugtur. En son ¢arpisma ile
birlikte orojenik cokme etkisiyle de Avrasya'nin giiney smiri biiyiik bir kabuksal kahinlagmaya ve gliniimiiz
Menderes Metamortik Masifi tizerine giineye dogru nihai yerlesime neden olmustur. Bindirme swrasinda, her bi-
ri bir oncekinin giiney dogusundan olacak gekilde birbiri ardima 6n tilke havzalari olusmustur ve bunlar daha
sonra bindiren yiginin temeline cklenmigtir.

Likya Nap'larinin (ve daha dogudaki kargiliklart olan Beysehir - Hoyran naplart) yerlesimine iligkin oroje-
nik sonuglar, Miyosen havzalari K - G Aksu ve Koprii havzalart ve D - B Manavgat Havzasi'nda yapilan biitiin-
sel caligmalarda da goriildigi gibi Tiirkiye'nin gliney sahiline kadar hissedilmistir. Bu sahada Miyosen hazala-
rinm tabanini. kismen sutiir zonundaki Mesozoyik yash  Antalya Karmasizi olugturmaktadir. Onceki
gahgmalara gore Antalya Karmagigr karbonat platformlart, rifler ve Orta - Geg Triyas'ta agilmis ve Alt - Eo-
sen'e kadar kapanmig okyanustan olugan bir mozayige sahiptir. Agmma doneminin ardindan Likya Nap'larinin
gelisimiyle iligkili olarak saha bir ¢n iilke havzasma doniigmiigtiir. On ilke blok olarak [aylanmis olup olasi-
likla daha 6nce var olan zayiflik hatlarinin yeniden harcketlenmesiyle (Ornegin, Antalya Karmagii igerisinde)
olugmustur ve Aksu ve Koprii havzalar giineyinde ¢okelmis baslica karasal konglomera ve kumtaglarindan
olusan kalin bir seri (1.5 km) olusturur. Daha sonra Burdigaliyen - Langiyen sirasinda havza alanlart yer yer
degigebilen oranda mercan ve alg - resif geligimi ile birlikte transgresyona ugramigtir. Langiyen sirasmda ge-
niglemeye iligkin (yer yer transtansiyonal ?7) énemli bir ¢okme bunu 6nce havza dalmasi. daha sonra da Miyo-
sen sonunda (Aksu Fazi) yer yer sikigma olayt izlemigtir,

Giiney Tiirkiye sahili de dogu Akdeniz'in en giineyde kalan Neotetis okyanusunun tektonik tarihinden etki-
lenmigtir. Bu bolgede Neotetis Trivas'ta rift olusumuyla dogmus Geg Kretase - Erken Tersiyer'de kismen yer-
lesmis (Antalya Karmagi$r seklinde) fakat giiniimiize kadar kismen agik kalmugtir. Bu okyanusal havzanin
kuzeye dogru olan dalma - batmast Erken Miyosen'de ya da daha once basglamig ve giiniimtiiz Kibris - Girit ak-
tif kenar sisterninin olugumuna neden olmugtur. Dalma - batma tsti sedimenter ve tektonik iglemler Giiney
Kibris'ta oldukga iyi goriilmektedir. Levha sinminin tektonik tarihgesi son zamanlarda Kibris'in giineyinde Era-
tosthenes deniz alti dagi ODP sondajlaryla agiZa ¢ikarilmuigtir (Bak: Robertson ve Bilimsel Gemi Ekibi, 1995).
Eratosthenes'in karbonat platformunun egemen oldugu bir kabuk pargast oldugu ve Kuzey Afrika levhasi kenar
boyunca yiikselen bir daglik burun (va da ¢ikintr) olugturdugu saptanmigtir; Bu giintimiizde kuzeye dogru iler-
leyerek Kibris aktif kenar ile ¢arpigmaktadir.

10



49. TURKIYE JEOLOJI KURULTAYI 1996 BILDIRi OZLERI

Neotetis'in kapanmast sirasinda tektonik bélgeler giderek Avrasya'nin giney kenar ile kaynagmis ve aktil
kenar timiiyle giincye dogru hareket etmigtir. Bu balgelerin kaynagmast ve buna iliskin kabuksal kalinlagmayi
Batr Tiirkiye'de riftlesme ve orojenik ¢okme izlemigtir. Ornegin Aksu Havzasi sahilinde Messiniyen. Erken Pli-
yosen (olasilikla giineye dogru dalma - batma ile iliskili) 'de genigieme tektonidini havza dolmasi izlemis ve
daha sonra Geg Pliyosen - Erken Pleyistosen sirasinda orojenik ¢okme sekli olarak yorumlanan énemli bir rift
olugum evresi geemistir. Bu aym zamanda Bat - Tiirkiye'nin (rnegin Ege Graben sistemi) biiyiik bir kismini-
da etkilemigtir.

Sonug olarak Bau - Tiirkiye'den clde edilen yeni bilgiler Dogu Akdeniz bolgesinde Tetis'in (cktonik evrimine
iligkin alternatif modeller 118inda cle ahnabilir: Model 1) (Robertson ve Dixon. 1984): Dogu Akdeniz bilge-
sinde en azindan Geg Paleozoyik'ten bugiine kadar tck bir Tetis okyanusu siirekli olarak var olmustur. Bunun
baghca etkileri Tetis okyanus kabugunun kuzeye dogru Avrasya altma donem dénem dalma batmast ve Gond-
wana'dan Avrasya'ya dogru kita pargalarmin kuzeye siiriiklenmesidir. Mesozoik sirasinda giincy Tetis bolgesi
Gondwana'dan tiircyen mikrokitasal ve kiigiik okyanus havzalar arasina yaydmigtir. Ofiyolitler esas olarak bol-
gesel levha yaklagim donemlerinde hem kuzey (i) ve hem gliney (dig) okyanus havzalarinda dalma batma zon-
lart dizerinde yayima ile olugmustur ve baglica hendek - pasil kenar carpigmalari sonucunda yerlesmistir, Bu-
na iligkin bir modelde Stampfli ve digerleri Geg - Permiyen'de Kuzey Afrika kenart boyunca yayilmayr ele
almmugtir. Model 2.A) (Dercourt ve digerleri, 1986): Yanhzca bir kez cvrim gegiren Tetis vardi. Triyas - Jura
okyanus kabuZu (Ncotetis) Gondwana ile iligkili birimlerin kuzeyinde yer alan tek bir Tetis okyanus havzasinda
olugmustur. Kretase suasinda glintimiiz Dogu Akdeniz alaninda yayilma ile kiigiik bir okyanus havzast olus-
mugtur. Jura ve Kretase ofiyolitleri yayiima sictlarinda olugmug olup bolgesel levha uzaklasma (iraksama) do-
nemlerini belgeler. Yeni bir diizenleme olan Model 2B) de (Dercourt ve digerleri. 1993) yayilma Gondwana'nin
kuzey kenari boyunca geniglemis ve biiyiik bir mikrokitay yararak Giiney Ege igerisine bir kol seklinde uzan-
mugtir. Daha sonra Kretase'de daha da ilerleyen yayilma Dogu Akdeniz havzasmi agmis ve daha dnce varolan
karbonat platformlarmi pargalamigtir. Mesozoyik ofiyolitleri ¢sas olarak kuzeydeki orojenik bolgelerden (yani
i¢ bolgeler) uzaga tagumis olarak goriilmekiedir. Model 3) (Sengor v.d.. 1984). Gec Paleozoyik'te dalma - bat-
ma egemen olarak glineye dogru olup. Dogu Akdeniz'de Gondwana'nin kuzey kenarmin altina dogru olmustur.
Bu dalma batma Triyas yay gerisi havzalarmm acilmasina neden olmugtur ve riftlesmis Gondwana fragmant
(Kimmeria) 6nceden varolan Telis (Paleotetis) boyunca siiriiklencrck pasif Avrasya kita kenart ile ¢arpismistir.,
Carpisma komsu yay gerisi havzasmmn (Karakaya) ¢okmesine neden olmug ve bunu Erken Jura'da yenilenen
kiigiik bir okyanus havzasinn riftlesmesi izlemistir. Mesozoyik ofiyolitleri baglica dalma - batma zonlar tize-
rinde olusmustur. Bunlar ¢esitli sekillerde uzaga tagmmig olarak (Yunanistan balgesi) ya da daha yerel olarak
kokli gekilde (Tirkiye bolimii) olmak iizere gesitli sekillerde goriiliirler.

Son bulgular ti¢ modelin tiimiinde de ayrintida bazt zorluklar bulundugunu gosterir. Bununla birlikte Model
I'de dort anahtar unsur goriiliir; Kuzey'de egemen olarak kuzey yonlii dalma - batma. giineyde Trivas'tan bu ya-
na ¢oklu okyanus havzalar biiyiik ofivolitleri olusturan dalma - batma tstii yayima ve hem kuzcy, hemde gii-
neydeki, Mesozoyik okyanus havzalarindan olan yerlesmedir.

Tesekkiir.
Antalya karmagifinda yapilan ¢aligmalarda M.T.A.'nin yardimlar olmugtur. En son ¢alismalarimiz sira-
sinda dzellikle L.T.U. ile isbirliginden yararlanilmigtir.

En son yaynlar,
Edinburgh grubunun Bat1 Tiirkiye iizerine yaptigi en son yaymlar agagida verilmiglir. Agikga belirtmek ge-
rekirki meveut Tiirk ve uluslararast litaretiirden tek tek katkilar seklinde deginmelerle biiyiik ¢apta yararlandik.

ABSTRACT

Following on from Edinburgh - based work during the late 1970s and 1980s concerning the Mesozoic -
Early Tertiary tectonic evolution of the Antalya area of SW Turkey, durin g the last 5 years a new group has car-
ried out tectonic - sedimentary studies that provide an overview of the geology of Western Turkey that is comple-
mentary to recent work by Turkish and international colleagues. Previous work was mainly concerned with Neo-
tethyan units that evolved close to Gondwana (i.e., N Africa). However, the earlier history of the N margin of
Tethys (i.e., Palaeotethys) along the southern margin of Eurasia has remained controversial and we therefore
decided to study the best exposed segment in the Central Pontides of N Turkey (T. Ustacmer). We also investi-
gated the type Palacotethyan Karakava area of the coastal Aegean (E. Pickett). The history of the northern Neo-

tethyan oceanic basin (i.e., the "inner Tauride ocean") was clarified by a new study of the Lycian Nappes, south

of the Menderes metamorphic massit (A. Collins). Further south again, we mainly focused on the Neogene to
Recent history of the Isparta Angle area (R. Flecker and C. Glover). Some of our main results are as follows:

In the Central Pontides a number of E - W trending tectonic facies belts record a history of subduction - ace-
retion and continental growth along the S margin of Eurasia. During the Palaeozoic - Mid Jurassic, Tethys was
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subducted northwards with development of an oceanic arc (the Cangaldag Complex) in the Late Palaeozoic,
and rifting of a continental fragment (Istanbul & Devrekani), related to transform andlor active margin proces-
ses, to form a back - arc basin system (the Kiire Complex and equivalents) in the latest Palaeozoic - earliest Tri-
assic. This was followed by collision of a scamount (the Kargi Complex) with the active margin of the Eurasian
plate, and its subsequent deep burial under accretionary material and ophiolites in the Early Triassic. This col-
lision possibly resulted in collapse of the Kiire back - arc basin in Early - Mid Triassic. Southward closure of
the Kiire Basin led to the accretion of the whole tectonic stack to the S margin of Eurasia, causing the "Cimme-
rian orogeny" by Late Jurassic. During the Late Jurassic - Early Cretaceous the recently formed orogen stabili-
sed, then subsided, possibly triggered by renewed northward subduction of Tethys: carbonate platform sedimen-
tation prevailed during this period. Crustal extension of the renewed active margin took place in the Early
Cretaceous, with the development of half grabens in which turbidites, debris flows and olistoliths accumulated.
Further extension then resulted in generation of the W Black Sea basin, and probably also to exhumation of high
- grade metamorphics in the Central Pontides. During the Late Cretaceous the W Black Sea basin continued (o
widen by sea - floor spreading, while the S margin rapidly subsided associated with ophiolite and ophiolitic me-
lange emplacement from the south. During Early Tertiary, the Pontides then collided with the Anatolides, lea-
ding to total consumption of Tethys in this area. This collision caused S - vergent re - imbrication especially in
the southern Pontide areas and N - vergent compression at the Black Sea coast.

Controversy has also persisied concerning the tectonic setting of Palacotethys in western Turkey, notably the
Late Palaeozoic - Early Mesozoic Karakaya Complex. Previously, this was proposed as a subduction - accretion
complex related to northward subduction, or interpreted as a back - arc basin related to southward closure of
Tethys. Our work has focused on the type area of the K arakava Complex exposed in Aegean Turkey. In this area
the Karakaya Complex comprises a deformed low - grade assemblage of oceanic units forming a SE - dipping
stack of distinct tectono - starigraphical units, interpreted by us as a Palaeotethyan accretionary complex. Of
these units, the Nilufer Unit comprises altered basalts (of within - plate type), volcaniclastics and limestones, to-
gether interpreted as a seamount sequence. Above this, the Ortaoba Unit comprises basalt -chert - turbidite
units (with basalts of MORB type), interpreted as oceanic crust accreted in a trench - type accretionary setting.
The next unit, the Kalabak Unit, is interpreted as a possible accreted abyssal sequence. At the top of the pile the
Cal Unit comprises Permian carbonate platform units on terrigenous basement, together withi volcanic and li-
mestone - rich debris flows, and is interpreted as a rifted carbonate platform. Unconformably overlying sequen-
ces, are interpreted as a forearc basin. In addition, meta - ophiolites of the W Biga Peninsula (Denizgéren Ophi-
olite) and on Leshos island comprise ultramafic slabs (of above - subduction zone type) with metamorphic soles
that were emplaced onto Permian carbonate platform units. Taking account of palaeomagnetic data, the structu-
ral geology of the area indicates northward thrusting of both the Karakaya Complex and ophiolite units. We the-
refore interpret the Karakaya Complex as a subduction - accretion complex related to southward underthrusting
of Palaeotethyan oceanic crust. We infer that the main Palaeotethyan subduction was northward (i.e. in the
Pontides), but that minor southward subduction was also active near the Gondwana margin. However, there is
no evidence that Palaeotethys completely closed during a "Cimmerian orogeny”, instead it evolved into a Meso-
zoic ocean (i.e. northerly Neotethys) that only finally closed in the Early Tertiary.

We have also investigated the origin and emplacement of the Lycian Nappes of SW Anatolia. These were pre-
viously interpreted as a series of classical thrust nappes, rooted either to the north or south of the Menderes me-
tamorphic massif. However, our recent work shows that the entire Lycian nappe emplacement can be interpre-
ted in terms of subduction - accretion processes related to closure of a Neotethyan oceanic strand mainly
Jocated to the NW of the Menderes massif, together with closure of a smaller intra - platform rift basin. Overall,
five major structural units are present in the area from the base upwards, i) the Bey Daglart/ Menderes autoch-
thon, split by the intra - plaiform basin; ii) the Lycian accretionary complex; iii) the Lycian Nappes proper; iv)
a peridotite thrust sheet of supra - subduction zone type with a well - preserved metamorphic sole,; and v) uncon-
formably overlying sediments. The tecionic environments of formation of these units are; i) a Late Palaeozoic to
Early Cenozoic intra - continental sea, ii) a Mesozoic intra - oceanic accretionary wedge related to northward
subduction, iii) a Late Palaeozoic intra - continental rift system that evolved into Mesozoic passive margin, iv)
ca. 100 M.a. supra - subduction zone oceanic crust; and 5) a Palaeogene intracontinental sea. Closure of this
part of the Neotetirys occurred in the Upper Cretaceous when the Lycian ophiolite was obducted. However, a
remnant Neotethyan ocean basin survived into the Early Tertiary and is preserved as melange units within the

—mir - Ankara suture zone. Final collision with the, then, S margin of Eurasia resulted in major crustal thicke-

ning and final southward emplacement over the present Menderes metamorphic massif, aided by the effects of
"orogenic collapse”. During thrusting, succesive foreland basins formed, each further SE of its predecessor, and
were then accreted to the base of the over - riding thrust stack.

The orogenic consequences of emplacement of the Lycian Nappes (and counterparts further E, the Beysehir
- Hoyran nappes) were felt as far south as coastal southern Turkey, as revealed by an integrated study of Mioce-

12



49. TURKIYE JEOLOJI KURULTAY! 1996 BIiLDIRI OZLERI

ne basins, the N - § Aksu and Koprii basins, and the E - W Manavgat basin. In this area, the Miocene basins are
partly floored by the sutured Mesozoic Antalya Complex. Earlier work has shown that the Antalya Complex re-
cords a mosaic of carbonate platforms, rifts and oceanic strands that opened in the Mid - Late Triassic and clo-
sed by Lower Eocene time. After a period of erosion, the area evolved into a Soreland basin related to advance
of the Lycian Nappes. The foreland was block faulied, probably re - activating pre - existing lines of weakness
(e.g. within the Antalya Complex) and a thick (ca. 1.5 kn) sequence of mainly continental conglomerates and
sandstones accumulated in the south of the Aksu and Kdprii basins. Then, during the Burdigalian - Langhian,
basinal areas were transgressed, assocciated with locally variable coral and algal - reef development. An im-
portant extension - related (1o locally mastensional ?) subsidence event took place during the Langhian, follo-
wed first by basin filling, and then by a localised compressional event at the end of the Miocene (Aksu phase).

(=14
Onshore southern Turkey was also influenced by the tectonic history of the southernmost Neotethvan oceanic
strand in the Eastern Menditerrancan Sea. Neotethys in this are originated by rifing in the Triassic, and was
partly emplaced (as the Antalya Complex) in the Late Cretaceous - Early Tertiary, but has remained partly open
to the present time. Northward subduction of this oceanic basin was initiated in Early Miocene time or earlier,
giving rise to the present Cyprus - Crete active margin system. Above - subduction sedimentary and tectonic
processes are well displayed in southern Cyprus. The tectonic history of the plate boundary was recently clarifi-

ed by ODP drilling of the Eratosthenes "Seamount” south of C Yprus (see Robertson and the Shipboard Scientific
Party, 1995). Eratosthenes was found to be a crustal fragment, dominated by a carbonate platform, that formed
a promontory or off - margin high along the edge of the North African plate; this is currently colliding with the
Cyprus active margin to the north.

During closure of Neotethys tectonic terranes were progressively welded to the sourhern margin of Eurasia
and the active margin has migrated southwards overall. Amalgamation of terranes and related crustal thicke-
ning was followed by rifting and "orogenic collapse” in western Turkey. For example, in the coastal Aksu basin
extensional tectonics in the Messinian - Early Pliocene (possible related to subduction to the S) was followed by
basin infilling, and there was then an important phase of rifting interpreted as a form of "orogenic collapse” du-
ring Late Pliocene - Early Pleistocene time, this also affects much of western Turkey (e.g. Aegean graben
svstent).

Finally, the new information from western Turkey can be considered in the light of alternative models for the
tectonic evolution of the Tethys in the Eastern Mediterranean region: Model 1 (Robertson and Dixon, ] 984): A
single Tethyan ocean continuously existed in the Eastern Mediterranean region, at least from Late Palaeozoic
onwards. The dominant influences were episodic northward subduction of Tethyan oceanic crust beneath Enra-
sia, and northward drift of continental fragments from Gondwana towards Eurasia. During the Mesozoic the so-
uth - Tethyan area was interspersed with Gondwana - derived microcontinents and small ocean basins. Ophioli-
tes formed mainly by spreading above subduction zones in both northerly (internal) and southerly (external)
oceanic basins during times of regional plate convergence, and were mainly emplaced as a resull of rench -
passive margin collisions. In a related model, Stampfli et al. have argued for spreading along the North African
margin in the Late Permian. Model 2 A (Dercourt et al., 1986): Only one evolving Tethys existed. Triassic - Ju-
rassic oceanic crust (Neotethys) formed in a single Tethyan ocean basin located north of Gondwana -related
units. Spreading later formed-a small ocedn basin in the vresent Eastern Mediterranean Sea area during the
Cretaceous. Jurassic and Cretaceous ophiolites Jormed at spreading ridges and record times of regional plate.
divergence. In an updated version, Model 2B (Dercourt et al., 1993 ), spreading extended along the northern
margin of Gondwana, with an arm extending through the south Aegean, splitting off a large microcontinent.
Further spreading in the Cretaceous then opened the Eastern Mediterranean basin and fragmented pre - exis- -
ting carbonate platforms. The Mesozoic ophiolites were seen as being mainly far - travelled from northerly (i.e.
internal) orogenic areas. Model 3 (Sengor et al., 1984): Subduction in the Late Palacozoic was dominantly so-
uthwards, beneath the northern margin of Gondwana in the Eastern M editerranean. This subduction led to ope-
ning of Triassic backarc basins; and a rifted Gondwana fragment ( Cimmeria) drifted across the pre - existing
Tethys (Palaeo - Tethys) to collide with a passive Eurasian margin. The collision collapsed an adjacent backarc
basin (Karakaya) and was followed by renewed rifting of a small ocean basin in the Early Jurassic. Mesozoic
ophiolites mainly formed above subduction zones; they were variously seen as far - travelled (in the "Greek are-
a"), or more locally rooted (in the "Trkish area”).

Recent evidence shows that difficulites exist with all three models in detail. However, the four key elements
are met in Model 1: dominantly northward subduction in the north, mutiple ocean basins from Triassic onwards
in the south, supra - subduction spreading to form the major ophiolites, and emplacement from both northerly
and southerly Mesozoic oceanic basins.
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Antropojenik Cevresel Etkiler: Cevre Sorunlarmin

Yerbilimleri Acisindan Degerlendirilmesi
Anthropogenic environmental traces: Evaluation of environmental problems
Jfrom an earth science perspective

Muharrem SATIR Tubingen Universitesi, Mineroloji. Petroloji ve Jeokimya Enstitiisii, Tubingen, Almanya
0z

Sanayilegmenin baglamastyla beraber insanlar dogal doniigiimler dizerinde ¢ok ciddi bir etki birakmaya bas-
lamiglardir. Metal endiistrisini tiim dallarinda goriilen agir metallerin emisyonu 6zel bir problem olmugtur. Gii-
niimiizde kursun, ¢evre sorunlart agisindan en ¢ok rastlanan metal konumundadir. Yalnizca Almanya'da bir yil-
da kullanilan kursun miktar1 330 000 ton olup bunun 1/4'unun dogal ortamlarda yok edildigi tahmin
edilmektedir (Scheffer and Schachtshabel. 1989; Merian, 1984). Cok sayidaki gelisme ve kontroller (gelecekte)
kursunun emisyonunu azaltacaktir (6rn. kurgunsuz benzin kullanimi gibi). Bununla birlikte, son birka¢ on yilda
yeraltisuyu, hava ve topraga bilyiik 6l¢ekte kursun verilmektedir ve biz simdilerde tim depolama ortamlarinda
yogun sekilde kurgun problemiyle yiizylize gelmekteyiz. Kursun ¢ikisina neden olan genis captaki endiistri
alaninda, ozel kirleticilerin tanimlanmast de ayrica ¢ok komplike bir islemdir. Bununla beraber bu 6zel kirleti-
cilerin tanimlanmasma yardimer olacak ¢egitli yontemlerin kullammi sézkonusudur. Bu konferansta bu konuya
deginilecektir.

WHO (Diinya Saglik Organizasyonu) haftada 3.5 mg asan konsantrasyonlardaki kurgunun insan igin toksik
gzellik gosterecegini belirtmigtir. Kurgun insan tarafindan beslenme yoluyla kadar. deri veya solunum yollariy-
la da almabilmektedir. Bu ag¢idan i¢inde kursun bulunduran kimyasal bilegimler ¢nem tasimaktadir. Eger kur-
sun, kursun (II) klorit gibi ¢oziilebilen [ormlarda ise basit olarak viicut taratindan kolayca adapte edilebilmekte-
dir. Bu olay beslenme zincirinde 6énemlidir. Ciinkii kursun bitkilerde yalnizca ¢oziinmiis halde bulunmaktadir.
Kursunun kimyasal ¢zelligi, ozellikle kurgun yataklarindan alinan kursun tehlikesinin degerlendirilmesinde
onemlidir. Yalmzca ¢6ziilebilir kursun bilegikleri hareketlidir ve yeraltisuyunu kirletir, Labaratuvar ve arazi ¢a-
ligmalari bu goriigii desteklemektedir. Bu konuya paralel olarak yapilan incelemeler yerbilimleri i¢in ideal bir
aragtuma metodu olusturur.

Kursun kirlenmesinin yerbilimleri perspektifi ile ele alinmast durumunda, analizlerin ¢ok iyi secilmesi ge-
rekmektedir. Kurgun konsantrasyonunun belirlenmesi daha sonraki caligmalar icin ilk adumit olusturmaktadir.
Kursun igeren bilesiklerin tane boylarimt ele alan mineralojik ¢alismalar: kadar, kursunun hareketlili§inin he-
saplanmasi da Pb konsantrasyonlarinin zarar verme potansiyellerinin ayrintili olarak hesaplanmasinda gerekli-
dir. Kurgun izotop ¢aligmalar1, potansiyel kirleticilerin saptanmasind.: yardimer olacagi gibi Pb'un izledigi yol-
larla ilgili de bilgi saglayacaktir. Ayni zamanda bu tiir ¢aligmalar, kursun kirlenmesinin zararlarini tam olarak
anlamak i¢cin dogal ortamlarda yiiriitiilen veya buna parelel arazi ¢aligmalarma paralel veya devaminda uygulan-
malidir.

ABSTRACT

Since the beginning of industrailization, humans have started to have an enormous influence on natural

cycles. A particular problem has been the emission of heavy metals from all branches of the metal industry.

Then as now, lead has been the forenmost contributor to environmental problems. This is illustrated by the fact
that in Germany alone about 300 000  of lead are used annually, of which about 1/4 is estimated to end up in

15



